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F o r  the past four year s the Division of Re search has c onducted 
studie s in the field of drainage , with particular emphasis on means for 
e stimating r unoff from small drainage areas . Y ou will recall that the 
pr oject or iginated with a reque st that the methods for de te rmining re·
quired sizes of openings in culve r ts and small bridge s be re�e valuated 
and impr ove d .  

The fir st  report on the w ork, dated April 1 5 ,  1 9 52 ,  was pre
sented orally to the Re sear ch C ommittee shortly thereafter ,  and addi 
tional oral reports w e re made at meetings in January and December, 
1 954.  Two graduate the se s for credit toward M . S. degree s in C ivil 
Engineering at the Uni ve r sity have been developed from the pr oject, 
and seve ral dis cussions pre sented at highway c onference s ,  at meetings 
of the Highway Re search Board C ommittee on Surface Drainage , and 
elsewhe re have been based on the studie s .  F inally, many of the result s 
were w orked into the revised Drainage Manual i s sued by the Division 
of De sign las t December, and scheduled for printing in final form in 
the near future . 

The project  is being c oncluded with the attached Report No.  2 
on " A  Study of Runoff F r om Small Drainage Areas and The Openings 
In Attendant Drainage Structure s", by E .  M .  We st and W .  H .  Sammons . 
The size of the report alone varifie s the fact that a treme nd ous amount 
of data on the magnitude and pr obable re currence interval of rainfall 
in all parts of the state have been developed.  This has been done through 
lengthy statistical analyse s  of exi sting Weather Bureau rec ords from 
all orde r s  of stations in and immediately about Kentucky, and through 
the development of synthetic short··duration (as  low as 5-minute ) data 
for many stations at which only 24-hour amounts have be en rec orded. 

By the se p r ocedures  calculation of the rainfall appr opriate for 
design e stimate s has been infinitely improved, and with the rainfall 
data serving as a basis the C and B factors ( s o - called runoff c oefficients) 
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for use in the Talbot and Dickens formulas have been modified. Aside 
from that n:1odificationEl howeverll we have not been able to improve on 
the coefficients for these empirical methods, even though that was the 
original and only objective presented to the Research Division when the 
study was fi:r.':f.\t requested. 

With regard to the return period basis for determining the rain� 
fall variable, it should be noted that the statistical procedure utilizing 
extreme valu.es gives the answer only within certain limits. The accu� 
racy of the predck.tbn for all kinds of rainfall conditions is furthe r limit
ed by the fact that l)ccasional excess precipitation that does not conform 
with the genera:! trend Di record at a station is ignored in the analysis 
of the station data; hence, it is not taken into account in calculating the 
amounts that can be expected to occur with different return periods. 

This is noted not in criticism of the procedure, but in partial 
explanation of observed storms that far exceed predicted values. For 
example, it is nat unusual within limited areas to experience twice 
within one yeaz-'.? or \J\rithin a period of few yearsa storms having n1ore 
than the calculated amount for a 500-year return period. This has 
occurred in seve:::"a1 places within the state this year$' sometirnes caus .... 
ing conside;·�ab1e da�'T:la.ge � 

AhnDst invariably these are cloudburst conditions pr13va.iling 
over a relatively sn.1:a.ll drainage area. As noted in the repo:rt,jl it is 
practically iinpossible to b1ring many of those situations within station 
hLfluenc.e !.;;ven 'Vi! hen there are 1r1.ore than l 00 rain= gauging static:ns in 
the state, and from the standpoii1t of drainage facilities it is seldom 
feasible to design hn· them. Often, when there are records of such 
storn1s on drainage areas :for which a culvert design is to be Jrnade� it 
is sugges ted that th.c opening be greatly increased beyond that deter
mined by dere.ign est:;cnates with the belief that excess runoff will. be ac
e on.1modatecL 

There are two principal fallacies in this reasoning , the first 
being the cost of overdesign:i.ng many structures in order to n1ake ceJ.:'� 
tain of adequacy a.t the few that will ever be subjected to cloudburst 
flowo Da:rr1age frorn the excess flow would be less expensive" The 
second fallacy is x:n.ore serious., since it involves subsequent reduction 
of the opening by the stream., As noted in the first report on this pro·, 
ject3 unde:c orCFr._a:::.�;r yearly flow conditions streams tend to rnaintain 
only the an10t1nt of channel required� and at points where the opening 
is exceptionaHy· wide �for ex:atnple� at m.ultiple barreled structures � 

the stream depos:it3 debris in periods of normal or moderately high flow. 
Hence, often the extra. opening provided in the de sign would not be 
available for conveying the water when excessive runoff occurred» and 
the structure would sHU be inadequate. 
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I n  my opinion the depth-duration-return pe riod data, and the 
seve r al other devel opments c ove red in this report and partially includ-
ed in the Drainage Manual, repre sent significant impr ove ments in 
drainage de sign procedure s .  Unfortunately, the de signe r s  are still 
seve rely handicappe d  by limitations inhe rent in the empirical methods 
of Talbot and Dickens . The best  way to ove r c ome thi s is to elirninate 
the need for relatin g rainfall and runoff, and instead base de signs on 
discharge -return period relations developed from a large number of 
repre sentative small drainage areas ove r  a long peri od of time - pre
fe rably rr10re  than 12 ye ar s .  That being the case, the Department 
should actively encourage agencies that specialize in the hydr ologic 
field to e stablish as many as 100 permanent gauging s tations on a 
variety of widespread streatns having small drainage areas, and start 
accumulating the nece ssary r e c ord as  quickly as p os sible . Thi s would 
require about four times the numbe r  of stations now ope r ated in Kentucky, 
and e ven if all were starte d now a system of drainage de sign on the most  
reliable basi s w ould be at  lea st 12  years in the future . 

Although the project is concluded with thi s report, publication 
of certain detailed and valuable data fr om the study is planned within 
the next few weeks (see Reference Item 46) . Beyond that, additional 
re search on drainage, or more  spe cifically hydraulics, i s  underway 
through model studies to e stablish inle t  c oefficients and other factors 
that are c on sidered highly important to hydraulic de si gn.  The fir st 
r eport on that pr oject should be available late this fall. 

Re spe ctfully submitted,  

�[� L .  E .  Gregg 
As sistant Director of Re search 

LEG:dl 
Enc . 
C opie s to: Mem.bers of Re search C ommittee 
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FOREWORD 

This is the second and c oncluding report on a r e s earch pr oje ct by 

which methods for e stin'lating runoff f r om smaH drainage areas have been 

studied ,  data pe rtaining t o  rainfa:n and runoff in Kentucky were c olle cted,  

and adaptations of these methods and collecte d  data t o  the design of open

ings in highway drainage structure s wer e made . The first r eport was 

presented in April, 1952, shortly after the project was e stablished .  

During the intervening period effort has b e e n  made t o  create , im

pr ove1 and expand facilities for 1m.easuring runoff fr om small drainage 

areas ( smaller than 10 square rni1 e s  in size) within the state . It has been 

and is r e cognized that statistical evaluation of a large volume of such 

r e c ords r epre senting a variety of physiographic condition s and extending 

over a long period of ti.rne would provide the rnost reliable basis for de sign 

e stimat e s .  HmJVever ,  there are no s tati ons gauging wat e r sheds of this 

size in Kentucky which have periods of r ec ord gre at e r  than 5 years ,  and 

despite r e c ent int e r e st there are only 10 automatic recording stations cur 

rently accumulating record o n  s:ooall watershe ds, Fortunately, installa

tion of new stati ons has been increasing steadily during the past few years, 

and pr obably that t rend will continue . 

In contrast t o  the paucity of strear�.1. flow rec ords� ther e  is an abun

dance of rainfall records from s tations in and about Kentucky, s ome of 

the r e c ords extending over a peri od of more than 40 year s .  This abun

dance , and the pos sibility it offered for reliably e stimating the intensity 

and duration of rainfall that can be expecte d  in diffe rent parts of the state 

within certain r eturn periods or 1: requency intervals� centered inter-est 

on de sign methods that could be based largely on rainfall . As a preliminary 
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step in the development of data for these "methods, it was necessary to 

carefully reduce all the recorded rainfall measurements to a common 

' 

basis for analysis, test the dependability of the data, and correlate the 

records from differert stations in .such a way that the pattern of antici-

pated rainfall could be established. Data from that analysis constitute 

a large part of this report. In turn, the data themselves were applied to 

revisions of drainage design criteria, and to broadening the basis on which 

designs can be made. 

The authors have coordinated their efforts in carrying out different 

phases of the project and the preparation of this report. Mr. West was 

responsible for the field measurements, the installation of gauges and 

recorders at various sites, and in general the compilation of runoff records. 

The responsibility for compilation of rainfall records, the statistical 

analysis of those records, and the interrelating of rainfall data to other 

data was carried by Mr. Sammons. 
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INTRODUCTION 

The e stimation of runoff from a given water shed involve s many 

variable s ,  s ome of which are: rainfall rate , time of c oncentration, s oil 

type,  vegetative c oveT , size , shape and slope of the drainage area .  An 

evaluation of m ost of the se is difficult, and at be st the calculated runoff 

based on relationships among them is recognized as gro s sly appr oxi-

mate. In the fir st  pr ogr e s s  report on this pr oje ct ( l)t•, it was r e c om -

mended that all measur ements available, e. g. , rainfall and stream dis -

char ge re cord s ,  be used to analyze s ome of the se variable s .  The pre>ject  

was dire cted toward the e stablishment of a more fundamental appr oach to  

the determination of probable runoff pertaining to small bridge and culvert 

design . 

In an effort to evaluate the effects of s ome c oefficients used in the 

c ommon empirical formulas ,  a study was made of the peak rates of run-

off and their relation te> rainfall (2 ) . All r e c ords for s treams gauged in 

Kentucky were reviewed for drainage areas which were near culvert 

s ize but very few such areas were found. None had a period of r e c or d  

o f  more than 2 years and only three of the se small str eams ,  with a drain-

age area of le s s  than 10 square miles,  were being gauged. It was then 

decided that it would be ne ces sary to use lar ger areas  limited to sixty 

square mile s and a minimum period of r e c ord of 10 year s .  Within the 

mar gins Clf this category six gauged areas were located. The largest  of 

the se had a drainage ar ea e>f 59 . 9  square mile s and the smalle st 1 8 .  1 

square miles. 

* Numbers in par enthe ses refer to the list of references and not the 
bibliography . 
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The distribution of the se stations failed t o  c over all of the p r o 

blem areas in the physiographic divisions of the stat e ,  Howeve r ,  it was 

e stimated that among the areas included the r e  were c onsiderable differ 

ences in runoff characteristic s .  Diffe rent gene ral types of cover were 

repre sented, and it was pos sible to attempt a correlation of rainfall with 

peak rat e s  of runoff . The r esults of thi s  study failed to  indicate a signifi

cant relationship between rainfall and the peak r ate of runoff . The peak 

rate of rainfall did not always pr oduce the peak runoff rate and it became 

evident that fact or s  other than rainfall were of primary importance . 

It was found that one of the m o st significant variable s  in the en

tire rainfall- runoff relationship is the antecedent moisture c ondition* of 

the water shed. In the c our se of attempts to correlate rainfall with runoff, 

it was n oted that there were wide variations in peak discharge be cause of 

the se antecedent c onditions , and that the influenc e s  of different s oi l  types 

and cover were minimized to  the point whe re their individual effects 

wer e  not apparent . 

In the light of the se finding s ,  it was c oncluded that a bett e r  ap 

proach to the problem of e stimating de sign discharge would be a system· 

based on di s charge records . However, available rec ords were f r om 

very few areas and small drainage areas were not adequately represented . 

It was then proposed that the discharge measuring program be expanded 

t o  include as many small wat e r sheds as pos sibl e ,  the objective being to  

* See Glos sary of Terms 
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ultimately pr ovide r e c o rds by which drainage area- discharg e - return 

period relationships· nright be devel oped. 

The importance of return period c onsiderations in the de sign of 

culverts has be en well known f or a long period of time , its imp ortance 

having been str e ss e d  in the first prog r e s s  report on this project . The 

nec e s s ity of c onsidering the r eturn period of various event s ,  in order t o  

obtain significant c orrelations between drainage area and runoff, is 

further stre s se d  and more fully treated in the present report. 

It was recogni zed that dis charge r e c ords c ould not be applied to  

a method of de sign based on the s e  data from small areas , and it became 

evident that until a better  system could be developed, the present ap

p roach based on empirical f ormulas would have to  be c ontinued .  Although 

these methods we r e  known t o  be unsatisfactory, it was felt that s ome 

r efinement could be made by improving up on the s ingle factor f or which 

there w as an appre ciable re cord - the rainfall variable . 

Analyse s of rainfall r e c o rds for Kentucky and r e c ords from a 

numbe r  of g aug e s  outside the state have br ought about a vast imp r ove 

ment in the treatment of rainfall in various empirical formulas . Prior 

to this work the only applicable inf o rmation was Yarnell ; s  "Rainfall 

Intensity-Frequency Data" ( 3) ,  which dealt with the subje ct in g eneral 

terms and utilized shorter  periods of rec ord than do the rainfall -intensity

return period relationships developed in the pre sent project . 

Further work has been done t o  determine the extent t o  which the 

available discharge rec ords c ould be  used.  The Bureau of Public R oads 

and the United State s  Ge ological Survey have been inst rumental in the 
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advancement of this app r oach. Through a stati stical treatment of dis-

charge relationships it was found pos sible t o  e stimate a design di scharge 

for smaller water sheds based on records f or larger areas ( 4). Attempt s 

have been made t o  develop such a system for  use in parts of this state 

and the work of Potter ( 5) in the Allegheny-Cumberland Plateau of E astern 

Kentucky is repre sentative of this system. 

Although it has become ne ces sary t o  disc ontinue further work along 

this line , significant contributions to  this appr oach have been made by the 

Division of Re search. Much of the data and cor relations will be included 

in a Department publication planned for the near fu,tur e ,  and this will be 

available for public use . In addition, more extensive and detailed data in 

the file s of the Re search Division c ould, with the c ons ent of other c ontri-

buting agencie s ,  be made available to larger organizations dealing pri-

marily with met e r ologic and hydrologic inve stigation s .  

The U . S . G. S .  has recently increased the number of small drainage 

areas gauged in Kentucky (See Fig . 9 )  and much work is  being done in  the 

small water shed program by the S oil C onservation Se rvice . The se and 

pos sibly othe r agencies are in the proce s s  of developing a method f o r  c on-

verting peak stage indicat or data to  peak dis charge data (6) . Operation 

and maintenance of the maj ority of 2 6  peak stage indicat o r s  as well as the 

test drainage area, of 5 .  3 1  square mile s ,  on D ouglas Creek near Hodgen-

ville ( e stablished by the Division of Re search) have been as sumed by the 

U .  S.G . S. in it s r egular program of surface water evaluation. It is believed 

that when br oad c overage and an adequate pe riod of r e cord are developed 

through this entire unde rtaking , analyses may be made to determine basic 

factors  for  runoff f rom small areas in Kentucky . 
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Until the time when more reliable methods can be substanti-

ated, the information c ontained in this report offer an impr oved ap

pr oach to e stimate s of design dis charge. Pertinent parts of the 

inf ormation have been incorporated in the Manual of D rainage prepared 

by the Division of De sign and as noted previously, a much more elabo

rate pres entation of the rainfall data is planned for publication s o on,( 46) . 

Finally, additional treatme nt of synthetic data developed from recorded 

data will be available on a limited basis ( 45) to those who have an in

ter e st in that phase of the work. 
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RAINFALL DEPTH-DURATION -RE TURN PERIOD 
RELATIONSHIPS IN KENTUCKY 

Foll owing report No . l on this pr oje ct in 1 9 52 ,  a program was 

initiated to bring the Rainfall Depth-Duration- Return Period data for the 

state of Kentucky up to date . The last previous study of a similar type 

had be en made by Lynch in 1 92 7 ( 7) , and on the basis of limite d data then 

available an is opluvial chart for one - day duration rainfall for a 1 5 -year 

period was included in the pamphlet of Instructions for B ridge and Culve rt 

Surveys prepared for use by Department location pe r s onnel ( 8) . Since 

the average repre sented a r eturn period of only 2 year s ,  this chart had 

limited u s e .  

Thr ough c or r e sp ondence and c o op eration with the United State s 

Weather Bureau, annual true maximum rainfall data were obtained for 

the following durations: 5, 1 0 ,  1 5 ,  3 0 ,  60 and 1 2 0  minute s ,  and 24 hour s ,  

with periods of re c or d  ranging fr om 1 8 7 1  t o  1 9 5 1. The years 1 90 3 - 1 9 5 1  

were s elected as  the network base period; other periods used were  1 9 1 4-

5 1 ,  1 93 1 - 5 1  and 1940 - 5 1 .  

The network of r ain gauging stations rep r e s ented in the r e c o rds 

c omprised a total area of 1 66 , 400 square miles lying within parts of nine 

state s sur rounding Ke ntucky, in addition to Kentucky its elf {See Fig .  l). 
Stations r epresented we re: 

Ashevill e ,  North Carolina 
Cair o ,  Illinois 
Chattanoog a* ,  Tenne s see 
Cincinnati , Ohio 
C olumbus , Ohio 
Dayton* , Ohio 
Elkins ,  We st Virginia 
E vansville , Indiana 
Indianapoli s ,  Indiana 

Knoxville , Tenne ssee 
Lexington* , Kentucky 
Little R ock, Arkansas 
L oui.sville , Kentucky 
M emphis ,  Tenne s s ee 
Nashville* ,  Tenne s see 
Parker sburg , We st Virginia 
St .  L ouis ,  Miss ouri 
Wytheville * ,  Virginia 

* Annual T rue maximum data inc omplete for the se stations within 1 90 3 - 5 1  
period.  
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Throughout the report this gr oup is termed the 1 8- station network of 

fir st- orde r stations, or more often just the "network" . 

C omplete records were not available for the entire 1 90 3 - 5 1  

pe riod for the five stations marked and referred t o  in the footnote on 

page 6. In all the cas e s  except Wythevill e ,  Virginia, charts from the 

gaug e s  were on file with the N ational Weather .Re c ords Center  at Ashe

ville ,  North Car olina, but charts during certain periods had not been 

evaluated.  This was so,  since Wytheville had been reduced to  a s e c ondary 

status by the Weather Bureau in 1 940 . 

Maximum annual 24-hour data were obtained for all the stations 

within the 1 903- 5 1  pe riod, thus making c omparis ons on that basis pos sible .  

For the purpose of  analysis for  all the durations from 5 minut e s  t o  24  

hour s a .s  previously mentioned, the short e r  peri ods of  r e cord were  used 

and the data correlated with the data based on c omplete r e c o rds from the 

othe r stations,  even though it was r e c ognized that this was not justified 

in the statistical evaluations. De spite the inconsi stency , it was verified 

that a broader s ample repres ented in the 1 8-station netw o rk would p r o 

vide better correlations than a r educed sample from few e r  stations based 

entirely on c omparable periods of record.  

Unfortunately Lexington, which is  a most critical station for 

Kentucky, had the short e st period of r ecord- 32 years ( 1 90 3 - 3 4) .  Early 

in the work c onsideration was given to an arrangement for having the 

additional charts taken during the period 1 934- 5 1  evaluated by the Weather 

Rec ords Center at the expense of the Highway Department or as an alter

native obtaining the r e c ords on micr ofilm and making the evaluation with 
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Re search Division pers onnel .  The c os t  of e ither was regarded a s  pro

hibitive, and plans for completing the record at  L exington weTe aban

doned.  Resear ch for  the future will demand the use of  a long e r  pe riod 

of record for L exington if this station is to be kept in the netw ork. 

To supplement the first- orde r netw ork, data from 87 non - r e c or d

ing 24-hour stations and 54 recording stations were used in e stablishing 

correlations and developing synthetic data. The latter were  c ove red in 

the period 1 940 -47 by "Daily and Hourly Pre cipitation Hydrologic Net

w ork Records for the Ohio River Dis trict , " compiled by the U . S .  Weath e r  

Bureau in c o ope ration with the C orps of Enginee r s  and the United State s 

Department of Agriculture . Since 1 9 4  7 the s ame stations have been 

c overed in Hydrologic Bulletins or publications of Climatological Data 

issued by the Weather Bureau .  Locations of stations in the group (de sig

nated " recording" or "both type s ") are shown in Fig, 2 .  

F o r  considerations of this rainfall study, the records from thes e  

5 4  s tations were w orked for maximum annual l, 2 ,  and 24- " clock" hour 

durations and a pe riod of re cord from 1 940 - 5 1 .  In the future ,  if suffi

cient funds s hould be come available , the traces  on charts from the se  

r ecording gaug e s  could be  proce s s e d  for exc e s sive precipitations'' even 

more thor oughly than the re cords from the first - order network w e re 

proce s sed in this s tudy . F rom a tabulation of annual exc e s s ive precipi

tation, the maximum annual depths of rainfaH could be tabulated for 5 ,  

1 0 ,  1 5 ,  2 0 ,  30 , 4 5 ,  6 0 ,  8 0 ,  1 0 0 ,  1 2 0 ,  1 5 0  and 1 80 - minute duration s ,  

or i or any other duration that might b e  de sired . Unde r pre sent circum

stance s ,  where op.ly limited data had been extractedf ro m  the charts , 

* See Glossary 
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it was nec e s s ary to use adjusted 1 ,  2 ,  and 24- clock hour depths of 

rainfall for a s el ected return period to calculate by c orrelation methods 

(bas ed on the first- o rder netw ork) ,  "synthetic" depths for durations 

between 2 -hour and 24-hour pe riods , as well as depths for s elected 

durati ons le ss than 1-hour. The clock hour magnitudes were adjusted 

by c orrelation procedure s  prior to the development of synthetic data. 

With regard to the non - re c or ding 24-hour stations in Kentucky, 

there w e re 87  with periods of r e c ord g reater than 9 years . A period 

of record from 1 9 1 4  to 1 9 5 1  was repre sented at 26 of the s e ,  the r e 

maining 6 1  having le sser periods. In this study, data from the s e  s ources 

were used to c r eate synthetic data bas ed on correlations from the 1 8 - ·  

s tation first- order netw ork. It is pe rtinent to note als o  that the se sta

tions rather than the 9 appropriate fir st- order stations can se rve as 

point refe renc e s  for depth of rainfall in application of the Dickens 

Formula . 

Finally , in c ertain phases  of the study data from 57  stations 

in neighboring states of the Ohio River Basin were compiled.  The se 

c overed sho r t  periods of re cord ( 1940-47) for which rainfall for 1 - and 

2 -clock hour durations w e re tabulated. Additional 24-hour rec ords 

have been c ompiled by the U . S .  Weather Bureau for use by the B ureau 

of Public Roads in extending analys e s  in the manner applied to the entire 

Allegheny- Cumberland Plateau s e ction of the c ountry by Potte r ( 3 5) . 

All this information, even though derjved from stations outside the state , 

is  applicable to  corr elations w ithin the state and is available for that 

purp o s e .  
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For the most part depths of rainfall calculated from data from 

all the stati ons except thos e  in the fi rst- order netw ork have been 

relegated to a s eparate publication and they do not appear in this report, 

Because  of r e stricti on s  in time and the decision to terminate r e search 

in this field, correlations c ould not be carried to the p oint where a re

vis e d  system of de sign bas ed on rainfall-di scharge relationships could be 

thor oughl y inve stigated and e stablished, Howeve r ,  the analys es  that 

have been made are extremely valuable ,  f or example in their use for 

dete rmination of rainfall factors di scussed l ater in the report  and illus

trated in Fig . 8 .  Thus the additional c ompilation of data f r om s e condary 

stations are not dis c ounted; rather ,  they are largely the reas on for  the 

separate publicati on which has been menti oned, the intent being to make 

the re sults of this effort generally available f or other s  who may be able 

to carry out more extensive inve stigations in the future ,  

Depth- Return Period Relati onships;  First  Order Network 

Depth-duration and intensity- duration curve s for 9 of the first

order stations are plotted in Fig s .  l 2a- l 2r (Appendix A) . These and 

comparable curve s  f o r  the remaining 9 stations of the network were c on-

s tructed from the data c ontained in Table 6 .  The stations f o r  whi ch 

curves are shown we r e  used in determining the are al distribution of 

station influence by the Thi e s s en method dis cussed more fully later in 

this section of the report .  
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The proce s s  by which maximum annual extreme s, tabulated by the 

U . S . Weather Bureau, were c onve:�;ted to the value s listed in Table,6 was 

briefly as  f oll ow s :  

1 .  The theory of extreme value s ( l l ) defined the procedure ,  and 
special extreme pr obability graph paper ( s e e  Appendix C) was used in the 
analysi s .  

2 .  Value s tabulated f or the period of r e c ord were a rranged in 
order of increasing magnitude, with the small e s t  assigned an orde r  num
ber m"' 1 and the larg e st m,"' N ,  where N is the number of year!; of record.  

3 .  The plotting position* of the orde red data were calculated by 
the f ormul a: m �(x) " N + l 
where �(x)is the frequency {as noted on the graph paper s  in Appendix C) . 

4 .  The N observed extreme values ordered in increasing magni
tude we r e  plotted on the spe cial pr obability paper at their cumulative re
lative frequencie s .  (Note : on the sele cted paper they should form a linear 
trend about a straight line on the graph) . 

5. Parameter s ,  repr e sented by the data, were calculated in orde r 
to establish the represehtative curve or the oretical relationship between 
the variable s  of depth and return period as f ollows: 

whe r e :  

a .  Sum and su:m the squar e s  of the N events 
b .  Dete rmine the arithmetic mean 
c .  Cal culate the standard deviation* 
d .  Using the method of orthogonal least s quare s  (II) 

calculate the slope and mode . 
e .  Sub stituting in the formula 

x " u + ( l/a)y 

x "  depth of rainfall for a spe cific. return period 
u" the mode (most common value) or the slope 

intercept of a s traight line in terms of y 
l /a "' slope or logarethmic rate of inerease 

* See Gl os sary 

y "' redueed variate employed to linearize the f re·"' 
queney scale (value s of y are given in Table 
1 0  of Appendix D f or selected return periods) . 

detertnine the the oretical prediction equati on. 
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Substitution of appr opriate y value s from Table 10  give s the indicated 

depth of rainfall for diffe rent r eturn periods , or the r elationships can 

be taken directly from the desired curve or line of best fit drawn on the 

g raph. 

An example of r e sults from such a calculation are shown in 

Fig .  3 ,  where the depth- return period relations for a 2 - hour duration 

were determined for the station at L oui svill e .  Calculations w e re based 

on the period of record 1 90 3 - 5 1 .  Pe rtinent value s we re: 

Summation of ob served value s . . . . . . . . . . .  . " 7 2 . 6 9  
Summation of square s  of obse rved value s . .  . "' 1 1 4. 9 8 7 5  
Arithmetic mean . . . . . . . . . . . . . . . . . . . . . . .  . - l. 4 8 3 5  
Standard deviation . . . . . . . . . . . . . . . . . . . . . .  . " 0 . 3 8 2 3  
Slope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ·- 0 . 3299  
Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ·- l. 302 7 

From the s e ,  the theoretical prediction equation is expre s sed as 

x = l. 3027 + 0.  329 9y. Substituti on of appropriate value s of y from 

Table 10 gave the depths of rainfall c orre sponding to the selected re -

turn periods,  as tabulated in Table 6 ,  opposite Louisville , Kentucky, 

and below the 2 -hour duration heading. 

Als o  shown in Fig. 3 are the confidence bands or c ontr ol curve s 

defining the limit s of relative departure of the most extreme value s for 

a pr obability of 0 .  6 8 2 7  ( 1 0 ,  1 1 ) .  This limit of 6 8  times in 1 0 0  was main-

tained thr oughout the study. In effect , this implie s that the relationship 

expres sed by the curve of best fit is not exact, but rather that the value s 

can vary within a given rang e .  F or example , at Louisville the depth of 

rainfall corresponding t o  a 2 -hour duration and 100 -year return period ( T) 



r Reduced Variate 0:: ;s;:{ 1f t:Rl. [E. li¥.HE !Jl>tm.©!ID �!Bl o !L o 1r v IJDL-%!J!>[Et:Rl. 

�fi(:, 
• 

--!==.?9? � 

1r.s·990 

=!:' 
r-rgr= 

5· 

-p.ss 

-

3� 
=C'c> 

2-

=!"' 

0,.1 

Return Period:T 

5000 

� 3000 

2000 

1000 

BOO 

600 

400 

300 

!- 200 

f 
100 

E BO 

F: 

60 

50 

40 

30 

20 

10 

�:0 
4.0 

EAJ'l� 
2DO 

1.8"0 I= 1.60 

1.40 

1.30 

1.20 

1 . 1 0  

.Jlll filii i lll1BIM111111111::: 
Observed Vcm01e � X ., "'" 1.0001 

5 Fetltuary 51 

0 1.0 2.0 :5.0 4.0 5.0 
Deplh in lfi.:;nes 

Fig. 3 -Annual two hour rainfall for Louisville, Kentucky, 1903-51 



- 1 3  

i s  2 .  82 inche s { Table 6) . This value can vary±. 0. 3 9  inch, a s  defined 

by the broken lines on both side s of the solid line in Fig . 3 .  Thus, the 

depth may be 2 . 43 to 3 . 2 1  inche s 6 8  times in 1 0 0 .  

With regard to time, Louisville has 49 years of record and the 

1 0 0 -year, 2 - hour rainfall is expected once in .the next 50 ye ars and it 

should not occur before 0 .  32 T nor after 3 .  1 3  T { 10) . This repre sents 

a pe riod f r om 32 to 3 1 3  ye ar s .  If , as i s  probabl e ,  it appe ars within that 

range , the 68  percent c onfidence limit has been maintained with re gard 

to both magnitude and time. 

C omputation of Depth-Area Relationships 

Rainfall over a small area has been f ound to vary with the square 

root of the ar ea involved { 1 2 ,  1 3 ,  1 4) .  The usual basic assumption is 

that rainfall at any point is representative of areas varying f rom a few 

acre s to seve ral square mile s ,  depending upon the density and distribution 

of the station network. The qualification of this assumption depends upon 

a variety of factor s ,  including mete or ologic and topographic influence s .  

The simple s t  method of distribution is to apply the arithmetic 

mean of the depth of rainfall to the entire area in que stion . This  is not 

re commended if variations in depth are greater than 25 to 50 pe rcent. 

The use of a weighed ave rage* f or computing rainfall over an 

area usually aff ords more accur ate re sults than those obtaine d by an 

arithmetic ave rage . Two common means of dete rmining this weighed 

average are the I s ohyetal Method* and the Thie ssen Me thod'" { 1 5 ,  16,  

and 1 7) .  

•:< See Gtos sary. 
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In the Isohyetal Method, rainfall depths for each available station 

are plotted on a m a p ,  the pr obable position of even rainfall value s is 

int erpolated between stations, and equal value s are c onnected by smooth 

line s .  The c onstruction o f  this patte rn i s  similar t o  a contour map but , 

where t opographic influence exist ( e .  g . , mountain range s between stations) , 

a rigid arithmetic interpolation should not be followed. In such cases ,  

the line s a r e  modifie d to make allowance for the s e  influences.  The p r e

s ence of out standing t opographic influences and the modifications thus 

int roduced may cause  this method t o  vary considerably from the Thie ssen 

Method. As to the nature of the Is ohyetal line s ,  there  is a tendency for 

them to bec ome closer t ogether near high centers  of rainfall . 

The Thie s sen Method is an arbit r ary ge ometric procedure for 

determining the weight which will be assigned to each rainfall r ecord 

within a given area. After the se weight s are known, they may be used 

repeatedly in c omputations of areal rainfall for various r eturn periods 

for a watershed. With the Isohyetal Method, a s eparate pattern must be 

drawn and areas c omputed for each return period. The T hie s s en Method 

is r ecommended for use until such time that Is ohyetals for the various 

r eturn periods can be drawn . 

In the applicat i on of the Thies sen Method, Kentucky was divided 

int o  9 polygon s ,  each named for the first - order station concerned.  Thes e  

polygons constitute the Thies sen diagram for this state and a r e  depicted 

in Fig. 1 1 ,  Appendix A. When de signing structure openings ,  one should 

first locate the polygon within which the drainage area in que stion is 

located, then proceed to the proper s et of de sign curve s t o  dete rmine 
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rainfall data for this area (Figs . 12a - l2r, Appendix A). In doing so, 

the designer should rec ognize that the p olygons m e rely repre sent the 

re sults of a ge ometric distribution of station influence, and particularly 

near the boundary between polygons local c onditions may .make it more 

reas onable to design with data from the station in the adjacent polygon, 

rather than the station controlling the polygon within which the drainage 

area actually lie s. 

Development of Synthetic Short Duration Rainfall 
D epth-Return Period Data 

Inasmuch as the r e cord at secondary stations was generally 

limited to 24-hour amounts , the data from tho s e  sourc e s  could not be 

dire ctly applied in the analysis for rainfall of shorter duration. How-

eve r ,  through a c orrelation analysis  based on the first- order network 

in its entirety, a reliable basis for developing synthetic data was e stab-

lished. In this way, short duration rainfall at any of the sec ondary 

stations c ould be predicted for any of the defined return periods . 

Data from stations with similar periods of record may be used 

togethe r for direct c omparative purp oses, provided both c ontain at least 

ten year's of r e c ord and the curve of obs e rved data at the .station of in-

te rest  falls within the control curve s applicable to the data from the 

station to which it is being compared.  This means that all extreme 

values, the large st and the penultimate , should lie within the c ontrol 

curve s .  I f  some do not, pr obably they represent value s in a period of 
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record greater than the one being c onside red.  Data from stations with 

dis similar periods of rec ord should neve r be compared directly, but 

they may be employed in the development of synthetic rec ord. 

Multilinear correlation was used to establish within the 18- station 

first- order network relationships of the paramete r s .  C or relations were 

made between depths for the following durations: 

2 4-hour v s .  2 -hour 1 - hour vs . 30  min, , 1 5 min . ,  
2 4-hour vs. 1-hour 10 -min. , and 5 min. 

2 - hour vs.  1-hour 30-min. vs . 1 5-min . , and 10 min. 
1 5 -min. v s .  10 -min. , and 5 min. 
10-min. vs . 5-min. 

With the se correlations e s tablished f or the network as a unit, the 24-

hour amounts f r om secondary stations could be used in conjunction 

with the prediction e quations to calculate maximum :rainfall of lesser  

duration that pr obably would have occurred at the sec ondary station 

within whatever return period was of inte re s t .  

An example of the cor relation is contained in Fig. 4, whe re the 

depths for 2 - hour versus 1 -hour durati ons and a 100-year return pe riod 

are c ompared. The pr eviously calculated amounts f rom all the stations 

in the network ( rec orded in Table 6) were plotted, and a c onfidence 

limit of 6 8  times in 100 was maintained with a correlation coefficient'' 

of at least 0 .  5 The line of best  fit, e stablished by the method of least 

squar e s, defined a prediction equation of 

x12 � o. 576 + o. 6 61 x 2 , 

':' Se e Glossary 
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where X1 2  

x2 

-· calculated ( synthetic) depth of rainfall 
based on x 2 

= Independent variable , depth in inches 
for a 2 -hour duration and a return 
period of 1 0 0  year s .  ( This value may 
be a synthetic depth based on the 24-
hour , 1 0 0 -year depth. ) 
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with a standard e r r o r  of e stimate of + 0 . 1 8  inch for 6 8  times in 1 00. 

As an illustration, assume that for a s e c ondary station a depth 

of 3. 0 inches for  a 2 -hour duration has been de termined for the 1 0 0 -

year return p e ri o d, and it i s  de sired t o  know what the 1 -hour amount 

would be for the same return p e riod. Enter the graph at X2 = 3 .  0 ,  

proceed upwar ds to the intersection of the line of the prediction equa-

tion, then horizontally to the X 1 axis and read x 1 = 2. 55 inche s .  Als.o, 

the prediction equation may be s olved to obtain the value of X 1 2 ·  Thus, 

this re sult in c ombination with the standard error of e stimate ,  implie s  

that 6 8  times in 1 00 the 1 -hour maximum rainfall at that station will be 

no le s s  than 2 .  37 inches and no more than 2 .  73 inches for the 1 0 0 -year 

return period. For purp o s e s  of de sign the most  appropriate value 

within this range would be a matter of enginee ring judgment. For  a 

small drainage area either value could be satisfactory, but for a large 

area overdesign or underdesign could re sult from values selected within 

the given range .  Perhaps most  enginee r s  would prefer overdesign and 

use 2 .  73 inches for the 1 -hour maximum . 
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RAINFALL INTENSITY-RE TURN PERIOD DATA APPLIED 
TO CURRENT ME THODS OF DRAINAGE DESIGN 

The limitations inherent in any method of e s timating runoff 

through the use of empirical formulas have become r ather widely r e -

c ognized, and continued use of such methods in the de sign of drainage 

structures can b e  justified only on the basis of expediency. At the out-

set  of this re search it was intended that the work merely pr ovide r e -

vised " C "  factor s for the Talbot F o rmula, but prior t o  the first  pr ogre s s  

r eport it was recognized that this was not feasible and hardly desirable . 

F ollowing thi s it was hoped that a completely revised approach c ould be 

developed, but lack of r e c ords of runoff from small drainage areas 

precluded such a development at this time . 

As a re sult of the se restrictions , r e sults of the rainfall study 

were applied to current pr ocedure s in orde r to increase their eff ective -

ne s s .  This involved adaptations of intensity and depth-return period 

r elationships to the Talbot and Dickens F ormulas in the case of culve rts 

and small bridge s ,  and to the Rational Formula in the de sign of storm 

sewe r s ,  gutte r s., and cross  drains . The se adaptations,  s ome of which 

have been incorporated in the Manual of Drainage ( 36) recently is sued 

by the Division of De sign,  represent major refinements in most of the 

appr oache s used to date, even though the methods themselve s f all far 

short of perf ection. 
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Application t o  the Rational Formula and Storm Drainage D e  sign 

Wide variations in runoff relationships are encountered in culvert  

design,  however ,  such variations are minimized in storm sewer design. 

The refor e ,  runoff factors e stimated from studie s on various types of 

areas are reas onably reliable in the de sign of s torm sewers { 2 9) . For  

example , in ud>?n areas the watershed gene rally c ontained a significant 

percentage of r o ofed surface s and pavement s ,  which have a more or l e s s  . . t 

standard imperviousnes s .  This condition pr ovides fairly uniform runoff 

c onditions ,  and a method based on C value s (or,  runoff coefficients*) 

can be re garded sufficiently ac curate pr ovided rainfall is tre ated prope rly. 

In the Rational method of e stimating runoff, the var iables in 

addition to those expre s s ed by runoff coefficients are area of watershed 

and rainfall intensity .  According t o  the formula, the se are related as:  

where 

Q � CIA 

Q = runoff (cubic feet  per sec ond) 

C = runoff coefficient ( a  ratio determined by the 
surface features of the wate r shed) 

I = intensity of rainfall (inches per hour) for the 
time of concentration* (minute s) of the water 
shed.  

A =  drainage area (acres)  

Area is subject  to easy and accurate measurement, while the runoff 

c oefficient can be no be tter than the e s timate s of surface conditions de -

termining the proportion of precipitation falling on the area that ulti -

mately reache s the point where the calculated discharge is applicable ;  

'-' See Glossary 
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for example, the inlet of a storm sewe r .  Finally, the rainfall intensity 

and hence the duration appropriate for the s olutions i s  dependent upon 

the time required for runoff from aU parts of the drainage area to con

centrate at the point in question. 

As noted. previously, there is limited variety of surface £eautres 

in areas where this method is c onsidered useful and C factors for this 

condition have been established within general limits . .  Ranges of C value s 

often used in . design work ( 24) are pre sented in Table 1 .  

Table 1 • Value s of C for Different Type s  of Surfaces  

TXl?,e of Surface 

All wate r  tight roof surfaces 
Asphalt runway pavements 
Concrete runway pavements 
Gravel o r  macadam pavements 
Impervious s oils 1 he.avy) * 
Impervious soils with turf* 
Slightly pervious s oils* 
Slightly pervious s oils with turf* 
Moderately pervious soils* 
Moderately pervious s oils with turf* 

* For slope s from 1 to 2 percent 

Value of C 

0 .  75 to 0 .  9 5  
0 .  8 0  to (J •• 9 5 
0 .  70 to 0 .  90 
0 . 35 to 0 . 70 
0 .  40 to 0.  6 5  
0 .  30 to 0 .  55 
0.  15 to 0.  40 
0 . 10 to 0 . 30 
0 . 05 to 0 . 20 
O . OO to l . l O  

I n  the four cases that d o  not involve soils,  the factor s are considered 

independent of slope of the surface . Generally the se are applied. in a 

modification of the Rational Formula ( 3 1) ,  which i s  used as means for 

introducing slope considerations . 

In the modified ve rsion, Q = !f- IA, with f representing the 

slope influence as follows: 



Slope f 

0 .  5 or le s s  3 .  0 

0 . 5- 1 . 0  2 . 5 

1 .  0 or greater 2 .  0 

- 2 1  

It should be noted that the s e  and the value s in Table 1 are r e commended 

for use only with the Rational Formula, and they are not conside red 

applicable to wate r sheds outside urban re gion s ,  except for unusual in

stance s such as airp ort s .  

With r e gard t o  the rainfall intensity, a de sign return pe riod should 

be s ele cted, and the duration made e qual to the time of c oncentration . 

A numbe r of empirical equations can be used to approximate time of c on

centration, and various type s of curve s for this purpose have been deve 

loped. One such curve , based on data from studie s of small agricultural 

wate r sheds ( 30 ) ,  is presented in Fig.  1 3 ,  Appendix A .  In the example 

acc ompanying Fig.  1 3 ,  the calculated time of c oncentration is 1 7  minute s,  

hence the value of intensity ( I) that logically should be used in s olving 

for the de sign discharge is the one corre sponding to 1 7 -minute duration 

at whatever station apJ'>l.ies to the area where the de sign is being made . 

Nume r ous approximations and assumptions are repre sented in 

the method even with the se refinements ,  and other factors such as the 

dire ction of storm travel are not taken into account at all . Neve rthe -

le s s ,  the Rational Method offe rs the most simple and feasible appr oach 

to storm drainage de signs for the pre sent and for s ome time to c ome , 

thus it is the p r oc e dure r e c ommended when the water sheds are e s sen

tially urban. 
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Application to the Talbot F o rmula 

P rior to the adoption of the 1 954 D rainage Manual ( 36) , solu

tions of the Talbot Formula were made by means of a table based on 

a c onstant rainfall value of 4 inche s per hour with a constant time of 

concentration of one hour for all size s of water sheds for the entire 

state ( 8) . Th<- fallacy of this assumption is  evident in results of the 

rainfall study. In brief, designing for 4 inches per hour for all water 

sheds on a state -wide basis means that the return period represented 

in the de sign is  dependent upon the location for which the de sign applie s ,  

and invariably the .re turn pe riod i s  far greater than almost any de sign 

warrant s .  Or  conve r sely, if the Talbot F ormula is u s e d  unmodified, 

the de sign will be very conservative for structur e s  se rving large drainage 

areas , and insufficient in cas e s  where the areas are relatively small. 

Example s of the fallacy are given in Table 2 ,  whe re the im

plications of 4 inches per hour for a duration of rainfall of one hour 

are tabulated for the 9 stations repres ented in the Thie s sen polygons 

of station influence in Kentucky. As noted,  the return periods c orre s -

ponding t o  4 inches p e r  hour for a one-hour duration range from 265 

years at  Lexington to 1 5 , 0 0 0  ye«rs at  Louisville . In more useable 

terms , the se value s mean that in a situation whe re it is desired that 

the design be for a return period of 25  year s ,  the factor of safety 

represented by the 4 inche s per hour for a one -hour duration e s timate 

would be 1 .  40 at Lexington and 2 .  02 at Louisville .  Fo:r-tunately, those 

.making drainage analys e s  by the Talbot Formula in the past have be come 



Table 2 - Relati onship Between a 2 5 - Year Return Period Base and The 
Return Periods Realized for Rainfall Intensities of 4 Inches 
Per Hour at Indicated First-Order Stations . 

Station 

Cario, Illinois 

Cincinnati, Ohio 

Evansville , Indiana 

Knoxville, Tenne·ssee 

Lexington, .Kentucky 

Louisville , Kentucky 

Nashville, Tenne.ssee 

Parkersburg, W .  Virginia 

Wytheville , Virginia 

Appr oximate 
Return Period 
For 4 In. Per 
H r .  Rainfall 

I ,  050 

5 , 500 

3 , 2 0 0  

370 

265 

I 5 , 000 

2 , I 50 

I O , OOO+ 

I , 325 

Ratio of 
Return Period 
For 4 In. Per 
Hr. to 2 5 - Yr . 

Return Perio.d* 
1 .  62 

1 .  90 

1 . . 8 3  

I .  45 

I .  40 

2 . 02 

I .  74 

2 . 00 

1 . 6 7 

* This ratio is synoymous with the factor of safety employed in struc 
tural engineering design. In drainage design, based on a s elected 
return period, the factor of safety should be I .  0 0 .  
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accustomed t o  c ompensating for this s ourc e  of error through adjusted 

desigos based on per s onal judgment, the reduction or increase c oming 

about thr ough modification of the C factors encompas sing variations in 

r ainfall as well as variations in characteri stics of the water shed. 

In order to pr ovide a mor e  uniform basis for e s timates ,  the 

Talbot Solution Table was revised and based on an intensity of l inch 

per hour . This information is presented in Table 7 ,  Appendix A .  B y  

this revision, the F ormula may b e  expre s se d  a s :  

where 

a =  CA0 . 75 
4 

a =  area of opening required ( s quare feet) 

C = runoff coefficient (a fraction l e s s  than 1 .  0) 

A =  drainage area ( acres)  

The table pr ovides a s olution for are a of opening required with different 

C factors and an e quivalent rainfall of 1 inch per hour for the time of 

concentration of the watershed .  

T o  dete rmine the ).'"ainfall intensity appropriate for any de sign 

situation, it is nec e s sary to e s timate the time of concentration for the 

water shed, as noted previously in discussions of the Rational Formula. 

With this serving as the duration, the intensity can be taken directly 

from the appropriate intensity-duration curve for the selected return 

period in the gr oup Figs . 1 2a - 1 Z r ,  Appendix A .  The appropriate 

curve is s elected by dete rmining the Thie s sen polygon in which the 

drainage area lie s ,  and noting the information pertaining to the 
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c ontrol station for  that polygon. A de sign area of opening is calculat

ed by multiplying the value taken from Table 7 time s the value of in

tensity in inche s per hour taken from Fig.  1 2 .  

With the influence of rainfall removed from the runoff c oeffi

cient, it is apparent that C value s listed {B) in the past are not com

patible with the method of solution which has just been discussed.  C o 

efficients taken from Table 7 ,  in order t o  be consistent with procedure s  

in both case s, must be bas ed on topography, s oil c onditions , and cover. 

Some recogni.zed values, and the manner in which they may be applied, 

are given in Table 3 { .32) . Obviously, the s e  are merely value s considered 

r epr e sentative in a very gene ral way, and judgment should be exe r cised 

in their use . 

It is well to recognize in pas sing that basically a runoff c oef

ficient relate s runoff to rainfall intensity, with all feature s  of the drain

age area thrown in at the time of measurement .  Inasmuch a s  the s e  

feature s  are quite variable with r e spect t o  ante cedent conditions�' on the 

wate rshe d ,  distribution of rainfall intensity over the water shed, and 

numerous similar influenc e s ,  there is no certain C factor that applies 

invariably to a certain area .  Thi s mus t  be taken into acc ount, parti

cularly in dete rmination of C value s experimentally on test drainage 

areas,  whenever work of that type is unde rtaken. 

V alue s of C will increase as the intensity of rainfall increas e s  

from low value s below 1 inch per hour , with C approaching unity a s  

the intensity becomes very large . If the area of wate r shed being ana

lyzed is very large , the variations in intensity would tend to increase . 

* See Glo s s ary 



Table 3 - Deductions F rom Unity to Obtain the Runoff C oefficient 
for Agricultural Areas . 

Type of Area* 
Value of 

Deductions 

T opography: 

S oil: 

C over:  

Flat land, with average slope s of 
1 to 3 feet per mile.  

Rolling land, with average slopes 
of 1 5  to 20 feet per mile.  

Hilly land, with average slop e s  of 
1 50 to 250  feet per mile . 

Tight impervious clay 

Medium combinations of clay and loam 

Open sandy loam 

Cultivated lands 

Wo odland 

0 . 30 

0 . 2 0  

0 .  1 0  

0 .  1 0  

0 . 20 

0 . 40 

0 .  1 0  

0 . 20 

* Example:  

Given: Flat land with average slopes of 1 to 3 feet pe r 
mile,  open s andy loam and woodland. 

Find C .for above given conditions.  

Solution: 1 .  - l .  0 - 0. 3 " 0 .  7 
2.  - 1 . 0 - 0 . 4 =  0 . 6  
3.  - 1 . 0 - 0 . 2 = 0 . 8  

C =T.T.;. 3 = 0 .  7 avg. for area 

Usually the calculation of a weighed coefficient, taking into 
account percentages  of area of diffe rent type s ,  is  not warranted 
in this appr oximation of C .  

�-· 
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In most storms , centers  of high intensity would be localized, and the 

effect from this extreme c ondition with I'esp.,�ct tu the watershed as 

a whole would be  slight. Since point r ainfall is measured at a rain 

gaug e ,  C value s determined on very small experimental watersheds 

would tend to be too large when applied to c onside r ably larger a.rea .  

Pos sibly through studie s similar t o  those conducted by the U .  S .  Army, 

C orps of Engineers ( 33) , a reduction factor c or related with area of 

drainage basin could be developed for application to large areas . 

With regard to the Modified Talbot Solution pre sented in Table 

7 ,  its use i s  not r e commended for areas smaller  than 1 0 0  acres or 

a time of concentration shorter than 1 0  minutes . The upper limit of 

use is betwe e n  1 0 0 0  and 2000 acre s ,  and an appr oximate time of con

centration of 1 hour can be used for areas that size if the time of 

c oncentration is not readily obtainable from map s of the water shed. 

When the drainage basin become s larger than this appr oximate limit, 

the Talbot Formula has little or no application; instead, personal 

judgment of the engineer should be used in lieu of stream discharge 

records,  as suming such re cords are not available . 

Application to the Dickens F ormula 

The Dickens F ormula, 0 = BM0 · 7 5, is  a variation of the 

Talbot type formula in that an etnpirical relationship is  devised for 

the solution of design dis char ge rather than area of opening. In this 

cas e :  



Q = discharge ( cubic feet  p e r  s e c ond) 

M = area of watershed ( square miles) 

B = c oefficient 

- Z 6  

As indicated before when Talbot C factors were discussed, in reality 

the B coefficient can not be a c onstant, and it does not depend e.ntirely 

on physical characteristics of the watershed. All c onditions on the 

watershed, including the distribution of r ainfall intensity, are actually 

involved in the true c oefficient r elating the two variables . However ,  

for the purpose of de sign, a constant coefficient is as sumed for a 

given area. 

S olutions of the Dickens F ormula, based on an equivalent depth 

of rainfall of 6 inche s in 24 hour s ,  are tabulated in Table 9 ,  Appen

dix A .  Numerical quantities  of discharge are listed with re spect t o  in

creasing drainage area, and 9 different value s of c oefficient B ranging 

from 75 to 3 7 5 .  Proper use of the formula then entails selection of 

a r epresentative B value , in addition to the determination of rainfall 

appropriate for the area where the de sign is being made . 

The latter involve s  rainfall factor s for c onversion from the 

base of 6 inche s in 2 4  hour s to an amount that will pr obably occur at 

the site within whatever return period is chosen for the de sign. Calcu

lated 24-hour r ainfalls for the 9 fir s t- order stations contr olling the 

Thies sen polygons for Kentucky and for various return periods from 

2 to 100 yea r s  are listed in Table 8 ,  Appendix A .  The ratio of the 

calculated 2 4-hour rainfall divided by the bas e value of 6 inche s in 
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24  hours i s  the rainfall factor (Rf) which applie s t o  the locality. Thus , 

the design discharge is  calculated as Q "' Rf BM0 · 75  

Analysis of  records from 44 stream- gauging stations ( on 

water sheds r anging from 1 8  to 942 s quare miles in area) , and the 

numer ous secondary rain-gauging stations throughout the state , showed 

a tendency for B to vary with the size of drainage area and return period 

approximately as follows:  

Area uf B for Selected Return Period 
Watershed 
( sq. rni.l 1 0  2 5  50 1 0 0  

1 - 10 500 5 1 5  530 540 

1 1 - 1 0 0  400 420 430 440 

1 0 1 - 3 0 0  360  3 75 3 80 3 80 

3 0 1 - 500 3 40 3 55 3 5 5  360 

5 0 1 - 1 0 0 0  3 2 0  3 3 0  3 40 340 

Als o ,  variations in B logically occur with respect to different sections 

of the state,  and some correlations based on physiographic regions B 
refe rred to as  problem areas in Fig.  1 4  (Appendix /1() were made . 

U sing a value of B = 3 7 5  and expre s sions of Q in cubic feet per second 

per square mile , the data indicated that 0 .  75 as the exponent of M 

( e xpre ssing the .slope of the line of c or relation of di scharge in cubic 

feet per second versus drainage area in square miles)  was too small 

in all the areas  analyze d  except B - 1 6 .  There was no stream discharge 
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data from the Jackson Purchase (mostly A - 7  area) with which a study 

of discharge relations applicable to that region could be made . 

Strictly speaking, s olutions of the Dickens F ormula given in 

Table 9 should be used with B "  3 7 5  only in Area B - 1 6  where it leads 

to a c onse rvative design, and pos sibly Area A - 7 .  El sewhere the B 

value s that w ould pr ovide reas onably accurate e stimates are not known, 

but additional s eparate correlations c ould be made to establi sh usable 

values .  

B e cause of the influence of slope of the regre s sion line estab 

lished by the c orrelation, the Dickens Formula and value s li sted in 

Table 9 are not rec ommended for use when the drainage area is 

small e r  than 5 square mile s .  A s  noted at the close of Table 9 ,  the 

formula may be used for areas greater than tho se tabulated; i .  e . , 

greater than 700 square mile s .  
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APPLICATION OF RAINFALL INTENSITY -RE TURN PERIOD 
DATA TO OTHER ME THODS OF DESIGN 

In addition to the three appr oache s cur rently used by the De ·· 

partment for drainage de sign, two other methods were exarnined or 

evaluated in the light of data developed in the rainfall study. No innova-

tions in the rrtethods themselve s were intended or attempted. Within 

the limits to which the methods have been developed or studied, they 

are c onsidered applicable to drainage de signs at pre sent, and certainly 

valuable for comparing designs made by methods previously de scribed. 

P otter Multiple Correlation M ethod 

Thr ough an analysis of runoff data from 5 1  water sheds in the 

Allegheny-Cumbe rland Plateau* ranging from 100  to 3 50 , 000 acres in 

size , and a c orrelation of this information with area and topography of 

the water sheds as wen as rainfall data from 89 widely scattered stations 

in the re gion, W .  D. P otter { 4) deveioped an equation and nmnograph 

(Fig.  5 )  for solution of dis c harge fr om drainage areas above 100 acr e s. 

The relationships expre s sed by the nornog•·aph were detertnined 

by rnultiple correlations ·J.n which 1 0 ·-ye a:r peak discharge at the stream 

gauging station on each of the wate r sheds was taken as the dependent 

variable " Twn rainfall facto:r S 9  a:n area factor 9 and a slope factor 

we re taken as tbe independent variabl e s .  In the ultimate s olution for 

the regre ssion curve 9 expres sed a s :  

0 '"'  0 . 0 3 8  A I .  170 T �. 5 54 W 

'* A physiographic subprovince in the eas tern United States encompas sing 
portions of New York, Pennsylvania, Ohio, Maryland, West Virginia, 
Alabama, and Tennessee in addition to Eastern Kentucky. 
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the two rainfall factors are c ombined in a single factor W .  Lines of 

equal value of W within that part of Kentucky c ontained in the Allegheny·-

Cumberland Plateau, as de veloped by P otter are drawn in Fig . 6 

With this information avai\a.ble .  applic ation of the methpd is as 

follows : 

l .  Factor A ·· Dete rmination of the a r e a  in acre s .  

2 ,  Factor W - L ocate th e watershed within the r e gion 
------ shown in F i g ,  6 ,  and select the value ap 

plicable to the wat:er· shed ,  o r  largest  p o r 
tion of the w a t e r s h e d  if it i s  large , 

3 ,  F a(: t o :r T ... li' r n rn .�1 U ,  S .. Cr S .  i.. cp n g �" I:J..pl''! (� " i  ··:p c r  
------ othc:- r  ac<::-u:r a te c o·.;_-u r:. u -r xnF.t.p "o:!. the wate:r �  

shed .. nwa.su·re the le n gth ( in mile s) of the 
pl'indpal stnl axn from the site of the p:r o 
p o s e d  c;ulv,c l�t. o r  bridge to the headwate r 
o r  1.tppe r m o s t  p oint of the cha.nne"L Thi s 
should b<:1 t:ak•m as th11: p oi nt whe n !  a de 
finite charmel b e gins J:egar."dl.e s s  oJ: whe the t" 
fl"w at the p <:�int i s  c m1tinu ou� o r  inh, nnit 
t an t: .  I£ a U , S,.  G .  S.  rmcp i s  used, the 
hngth tb•; s t r e am s h o uld i.nc· iude that. 
por H<)!'l shown 8 8  a h1•oken bltJe li.nf:' , 

D i "v�·; de: th(:·.! tctL.:t-'1. i.::n1 gt;h into H. ·:. c.�·w�;. t' r e a.ch 
whicL {s 0, '7 o.f �.hE: t o t:a"L.' . .and an 'lApp e r  
r each c: cn1 s i r::: tln g  c;f ·i:.b.c t <:\': :rn ai.nder. o r  0 .. 3 
of tl:;.e total h ;;ngth ,  F l· oxn t',l:u:J c c�n r.nl..\.l' S 
�� stabH sh the diffe r en(c e s  "in e l.� vati.on b e ·· 
tween the uppe -r and lDwe I' lin� it o£ <><Wh 
r-eac: h .  G ompu:te che :av�; :rag�. slope oJ 
e ach reacb. as the fall of: the s t:r·e aul channel 
( in fr,,<Jt) divlde·d by the le ngth o£ th.e channel 
(in :t:aitcs) . Divide the le ngth nf cha.nnel 
for <Ja c·h x-<,ach by the � quare r o r.t of t:he 
c or :r e  spond!.ng sl ope , and add the quoti e nt s ,  
a s  f tlll ow s :  

·r c' Q..,.JJ.. 
. . . W:�� 

0 ,  3L 
+ 1\ f y  '(cr·:1L 
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where :  L " length of stream (miles)  
X "'  diffe rence in elevation (feet) of 

the streambed at the culve rt 
site and at 0 .  7 L upstream . 

Y " difference in elevation (feet) 
of the streambed at .0 .  7 L and 
at the headwater .  

The s o - called topographic factor thus obtained 
is purely empirical, and has no meaningful 
units . 

4 .  Solution by Nomograph - F or s olution of the equation by 
--------uomograph,place a straightedge between the 

value s of area A and rainfall factor W ,  and 
mark its intersection with the "turning Hnec" . 
C onnec t  thi s p oint with value of topographic 
factor T ,  and read the peak rate of runoff Q 
( in cubic feet per s e c ond) for a 10 -year r e 
currence intervaL 

T o  c onvert from a 10  -year to 2 5 - year recurrence interval, the value of 

Q is multiplied by a c onstant 1 . 2 6 ,  as noted in Fig .  6 .  Similarly, a 

c on stant I .  46 is used to obtain the de sign di scharge fen a 50-year re turn 

period. Additional c onstant s ,  which can be used to e s timate peak di s -

charges for selected return periods based on the 1 0 -year value, rnay be 

calculated fr om the following equation: 

X "  0 ,  372 1 + 0 ,  2 7 85y 

This formula is based on the three  known c onstants that were correlated 

with the reduced variate (y) for their r e spective return period s .  Values 

of y are selected from Table 1 0  ( Appendix D) for the particular return 

peri ods . 

Statistical tests made by P otter on the data from the entire 

r egion which he c onside r ed have shown that in 6 7  time s out of 1 0 0  the 

use of Fig .  5 and a distribution of rainfall factor s c omparable to Fig.  6 
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( but extending throughout the region) may be expe cted t o  give value s 

of 0 1 0  that vary not more than 1 8  percent fr orn the true value s "  

B oth Fig.  5 and Fig.  6 apply only to water sheds with mixed 

c ove r ,  such as cr oplands,  pasture s ,  and wood s ,  Although the propo r 

tions o f  wate rshed repr e s ented i n  each of the se thre e  clas sifications 

vary c onsiderably throughout the Plateau, the effe ct  of the se variations 

on peak rate.s of runoff was found to be ne gligible for rate s with r e 

currence intervals of ten or rnore year s Q  

Whe re,v-e r more than 1 0  per cent of the total wate rshed consists 

of industrial or urban areas,  or if w ooded portions of the watershed have 

been subje cted to  numer ous fir e s ,  the peak rate s will be gre ater than 

those obtained from Fig.  5 and F i g .  6 .  Likewise the peak r ate s will be 

less  if there are .appreciable swamp and lake areas , or if regulatory 

r e s e rvoirs or streatn dive r si ons be within the wate r she d .  

Rainfall - L and U s e  Me thod 

Several organizations have utilized existing rainfall data and 

othe r information relating to land use in the devel opment of e sti

rnating procedur e s  based on re c ords from stream- gauging station s "  

Often the se generalize on the land -use conditions, and rely o n  measured 

peak rates of runoff from relatively large drainage areas even though 

the situation of inte r e s t  i s  with small wate r sheds , Better data for ap 

plication to s·mall water sheds are obtained fron1 drainage areas the size 

of those to  which the de sign pr ocedure is to be adapted, One such appli

cation was made by Izzard ( 34) ( 44) for water sheds under 1000  ac res in 

size . 
o' 
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With Izzar d ' s  application serving as an example , discharge 

rec ords frorn 44 streams in Kentucky as well as numerous records from 

streams in adjacent states we re used to develop a set of information re 

lating pe ak rate s of runoff to the size of drainage area for water sheds 

unde r 1 0 ,  000 acres in size . A curve and related data from this develop

ment are contained in Fig. 7 .  This repre sents a downward revision of 

Rainfall Factors  pre sented by Izzard ( which were based on Ya.rnaL ' c  ( 3) 
curve s) ,  and al so considerable revision in the Return Pe riod Factor s .  

Land U se and Slope Factor s were taken dire c tly fr om Izzar d ' s  publica

tion without revision, the re being no new data pertinent to Kentucky on 

which a revision could be based. 

The areal distribution of Ra infall Factors for the state is shown 

in Fig.  8 .  The se value s were based partially on synthetic 1 -hour non

recording stations { 45) . and partially on data from the 1 8  fir st- order 

stations . In a solution fo·E C. o sign di scharge u sing Fig.  7 ,  2. R.:•.infall 

Factor for the area in que shon can be taken dire ctly fr om the i s opluvial 

line s in Fig.  8 .  It: should be note d ,  howe ver , that thi. s dis tri.bution repre 

sents a br oad interpretation fr orn the station data, and the refore should 

not be c onsidered minutely accurate for the divi sion of drainage areas 

within counties , for example ,  or  e ven at the boundarie s between countie s ,  

The factors for Land U se in the table on .Fi g .  7 are given for 

three  c las sifications of slope . Factor s for slope exceeding 2 pe r c ent ori

ginated from data from the Soil C onservation Service ( 3 5) ,  and they are 

reas onably reliable . The Facto r s  for flat and very flat land slopes are 

e stimate s based primarily on the effe ct of slope toward increasing surface 

detention and channel storage . Therefore the se values should be subject 

to  corr ection whe reve r substantiating data are available . 
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LAND USE AND SLOPE FACTOR (LF) 

Land Slope Steep Flat Very flat, 
over 2% 0.2% no ponds 
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D R A I N AGE A R E A  

R A I N FA L L  

n 2 � � 0 0 0 0 
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in a c r e s  

F A G T O R - 1. 0  

! 
I : 

� " 2 

E X A M P L E  

n n g " 

0 

� 

" 

n 0 0 :;: 

570 ACRES NEAR LATITUDE 38°18' AND 

LONGITUDE 83°03: MIXED COV E R ,  STEEP 

n n 0 -
0 0 
0 0 
(J) Q-

1.00% Cultivated 0.8 0.25 
OVER 2% DESIGN RETURN PERIOD 25,50,!00 YRS. 

(row crops) 
1.2 

Mixed cover 1.0 0.6 
Posture 0.6 0.4 
Woods, deep 0.3 0.2 forest litter 

RETURN PERIOD FACTORS trf) 
Return period yrs. l 5 
Foetor --- ·rF---1-0:70 

0.2 
0.1 

0.05 

. 50 100 
ill 1.25 

SolutiOn: {SEE EQUATION ON G RA P H )  
Q2� �0.79 � 1.0 � 1.00• 475 = 375 

Q50=aw�l.l3=417 

Q100=QZ!IK 1.25= 469 

SOURCE 

Derived from thirty seven watersheds in Kentucky. 

Land use and slope factors from Izzard "Estimating 

Peak Rates of Runoff- Bridge ond Culvert Design: 

American Society of Civil Engineers 1952 . . For use 

in Physiographic Regions A-7, B-15,8-16, B-17, and B-18. 

Fig.  7 - Pe ak Rate s of Runoff for Wate r sheds Under 1 0 , 000 
Acr e s  
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Return Pe riod Factors tabulated on Fig.  7 were derived by s o 

lution of the formula: 

TF = 0 .  4309 + 0 .  l 7 84y 

which repr e s ents the relationships of return periods in the data from the 

1 8- station network and the 44 stream- gauging stations mentioned previously. 

By this formula the .Factor for any return period may be obtained by in

s erting the reduced variate (y) listed in Table 1 0 ,  Appendix D ,  opposite the 

return period de sired, and solving the e quation. 

In es sence , the curve in Fig. 7 implies that on the average , the 

peak rate of runoff from a drainage area of given size is equaled or ex

ceeded once in 25 ye ar s ,  whe re the c over is mixed (as previously defined) 

and the location is within the humid re gion of the United States where rain

fall of 2 .  75 inche s per hour has a r eturn period of 2 5  year s .  

The effect of s oil type on peak rate s of runoff has not been dearly 

e stablished.  F or that reason the re are no  factors relating variable soil 

c ondition to the de sign discharge , as i s  the case with land use . Probably, 

the antecedent conditi ons ,  including rain or snow fall, temperature s,  and 

othe r factors of s imilar nature ,  largely offset  diffe rence s in s oil charac

teristics as such. However ,  diffe rence s in underlying materials, parti

cularly in re gions wher e  bedr ock is near the surface, are not as greatly 

susceptible to this influence . At any rate , with the exception o£ localized 

cloudbur st conditions during summer month s ,  maximum peak discharg e s  

i n  Kentucky always occur within the fir st  four calendar months . 

U s e  of the data in Figs . 7 and 8 for de sign is feasibl e ,  particular 

ly on wate rsheds from 1 0 0  to 1 00 0  acres in size . If an area greater than 
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1 0 0 0  acre s is c onsidered the Land Factor should b e  close t o  that for mix

ed c ove r . An illustration of this method of de sign i s  given by the example 

on the right in Fig . 7 .  

Miscellaneous Applications 

Whe re one of the usual empirical formulas for e stimating peak 

discharge is used,  it may be helpful to compare the solution that is obtain

ed with results of one of the m ethods based on Fig s .  5 and 6 ,  or Fig s .  7 

and 8 .  If the r e  is a Peak Dis charge -· Return Period - Duration Curve for 

a gauging stati on in a stream nearby, this curve is als o  a g o od basis for 

c ompari s on .  The recommendation that c omparisons be made i s  based on 

the fact that recently developed procedure s  are more directly dependent 

upon obs e rved data and l onger pe riods of record than are the empirical 

pr ocedur e s .  Thu s ,  if c onside rable backgr ound in the use of empirical 

methods has been accum.ulated, this backgr ound may be utilized yet the 

s olutions may be judged on the basis of nwre re cent developments in data 

and te chniques . 

Whe r e  c omparis ons of this type are made , using several different 

formulas , disparity in answer s  for de sign Q is always impre s sive . Even 

more than the nurnerical diffe rence s in discharge ( in c . f . s. ) , the diffe r 

ences in return periods repre sented by the arnounts indicate the broad 

range of e s timate s enc ompassed by the various empirical procedure s .  

F or the purpose of illustration, the Rainfall - Land U s e  Method 

(Figs.  7 and 8) is used as a basis for c omparis on, and as sume d circum 

stance s for a de sign problem are as follows: 



D r ainage Area = 1 6 0  acres 
Location - Cynthiana N .  E .  quadrangle ,  approx. 

Lat. 3 8 °  47 ' ,  L ong. 84° 1 6 '  
Length of Major Stream = 3 7 50 feet (D efined Channel) 
E levation of Headwate r = 860 feet 
Elevation of Culvert � 780 feet 
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Land Features  - well drained, mixed cove r ,  area fan - shaped 
Directi on of Flow - SSE 
Maj or Storm Direction - E. to N. W .  ( ac r o s s  the water shed) 

for Jan .  --April period. 

F r om the given data, the slope of the channel is determined as 0 .  0 2 1 3  ft . 

per ft. and, the c onstant K ={i- as 2 6 , 0 0 0 .  By means of Fig .  1 3 ,  Ap

pendix A, it is f ound that the time of c oncentration for the watershe d is 

1 8  minute s .  

Inasmuch a s  this wate rshed lie s within the Lexington Thie s sen 

Polygon, the Lexington Intensity-Duration Curve s (Fig . 1 2j ,  Appendix A) , 

are used to obtain the following relationships between return period and 

intensity. 

T Inte r:_�l.!Y.J in. .E�� 
2 . . . . . . . . . . . . . . . . .  . 
5 . . . . . . . . . . . . . . . . .  . 
1 0  . . . . . . . . . . . . . . . .  . 

2 5  . . . . . . . . . . . . . . . .  . 

5 0 ,  . . . . . . . . . . . . . . .  . 
1 0 0 ,  . . . . . . . . . . . . . .  . 

2 . 52 
3 , 50 
4 .  1 3  
4 . 9 1  
5 , 52 
6 .  1 0  

The Rainfall .F actor from Fig.  8 i s  0 .  84, and the Land U s e  Factor from 

Fig.  7 is l ,  0 .  Al s o ,  fr om Fig.  7 a peak rate of runoff Q = 200 c . f . s .  is 

read opposite 1 60 acres in the diagram . 

By the Ra'.nfall- Land Use Method the de sign discharge for three 

different return peri ods are :  

Q I Q  '" Q ,  84 X l , Q  X Q ,  8 3  X 2QQ " 1 3 9  c .  f .  S ,  
o2 5 = 0 . 84 x  l . O x 1 . 0  x 200 " 1 6 8  c . f . s .  
0 1 0 0"' 0 .  84 X l .  Q X l .  2 5  X 200 "' 2 1 0 C , f .  S .  
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The se value s o f  Q for their respective return periods are plotted on 

the overlay of Fig . l 5d to define the line termed "Dis charge " .  Results 

in terms of c .  f. s .  calculated by other formulas are placed on this line 

to determine the return periods corresponding to the indicated value s 

of flow. C omparison is based only on the Q for the 2 5 -year return 

period in each cas e ,  although others c ould be made . 

The results calculated by various formulas or curve s ,  including 

those now used for drainage de sign and dis cussed e arlier in this report, 

and the indicated return period on Fig.  1 5d,  are as foll ows: 

Formula 
or 

Method 

Rational ( C "' 0. 40) 

( c "' 0 .  1 5) 

M odified Rati onal -

( C " 0 . 40) 

Dickens (B "' 3 75 )*  

B . P. R. Curve s -

1 02 1 . 10  & 1 0 2 1 . 1 1  

Burkli- Ziegler -

( C " 0 . 3 1) 

( C  '" 0 .  2.0) 

-----· ------··· -�-

Q 
( c . f . s . )  

3 1 4 

1 1 8  

1 57 

1 2 3  

2 5 0  

1 47 

9 5  

---�- --� 
- -riidicated 

Return Period 
(yr . )  

1 0 0 0  + 

5 

1 7  

6 

400 

1 2  

3 -

* 24-Hr . Rainfall ( T "' 2 5) is 5 .  56 inche s (See Lexington 
in Table 8, Appendix A) . 
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Viewed from the standpoint of re turn period the results are much more 

wide spread than the calculated amounts of discharge imply. However ,  

even on the basis of c . £. s .  to b e  accommodated the spread i s  great 

enough to seriously affect the design that would actually be made for a 

drainage facility. 

Obviously, the most elusive and most influential factor causing 

the differences  in the majority of cases is the s o - called coefficient of 

runoff. Unfortunately this is the factor most difficult to evaluate even 

by m eans of controlled drainage test plot s .  That being the case ,  the 

futility of establishing a uniform and reliable design procedure for the 

state as a whole based on any empirical formula is well illustrated.  
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SIGNIFICANT RELATIONSHIPS AND OBSERVATIONS 

During this study there were a number of observations which 

should be of c onsiderable interest  to those engaged in the fields of hy

draulic s ,  hydr ology, and drainage de sign. Disqussion of the se points 

is bas e d  on analys e s  of data from former inve stigations by other agencie s 

and investigations by the Division of Re search including the study which 

is being reported, and interpretation of the pre sent re sults . These 

p oints of inte rest  are cons ide red to be of primary c oncern in the advance 

ment of this and similar proje cts . 

The fir s t  of the s e  pe rtains to the maximum annual peak rate s of 

runoff* . It has been determined through analys e s  of runoff rec ords for 

Kentucky that for large areas , almost all the peak rates of runoff occur 

during the fir s t  four months of the year . Noteable exceptions to thi s ,  

e specially for drainage areas not more than a few square mile s in size , 

are the cloudbur st conditions that are s ometime s wide spread in summer 

month s .  Cloudbur sts tend t o  be localized and irre gular in frequency 

of occurrence,  and de signing for them is generally believed to be im

practical. The refor e ,  discus sion of peak rates of runoff have , in this 

report, proceeded without mention of cloudburst c onditions . 

The fact that most  peak rate s of runoff occur within the first 

four m onths of the year may not hold much inte rest for the experienced 

observer . Howeve r,  this knowledge is of particular advantage in making 

* See Glo ssary of Term s .  
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detailed studie s of runoff . Maintenance of study areas of c onside r able 

size  c ould be eliminated during the remaining eight months of the ye ar, 

and the amount of data to be analyzed and interpre ted would be gre atly 

r e duced.  

Another important aspect is  the sele c ti on of  an app r opriate 

r eturn perioj for design purp ose s .  Before any �ttempt is made to de -

sign a drainage structur e ,  it is  nece ssary to e stablish this return period 

s o  that rainfall data can be used. Relationships among rainfalls having 

various return periods can se rve as a guide to s ele ction of de sign return 

periods ( See Figs . 1 6a-j and Table s 1 0 ,  l O a  and lOb;  Appendix D) . 

Recommendations have been made by seve ral agencies ( 2 5 ,  3 6 ,  

3 7  and 3 8) with re gard t o  the return period t o  b e  employed for primary 

and sec ondary r oads which are subje ct to limitations on the exc e s s  flow 

that can be tolerated . .  F or example , damage to adjacent property or 

de struction of embankments are l e s s  important with s ome r oads and in 

s ome l ocalities than they are with other s  having diffe rent characteristics . 

A few of the se sugge stions appear in Table 4 ,  bel ow. This Table ( 2 5) 

can se rve as a guide in the sele ction of the appropriate return period 

for which the discharge will g overn in the design: 

Table 4 - De sign Return Peri ods for Various Type s of Structure s .  

Type of Structure De sign Return Pe riod 

B r idge s on important highways ,  or where 
backwater may cause exce s sive p roperty 50 to 100  years 
damage or result in loss of the bridge . 

B ridges on less important r oads or culverts 
on important r oad s .  2 5  years 

Culve rts on sec ondary r oads , storm sewe r s  
or side ditche s .  5 to 1 0  year s 

Storm - water inlet�utter flow. 1 to 2 years�'. 
* If of short duration, ponding can be tolerated. 
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S ome or ganizations rec ommend a 50 -year return period for 

design of primary r oads in urban areas where exce ssive discharge could 

cause c onsiderable damage and s eriously impair the utility of the road, 

even for a short period of time . In the case of p rimary or s e c ondary 

r oads in rural areas a de sign return period of 1 0  to 2 5  ye ars may be 

adequate . For side ditche s and gutter s ,  a shorter return period should 

be c onsidered;  between 2 and 1 0  year s ,  depending upon location and c o st 

of r epair s .  P r oposed de sign return period e stimates should be checked 

for magnitude s corre sponding to some longer r eturn period, and the 

damage s e stimated.  It is  possible that the extensive c ost  of  damage s or 

danger to human life would ne c e s sitate incre asing the size of the structure 

( 46) . 

After a culve rt has be en sized, it is well to check the stream 

channel to dete rmine the ability of the downstream se ction to acc ommodate 

the flow that has been e stimated.  In s ome cas e s ,  a culvert might be 

designed to carry the expe cted runoff fr om a given area but the down

stream channel could be inc apable of carrying the flow and p onding would 

r e sult .  The refor e ,  culvert  sizing would not be de termined by the runoff 

pr oduced fr om the area but rather by the de gree of ponding. If ponding 

exists , the design of a structure is c ontrolled by the tail water elevation, 

and the downstream c onditions must be checked ( 43) . 

C onside rable effort has been and is being made to  r e cognize and 

evaluate factors other than de sign dis charge having a bearing on the 

hydraulic de sign of culve rts . Until recently the tendency has been to 

regard a s olution of the design discharge as a s olution for the entire 
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p r oble m .  C onsequently, little regard was given the hydraulic principles 

involved in transmitting the e stimated discharge through the structure 

to the other side of the r oadway. 

The usual objective in the de sign of most highway culve rts is 

to  provide a structure to accommodate a flow with the least amount of 

head { or none at all) . When headwater is of small significance , de sign 

is for the most e c onomical size . Actually, a numb er of factors dete rmine 

the flow characteristics of water in a culvert.  The se include slope, size,  

shape , length, roughne s s ,  headwater and tailwater elevation, and inlet 

and outlet slope { 2 5  and 43) . All of the se must be c onside red in the hy-

draulic de sign. 

St. Anthony F alls Hydr aulic Re search Laboratory (Univer sity o.f 

Minne s ota) has published a number of inte re sting and informative pape rs 

on culvert hydraulic s .  In one of the se ( 40) , culve rts are classified on 

the basis of the point at which flow in the structure is controlled, and 

the several variables influencing the point of c ontroL 

" When the culvert inlet serves as a c ontrol se ction, 
the r elationship betwe en head and discharge is independent 
of the characteristics of the barrel or outlet and depends 
only upon the ge ometry of the inle t .  For  culve rts on a 
mild slope , flowing partly full, the c ontrol is at the out-
let and the head-discharge relationship depends upon the 
characteristics of the bar rel as well as the geometry of 
the inlet.  When the culve rt flow s full, unless it is very 
short, the barrel friction pr ovide s the c ontrol and the head
discharge is dependent upori all of the design variable s .  

" The importance of inlet de sign as related t o  culve rt 
capacity hinge s to a large extent upon the position of the 
c ontrol se ction. For inlet c ontr ol, the ge ometry of the in
let has a very significant influence upon the head r e quired 
for a given discharge . A square - edge inlet caus e s  separa
tion and promote s full utilization of the barrel for flow. 
As a re sult of the availability of additional head in the culvert ,  



the required water surface elevation in the headwater 
pool is reduced - frequently very significantly reduced. 
When the control is at the outlet  or when barrel fric-· 
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tion acts as the c ontrol, the ge ometry of the inlet becomes 
far less significant . " 

A r eview of this and other publications dealing with the flDw of water 

through culverts p oints out the nece s sity for an unde rs tanding and full 

utilization of the hydraulic principles s o  that pr oper design of drainage 

structur e s  may be accomplished . Preliminary to the se considerations , 

howeve r ,  is the "proper" application of hydr ologic data in the dete rmina -

tion of the peak discharge that must be acc omr:nodated by the structure .  



- 44 

CONCLUDING STATEMENT AND RECOMMENDATIONS 

As noted previously, current methods of e stimating design dis 

charge are inadequate be cause of the extremely limited data from actual 

field inve stigations that can be applied in e stimating peak r ate of runoff 

based on the rate of rainfalL As a r e sult of this p r oject,  pos sibilitie s 

for accurately predicting the quantity of pre cipitation that can b e  expected 

at different p oints in the state have been greatly enhanced. However, 

becaus e of the lack of basic data, little c ould be done to improve " c oef

ficients" ne ces sary in calculating discharge by the various empirical 

method s .  

Likewise,  the almost  c omplete lack of r e c ords for s tream flow, 

particularly from small water sheds , have prevented arw progr e s s  toward 

developing a fundamental method of e stimating discharge on the basis of 

r e c or de d  stream flow . Such a rnethod is regarded as the ultimate g oal 

toward which future drainage r ei;�earch should be dir e cted. 

Recognizing the lack of basic data, but aware of the nee d  for 

immediate impr overnents,  it was c onside red neces sary to c ontinue the 

use of past methods for e s timating design discharge which are based on 

rainfall r e c o rds until sufficient stream gauging r e c ords from small 

water sheds can be obtained. Thi s involve s not only a large numbe r  of 

stations well distributed, but als o  a considerable time interval since 

the minimum p e riod of record generally conside red ne ces sary for the 

determination of the mean annual peak discharge is 1 2  year s .  

Therefore ,  for the rainfall variable,  the intensity-duration

r eturn period relationships were developed for many localities through-

out the state and c onside rable progre s s  was made in is olating this variable . 
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In c onjunction with the rainfall, the time of c oncentration variable was 

inve stigated with re gard to its application and methods of e s timating its 

value . 

E xisting methods of e stimating time of concentration are approxi

mations,  based on meager data derived several ye ars ago .  Pos sibilitie s 

of making actual field measurements to establi sh better methods and 

more reliable data were conside red.  In this respect, small portable 

dischar ge -measuring devices were studied9 and a combination rain and 

stream gauge which records on the s arne clock and chart was devised.  

H oweve r ,  because of the magnitude of the pr oject and time involved it 

was not c onsidered feasible to continue this approach, e spe cially since 

this value is a part of the rainfall design 1::nel:hod which is conside red an 

expediency to be used only until new rr'eth ods based on dischar ge mea

surements can be develope d .  

Throughout the project effo:rt has been made t o  foster the c olle c

tion of stream -flow data fr mn small. areas 0 Be ginning with the e stablish

ment of the peak� stage indicators previously discussed (See Fig .  1 0 ) 
this effort s o on led to development of the te st area near Hodgenville 0 

Later the Division of Research was instru:mental in the e s tablishment 

of a small area gauging station at Noble,  Kentucky, whe re the Laboratory 

has been maintaining a. rain gauge for a.ppr oxitnately three  year s .  At 

the time the peak- stage indicators were accepted by the U . S. G . S . for 

service and maintenance in their surface water program ,  inclusion of 

the Bear Branch drainage area at Noble and the D ouglas Cr eek area 

near Hodgenville was rec ommende d .  Permanent stream- gauging stations 
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were installed by the U . S . G. S .  at both locations , and they are now a 

part of the 1 7- station gr oup in Kentucky ( See Fig.  9} now operated by 

that agency. 

In view of the in1portance of adequate stream- gauging r e c ords 

to the development of a reliable and lasting procedure for the design of 

small drainage structur e s ,  increasing support - financial and othe rwise -

for that pro gram by the Departn1ent of Highways is rec ommended .  

Until c onditions make possible designs on that basis ,  i t  is  ne cessary to 

adhere  to  procedures based on rainfall intensity, duration, and return 

periods. F r om that standpoint, the data developed through this .Pr oject 

makes possible nume r ous impr ovements in the existing methods of 

drainage de sign. 
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APPENDIX A 

CHARTS AND TABULATIONS APPLICABLE T O  METHODS 
OF DESIGN 

Table 6 - Calculated Rainfall F o r  Various Return Periods 
at 1 8  Fir st- Order Stations . 

Fig. 1 1  - Thiessen Diagram for Kentucky. 

Fig. 1 2a-· 12r  - Depth-Duration and Intensity-Duration Curve s 
for Cairo ,  Cincinnati, E vansville , Knoxville , Lex
ington, L ouisville. , Nashville, Parker sbur g, and 
Wytheville . 

Fig.  1 3  - Chart for Determining Time .of C oncentration. 

Table 7 - Area of W aterway Calculated by Modified Talbot 
F o rmula . 

Table 8 - Calculated 24-Hour Rainfall for Nine First-Order 
Stations (Based on Period of Record 1 90 3 - 1 9 5 1) . 

Table 9 - Dis cha.rge C alculated by Dickens F o rmula. 



T able 6 - Calculated Rainfall for Various Return Periods at 
1 8  Fir st-Order Statipns (Based on Indicate d P e riods 
of Record) 
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Notes on Fig. 1 1 : 

E ach polygon contains the following percentage s  of this state ' s  

total area: 

Polygon Percent 
Identification Area* 

---

( a) Cair o ,  Illinois 8 . 52  

( b) Cincinnati , Ohio 4. 7 5  

( c) Evansville , Indiana 1 1 .  9 1  

( d) Knoxville , Tenne s s ee 8 .  77 

( e) Le_xington, Kentucky 3 5 . 9 1  

( £)  Louisville ,  Kentucky 1 3 . 48 

( g) Nashville , Tenne s se e  1 1 .  9 1  

( h) Parke rsburg, W .  Vir ginia l .  1 3  

( i) Wytheville, Virginia 3 . 62 

* The se value s we re used in c omputing the state weighed average s 
given in T able 8 ,  Appendix A .  
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Notes on Fig . l2a- 1 2 r :  

The use of the Depth-Duration and Intensity-Duration Curve s 
in the s e  illustrations is demonstrated by the following example : 

D e te rmine the r ainfall depth or intensity in the Cairo 
polygon for a ! ? -minute time of c oncentration (See 
note s on Fig.  1 3) . 

This is accomplished by entering the duration scale 
of Fig. ! Z a  o r  1 2b at the 1 7-minute p oint and pro
c eeding upward to  the curve s for  each return period.  
The values are  then tabulated in the following manne r; 

Return P e riod 
__ 

( T_) 
__ _ 

2 
5 
1 0  
2 5  
50  
1 00 

; Depth 
· ( in . ) 

0 . 85 
I .  0 8  
I .  2 3  
I .  42 
I .  56 
I .  70 

Intensity* 
( in .  per  in. )  

3 . 00 
3 . 80 
4. 3 3  
5 . 0 0  
5 . 52  
6 . 0 0  

•; The s e  figure s  r:nay be checked by setting 60 / 1 7  in a 
calculator and multiplying each depth value by this 
factor .  

The s e  values ar e plotted at  their r e spective return 
peri ods , with the use of Fig.  1 5a, 1 5c or l 5d .  If 
calculated correctly, the y should form a straight line 
( see  line Rainfall in Fig. 1 5a,  Appendix C) . If this is 
not s o, an average line should be  c onstructed .  

In Figs . 1 2 c ,  e ,  f ,  g ,  h ,  1 ,  m ,  n ,  o ,  p ,  q and r note the pre 
sence of dots plotted on the se graph s .  The se dots r epr e sent the calcu
lated value s taken fr mm T able 6, Appendix A .  In the se cas e s ,  an 
attempt was made to obtain a family of symmetrical curve s ,  rather 
than t o  draw the curves to c onform t o  the exact position of the plotted 
value . 

Since data ne ces sary for the use of the Depth-Du!'ation Curve s 
will not be pre sented in this r eport, an example of their application 
will not be pre s ented he r e .  



� w 
0 

0: 5 
:I: 

� 
[3 i3 
;;!; 

� 
� 

,-hJ-:ii�! -fT l � . ! 

i ! t 

h:i 
,

. 

� : !-: 

i:j ' 

' l i  ' i ' 

l i 

i 

T' ' 
i i  

: I  � 
: I ;  - 1- -

DEPTH- DURATION CURVES 

for 

;. i h' 

v __ _ L i  i i + T+ I T +  

DURATION-MINUTES 
Fig . l2a 

: . 

CAIRO, ILLI N O I S  

1903 - 1951  
ial5 R•narch 

' :: . " -- i + • ! ' ' 'l 

fJF 

9 fi ; ' L . :� "  i i I ! T ' 
· : · ·• : tH-: • ' ' " + L  i : . ' 

- i --' ' 
��' '! ' . t . . ' t ¥ I N TENSITY DURATION CURVES ,, - , - . . · :  : :  . 

for . � ! ;': x i ] : · , . .  

8 �\l . : �  ,i , � r: , i ' 
7 . : . . ! +  . , ,  
;;;;i.e·:\.; I ,  l'• e' ' 
+:_ 1 :\ i -+-L-1 · I i ' !  i L . 

6 ' . :p., - rl\! 
�-

;-t-; ' :·; 
•+, 

� . + 

5 , + 

' 4!.  
�- � 1-+- ' 

4 - -
-� . 

i:+lLc. · 

·d- ':-H-i- :.!_: 

. ' 
I 

I "'!.• 
�� ! 

3 I 
'

I ' '  + .  .;. I 
h "·L$it I ' :-r:: . .r , +-L (L,: - -2 �- -1 1· -,-

h 
--,-

CAIRO ILLINOIS 

1903 - 195 1 
' ' . H-tc , E�y � 

� � ' ;l�-1- :_ -�· ' 'irf' J, : j-� � : t · ' ' ' ' I ' ' :  I w '  · I - ' '  
I --,+,- � -, '  , ,-:-- - :1� � -:l 

- � l ' t lft' t ; . .-: .. -:�� �-�:-i· �ii j i t·:r:tL I- + • , ,ift �i:1 it· ·  
; ii' � 

-, 
.;_. �- 1: 

_!.. 
.• 

- .  

- - ' ' . � .  ���it- . - -�: -� � -l H �- r: �:� � t_):� 
)f I ' ' j ' 1 '  

• r- � -·- · t - ' 
: ; . 

: i ' t -� -+- r _::li - � ·f .-;. ,_:i ·l i -1- . -t 
-:-. ;:: .t . �- L _I J t :f1 c_ --

�- .; 

" 
- . ' · [: , � ' ,�-7 L -

:+ + _,_-, L . ,  •••• -' 
· - ; -. f_' - -� ,,)c I- _; 1 T- �  i H 

' t 
+

-. � - :  
0 10 30 

' i f -�-u-'+ 
t•---r--'- ' ' ..::: �-' 1_-;: ' 

60 
DUIIATION-IIIIfiii!TES 

Fig. l2b 

" -!-

- +- �!- -
Moltriali Rnoarch Laborator�-Luln{ltan 

' 

; : 
� � -

_-..... 

' 

"! 

. .. 
i i T· . l -�-�--=-

� l I . ' 

0 



:!l :I: 
(.) 
z 
T 
:I: 
li: w 0 

T•-
r "'"!4-

4 

r· 

1 ,--, . t -1 - i , . 
· r � , DEPTH-DURATION CURVES 

: T: � .r+ for ' 1- . " � l 
. . CINCINNATI , OHIO L-� 

__ ial 

DURATION-tiiNUTES 
Fig . l 2 c  

""'-;-r-r=.,.,.,...,-,-, 

1903 - 1951 

slfflJtfll�tt-fd 
_ t.· �· . l!L. tt fftl*: � . . 

: INTENSITY- DURATION CURVES · I • + '  · · ' ' ' ' , , ,  I I '  · ' f F -r-n-T· - : ;  · f :  . . :t:· . , -� -- · - -:�--:-� - � � fT •- .. , or 
8 kJri i i � i ;  . . :H±t. �ijjj-l CINCINNATI, OHIO 

19o 3 - 19s1  tc; 
7 0: :::> � Jcl*lt•i\1:\ri�f.J.=f:;.j 'l ll! lllll't:t+JHtJ: I : J.:.Jc.H:f:I·I :.J J :+' 1 11'1±imli·l ·i 111 ·  !1ttHtt�ltll1 1 

ffi s  ll. 

W
!�fiil' '. 'l' · ·.'.li ·i .•. ! j · '  · ++l'+f.' ". ·.C.Jc+ .J:!. ' i l4t _; 

.
. ::· -,

.
: 

-

�. ! 'l + ' �:: ' '  =m 'H I 't:+'fR:tfn,+c;''''Tmce-I+JI==rTT'I' 
�Jt��: f _ ; -�

- � __ ;_ ;·s ����Fl�T 

1mm����
;������

m ���: ill!� -i�.:.L�·il ·lt·llj-!j-ttH U !
I I I lr-l"tii-t:-t,-t llll ; ! -c 

� I 

2 " '  . +  

llUilATIOII-IIli!IJTES 
Fig . l2d 

ial 



T � "' 0 

0: 
::> 
0 
:I: 

� 
:fl 5 
;!!; 

� 
en 
z � ;!!; 

I ;  

m 

' ' I  

' I '  

· I  �I 
i '  

• i ' 
l 

-• i-l l 

liT 

I 
; I  

I 

-i IT 

;-1 

TTr:TT 
DEPTH-DURATION CURVES 

for 

EVANSVILLE, INDIANA 
II 

DUIIATION-&IINUTEII 
Fig . l 2e 

, ,  

' J · • ·  -; 1 : :· t-l 1 fi+: 
r, ' : I �  

1903 1951  

�n I NT E N SI T Y - DURATION CURVES 
for 

EVANSVI LLE , INDIANA 

� I 1 

+-·' 

IT' 

;T:_ 

cl 

1 IT 

60 
DUIIATION-Ioiililll'ml 

Fig. 12£ 

1903 - 1951 
. ,  rr 

, ,  
· n  

lol& RD 

i 

i+·[ 

. I  

T, 

, T �-! 

' j : <· · 

" 
· · · -

120 



t"; j: I . j · • · •  
J cj : I  

t 
-1-ri-- 1---i-t--f--+--t--1--I ' : �-�-�: 

iC ti .. . ±;.j ,c '·'-'' I *''7� ' m�r1�' 
l-tr : +q 1 -er + •: ·- • • • • • ' -lit 

(I) 3 I : 
ILl T ! 
:t: 
Q ;!; I 
:t: li: ��� l' LLI 

• , · ,  ' I  

0 _, � T ·l 

2 trf'mtlMmti� ' I ' ' '  . : , li 1 • · ' • 1 · t o l -- · 'i,UH. �  
: -;--- ----HT -- · . 

-- •-1- ., ' 
+ '  : : 7 

.. -'it 

r· jfL -j 
). I , -tt:- -, 

:rr � :, 
:;___ -: 

+ 

. . . .  1 .  ., . •  ' - ·---, ' lli ' I ! f + . 

'+ ---i I 
' ! • ' i 

- I •  
n 

u-, 

i 

JTE'I· ·-1 • _ , _  

- l� 

) 

'i--: 
l i 

' J___ ' 

L: 
!-:::_i 
I '  

·+· , . 

I �  H ;f I _j:j 

-rm=· ' ;-;-·r-: 1 • 1 !� !�  ; t-
r ' ' : ' F' nr · r : �  �F �r .. 

Ji T 
- -'- -: ;�:-� �t:-' . 

1--- -· •• I : , :  

' '±I . : -�rJ-, I · - ·  " . .  ' i ' I 
l 

' ' 

ELl I 
DEPTH- DURATION CURVES 

for 

KNOXVILLE, TENNESSEE 

i - i-:-.- � - 1903 - 1951 
Materiels Rnearch Laboratory- Lui�gton 

IKIMTIOfl-liiiNUTES 
Fig. 1 2 g  

W' 
� 

•f'-Li' i' 1 
• • _

. 1 . - • 1 · r�I'lliliF[i'._�-�-�. I NTENSITY - DURATION CURVES 

[ · hi 1 'r !JL l j i for 

i f-! 

I -

r---- -Fl �! ! 
t:-� : : · i  

1':: 1 

· t· .  

- li  

il 1-f t-l·i 

KNOXVILLE , TENNESSEE 

-t : rr, 

1903 - 1951 
: ·---�- - ·-- - · · · ' · t - I - -· I · , - - � . - , - .  I - . . 

' :__:___�_ -!--+--:-- - -

: j -

; T " 

f i 

1 - lc-t+ :t:!ItJ1l 
lal• Rene 

IIURATION-IIIINUTEll 
Fig . 1 2h 

: : · : I f ,-�-L::J . 1 --� _ _ : __ !--· . f:-: _ _ :_:_�· .  

-:-: ; 
n 

i if · !  

i '. 
- - - "_'' ' 'I I' � -- ' . . . , 
rn 

I 

··•-· 
·n-: 

t-+-1� - ! .
' 

tiJ:I 
Lulnglc 



i'3 
z T 
:I: li: .., 0 2 

0 

8 

-
0: 
"' 
0 
"' 
0: "' • 
0. 
"' "' 
:I: 
.., . 
;;!; 
I 

,_ 1-
in 4 
z "' 1-:!! -. t-rr-:- t •  

'11 

H 
)' 

, ,  

iT i 
i l :  

t'  
h 

l 

·_: 

J 
:-! 
1 

· •.:.! 

DIIRATKJN-MINUTES 
Fig . l 2i 

TTiT1 

DEPTH-DURATION CURVES 

for 

LEXINGTON , KENTUCKY 

1903 1934 

lj"-"� 
, , 

t -� 
INTENSITY - DURATION CURVES 

' I ·  

for 

LEXINGTON , 

1903 

, T' 

!erial 

DURATION-MINUTES 

Fig. l2j 

KENTUCKY 

1934 

i 

_j_:_ l c L 
I '  ' 

! 
-,, ·.: .. : , . 

' ' 

I 

.. -�-� •· 

-1 jj-

_ ,  

�0 



T t "' 0 2 

!-+ ;[-· 

llUIIATION-M!IIIUTIEII 
Fig.  12k 

'-' I I I 

DEPTH- DURATION CURVES 
for 

LOUISVILLE, KENTUCKY 

1903 - 1951 

T. 

1-

·r: . ! 
INTENS ITY- DURATION CURVES 

-: 1----j - - for 

LOUISVILLE , KENTU C K Y  

1903 - 1951 

I .  m "'·''�:llllmj\ iJ:f�i j 0'4 · · "' . . . - 'i ' ... , ' , c • " . , .. • • .•. l f I . 
LlJ G � · .' , I r 1 -r _;- --�- � 

1 ; : :· : : _: . . . . :-. � -•• : : ; : : : • _ f.;  
o. ·c '. : · · _lf1 , 1 ill · r=r c  c : ;lrjj· : c f :  : . : : · T l •  ., ' l' :-PI '' . ·l!t- . -� ' " 

� .-�::': t . ' � - : ,-, �- �.: . .  ; __ _:_ ' �.; .. q.�.- .; . : 1-�- - -F- - -� : ---1- - � -

0 5 z 

� ' ' -+ c;; 4 z !!! 
;;!; 

2 

;:_ l 
,. -

" ·· JWj:I#JjjJ;jf'f ' ' 1 JjJFf l · -t �1FI _t· :� ;· � � �-::: . . -+: - -:+� ��: �::i·-�-l=rr-1� �:�·-

•-1! 

DURATION-MINUTES 

Fig . 121 

• I  

I '  :·-:-' 1 1 ' 11 1 ·+ " :· ::-,--; , ,· -: ·:1 
,. 

± 
.:J..: 

m 

iol 

I : I 

' !-' 
l i· 
7: .... 

U: 

,I 

�0 



� 
I 
i!: 
.. 
"' 
0 

a: 
:;) 
0 
:1: 
a: � 
� 
" 
<.> 
� 

� 
U) 
:z "' 
.... 
� 

:1 I 

i -: 

I"J 

, i  I' r; 

T 

:r 

fH 
IT I 

n 

i IT 

DEPTH-DURATION CURVES 

for 

NASHVILLE, TENNESSEE 

1905 - 1 9 5 1  

IIU!lA'I1QIII-IoiiNIITES 
Fig. 12m 

ial 

INTENSITY - DURATION CURVES 
for 

NASHVI LLE , TENNESSEE 

1905 - 1951 

DURATION-MINUTES 

Fig. 12n 

Ina I 

t··! 

f ,  



T 
� "' 0 

0: 
:::> 
0 
J: 
0: � 
!:] 
J: 
0 
� 

� 
"' 
z 
"' 
.... � H I 

: i i 
: ! ! 

-

! . •  

I ' 

I' , .  

. r  

,-f-� 

; ! ;  f: : ; ·: j : i :  

I . i � -i 

1 

DEPTH - DURATION CURVES 

TOT 

PARKERSBURG, W. VIRGINIA 

1903 1951 

ll!IRA� 
Fig. 1 2 o  

. ' i '  

Rusarch 

I NTENSITY - DURATION CURVES 

ll · !  

. !  
I 

t: 
1� 

' f · 

! I 

' i  

I 

l 

! 

I I 

for 

PA RKERSBURG , W. V I R G I N IA 

i l il 
1903 

ial 

1 9 5 1  

' f ; 
! - : !  
� -� · '  

DURATION - MINUTES 

Fig. 12p 

TI r 

IV' 

T' 

r-·· 



"' UJ 
:I: 
0 
;!'; 

0: 
:;, 
0 :I: 

� 
f:3 i'i 
z � � � 

9 

10 

�-r 

iT 

"tl"l 
i i  

I 

�� 

ll i 
(i !  

, �r; 

i i i  

'"! 
i H-I.::L --;-;T 1 I I  n 

DEPTH- DURATION CURVES 

for 

WYTHEVILLE, VIRGINIA 

-11@111-� 
F i 12 .  l 2 q  

1903 1940 

INTEN SITY - DURATION CURVES 

for 

WYTHEVILLE , VIRGINIA 

1903 - 1940 

DUFIATIOO--UTES 

Fig.  l Z r  

"' 
I 



4-A 

Notes on Fig. 1 3: 

The time of concentration involve s time for overland flow as well 
as time nec e s s ary for channel flow . In Fig.  13  only channel flow is con
sidered, and the length (L) is a measure of the defined channel shown on 
map s .  

The difference in elevation represents the difference l:)etween .the 
headwate r of the stream channel and the point of entrance into the struc 
tur e .  

Example: Determine the time of concentration for a 11tream which 
has a maximum length of travel ( L) of 3 ,  000 feet and a difference in eleva
tion (H) of 50 feet .  The slope ( S) is equal to H /L. The c onstant (K) is 
first determined as follows:  

K = rs or � t3 

3000 
K =i 50 3000 

3000 K ='lj0 . 0166 
K = 23 ,  300 or 23 . 3 thousands 

Enter the graph in Fig . 13  with 23 . 3 on the K scale . Proceed 
upward to the curve , and horiz ontally to the Tc scale and read approxi• 
mately 1 7  minutes as the time of concentration ( it make s little difference 
whethe r 1 7 . 0 or 1 7 .  5 minute s is used) . 

The curve on .this figure maximize s the intensity since it repre sents 
a lower envelope curve of the original raw data ( the smalle r the time of 
c oncentration the lar ger the intensity) . 
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Notes on Table 7 :  

Table 7 was c ompiled on the assumption that the original Talbot 
Formula 

A = CA0 . 75  

is  based on a rainfall intensity of 4 in. pe r hour afteJ;" Talbot' s  maxi
mum intensity formula 

360 
i = t+3o 

where t = 60 minute s duration or time of c oncentration, 

This table repres�nts the are a of opening required for one inch of rain
fall per hour , The use of Table 7 is illustrated by the following example: 

As suming a watershed drainage area in the Cairo Thie s sen 
Polygon of 400 acres ,  with a stream length (L) of 3000 
feet and a difference in elevation (H) equal to 50 feet (illus
trated in Fig. 1 3) ;  find the area in square feet of the ope!l• 
ing required. F or this purp ose as sume C = 0. 8 and Tc = 

1 7  minutes (from the Cairo Intensity-Duration Curve for 
selected return periods) , 

From Table 7,  opposite 400 acres and under C = 0 .  8,  the 
value of 1 7 .  89 square feet is found, This value represents 
the requirement with a rainfall intensity of one inch per 
hour . Next, select at least thre e  return periods from the 
curve, plotted on extreme probability paper ( overlay) , for 
an intensity of 1 7  minutes duration, as in Fig.  1 5a, Ap
pendix C .  For example, using the following return periods 
and their respe ctive intensitie s;  

T =; 2  
T = 2 5  
T = 100 . 

Tz = 3 . 00 in. per hr . 
T2 5  = 5 . 00 i�. per hr . 
T 1 00 = 6 . 00 m .  per hr . 



And, from the formula: 

Ad . _ TA
O ' 7 5 

e s1gn - c 

Az = ( 3 .  00) ( 1 7 .  89) ( 0 .  8) = 43 sq . ft . 
Az s = ( 5 . 00) ( 1 7 . 89) ( 0 . 8) = 72 s q .  ft . 
A 1 00= ( 6 . 00)  ( 1 7 .  89) ( 0 .  8) = 86  sq.  ft . 

6 -A 

The sheet  of extreme pr obability paper is used to  plot the area 
of opening for the re spe ctive return periods and a straight line is drawn . 
If these p oints fall in a straight line , the calculations are correct .  

The r e s ults of the example given above are scattered about the 
line labeled "Area" ( of waterway opening) in Fig.  1 5a,  Appendix C .  
With this line 1 the return period of any required opening can be found 
in the same manne r that the return period for a given discharge is  
determine d. This fact points up the unre alistic approach repre sented 
by the Talbot formula, since the re turn pe r i od of an area of opening 
has no significance in itself; it would have s ome significance expre s sed 
as the di scharge for which an area of opening is ade quate . 



Table Area Of Waterway Calculated By Modified Talbot Formula And 

Based On ,An Eq uivalent Rainfall Intensity Of One Inch Per Hour, 

a ""' CA 0"75 
--,-

DRAINAGE 
AREA 

AREA OF WATERWAY - o (,q. ft.) FOR c :. 
.A 

acres 1.0 0.9 0.8 0.7 2/3 0.6 0.5 0.4 1/3 0.3 0.2 0.1 

2 0 . 42 0 .  38 0 . 34 0 . 29 0 . 2 8 0. 2 5  0 . 2 1  0 .  1 7  o .  14 0. 13 0 . 0 8 0 .  04 
3 0 , 57 0 . 5 1  0 . 46 0 .  40 0 , 38 0 . 34 0 . 2 8 0. 23 0 ..  19 o. 17 o. 1 1  0 . 06 
4 0 . 7 1  0 . 64 0 . 57 0 .  49 0 . 47 0 . 42 0 . 35 0 . 2 8 0 . 24 0 . 2 1  0 ,  14 0 . 07 
5 0 , 84 0 . 75 0 . 67 0 . 59 0 . 56 0 . 50 0, 42 0 . 33 0. 2 8  0 . 25 D .  17 0 . 0 8 
6 0 . 96 0 . 86 0 ,  77 0 . 67 0 . 64 0 , 58 0 . 48 0 , 38 0 . 32 0 . 29 o .  19 0 '  10 
7 1 .  08 0 . 9 7 0 . 86 0 . 75 o .  72 0 . 6 5 0 . 54 0 , 43 0 .  36 0 ,  32 0 . 22 0 .  1 1  
8 l .  19 1 .  0 7  0 . 95 0 . 83 0 . 79 0 . 7 1  0 . 59 0. 48 0 . 40 o. 36 0, 24 0, 12 
9 1 .  30 1 .  1 7  1 .  04 0 . 9 1  0 . 87 0 . 78 0 . 6 5 0 . 52 0 . 43 0 . 39 0 . 26 0 .  1 3  
1 0  1 .  41 1 .'27 1 .  1 2  0 . 9 8 0 . 94 0 . 84 o .  io 0 . 56 0 . 47 0 . 47 0 . 2 8 0 .  14 
1 1  1 .  5 1  l .  36 1 .  2 1  l .  06 1 .  0 1  0 .  9 1  0 .  76 0 . 60 0 ,  50 0 , 45 0 .  30 0 .  1 5  
1 2  l .  6 1  1 . 45 1 .  2 9  1 . 1 3 l .  0 7  0 . 9 7 0 . 8 1  0 , 64 0 . 54 0 , 48 0 . 3 2 0 . 1 6 
1 3  1 .  7 1  l .  54 1 .  37 1. 2 0  l .  14 1. 03 o. 86 0 , 68 0 . 5 7 o .  5 1  0 . 34 0 .  1 7  
14 1 .  8 1  1 .  63 1 . 45 l .  z. 7 l .  2. 1  l .  09 0 . 90 0. 72 0 . 60 0 . 54 0 . 36 0 ,  18 
1 5  l .  9 1  1 .  7 1  1.  52. 1 .  3 3  l .  2. 7  I .  14 0 . 9 5 0 . 76 0 , 64 0 .  57 0 , 38 o .  19 

1 6  2 . 00 1 .  80 l .  60 1 . 40 I .  3 3  l .  2 0  l.  0 0  0 . 80 0 . 6 7 o .  60 0 . 40 0 . 20 
1 7  2 . 09 1 .  88 l .  6 7  1 . 47 1 . 40 l .  26 1 .  05 0 , 84 0 . 70 0 .  63 0 . 42 O . l l  
1 8  2 .  18 l .  97 1. 75 1. 53 l .  46 l .  3 1  l .  09 0 . 87 0. 73 o. 66 0 . 44 O . Z-2 
1 9  2 . 2 8  2 . 0 5 l .  82. l .  59 1 .  52 1 .  37 1 .  14 0 . 9 1  o .  76 0 . 6 8 0 . 46 0 , 2 3 
20 2 . 36 2 .  1 3  l .  89 1 . 66 l .  58 1 . 42 1 .  1 8  0 . 9 5 0 .  79 0 . 7 1 0 . 47 o .  24 
2 1  2 . 45 2 . 2 1  l .  96 1 . 72 l .  63 1 . 47 l .  2 3  0 . 98 0 . 82 0 . 74 0 . 49 0 . 2 5 
2 Z  2 . 54 2 . 29 2 . 0 3 1 .  78 l .  69 1 .  52 1 .  2 7  1 .  02 0 . 85 0 , 76 0 .  51 0 . 25 
2 3  2 . 63 2. 36 2. 10 1. 84 1. 75 1 .  58 1 .  3 1  1 .  05 0 . 88 0 . 79 o .  53 0 . 26 
24 2 .  7 1  2. . 44 2 . 1 7 l .  90 1 .  8 1  l .  63 l .  36 1. 08 0 . 90 0 .  8 1  0 . 54 0 . 2 7  
2 5  2 .  80 2 .  52 2. 24 l .  96 I .  86 l .  68 l .  40 1 .  12 0 . 9 3 0 .  84 o .  56 0 . 2 8 
26 2 . 88 2 .  59 2 . 30 2 . 0 1  1 .  92 1. 73 1. 44 l .  15 0 . 96 o .  86 0 . 58 0 . 2 9 
2 7  2 . 96 2 . 67 2 . 3 7 2 . 07 l .  9 7  l .  7 8  1-.48 l. 18 0 . 99 0 .  89 0 .  59 0 . 30 
2 8  3 . 04 2 . 74 2 . 43 2 .  1 3  2 . 0 3 l .  ss l .  52 1. 22 1. 0 1  0 . 9 1  0 . 6 1  0 .  30 
2 9  3 .  1 2  2 . 8 1  2 . 50 2 .  1 9  2 . 0 8 1 .  8 7  l .  56 l. 25 1. 04 0 . 94 0 . 62 0 . 3 1  
30 3 . 20 2 . 88 2 . 56 2 . 24 2 .  14 l .  92 l .  60 1 .  2 8  1 .  0 7  0 . 96 o .  64 o. 32 
3 1  3 , 28 2 . 96 2 . 63 2 . 30 2 ._19 1. 9 7  1 .  64 l. 3 1  1 .  09 0. 99 0 . 66 o. 33 
32 3 . 36 3 . 0 3 2 . 69 2 . 3 5  2 . 2.4 2 . 02 1 - .68 I.  35 1.  12 1.  01  0.  6 7  0 . 34 
3 3  3 . 44 3 . 1 0  2 . 75 2 . 4 1  2 . 2 9 2 . 0 7 1 . 72 l .  38 1 .  1 5  1 .  0 3  0 . 69 0 . 34 
34 3 . 52 3 .  1 7  2 . 82 2 . 46 2 . 3 5 2 .  1 1  l .  76 1 .  4 1  l .  1 7  l .  06 o .  70 0 . 3 5 
3 5  3 . 60 3 .  24 2. . 88 2 .  52 2 . 40 2 .  1 6  1 .  80 1. 44 1 .  2 0  l .  0 8  0 .  72 0 . 36 
36 3. 6 7  3 . 3 1  2 . 94 2 . 57 2 . 45 2 . 20 1 .  84 1. 47 1 .  22 1 .  10 o. 73 o. 37 
37 3 . 75 3 , 38 3 . 00 2 . 63 2 .  50 2 . 2 5 l .  88 l .  50 1 .  2 5  1 . 1 3 0 . 75 0 . 38 
38 3 . 82 3 .  44 3. 0 6  2 . 68 2 . 5 5 2 . 2 9 1 .  9 1  l .  53 1. 27 1. 1 5  0 .  76 0 , 38 
39 3 . 90 3. 5 1  3 ,  1 2  2 .  73 2 . 60 2 . 34 l. 95 l. 56 1. 30 1 . 1 7 o .  78 0 . 39 
40 3 . 98 3 . 58 3 .  1 8  2 . 78 2 . 6 5 2 .  39 l .  99 l .  59 1. 3 3  1 .  1 9  0 .  80 0 . 40 
4 1  4 . 0 5  3. 6 5  3 . 24 2 . 84 2 . 70 2 . 43 2 . 03 I .  62 I .  3 5  1 .  22 0 . 8 1 0 . 41 
42 4. 1 2  3 . 7 1  3 . 30 2 . 89 2 . 75 2 . 47 2 . 06 l .  65 I .  37 1. 24 0. 82 0 . 41 
43 4 . 20 3 . 78 3 . 36 2 . 9 4 2. . 80 2 .  52 2 .  1 0  l .  6 8  1 .  40 l .  26 0 . 84 0 . 42 
44 4 . 2 7  3 . 84 3 . 4Z 2 . 9 9 2 . 8 5 2 . 56 2 .  14 I. 7 1  1 .  42 1 .  zs 0 . 85 0 . 43 
45 4. 34 3. 9 1  3 ,  47 3 ,  04 2 . 90 2 . 6 1  2 .  1 7  1 .  74 1 . 45 I .  30 0 . 87 0 . 43 
46 4. 42 3. 97 3. 53 3 . 09 3 ; 94 2 . 6 5 2 . 2 1  1 .  77 1 . 47 1 . 32 0 .  88 0 . 44 
47 4 . 49 4 . 04 3 . 59 3. 14 2 . 9 9 2 . 69 z .  24 I. 80 1 .  50 l. 35 0 . 90 0 . 45 
48 4. 56 4. 1 0  3 . 6 5  3 . 1 9 3 . 04 2 .  74 2 . 28 1 .  82 1 .  52 l .  37 0 . 9 1  0 . 46 
49 4 . 6 3  4 .  1 7  3 . 70 3 . 24 3 . 0 9 2 . 78 2 . 32 l .  85 1. 54 1 .  39 0 .  93 0 . 46 
50 4 . 70 4 . 2 3  3 . 76 3 . 2 9 3. 13 2 . 82 2 . 3 5 1 .  88 1 .  57 1. 41 0 . 94 0 . 47 
5 1  4 . 77 4 . 2 9 3 . 82 3 , 34 3 .  1 8  2 .  86 2 . 3 8 1 .  9 1  1 .  59 l .  43 0 . 9 5 0 . 48 
52 4 . 84 4. 36 3 . 87 3 . 39 3, 2 3  2 . 90 2 . 42 1 .  94 1 .  6 1  1 .  45 0 . 9 7 0 . 48 
5 3  4 . 9 1  4 . 42 3 . 93 3 . 44 3 . -2 7  2 . 9 5 2 . 46 l .  96 l .  64 1 .  47 0 . 9 8 0 . 49 
54 4. 9 8  4. 48 3 .  9 8  3 .  49 3 . 32 2 . 99 2 .  49 l .  99 l. 66 l. 49 l. 00 o .  50 
5 5  5 . 0 5  4 .  54 4 . 04 3 . 53 3 .  3 7  3 . 0 3 l .  52 2 . 02 1 .  6 8  1 .  5 1  1 .  0 1  o .  50 
56 5 .  12 4 . 6 1  4 . 09 3 . 58 3 . 41 3 . 07 2 . 56 2 . 0 5 l .  7 1  l .  54 l . OZ o .  5 1  
5 7  5 .  1 9  4 . 67 4. 1 5  3 . 63 3 . 46 3 .  1 1  2 .  59 2 .  0 7  1 .  73 1. 56 1 .  04 o. 52 
58 5 . 2 5  4 . 73 4 .  20 3 . 6 8 3 , 50 3. 15 2 . 6 3 2 . 10 l .  75 L 58 l. 05 0. 52 
59 5 . 32 4 . 79 4. 2 6  3 .  72 3 . 55 3 .  1 9  2 . 66 2 .  13 l. 7 7  I.  6 0  l .  0 6  0 . 53 
60 5 . 39 4 .  85 4 . 3 1  3 ,  77 3 . 59 3 . 2 3 2 . 69 z. 16 I .  80 1 .  62 1 .  0 8  0 , 54 
6 1  5 . 46 4 . 9 1  4. 36 3 . 82 3 . 64 3 . 2 7  2 .  73 z .  1 8  I .  82 l .  64 l .  09 0 . 5 5 
62 5 . 52 4 . 9 7  4. 42 3 . 87 3 .  6 8  3 . 3 1 3 . 76 2 . 2 1  l .  84 1 .  66 . l .  1 0  0 .  5 5  
63 5 . 59 5 . 0 3 4 . 47 3 . 9 1 3. 73 3 . 3 5  2 . 80 2 . 24 l .  86 I .  68 1 .  12 0 . 56 
64 5 . 66 5 . 0 9  4. 52 3 . 96 3 . 77 3 . 39 2 . 83 2 . 26 1 .  89 l .  70 1 .  13 o. 57 
65 5. 72 5 .  15 4. 58 4 . 0 1  3 . 82 3 . 43 2 . 86 2 . 29 1 .  9 1  1 . 7l I .  14 0 . 57 
66 5 .  79 5 .  2 1  4 . 6 3  4 . 0 5  3 . 86 3 . 47 2 . 89 2 .  32 l .  93 I .  74 1 .  1 6  0 . 58 
6 7  5 . 85 5 . 2 7  4 . 6 8  '1:. 1 0  3 . 90 3 , 5 1 2 . 93 2 . 34 1 .  95 l .  76 1 .  1 7  0 . 58 
6 8  5 . 92 5 . 33 4 .  74 4 .  14 3 . 9 5 3 . 55 2 . 96 2 . 37 1 . 9 7 1 .  78 1 .  1 8  0 . 59 
69 5. 99 5. 39 4. 79 4. 19 3 . 99 3. 59 2 . 99 2 . 39 2 . 00 1 .  80 1 . . zo 0 . 60 



Table ,7 Cont'd. 
Note; Far Equivalent Rainfall 

Rote of 1 ln. per hour. 

DRAINAGE 
AREA 

AREA OF WATERWAY- o (,q. {<.) FOR C = 
·A 

acres 1.0 0.9 0.8 0.7 2/l 0.6 0.5 0.4 1/l 0.3 0.2 0.1 

70 6 . 05 5 . 45 4. 84 4 . 24 4 . 0 3  3 . 63 3 . 02. 2 . 42 2 . 02 1 .  82 1 .  2. 1  0 . 60 
7 1  6 .  1 1  5 , 50 4 . 89 4 . 2 8  4 . 08 3 .  67 3 . 06 2 . 44 2. . 04 1. 83 1. 22 0 . 6 1  
72 6. 18 5 .  56 4 . 94 4 . 32 4. 12 3, 7 1  3 . 09 2 . 47 2 . 06 l .  85 1 . 24 0 . 62 
73 6 . 24 5 . 62 4. 99 4 . 3 7  4 .  16 3 . 75 3 .  12 2 . 50 z : o s  1 .  87 1 .  25 0 . 62 
74 6 . 3 1  5 . 68 5 . 0 5  4. 42 4 . 2 0  3 . 78 3 .  1 5  2 .  52 2 .  10 1.  89 1 . 26 0 . 63 
75 6 . 37 5 .  73 5 .  10 4 . 46 4. 25 3 .  82 3 .  19 2 . 55 2 . 12 1. 9 1  1 .  2 7  0 . 64 
76 6 . 44 5 . 79 5 . 1 5  4 .  50 4 . 2 9  3 . 86 3 . 2.2. z .  57 2. 14 1 .  93 1. 29 0 . 64 
77 6 . 50 5 , 85 5 . 20 4, 55 4. 33 3 . 90 3 . 25 2 . 60 2 . 17 1. 95 1. 30 0 . 65 
78 6. 56 5 . 90 5 ,  25 4. 59 4. 37 3 . 94 3 . 2.8 2 . 62 2. 19 1 .  97 1. 3 1  0 . 66 
79 6 . 62 5 . 96 5 . 30 4 . 64 4 . 42 3 . 97 3 .  3 1  2 . 65 2 . 2 1  1 .  99 1. 32 0 . 66 
80 6 . 69 6 . 02 5 . 35 4 . 6 8  4 . 46 4. 0 1  3 . 34 2 . 6 7  2 . 23 2 . 0 1  I .  34 0 . 67 
8 1  6 .  75 6 . 08 5 . 40 4. 72 4. 50 4.  05 3 . 38 z .  70 2 . 2 5  z .  02 1 .  35 0 . 68 
82 6 . 81 6 . 13 5 . 45 4 . 77 4. 54 4. 09 3 . 41 2. 72 Z. . 27 2 . 04 1 . 36 0 . 68 
83 6 . 87 6 .  19 5 . 50 4 . 8 1  4 .  58 4. 12 3 . 44 2 . 75 2 . 29 2 .  06 1 .  37 0 . 69 
84 6 . 94 6 . 24 5. 55 4. 86 4. 62 4. 16 3 . 47 2 . 77 2 . 3 1  2. . 08 1 .  39 0 . 69 
85 7 . 00 6 . 30 5 . 60 4. 90 4 . 6 7  4 . 20 3 . 50 2 . 80 2 . 33 2 .  10 1 . 40 0 .  70 
86 7 . 06 6 . 35 5 . 6 5  4 .  94 4 . 7 1  4 . 24 3 , 53 2 . 82 2 . 35 2 .  12 l .  41 0 . 71 
87 7. 12 6 . 41 5 . 70 4 . 9 8  4 . 75 4 . 2 7  3 . 56 2 .  85 2 . 37 z .  14 1 . 42 0 . 7 1  
88 7. 18 6. 46 5 . 75 5 . 03 4. 79 4. 3 1  3 . 59 2 . 87 2 . 39 2. 1 5  1 .  44 o .  72 
89 7 . 24 6 .  52 5 . 80 5 . 07 4. 83 4. 35 3 . 62 2 . 90 2 . 41 2. 17 1 . 45 0 .  72 
90 7 . 3 1  6 . 57 5 . 84 5. 1 1  4 .  87 4. 38 3 . 6 5  2 . 92 2 . 44 2 .  19 1 .  46 0.  73 
9 1  7 .  37 6 .  63 5 . 89 5 .  16 4 . 9 1  4 . 42 3 . 68 2 . 95 2 . 46 2. 2 1  1 . 47 o. 74 
92 7 . 43 6 . 68 5 .  94 5 . 20 4 . 9 5  4 . 46 3 . 71 2 . 97 2: . 48 2: . 23 1 . 48 o .  74 
93 7 . 49 6 .  74 5 . 99 5. 24 4 . 99 4. 49 3 .  74 2 . 99 2 . 50 2 . 2 5  l .  50 0 . 75 
94 7. 55 6. 79 6 , 04 5 .  28 5 . 03 4 . 53 3 . 77 3 . 02 2 .  52 2 . 2:6 l .  5 1  o .  75 
95 7 . 6 1  6 . 85 6. 09 5 . 33 5 .  0 7  4 .  5 6  3 . 80 3 .  04 2 . 54 2 . 28 l .  52 o .  76 
96 7 . 67 6 . 90 6. 1 3  5 .  3 7  5 .  1 1  4 .  60 3 . 83 3 ,  07 2. 56 2 .  30 1.  53 0 . 77 
97 7. 73 6 . 95 6. 18 5 . 4 1  5 .  1 5  4.  64 3 . 86 3. 09 2 . 58 2. 32 1. 54 0 . 77 
98 7 . 79 7. 0 1  6 . 2 3  5 . 45 5. 19 4.  67 3 . 89 3. 1 1  2 . 60 2 . 34 1 .  56 0 . 78 
99 7. 85 7 . 0 6  6 . 2 8  5 . 49 5 . 23 4. 7 1  3 . 92 3. 14 2 . 62 2. 35 l .  57 0 . 78 

Recommended Lower Limit of Use 

100 7 . 9 1  7 .  12 6 . 32 5. 53 5 .  2.7 4.  74 3 . 95 3. 16 2 . 64 2 . 37 1 .  58 0. 79 
102 8 . 02: 7 . 22 6 . 42 5 . 62 5 . 35 4 . 8 1  4 . 0 1  3 .  2 1  2 . 67 z. 41 1 .  60 0 . 80 
104 8.  14 7. 33 6 . 5 1  5 . 70 5 . 43 4. 88 4 . 07 3 . 26 2 .  7 1  2 . 44 1 .  63 0 .  81 
106 8 . 2 6  7 . 43 6 . 6 1  5 . 78 5 . 50 4 . 96 4. 13 3 . 30 2 . 75 2 . 48 1 . 65 0 . 83 
108 8 . 38 7 . 54 6 . 70 5 , 86 5 . 58 5 . 02 4. 19 3 . 35 2 . 79 2 . 5 1 1 .  68 0 . 84 
1 10 8 . 49 7 . 64 6 . 79 5 . 94 5 ,  66 5.  10 4 . 2 5  3 . 40 2 . 83 2. 55 l .  70 0 . 85 
1 12 8 . 6 1  7 . 75 6 . 88 6 . 02 5 ,  74 5 . 1 6  4. 30 3 . 44 2 . 87 2 .  58 1 . 72 0 . 86 
1 14 B. 72 7. 85 6 . 98 6 .  10 5 . 8 1  5 . 23 4. 36 3 . 49 2 . 9 1  2 . 62 1. 74 0 . 87 
1 1 6  8 . 84 7 . 9 5  7 .  0 7  6 .  1 8  5 . 89 5 . 30 4 . 42: 3 . 53 2 . 94 2. 65 1 . 77 0 . 88 
1 1 8  8 . 9 5  8 . 06 7. 16 6 . 2 6  5 . 97 5 .  37 4 . 48 3 , 58 2 . 98 2 . 68 1 .  79 0 . 90 
120 9 . 06 8. 16 7 . 2 5  6 . 34 6 . 04 5 . 44 4 . 5 3  3 . 63 3 . 02 2. 72 l .  8 1  0 . 9 1  
122 9.  18 8 . 26 7. 34 6 . 42 6 .  12 5 . 5 1  4 .  59 3 . 67 3 . 06 2. 75 1 .  84 0 . 92 
124 9 . 29 8 . 36 7 . 43 6 .  50 6 . 19 5 . 57 4 . 64 3 .  72 3 . 10 2. 79 1 .  86 0 . 93 
126 9 . 40 8 . 46 7. 52 6 . 58 6 . 2 7  5 . 64 4 . 70 3 . 76 3 .  1 3  2 .  82 l .  88 0 . 94 
128 9 . 5 1  8 . 56 7 . 6 1  6 . 66 6 . 34 5 .  71 4. 76 3 . 8 1  3 .  1 7  2 . 85 1 .  90 0. 95 
130 9 . 62 8 . 66 7 . 70 6 . 74 6 . 42 5. 77 4. 8 1  3 . 85 3 . 2: 1  2 .  89 l .  92 0 . 96 
132 9 . 74 8 . 76 7 . 79 6 .  82 6 . 49 5 . 84 4. 87 3 . 89 3 .  24 2. 92 l. 95 0 . 97 
134 9 . 85 8 . 86 7 . 88 6 . 89 6 . 56 5 .  9 1  4 . 92 3 . 94 3. 28 2 . 95 1 .  97 0 . 98 
136 9 . 96 8 . 96 7 . 96 6 . 97 6 . 64 5. 97 4 . 9 8  3 . 98 3 . 32 2 .  99 1 .  99 1 .  00 
138 1 0 . 0 7  9 . 06 8. 0 5  7 . 0 5  6 . 7 1  6 . 04 5 . 03 4. 03 3 . 36 3 . 02 2 . 01 1 .  0 1  
140 1 0 .  18 9 .  16 8 . 14 7 . 12 6. 78 6. 1 1  5 .  09 4 . 07 3 . 39 3 . 05 2 . 04 1 .  02 
142 1 0 . 2 8  9 . 2 6  8 . 2 3  7 . 20 6 . 86 6 .  1 7  5.  14 4. 1 1  3 . 43 3 , 08 2 . 06 1 .  0 3  
144 10. 39 9. 35 8 . 3 1  7 . 2 7  6. 93 6 . Z4 5 . 20 4. 16 3 . 46 3. 12 2 . 0 8  1 .  04 
146 1 0 . 50 9 . 45 8 . 40 7 . 3 5  7 . 00 6 . 30 5 . 2 5  4. 20 3 . 50 3. 15 2 .  10 1 . 05 
148 1 0 . 6 1  9 .  55 8 . 49 7 . 43 7 . 0 7  6 . 36 5 . 30 4 . 24 3 . 54 3 . 18 2:.  12 1. 06 
150 1 0 .  7Z 9 . 64 8 . 57 7 .  50 7 . 14 6 . 43 5 . 36 4 . 29 3 . 57 3. Z l  2 .  14 l .  07 
152 1 0 . 82 9 .  74 8 . 66 7 . 5 8  7. 2 1  6 . 49 5 . 4 1  4 .  33 3 .  61 3 . 25 2. i6 1 .  08 
154 1 0 . 93 9 . 84 8 . 74 7 . 6 5  7 . 29 6 . 56 5 . 46 4 . 3 7  3 . 64 3; 28 2 .  19 1. 09 
156 1 1 . 04 9 . 93 8. 83 7. 72 7 . 36 6 . 62 5 . 52 4 . 4 1  3 .  6 8  3 . 3 1  2 . 2 1  1 .  10 
158 1 1 . -14 1 0 . 03 8. 9 1  7 . 80 7 . 43 6 . 68 5 . 57 4.46 3 . 7 1 3 . 34 2 . 23 1 . 1 1  
160 1 1 . 2 5  1 0 .  12 9 . 00 7 . 87 7 . 50 6 . 75 5 . 62 4 . 50 3 . 75 3 . 37 2 . 2 5  1 .  1 2:  
162 1 1 . 35 1 0 . 22 9. 08 7 . 9 5  7. 57 6 . 81 5 . 68 4. 54 3 . 78 3 . 4 1  2 . 2: 7  l .  14 
164 1 1 . 46 1 0 . 3 1  9 .  1 7  8 . 02 7 . 64 6 . 8 7  5 . 73 4. 58 3. 82 3 . 44 2 . 29 1 .  1 5  
166 1 1 .  56 1 0 . 4 1  9 . 2 5  8 . 09 7. 7 1  6 .  94 5 . 78 4 . 62 3 , 85 3 . 47 2 . 3 1  l .  1 6  
168 1 1 . 67 1 0 . 50 9 . 33 8 .  1 7  7. 78 7 . 0 0  5 . 83 4. 67 3 . 89 3. 50 2 . 33 l .  1 7  
170 1 1 . 77 10. 59 9 . 42 8. 24 7 . 8 5  7 .  06 5 . 89 4. 7 1  3 . 92 3 . 53 2 . 35 1 .  18 
172 1 1 . 87 1 0 . 69 9 .  50 8 . 3 1  7 . 92 7 .  12 5 . 94 4 . 75 3 . 96 2 . 56 2 . 38 1 .  19 



. Table 'it Cont'd . 
Not81 Fof Equivalent R11lnfull 

Rote of 1 ln. PM hout. 
DRAINAGE 

AREA 
AREA OF WATERWAY- o(,q. ft.) FOR C = 

·A 
acres 1.0 0.9 0.8 0.7 213 0.6 0.5 0.4 1/3 0.3 0.2 0.1 

1 74 1 1 . 9 8  1 0 . 78 9 . 58 8 . 38 7 . 98 7 . 19 5 . 99 4 . 79 3 . 99 3 . 59 2 . 40 l . .ZO 
176 12. 08 1 0 . 87 9 . 66 8 . 46 8 . 0 5  7 . 2 5  6 .  04 4. 83 4 . 0 3  3 .  62 2 . 42 1.21 
178 12. 18 1 0 . 96 9 . 75 8 . 53 8 . 12 7 . 3 1  6 . 09 4. 87 4. 06 3 . 66 2 . 44 1 . 22 
180 1 2 . 29 1 1 . 06 9 . 83 8 . 60 8. 1 9  7 . 37 6 .  14 4 . 9 1  4 .  10 3. 68 2 . 46 1 .  23 
182 12. 39 1 1 .  15 9 . 9 1  8 . 67 8 . 26 7 . 43 6. 19 4. 96 4. 13 3 . 72 2 . 48 1 .  24 
184 12 . 49 1 1 .  Z4 9 . 99 8 . 74 8 . 3 3  7 . 49 6 . 24 5 . 0 0  4.  1 6  3 . 75 2 . 50 1 . 25 
186 IZ . 59 1 1 . 33 1 0 . 0 7  8 . 8 1  8 . 39 7 . 55 6 . 30 5 . 04 4 . 20 3 .  78 z. 52 1 . 26 
188 1 2 . 6 9  1 1 . 42 10.  1 5  8 . 88 8 • .  46 7 .  62 6 . 35 5. 08 4 . 23 3. 81 2 . 54 1 .  27 
190 12. 79 1 1 . 5 1  1 0 . 24 8 . 96 8 , 53 7 . 68 6 . 40 5. 12 4 . 2 6 .  3 . 84 2 .  56 1 . 28 
192 1 Z . 89 1 1 . 60 10 . 32 9 . 0 3  8 . 60 7 . 74 6 . 45 5 . 16 4. 30 3 . 87 2 . 58 1 .  29 
194 1 3 . 00 1 1 .  70 1 0 . 40 9. 1 0  8 . 66 7 . 80 6 . 50 5 . 20 4. 33 3 . 90 2 . 60 1 .  30 
196 13. 10 11. 80 1 0 . 48 9. 1 7  8 . 73 7 . .86 6 .  55 5 .. 24 4. 36 3 . 93 2 ; 62 1 .  3 1  
198 13. zo 1 1 . 88 1 0 . 56 9 . 24 8 . 80 7 . 92 6 . 60 5 . 28 4.40 3.  96 2 . 64 l .  32 
zoo 13. 30 1 1 . 97 1 0 . 64 9 . 3 1  8 .  86 7 . 98 6 . 65 5 . 32 4 . 43 3 . 99 2 . 66 l .  33 
204 13.  50 12.  14 10. 80 9 . 45 9 . 00 8. 10 6 . 75 5 . 40 4. 50 4 . 0 5  2 . 70 1 .  35 
208 13. 69 1 Z . 3Z 1 0 . 9 5  9 . 58 9. 1 3  8 . 22 6 . 85 5 . 48 4. 56 4. 1 1  2 . 74 1. 37 
2 12 1 3 . 89 12. 50 1 1 .  1 1  9 . 7l 9 . 2 6  8. 33 6 . 94 5. 56 4 . 63 4. 17 2 . 78 1 .  39 
Z16 14.09 1 Z . 6 8  1 1 . 27 9 . 86 9 . 39 8 . 45 7 . 04 5 . 63 4. 70 4 . 22 2 .  82 1 .  41 
zzo 14. Z 8  1 2 . 85 1 1 . 42 1 0 . 00 9 .  52 8 . 57 7. 14 5 . 7 1  4 .  76 4 . 2 8  2 . 86 1. 43 
224 14.48 1 3 . 03 1 1 .  58 10 .  13 9 . 65 8 . 68 7 . 24 5 . 79 4. 82 4. 34 2 . 90 I .  45 
ZZ8 14.67 1 3 . 20 1 1 . 74 10. 27 9. 78 8 . 80 7 . 3 3  5. 87 4. 89 4 . 40 2 . 93 1 .  47 
232 14. 86 1 3 . 38 1 1 . 89 1 0 . 40 9 . 9 1  8 . 92 7 . 43 5. 94 4. 95 4 . 46 2 . 97 1. 49 
236 1 5 . 0 5  1 3 . 55 1 2 . 0 4  1 0 . 54 10. 04 9 . 03 7 . 53 6 . 02 5 . 02 4 . 52 3 . 0 1  1 .  50 
240 1 5 . 24 1 3 .  7Z 1 2 . 20 1 0 . 67 1 0 .  16 9. 15 7 . 6Z 6 .  10 5 . 08 4 . 57 3 . 05 1 .  52 
244 1 5 . 43 1 3 . 89 12. 35 1 0 . 80 1 0 . 29 9 . 2 6  7 .  7Z 6 .  17 5 .  14 4. 63 3. 09 1.  54 
248 15. 62 14.06 12. ·50 1 0 . 94 1 0 . 42 9 . 37 7; 8 1  6 . 2 5  5.  2 1  4. 69 3. IZ 1. 56 
252 15. 8 1  14.23 1 2 . 6 5  1 1 . 0 7  1 0 . 54 9 . 49 7. 9 1  6 . 32 5 . 2 1  4 .  74 3. 1 6  l .  58 
256 16. 00 14.40 12. 80 1 1 . 20 1 0 . 6 7  9 . 60 8 . 00 6 . 40 5 , 33 4. 80 3 . 20 1 .  60 
260 16. 19 14. 57 1 2 . 9 5  1 1 .  33 1 0 . 79 9 . 71 8 . 09 6. 47 5 . 40 4. 86 3. 24 1. 62 
264 16. 37 14. 74 13. 10 1 1 . 46 1 0 . 92 9 . B2 B .  19 6 . 55 5 . 46 4 . 9 1  3 .  27 1 .  64 
268 1 6 . 56 14. 90 1 3 . 2 5  1 1 .  59 1 1 . 04 9 . 94 8 . 2 8  6 . 6Z 5. 52 4 . 97 3 . 3 1  1 .  66 
2n 1 6 . 74 1 5 , 0 7  1 3 . 40 1 1 .  72 1 1 .  16 1 0. 05 B. 37 6. 70 5 . 58 5 . 02 3 . 35 1 .  67 
276 1 6 . 93 1 5 . 24 1 3 . 54 1 1 . 85 1 1 . 2 8  1 0 .  1 6  8 . 46 6 . 77 5. 64 5 . 08 3 . 3B 1 .  69 
2BO 17. 1 1  1 5 . 40 1 3 . 69 1 1 . 98 1 1 .  4 1  1 0 . 2 7  8 . 56 6 . 84 5. 70 5. 13 3 . 42 l .  71 
2B4 17. 30 15.  56 1 3 . 84 12.  1 1  1 1 .  53 1 0 . 3 8  8 . 65 6 . 92 5 . 76 5. 19 3 . 46 1 .  73 
288 17. 48 1 5 . 73 1 3 . 9 8  1 2 . 2 3  1 1 . 65 1 0 . 49 8 . 74 6 . 99 5 . 83 5. 24 3 . 50 I .  75 
Z92 17. 66 1 5 . 89 14. 1 3  1 2 . 36 I I .  77 1 0 . 6Q 8 . 83 7 . 06 5 . 89 5. 30 3 . 53 1 . 77 
296 1 7 . 84 1 6 . 06 1 4 . 2 7  1 2 . 49 1 I .  89 10 . 70 8 . 9Z 7. 14 5.  95 5. 35 3 . 57 1 .78 
300 1 8 . 02 1 6 . 22 1 4 . 42 12 . 6 1  12 . 0 1  10. 8 1  9 .  0 1  7 .  2 1  6 . 0 1  5 . 41 3 . 60 1 .  80 
305 1 8 . 25 1 6 . 42 14. 60 12. 77 12.  1 6  10. 95 9. 12 7. 30 6 . 08 5 . 47 3 . 65 l .  82 
310 18. 47 16 . 62 14. 78 12. 93 1 2 . 3 '1  1 1 . 08 9 . 23 7 . 3 9  6 .  16 5 .. 54 3 . 69 1 .  85 
315 1 8 . 69 1 6 . 82 14. 95 13;  08 1 2 . 46 1 1 . 22 9 . 35 7 . 48 6 . 2 3  5 . 61 3 . 74 I .  87 
320 1 8 . 92 1 7 . 02 15.  13 13. 24 1 2 . 6 1  1 1 . 35 9 . 46 7 . 56 6 , 30 5 . 67 3 . 78 1 .  B9 
325 1 9 .  14 17. 22 15. 3 1  1 3 . 40 12. 76 1 1 . 48 9 . 57 7 . 65 6 . 38 5 . 74 3, 83 1 .  9 1  
330 19. 36 1 7 . 42 1 5 . 4B 13 . 55 1 Z . 90 1 1 . 6 1  9 . 6B 7 . 74 6 . 45 5 . 8 1 3 . 87 1 .  94 
335 1 9 . 58 1 � . 62 1 5 . 66 1 3 . 70 1 3 . 0 5  1 1 . 75 9. 79 7. 83 6 . 53 5 . 87 3 . 92 I .  96 
340 1 9 . 79 1 7 . 82 1 5 . 84 1 3 . 86 1 3 . 20 1 1 . 8 8  9 .  90 7. 92 6 . 60 5. 94 3. 96 1 .  98 
345 zo.  0 1  1 8 , 0 1  1 6 . 0 1  14. 0 1  1 3 . 34 12 . 0 1  1 0 . 0 1  8 . 0 1  6 . 67 6 . 00 4. 00 l . OO 
350 20.  1B 18. 16 16.  1 5  14. 1 3  n: JJ:6 12.  1 1  10. 09 8 . 0 7  6.  73 6 . 05 4 . 04 2 . 02 
355 2 0 . 45 1 � . 40 1 6 . 36 14. 3 1  1 3 . 63 1 2 . 2 7  10. 22 8. 1 8  6.  82 6 .  13 4. 09 2 . 04 
360 20. 66 1 8 . 60 16.  53 14.46 1 3 . 77 1 2 . 40 10 . 33 8. 26 6 . 89 6 . 20 4. 13 2 . 07 
365 2 0 . 8 8  1 8 . 79 1 6 . 70 14. 6 1  13.  9Z 12. 53 1 0 . 44 8. 35 6 . 96 6 . 26 4. 18 2 . 09 
370 2 1 . 09 1 8 . 9 8  1 6 . 87 14. 76 14.06 1 2 . 65 1 0 . 5 5  B . 44 7 . 03 6 . 3 3  4 . 22 2 .  1 1  
375 2 1 . 30 19.  17 17. 04 14. 9 1  14.20 1 2 . 78 1 0 . 6 5  8. 52 7 . 10 6 . 39 4 . 2 6  z .  1 3  
380 z 1. 52 1 9 . 3 7  17. 2 1  1 5 . 0 6  14. 34 12. 9 1  1 0 . 76 8 . 61 7. 17 6 . 46 4. 30 z .  15 
385 2 1 . 73 19.  56 17. 38 1 5 . 2 1  14.49 1 3 . 04 1 0 . B6 8 . 69 7 . 24 6 .  52 4 . 35 z .  17 
390 Z l .  94 1 9 . 75 17. 55 1 5 . 36 14. 63 13. 1 6  i 0 . 9 7  8 . 78 7 . 3 1  6 . 58 4 . 3 9  2 . 19 
395 zz. 15 1 9 . 94 17.  72. 1 5 . 5 1  14. 77 1 3 . 29 1 r. 08 8 . 86 7. 38 6 . 65 4. 43 2 . 22 
400 Z2 . 36 20. 12 1 7. 89 1 5 . 6 5  B . 9 1  1 3 . 4Z 1 1 .  1 8  8 .  94 7 . 45 6 .  71 4.47 2 . 24 
405 22. 57 20. 3 1  1 8 . 0 6  1 5 .  80 1 5 . 0 5  1 3 . 54 1 1 . 28 9 . 0 3  7 . 52 6 . 77 4. 5 1  2 . 26 
410 22. 7B zo. 50 1 8 . 22 15. 95 1 5 .  19 1 3 . 6 7  1 1 . 39 9. 11  7 . 59 6. B3 4 . 56 2 . 28 
415 2Z. 99 20.69  18 .  39 1 6 . 09 1 5 . 32 1 3 . 79 1 1 . 49 9 .  1 9  7 . 6 6  6 . 90 4. 60 2 . 30 
420 2 3 .  19 20 . 87 1 8 . 56 1 6 . 24 1 5 . 46 1 3 . 92 1 1 . 60 9. Z8 7. 73 6 . 96 4 . 64 2 . 32 
425 2 3 . 40 2 1 . 06 18 . 72 1 6 .  3B 1 5 . 60 14.04 1 1 .  70 9. 36 7 . 80 7 . 02 4 . 6 8  2 . 34 
430 23. 6 1  2 1 . 25 1B. B9 1 6 . 52 1 5 . 74 14. 16 1 1 .  so 9 . 44 7 . 87 7. 08 4. 7Z Z . 36 
435 23. 8'1 2 1 . 43 1 9 . 0 5  1 6 . 67 1 5 . 8 8  14. 2 9  1 1 .  9 1  9 .  53 7 . 94 7. 14 4 . 76 2 . 38 
440 24.02 2 1 . 62 1$. z 1 16 . 8 1  1 6 . 0 1  14.41  12.  0 1  9 . 6 1  8 . 01 7. 2 1  4. 80 2 . 40 
445 24.22 2 1 .  80 19 .  3B 1 6 . 96 1 6 .  15 14. 53 1 2 .  11 9 . 6 9  8 .  0 7  7 . 2 7  4 .  84 2 . 42 
450 24.43 2 1 . 98 1 9 . 54 17.  10 1 6 . 2 8  14. 66 12 . 2 1  9 .  77 8, 14 7 . 33 4. 89 2. 44 
455 Z4. 6 3  22 . 17 1 9 . 70 1 7 . 24 16 .42 1 4 . 78 12 . 3 1  9 . 85 8 . 2 1  7 .  3 9  4 . 93 2 . 46 
460 24. 83 22. 35 1 9 . 87 1 7. 38 1 6 . 55 14. 90 1 2 . 42 9 . 93 8 . 2 8  7 . 45 4 . 9 7  2 . 48 
465 25. 03 zz.  53 20. 03 1 7 . 52 1 6 . 6 9  1 5 . 02 12. 52 10 . 0 1  8 . 34 7. 51 5 . 0 1  z .  50 
470 2 5 . 24 22. 71 20.  1 9  1 7 . 66 1 6 . 82 1 5 . 14 12 . 62 1 0 . 0 9  8 . 41 7 . 57 5 . 05 2 . 52 
475 2 5 . 44 Z Z . 89 2 0 . 3 5  17. 8 1  1 6 . 9 6  1 5 . 2 6  12 . 72 10.  1 8  8 . 48 7 . 63 5 . 0 9  2 . 54 



Table 7 Cont'd. 
Note: For Equlvolent Rolnfoll 

DRAINAGE 
Rote of 1 In, per hour, 

AREA 

AREA OF WATERWAY- o (,q. ft.) FOR C = 
•A 

actes 1.0 0.9 0.8 0.7 2/3 0.6 0.5 0.4 1/3 0.3 0.2 0.1 

480 2 5 . 64 2 3 . 0 7  2 0 . 5 1  1 7 . 9 5 1 7 . 0 9  1 5 . 3 8  1 2 . 82 1 0 . 2 5  8 . 5 5 7 . 69 5. 1 3  2 .  56 
485 2 5 . 84 2 3 . 2 5  2 0 . 6 7  1 8 . 0 9  1 7 . 2 2  1 5 . 50 1 2 .  9l 1 0 .  33 B. 6 1  7 . 75 5. 1 7  2 . 58 
490 26. 04 2 3 . 43 2 0 . 83 1 8 . 23 1 7 . 36 1 5 . 62 1 3 . 0 2  1 0 . 42 8 . 6 8 7 . 8 1  5 .  2 1  2 . 60 
495 2 6 . 24 2 3 . 6 1  2 0 . 99 1 8 . 3 7  1 7 . 49 1 5 . 74 1 3 .  12 1 0 .  50 8 . 75 7 . 87 5. 2 5  2 . 62 
500 2 6 . 43 2 3 . 79 2 1 .  1 5  1 8 .  so 1'1' 62 1 5 . 86 1 3 . 22 1"0 . 57 B .  8 1  7. 93 5 .  2 9  2 . 64 
505 2 6 . 63 2 3 . 9 7  2 1 .  3 1  1 8 . 64 1 7 . 7 5  1 5 . 98 1 3 .  32 1 0 . 6 5  8 , 88 7. 9 9  5 . 3 3  2 . 66 
5 1 0  2 6 . 83 24. 1 5  2 1 . 46 1 8 . 78 1 7 . 89 16. 10 1 3 . 4 1  1 0 .  73 8, 94 8, 0 5  5 .  3 7  2 . 68 
5 1 5  2 7 . 0 3 24. 32 2 1 . 62 1 8 .  92 1 8 .  oz 1 6 . 22 1 3 .  5 1  1 0 .  8 1  9 .  0 1  8 .  1 1  5 . 4 1  2 .  70 
520 2 7 . 22 24. 50 2 1 . 78 1 9 . 06 1 8 .  1 5  16. 33 1 3 . 6 1  1 0 . 89 9 . 0 7 8, 1 7  5 . 44 2 .  7Z 
525 2 7 . 42 24. 6 8  2 1 . 94 1 9 . 1 9  1 8 . 2 8  1 6 . 45 1 3 .  7 1  1 0 . 9 7  9 .  14 8 . 2 3  5 , 48 2 . 74 
530 2 7 . 62 24. 85 2 2 . 0 9 1 9 . 3 3  1 8 . 4 1  1 6 . 5 7  1 3 .  8 1  1 1 . 0 5 9 .  2 1  8 . 2 8  5 .  52. 2 . 76 
535 2 7. 8 1  2 5 . 0 3  22 . 2 5  1 9 . 47 1 8 . 54 1 6 . 69 1 3 . 9 I I I .  1 2  9 . 2 7 8 , 34 5 . 56 2 .  78 
540 2 8 . 0 1  2 5 . 20 22. 40 1 9 . 60 1 8 . 6 7  1 6 . 80 14. 00 1 1 . 20 9 . 34 8 . 40 5 . 60 2 . 80 
545 2 8 . 20 2 5 . 3 8  2 2 . 56 1 9 . 74 1 8 . 80 1 6 . 92 14. 1 0  1 1 . 2 8 9 . 40 8 . 46 5 , 64 2 . 82 
550 2 8 . 3 9  2 5 . 5 5  22 . 7 1  1 9 . 88 1 8 . 9 3  1 7 . 04 1 4 . 20 1 1 . 36 9 . 46 8 , 52 5. 6 8  2 .  84 
555 28. 59 2 5 . 73 2·2. 87 2 0 . 0  I 1 9 . 0 6 1 7 .  1 5  14. 29 1 1 . 44 9 . 53 8. 58 5. 72 2 . 86 
560 28. 78 2 5 . 90 23. 02 20. 1 5  1 9 .  1 9  1 7 . 2 7  14. 39 1 1 .  5 1  9 .  59 8 . 63 5 . 76 2 .  88 
565 2 8 . 9 7  2 6 . 0 8  2 3 .  1 8  2 0 . 2 8  1 9 . 32 1 7 . 3 8 14. 49 1 1 .  59 9 . 66 8 . 69 5 , 80 2 . 90 
570 2 9 .  1 6  2 6 . 2 5  2 3 . 3 3  2 0 . 42 1 9 . 44 1 7 . 50 14. 58 1 1 . 67 9 . 72 8 . 75 5. 83 2 . 92 
575 2 9 . 3 6  2 6 . 42 2 3 . 48 2 0 . 55 1 9 . 57 1 7 . 6 1  14. 68 1 1 . 74 9 . 79 8 , 8 1  5 . 87 2 . 94 
580 2 9 . 5 5  2 6 . 5 9  2 3 . 64 2 0 . 68 1 9 . 70 1 7 .  73 14. 77 1 1 . 8Z 9 . 85 8 . 86 5. 9 1  2 . 96 
585 2 9 . 74 2 6 . 76 2 3 . 79 2 0 . 82 1 9 . 83 1 7 . 84 14. 87 1 1 . 90 9 . 9 1  8 . 92 5, 9 5  2 . 9 7  
590 2 9 . 9 3 2 6 . 94 2 3 . 94 2 0 . 9 5  1 9 . 9 5  1 7 . 96 14. 96 1 1 . 97 9 . 98 B. 9 8  5 . 9 9 2 . 99 
600 3 0 , 3 1  2 7 . 2 8  2 4 . 2 5  2 1 . 22 2 0 . 2 1  1 8 .  1 8  1 5 .  1 5  1 2 . 1 2  1 0 .  1 0  9. 0 9  6 . 0 6 3 . 03 
6 1 0  3 0 . 69 2 7 . 62 24. 5 5  2 1 . 48 2 0 . 46 1 8 . 4 1 1 5 . 34 1 2 . 2 8  1 0 . 2 3 9. 2 1  6 .  14 3 . 07 
620 3 1 . 06 27. 96 24. 85 2 1 . 74 2 0 . 7 1  1 8 . 64 1 5 . 53 1 2 . 43 1 0 . 3 5  9 . 32 6 .  2 1  3 .  1 1  
630 3 1 . 44 2 8 . 2 9  2 5 .  1 5  22 . 0 1  2 0 . 96 1 8 .  86 1 5 . 72 12 . 58 1 0 . 48 9 . 43 6 . 29 3. 14 
640 3 1 . 8 1  2 8 . 6 3  2 5 . 45 2 2 . 2 7  2 1 . 2 1  1 9 . 0 9  1 5 . 9 1  1 2 . 72 1 0 . 60 9 . 54 6 . 36 3 ,  1 8  
650 32 . 1 8 2 8 . 96 2 5 . 75 22 . 5 3 2 1 . 46 Jll . 3 1  1 6 . 0 9  12 . 87 1 0 . 73 9 . 65 6 . 44 3 ,  2 2  
660 3 2 . 55 29. 30 2 6 . 04 22 . 79 2 1 . 70 1 9 . 5 3  1 6 . 2 8  1 3 . 02 1 0 . 85 9 .  77 6 . 5 1  3 . 26 
670 32 . 92 2 9 . 63 2 6 . 34 2 3 . 0 5 2 1 . 9 5 1� . 75 16. 46 1 3 .  1 7  1 0 . 9 7  9. 88 6 . 58 3 . 29 
680 3 3 . 29 2 9 . 96 26. 63 2 3 . 3 0  2 2 .  1 9  1 9 . 9 7  1 6 . 6 5  1 3 . 32 1 1 .  1 0  9 . 99 6 . 66 3 , 33 
690 3 3 . 66 3 0 . 2 9  2 6 . 93 2 3 . 56 2 2 . 44 20. 1 9  1 6 . 83 1 3 . 46 1 1 .  2Z 1 0 .  1 0  6 .  73 3 , 3 7 
700 34. 02 30 . 62 2 7 . 2 2  2 3 . 82 22 . 6 8 2 0 . 4 1  1 7 . 0 1  1 3 . 6 1  1 1 . 34 1 0 . 2 1  6 .  80 3. 40 
7 1 0  34 , 39 3 0 . 9 5  2 7 . 5 1  24. 07 2 2 . 9 3  2 0 . 6 3 1 7 .  1 9  1 3 . 76 1 1 . 46 10. 32 6 . 88 3. 44 
no 34. 75 3 1 . 2 7 2 7 . 80 2 3 . 3 2  2 3 .  1 7  2 0 . 85 17. 37 1 3 . 90 1 1 . 58 10. 42 6 . 95 3 . 47 
730 3 5 .  1 1  3 1 . 60 2 8 . 09 24. 58 2 3 . 4 1  z 1 .  0 7  1 7 . 56 14. 04 1 1 .  70 10. 53 7 . 02 3 , 5 1  
740 3 5 . 47 3 1 . 92 2 8 . 3 8  2 4 . 83 2 3 . 6 5  2 1 . 2 8 1 7 . 74 14. 1 9  1 1 .  82 1 0 . 64 7. 0 9  3 , 5 5 
750 3 5 . 8 3  32 . 2 5  2 8 . 66 2 5 . 0 8 2 3 . 89 2 1 . 50 1 7 . 9 1  14. 3 3  1 1 . 94 10. 75 7. 1 7  3 . 58 
760 36. 19 3Z. 57 28. 9 5  2 5 . 33 24. 12 2 1 .  7 1  1 8 , 0 9  14. 48 1 2 . 0 6  1 0 , 86 7 . 2 3  3 . 62 
770 3 6 . 54 3 2 . 89 2 9 . 23 2 5 . 58 24. 36 2 1 . 93 1 8 . 2 7  14. 62 l Z .  1 8  1 0 . 9 6  7 . 3 1  3 . 6 5 
780 3 6 . 98 3 3 . 2 1  2 9 . 52 2 5 . 83 24. 00 22. 1 4  1 8 . 45 14. 76 1 2 . 3 0  1 1 . 0 7 7 . 3 8 3 . 69 
790 3 7 . 2 5  3 3 . 53 2 9 . 80 2 6 . 0 8  2 4 . 84 2 2 . 3 5  1 8 . 63 14. 90 1 2 . 42 1 1 .  1 8  7 . 45 3 .  73 
800 37' 61 3 3 . 85 3 0 . 0 8  2 6 . 3 2  2 5 . 0 7  2 2 . 56 1 8 .  80 1 5 . 04 1 2 . 54 1 1 . 2 8  7 . 52 3 . 76 
8 1 0  3 7 . 96 34. 1 6  30 . 37 2 6 . 5 7  2 5 . 3 1  22. . 78 1 8 . 9 8  1 5 '  1 8  1 2 . 6 5  1 1 . 39 7 .  59 3 . 80 
820 3 8 . 3 1  34.48 30 , 6 5 26. 82 2 5 . 54 2 2 . 99 1 9 . 1 5  1 5 .  32 12 . 77 1 1 . 49 7 . 66 3. 83 
830 3 8 . 66 34. 79 3 0 . 9 3  2 7 . 0 6  2 5 . 77 2 3 . 20 1 9 . 3 3  1 5 . 46 1 2 . 89 1 1 '  60 7' 73 3 . 87 
840 39 . 0 1  3 5 .  1 1  3 1 . 2 1  2. 7 '  3 1  2. 6 .  0 1  2 3 . 40 1 9 . 50 1 5 . 60 1 3 . 00 1 1 . 70 7 .  80 3 . 90 
850 3 9 . 36 3 5 . 42 3 1 . 48 2 7 . 55 2 6 . 24 2 3 . 6 1  1 9 . 6 8  1 5 . 74 1 3 .  1 2  1 1 .  8 1  7 . 87 3 . 94 
860 39 . 70 3 5 . 73 3 1 .  76 2 7 . 79 2 6 . 47 2 3 . 82 1 9 . 85 1 5 . 88 1 3 , 2 3  1 1 .  9 1  7 .  94 3 . 97 
870 40 . 0 5 36 . 04 3 Z . 04 2 8 . 03 2 6 . 70 24. 03 2 0 . 02 1 6 . 0Z 1 3 . 3 5 1 2 . 0 1  8 .  0 1  4 . 00 
880 40 . 3 9 3 6 . 3 5  32 . 3 1  2 8 . 2 8  2 6 . 9 3  24. 24 2 0 . 2 0  1 6 '  16 1 3 , 46 1 2 .  1 2  8 . 0 8  4 . 04 
890 40 . 75 3 6 . 6 7  32 . 60 2 8 . 52 2 7 .  1 6  24.45 2 0 . 3 7  1 6 . 3 0  1 3 . 5 8 12. 22 8. 1 5  4 . 0 7  
900 4 1 . 0 8  36 . 9 7 3 2 . 86 2 8 . 76 2 7 . 3 9  24. 65 2 0 . 54 1 6 . 43 1 3 .  69 12.  3Z 8. 22 4. 1 1  
9 10 4 1 . 42 3 7 . 2 8  3 3 .  14 2 8 . 99 2 7 . 6 1  24. 85 2.0. 7 1 1 6 . 57 1 3 . 8 1  12 . 43 8 . 2 8 4. 1 4  
920 4 1 . 76 3 7 . 59 3 3 . 4 1  2 9 . 2 3  2 7 . 84 Z 5 .  06 2 0 . 88 1 6 . 7 1  1 3 . 92 12.  53 8 . 3 5 4. 1 8  
930 42. 10 3 7 . 89 3 3 . 6 8  2 9 . 47 2 8 , 0 7  2 5 . 2 6  2 1 . 0 5 1 6 , 84 14. 03 12. 63 8 . 42 4 . 2 1  
940 42 . 44 3 8 . 2 0  3 3 . 9 5  2 9 . 7 1  2 8 . 2 9  2 5 . 46 2 1 . 22 1 6 . 9 8  14. 1 5  1 2 .  73 8 . 49 4 . 24 
950 42 . 78 3 8 . 50 34 , 2 2  2 9 . 9 5  2 8 . 52 2 5 . 6 7 2 1 . 39 1 7 .  1 1  14. 2 6  1 2 . 83 8 , 56 4 . 28 
960 43, 12 3 8 . 80 34. 49 3 0 .  1 8  2 8 . 74 2 5 . 8 7  2 1 . 56 1 7 . 2 5  1-4 . . 37 12. 93 8 . 62 4 . 3 1  
970 4 3 . 45 3 9 .  1 1  34. 76 30 . 42 2 8 . 9 7  2 6 . 0 7  2 1 .  73 1 7 . 3 8  14, 48 1 3 , 04 8 . 6 9 4 . 3 5  
980 43 . 79 3 9 . 4 1  3 5 . 0 3  30 , 65 2 9 .  1 9  2 6 . 2 7  2 1 .  89 1 7 .  52 14. 6 0  1 3 .  1 4  8 ,  76 4. 38 
990 44. 12 39 . 7 1 3 5 . 30 3 0 . 89 Z9. 42 2 6 . 47 22. 06 1 7 . 6 5  14. 7 1  1 3 . 24 8 . 82 4 . 4 1  

Assumed Time o f  Concentration of 1 Hour Satisfactory For 

Use With Drainage Areas Between 1000 and 2000 Acres. 

1000 44.46 40. {)} 3 5 . 5 7  3 1 .  1 2  2 9 . 64 2 6 . 6 7  2 2 . 2 3  1 7 . 78 14. 82 1 3 , 34 8 . 89 4 . 45 
1005 44.62 40. 1 6  3 5 . 70 3 1 . 24 2 9 . 7 5  2 6 . 7 7  2 2 . 3 1  1 7. 85 14. 86 1 3 . 3 9  8 . 92 4 . 46 
1 0 1 0  44. 79 40 . 3 1  3 5 . 83 3 1 .  3 5  2 9 . 8 6  2 6 . 87 2 2 . 40 1 7 . 92 14. 93 1 3 . 44 8 . 96 4. 48 
1 0 1 5  44. 96 40 . 46 35. 9 7  3 1 . 47 2 9 . 9 7  2 6 . 9 7  2 2 . 48 1 7 . 9 8  14. 9 9  1 3 . 49 8 . 9 9  4 . 50 



Table l7 Cont'd. 
Note: For Equivalent Rainfall 

Rote of 1 In, per hour, 

DRAINAGE 
AREA 

AREA OF WATERWAY- a (sq. ft,J FOR C =-
·A 

acres 1.0 0.9 0.8 0.7 2/3 0.6 0.5 0.4 l/3 0.3 0.2 0.1 

1020 45. 12 40 . 6 1  3 6 .  10 3 1 . 59 3 0 . 0 8  2 7 . 0 7  2 2 . 56 1 8 . 0 5  1 5 . 0 3 1 3 .  54 9 . 02 4 . 5 1  
1025 4 5 . 2 9  40. 76 36. 23 3 1 . 70 3 0 .  1 9  2 7 .  1 7  2.2 . 64 1 8 .  1 2  1 5 .  1 0  1 3 . 59 9 . 06 4. 53 
1030 4 5 . 45 40 . 9 1  3 6 . 36 3 1 .  82 3 0 . 3 0 2 7 . 2 7  2 2 . 73 1 8 . 1 8  1 5 .  1 5  1 3 . 64 9. 0 9  4. 5 5  
1 0 3 5  45, 62 4 1 . 06 3 6 . 50 3 I. 93 3 0 . 4 1 2 7 . 3 7  2 2 . 8 1  1 8 . 2 5 1 5 .  2 1  1 3 . 69 9. 12 4 . 5 6  
1040 45. 78 4 1 . 2 1  3 6 . 6 3  32 . 0 5 3 0 , 52 27 . 47 2 2 . 89 1 8 . 3 1  1 5 . 26 1 3 .  74 9. 16 4. 58 
1045 4 5 . 9 5  4 1 . 3 5 3 6 . 76 3 2 .  1 6  3 0 . 63 2 7 . 57 2 2 . 97 1 8 .  38 15. 32 1 3 . 78 9. 1 9  4 . 60 
1050 46. 1 1  4 1 . 50 3 6 . 89 3 2 . 2 8  3 0 . 74 2 7 . 6 7  2 3 . 0 6  18. 45 1 5 . 3 7 1 3 . 83 9 . 22 4. 6 1  
1055 -46 . 2 8 4 1 . 6 5  3 7 . 02 3 2 . 39 3 0 . 8 5 2 7 . 77 2 3 .  14 1 8 . 5 1  1 5 . 4 1  1 3 . 88 9 . 26 4. 63 
1060 46, 44 4 1 . 80 3 7 .  1 5  32 . 5 1  3 0 . 96 2 7 . 87 2 3 . 22 1 8 . 58 1 5 . 48 1 3 . 93 9 . 29 4. 64 
1065 46 . 6 1 4 1 . 9 5  3 7 . 2 9  3 2 . 62 3 1 . 07 2 7 . 96 2 3 . 30 1 8 . 64 1 5 .  54 1 3 . 9 8  9 . 32 4 . 66 
1070 46. 77 42 . 0 9 3 7 . 42 32 . 74 3 1 .  1 8  2 8 . 06 2 3 . 3 9  1 8 . 7 1  1 5 . 59 14. 03 9 . 35 4 . 6 8  
1075 46. 94 42 . 24 3 7 . 55 3 2 . 8 5  3 1 . 2 9 2 8 .  1 6  2 3 . 47 1 8 . 77 1 5 . 64 14. 0 8  9 . 39 4. 69 
1080 47. 10 42 . 39 3 7 . 68 32 . 9 7 3 1 . 40 2 8 . 26 2 3 . 5 5  1 8 . 84 1 5 . 70 14. 1 3  9 .  42 4. 7 1  
1085 4 7 . 2 6  42. 54 3 7 . 8 1  3 3 . 0 8  3 1 .  5 1  2 8 . 3 6 2 3 . 63 1 8 . 90 1 5 .  75 14. 1 8  9 . 45 4. 73 
1090 47.43 42 . 68 3 7 . 94 3 3 . 2 0  3 1 . 62 2 8 . 46 2 3 . 7 1  1 8 . 9 7  1 5 .  8 1  1 4 . 2 3  9 ; 49 4. 74 
1095 47. 59 42 . 83 3 8 . 0 7  3 3 . 3 1  3 1 .  73 2 8 . 5 5  2 3 . 79 1 9 . 04 1 5 .  86 1 3 , 2 8 9 . 52 4. 76 
1 10 0  47. 75 42 . 98 3 8 . 20 3 3 . 43 3 1 . 8 3 2 8 . 65 2 3 . 88 1 9 .  10 1 5 . 92 14. 3 3  9 . 5 5 4. 78 
1 12 0  4 8 . 40 43 , 56 3 8 .  7Z 3 3 . 8 8  3 2 . 2 7  2. 9 . 04 24. 20 19. 36 1 6 .  I 3  14. 52 9 . 6 8 4. 84 
1 140 49. 05 44. 14 39. 24 34, 33 32 . 70 2 9 . 43 24. 52. 1 9 . 62 1 6 . 3 5  14. 7 1  9 . 8 1  4 . 90 
1 160 49 . 6 9 44.72 3 9 . 75 34. 78 3 3 .  1 3  2 9 . 82 24. 84 1 9 . 88 1 6 . 56 14. 9 1  9. 94 4 . 97 
1 1 80 50. 3 3 45. 30 40 . 2 7 3 5 . 2 3  3 3 , 56 3 0 . 2.0 2 5 .  1 7  2 0 .  13 1 6 . 78 1 5 .  1 0  1 0 . 0 7  5 . 03 
1200 5 0 . 9 7  45. 87 40 . 78 3 5 . 6 8  3 3 . 9 8 30 , 5 8 2 5 . 48 2 0 . 39 1 6 . 9 9 1 5 . 2 9  1 0 .  1 9  5 , 1 0  
1220 5 1 . 6 1  46.45 4 1 . 2 8 36 . 1 2 34,40 3 0 . 96 2 5 . 80 20. 64 1 7 . 20 1 5 . 48 1 0 .  32 5. 16 
1240 52. 24 47. 02 4 1 . 79 36. 5 7  34. 83 3 1 . 34 2 6 .  12 2 0 . 90 1 7 . 4 1 1 5 . 6 7  1 0 . 45 5 . 22 
1260 52 , 87 47. 58 42 . 30 37. 0 1  3 5 . 2 5  3 1 , 72 2 6 . 44 2 1 .  1 5  1 7 . 62 1 5 .  86 1 0 . 57 5 . 2 9  
1280 5 3 , 50 48. 1 5  42 . 80 3 7 . 45 3 5 . 6 7  32. .  1 0  2 6 . 75 2 1 . 40 1 7 . 83 1 6 . 0 5  1 0 .  70 5. 35 
1300 54. 14 48. 72 43 , 3 1 37. 90 3 6 . 0 9  3 2 . 48 2 7 . 0 7  2 1 . 66 1 8 . 04 1 6 . 24 10. 83 5 . 4 1  
1320 54. 75 49. 2 7  43 . 80 3 8 , 32 3 6 . 50 32 . 85 2 7 . 3 7  2 1 . 90 1 8 . 2 5 1 6 . 42 10.  95 5 . 48 
1 340 5 5 , 37 49. 83 44, 30 38. 76 3 6 , 9 1  3 3 . 2 2  2 7 . 68 22. 1 5  1 8 . 46 1 6 . 6 1  11' .. 0 7  5 . 54 
1360 5 5 . 9 9  5 0 . 3 9  44. 79 39. 19 37 . 32 3 3 . 59 2 7 . 99 -22.40 1 8 . 66 1 6 . 80 1 1 .  20 5 . 60 
1380 56 . 60 50 . 94 45, 2. 8  3 9 . 62 3 7 . 74 3 3 . 96 2 8 . 3"0 2 2 . 64 1 8 . 87 1 6 . 9B 1 1 .  32 5 . 66 
1400 5 7 . 22 5 1 .  50 45. 78 40 , 0 5  3 8 .  14 34. 3 3  2 8 . 6 1  22 . 89 1 9 . 07 1 7 .  1 6  ll . 44 5. 72 
1420 57. 83 5 2 . 0 5  46. 26 40 . 48 3 8 , 5 5  34. 70 2 8 . 92 2 3 . 13 1 9 . 2 8  1 7 . 3 5  1 1 .  57 5 . 78 
1440 5 8 . 44 52 . 60 46 . 75 40 . 9 1  3 8 . 96 3 5 , 06 2 9 . 22 2 3 . 3 8  1 9 . 48 1 7 .  5 3  1 1 .  6 9  5 . 84 
1460 59. 05 53, 14 47. 24 41.  3 3  39. 36 35. 43 29. 52 2 3 . 62 1 9 . 68 17. 7 1  1 1 .  8 1  5 . 90 
1480 5 9 . 6 5  53. 69 47. 72 4 1 .  76 3 9 . 77 3 5 . 79 2 9 . 83 2 3 , 86 1 9 . 88 1 7 . 9 0  1 1 . 93 5 . 96 
1500 6 0 . 2 6  54. 23 4 8 . 2 0  42. 1 8  40. 1 7  3 6 . 1 5  30. 1 3  24. 1 0  2 0 . 0 8  1 8 . 0 8  12 . 05 6. 02 
1520 6 0 . 86 54. 77 48 . 69 42 . 60 40 . 5 7 3 6 . 52 3 0 . 43 24. 34 20. 29 1 8 . 2 6  1 2 .  1 7  6 . 08 
1 540 6 1 . 46 55. 3 1  49. 1 7  43. 02 40 . 9 7 3 6 . 88 30 . 73 24. 58 2 0 . 49 1 8 . 44 12. 29 6 .  14 
1 560 6 2 . 0 6 55. 85 49. 64 43 . 44 4 1 .  37 3 7 . 2 3  3 1 . 03 24. 82 2 0 . 68 1 8 . 62 1 2 .  41 6 . 20 
1580 62. 65 56. 39 50, 12 43 . 86 4 1 . 77 3 7 . 59 3 1 . 32 2 5 . 06 20. 88 18. 80 1 2 .  53 6. 2 5  
1600 6 3 . 2 5  5 6 . 92 50 , 60 44. 2 7  42. 1 6  3 7 . 95 3 1 . 62 2 5 . 30 2 1 . 08 1 8 . 9 7  1 2 .  65 6 .  32. 
1620 63. 84 5 7 . 4 5  5 1 . 0 7 44.69 42 . 56 3 8 . 30 3 1 . 92 2 5 . 54 2 1 . 2 8 1 9 . 1 5  12 . 77 6 . 38 
1 640 64.43 5 7 . 9 8  5 1 . 54 45. 10 42 . 9 5 3 8 . 66 32 . 2 1  2 5 . 77 2 1 . 48 1 9 . 3 3  1 2 .  89 6 . 44 
1660 6 5 . 02 5 8 .  5 1  52 . 0 1  45 , 5 1 43. 34 3 9 . 0 1  3 2 .  5 1  2 6 . 0 1  2 1 .  67 19. 50 1 3 . 00 6 . 50 
1680 6 5 . 60 59. 04 52.48 45, 92 43. 74 3 9 . 3 6  3 2 . 80 2 6 . 24 2 1 . 87 1 9 . 6 8  1 3 .  1 2  6 .  56 
1700 66. 19 59 . 5 7 52.-95 46 . 33 44. 12 3 9 . 7 1  3 3 . 0 9  26. 48 2 2 . 06 1 9 . 86 1 3 . 24 6 .  62 
1 720 66. 77 6 0 . 0 9 5 3 . 4 1  46 . 74 44. 5 1  40 . 0 6 3 3 . 38 2 6 . 7 1  22. 26 2 0 . 0 3  1 3 ,  3 5  6 . 6 8 
1 740 67. 3 5  60 . 62 53 . 88 47. 1 5  44.90 40. 4 1  3 3 , 6 8  2 6 . 94 2 2 . 45 2 0 . 2 1  13. 47 6 . 75 
17-60 6 7 . 93 6 1 .  14 54. 3 5  47. 5 5  4 5 . 2 9  40. 76 3 3 . 97 27. 1 7  22. 64 2 0 . 3 8  1 3 . 50 6 . 79 
1780 6 8 . 5 1  6 1 . 6 6 54 . 8 1  47. 96 4 5 . 6 7  4 1 .  1 1  3 4 . 2 6  2 7 . 40 22. 84 20 . 5 5 1 3 .  70 6 . 85 
1800 6 9 . 0 9  62 . 1 8 5 5 .  Z7 48. 36 46. 06 4 1 . 45 34. 54 2 7 . 63 2 3 . 0 3 20 . 73 1 3 .  82 6 . 9 1  
1820 6 9 . 66 62. 70 5 5 . 73 48. 76 46 . 44 4 1 . 80 34. 83 2 7 . 86 2 3 . 22 20 . 90 1 3 . 93 6 . 97 
1 840 7 0 . 24 6 3 .  z 1 5 6 . 1 9  49 . 1 6 46. 82 42 . 1 4 3 5 . 1 2  2 8 . 0 9  2 3 . 4 1  2 1 . 0 7 14, 0 5  7 . 02 
1860 70 , 8 1  63. 73 5 6 . 6 5  49 . 56 4 7 . 20 42. 48 3 5 . 40 2 8 . 32 2 3 . 60 2 1 . 2 4 14. 1 6  7. 0 8  
1880 7 1 . 3 8 64. 24 5 7 .  1 0  49 . 9 6 4 7 . 58 42 . 83 3 5 . 69 2 8 . 55 2 3 . 79 2 1 . 4 1 14. 2 8  7. 1 4  
1900 7 1 . 95 64. 75 5 7 . 56 50. 36 4 7 . 96 43 . 1 7 3 5 . 97 Z 8 . 79 2 3 . 9  8 2 1 .  58 14. 39 7. 1 9  
1920 72. 51 6 5 . 2 6  5 8 .  0 1  50. 76 48, 34 43. 5 1  36. 26 29. 0 1  24. 1 7  2 1 . 75 14. 50 7. 2 5  
1940 7 3 . 08 65. 77 5 8 , 46 5 1 .  1 6  48 . 72 43 . 85 3 6 . 54 2 9 . 23 24. 36 2 1 . 92 14.62 7 . 3 1  
1960 7 3 . 64 6 6 . 2 6  5 8 . 9 1  5 1 .  5 5  49 . 1 0 44. 1 9  3 6 , 82 2 9 . 46 24. 5 5  22 , 09 14. 73 7. 36 
1980 74. 2 1  6 6 . 79 59. 36 5 1 . 94 49 . 47 44.52 37.  1 0  2 9 . 68 24. 74 22. 2 6  14. 84 7 . 42 
2000 74 . 77 6 7 . 2 9  59 . 8 1 5 2 . 3 4  49. 84 44. 86 3 7 , 3 8  2 9 . 9 1  24. 92 22 . 43 14. 95 7 . 48 

Recommended Upper Limit of Use 

2020 7 5 , 3 5  67. 82 6 0 . 2 8  52 . 75 5 0 . 2 3  4 5 . 2 1  3 7 . 68 30. 14 2 5 .  12 22 . 6 1  1 5 , 07 7 . 54 
2040 7 5 . 89 68. 30 6 0 . 7 1  5 3 ,  12 50 . 59 45. 53 3 7 . 94 3 0 . 3 5  2 5 , -30 22 . 77 1 5 .  18 7 . 59 
2060 76.44 68. 80 6 1 .  1 5  5 3 , 5 1  5 0 . 96 45. 87 3 8 . 2 Z 3 0 . 58 2 5 . 48 2 2 . 93 1 5 . 2 9  7, 64 
2080 77. 00 6 9 . 3 0  6 1 . 60 53 , 90 5 1 . 33 46. 20 38. so- 3 0 , 80 2 5 . 67 2 3 . 1 0  1 5 . 40 7. 70 
2 100 77. 55 6 9 . 80 62 . 04 5 4 . 2 9  5 1 . 70 46. 53 3 8 . 78 3 1 . 02 2 5 . 85 2 3 . 2 7  15. 5 1  7 . 76 
2 120 78. 1 1  70 . 30 62 . 49 54. 6 8 52 . 0 7 46, 36 3 9 . 0 5  3 1 . 24 2 6 . 04 2 3 . 43 1 5 .  62 7 . 8 1  



Table 7 Cont'd. 
Noto1 For Equlvolent Rainfall 

Rato of 1 in. per hour, 

DRAINAGE 
AREA 

AREA OF WATERWAY- a ( ,,. {<.) FOR C =  
-A 

acres 1.0 0.9 0.8 0.7 2/3 0.6 0.5 0.4 l/3 0.3 0.2 0.1 

2 140 78. 66 70 . 79 62 . 93 5 5 . 06 52 . 44 4 7 . 2 0  3 9 . 3 3  3 1 . 46 2 6 . zz 2 3 . 60 1 5 . 73 7 . 87 
2160 79 . 2 1  7 1 . 29 6 3 . 3 7  5 5 . 45 52 . 8 1  47. 53 3 9 . 6 1  3 1 . 68 2 6 . 40 23. 76 1 5 . 84 7. 92 
2 180 79. 76 7 1 .  78 6 3 . 8 1  5 5 , 8 3  5 3 .  1 7  47. 86 3 9 . 88 3 1 . 90 2 6 . 59 2 3 . 93 1 5 . 9 5  7. 98 
2200 80, 33 72. 30 6 4 . 2 7  5 6 . 2 3  53. 56 4 8 . 2 0  40 . 1 7 32. 1 3  2 6 . 78 24. 10 1 6 . 0 7  8 . 03 
2220 80. 85 72 . 77 64. 68 5 6 . 60 5 3 . 90 4 8. 5 1  40 . 43 32 , 34 2 6 . 95 2 4 . 2 6  16.  1 7  8. 09 
2240 8 1 . 40 7 3 . 26 65. 12 5 6 . 9 8  5 4 . 2 7  48. 84 40. 70 32. 56 2 7 . 1 3 - 24.42 1 6 . 2 8  8 .  1 4  
2260 8 1 . 94 73. 75 6 5 . 56 57. 36 54. 63 49. 1 7  40 . 97 32. 78 27. 3 1  24. 58 1 6 . 39 8. 19 
2280 82. 49 72 . 24 6 5 . 99 5 7 . 74 54. 99 49. 49 4 1 . 24 3 3 . 00 2 7 . 50 24. 75 16. 50 8.  25 
Z300 83. 03 74.73 66. 42 5 8 ,  12 5 5 . 35 49 . 82 4 1 . 52 33. 2 1  2 7 . 6 8  24. 9 1  1 6 .  6 1  8 .  30 
2320 83 . 57 7 5 . 2 1  66. 86 58. 50 55. 71  5 0 ,  14 4 1 .  79 3 3 . 43 2 7 . 86 2 5 . 0 7  1 6 . 7 1  8 . 36 
2340 84. 1 1  75 . 70 67. 29 5 8 . 88 56 . 07 50 . 47 42 . 06 33. 64 2 8 . 04 2 5 . 2 3  1 6 .  82 8 . 4 1  
2360 84. 65 76. 18 67. 72 5 9 . 2 5  56 . 43 50. 79 42. 32 33. 86 2 8 . 22 2 5 . 39 1 6 . 9 3  8 . 46 
2380 85. 19 76. 67 68. 1 5  5 9 . 6 3  56. 79 5 1 .  1 1  42 . 59 34. 0 7  2 8 . 40 2 5 . 56 1 7 . 04 8. 52 
2400 8 5 . 76 77. 1 5  68. 58 60 . 0 1  5 7 .  1 5  5 1 . 43 42. 86 3 4 . 2 9  2 8 . 57 2 5 . 72 1 7 .  14 8 . 57 
2420 86. 26 77. 63 69. 0 1  60 .38 57. 5 1  5 1 .  76 43 . 1 3 34. 50 28. 75 2 5 . 88 1 7 . 2 5  8 . 63 
2440 86. 79 78. 1 1  69. 43 60. 75 5 7 . 86 5 2 . 0 8  43. 40 34. 72 2 8 . 93 2 6 . 04 17. 36 s .�6� 
2460 87. 33 78. 59 69. 86 6 1 .  1 3  5 8 . 22 52. 40 43..66 34. 9·3 2 9 .  1 1  2 6 . 2 0  1 7 . 47 8 . 73 
2480 87. 86 79. 07 7 0 . 2 9  6 1 . 50 58. 57 52 . 7 1 43, 93 35.  14 2 9 . 29 2 6 . 3 6  1 7 .  5 7  8. 79 
2500 88. 39 79 . 55 70. 7 1  6 1 . 87 5 8 . 93 5 3 . 0 3  44. 19 3 5 .  36 2 9 . 46 2 6 . 52 17. 68 8. 84 
2520 8 8 . 92 80. 03 7 1 .  13 6 2 . 24 5 9 . 2 8  5 3 .  35_ 44. 46 3 5 , 57 2 9 . 64 2 6 . 6 8  17. 78 8. 89 
Z540 8 9 . 45 80, 50 7 1 .  56 62 . 6 1  5 9 . 6 3  5 3 . 6 7  44.72 35. 78 2 9 . 82 26. 83 17. 29 8 . 94 
2560 89. 97 8 0 . 9 8  7 1 .·98 6 2 . 9 8  5 9 . 9 8  53. 98 44. 99 3 5 . 9 9  2 9 . 99 26. 99 1 7 .  9.9 9 . 00 
2580 90. 50 8 1 . 45 72 . 40 63 . 35 60. 03 54. 30 '45. 25 3 6 . 2 0  3 0 .  17 2 7.  1 5  1 8 .  10 9 . 05 
2600 9 1 . 03 8 1 . 92 i 72. 82 6 3 . 72 6 0 . 6 8  54. 62 45 . 5 1 3 6 . 4 1  30 , 34 27. 3 1  1 8 . 2 1  9 .  10 
2620 9 1 . 55 8 2 . 40 7 3 . 24 6 4 . 0 9  6 1 . 03 54. 93 45. 78 36 . 62 30 . 52 2 7 . 47 1 8 .  3 1  9 .  16 
2640 92. 08 82. 87 7 3 . 6 6  64.45 6 1 . 38 55, 2 5  46. 04 36. 83 30. 69 27. 62 1 8 . 42 9 . 2 1  
2660 92. 60 8 3 . 34 74. 08 64. 82 6 1 . 73 55. 56 46. 30 37. 04 30 . 87 27. 78 1 8 .  52 9 . 26 
2680 93. 12 83 , 8 1 74.50 6 5 .  18 62. 08 55. 87 46. 56 3 7 . 2 5  3 1 . 04 27. 94 18. 62 9. 3 1  
2700 93. 64 84. 28 74. 9 1  6 5 . 5 5  6 2 . 43 56. 18 46 . 82 3 7 . 46 3 1 . 2 1  28. 09 18. 73 9 . 36 
2720 93. 66 84. 29 74.92 6 5 . 56 62 . 44 56. 19 46. 83 3 7 . 46 3 1 .  Z2 28.  10 18. 73 9 . 37 
2740 93 . 7 1  84. 34 74. 97 65. 59 62 . 47 5 6 . 22 46 . 85 37. 48 3 1 . 24 28. 1 1  1 8 . 74 9 . 3 7  
2760 9 5 . 20 8 5 . 68 76.  16 66. 64 6 3 . 46 57. 12 47. 60 3 8 . 0 8  3 1 .  73 28. 56 1 9 . 04 9 .  52 
2780 9 5 . 7 1  86. 14 76 . 57 67. 00 6 3 . 8 1  57. 43 47. 86 3 8 . 2 9  3 1 .  90 28. 71  1 9 .  14 9 . 57 
2800 96. 23 86 . 6 1  76. 98 6 7 . 3 6  6 4 .  1 5  5-7. 74 48. 1 1  3 8 . 49 32 . 08 28. 87 1 9 . 2 5  9 . 62 
2820 96. 74 87. 07 77. 40 1-7 . 72 64. so 5 8 . 0 5  48. 37 3 8 . 70 3 2 . 2 5  29. 02 1 9 . 3 5  9 . 67 
2840 9 7 . t6 87. 53 77. 8 1  6 8 . 0 8  64.84 58. 36 48. 63 38. 90 3 2 . 43 2 9 .  18 1 9 . 45 9 . 7> 
2860 97. 77 87. 99 78. 22 68. 44 6 5 .  18 58. 66 48. 89 39. l l  32 . 59 2 9 . 3 3  1 9 . 5 5  9C 78 
2880 9 8 . 2 8  88 , 46 78. 63 68. 80 65. 52 5 8 . 97 49. 14 39. 3 1  32 . 76 29. 49 19. 66 9 . 83 
2900 98. 80 88. 92 79. 04 69. 16 6 5 . 86 5 9 . 2 8  49. 40 39. 52 3 2 . 9 3  2 9 . 64 1 9 . 76 9 . 88 
2920 99. 3 1  89. 38 7 9 . 4 5  6 9 . 5 1  66. 20 5 9 . 58 49. 65 39·. 72 3 3 . 10 2 9 . 79 19�86 9 .  93 
2940 99. 82 89. 83 79. 85 69. 87 66. 54 5 9 . 89 49. 9 1  3 9 . 93 3 3 . 2 7  29. 94 1 9 .  96 9. 9.8 
2960 100. 32 90. 29 80. 26 7 0 . 2 3  66. 88 60. 19 50.  16 40.  1 3  3 3 . 44 Yd. Hl  20: 06 1 0 . 03 
2980 100. 83 90. 75 80. 67 7 0 . 5 8  67. 22 60, 50 50 . 42 40 . 33 3 3 . 6 1  3 0 . 2 5  ·2o;-1t 1 0 . 68 
3000 10 l .  34 9 1 .  2 1  8 1 . 07 70 . 94 67. 56 60. 80 50. 67 40. 54 3 3 . 78 30.40 20. 27 i o .  !j 
3020 1 0 1 . 85 9 1 . 66 8 1 . 48 7 1 . 29 67. 90 6 1 .  1 !  50. 92 40. 74 3 3 . 9 5  30. 5"5 2 0 .  37. fb . i-8 
3040 102 . 35 92". 12 8 1 . 88 7 1 . 65 68. 23 6 1 . 41 5 1 .  18 40 : 94 34. 12 30. 71 20. 47 1 0 . 24 
3060 102 . 86 92. 57 82 . 29 72. 00 68. 5 7  6 1 . 7 1  5 1 . 43 4 1 .  14 34. 29 30 . 86 20. 57 1 0 . 2 9  
3080 103. 36 9 3 . 02 82 . 69 7 2 . 3 5  68. 9 1  62. 02 5 1 . 68 4 1 . 34 34. 45 3 1 . 0  I 2 0 . 6 7  1 0 . 34 
3100 103 , 86 9 3 . 48 83. 09 72. 70 69. 24 6 2 . 3 2  5 1 . 93 4 1 .  55 34. 62 3 1 .  16 2 0 . 77 1 0 . 39 
3120 104 . 37 9 3 . 9 3  8 3 . 49 73. 06 69. 58 62.  6�'? 52..  18 41.  75 34. 79 3 1 . 3 1  2 0 . 87 1 0 . 44 
3 1 40 104 . 87 94. 3 8  83, 89 7 3 . 4 1  69. 9 1  62 . 92 5 2 . 43 4 1 . 95 34. 96 3 1 . 46 20. 97 1 0 . 49 
3160 105,  37 94. 83 84.29 7 3 . 76 70. 24 63. 22" 52 . 68 42. 1 5  3 5 .  12 3 1 .  6 1  2 1 . 07 1 0 . 54 
3180 105. 87 9 5 . 2 8  84.69 74.  1 1  70, 58 63 . 52 52. 93 42 . 35 3 5 . 29 3 1 .  76 2 1 .  1 7  1 0 . 59 
3200 106. 37 9 5 . 73 85. 09 74.46 70 . 9 1 63. 82 5 3 .  18 42 . 55 3 5 , 46 3 1 .  9 1  2 1 . 27 1 0 . 64 
3220 106. 86 96. 18 8 5 . 49 74. 80 7 1 . 24 64. 12 5 3 . 43 42 . 75 3 5 , 65 3 Z . 0 6  2 1 . 37 1 0 . 69 
3240 107. 36 9 6 . 6 3  8 5 . 89 75. 1 5  7 1 .  57 64.42 5 3 . 68 42 . 94 3 5 . 79 32 . 2 1  2 1 . 47 1 0 . 74 
3260 107.  86 97. 07 86. 29 75. 50 7 1 . 9 1  64. 7 1  5 3 . 9 3  4 3 .  1 4  3 5 . 9 5  32. 36 2 1 .  57 1 0 . 79 
3280 108. 35 97. 52 8 6 . 6 8  75. 85 72. 24 65. 0 1  54, 1 8  43. 34 36. 12 32 . 5 1 2 1 . 67 1 0 . 84 
3300 108. 85 9 8 . 0 5  8 7 . 0 8  76.  19 72. 57 6 5 . 3 1  54. 42 43. 54 36. 28 32. 65 2 1 . 77 1 0 . 88 
3320 109. 34 9 8 . 4 1  8 7 . 48 7.6. 54 72 . 90 65. 6 1  54. 6  7 43. 74 3 6 , 45 32. 80 2 1 . 87 1 0 .  93 
3340 109. 84 98. 85 87. 87 76. 89 7 3 . 22 65. 90 54. 92 43 . 93 3 6 . 62 32 . 95 2 1 . 97 1 0 . 98 
3360 1 1 0 , 3 3  99. 30 88. 2.6 7 7 . 2 3  7 3 . 5 5  6 6 . 2 0  55.  17 44.  1 3  36. 78 3 3 .  10 2 2 . 0 7  1 1 . 03 
3380 1 10 . 82 99. 74 88. 66 77. 58 7 3 . 88 66. 55 5 5 . 46 44. 33 36. 94 3 3 . 2 8  2 2 .  16 1 1 . 08 
3400 1 1 1 . 3 1  100,  18 8 9 . 0 5  77. 92 74. 2 1  66. 79 5 5 . 66 44. 53 37. 10 3 3 , 39 22 . 26 1 1 .  13 
3420 1 1 1 . 80 100. 62 8 9 . 44 7 8 . 2 6  74. 54 6 7 . 0 8  5 5 . 90 44. 72 3 7 . 2 7  3 3 , 54 22. 36 1 1 .  1 8  
3440 1 12 .  2 9 1 0 1 . 09 89 . 84 78. 6 1  74. 86 6 7 . 3 8  56.  1 5  44. 92 3 7 . 43 3 3 . 69 2 2 . 46 1 1 . 23 
3460 1 1 2 .  78 1 0 1 . 5 1  9 0 . 23 78. 95 75, 19 6 7 . 6 7  56. 39 45. 1 1  3 7 . 59 33. 84 22. 56 1 1 . 28 
3480 1 1 3 . 2 7  1 0 1 . 9 5  90 . 62 79. 29 75 . 5 1  67. 96 5 6 . 64 45. 3 1  3 7 . 76 3 3 , 9 8  22. 65 1 1 .  34 
3500 1 1 3 .  76 1 0 2 . 4 7  9 1 .  0 1 79. 63 75. 84 68. 26 5 6 . 88 4<5. 50 37. 9l 34. 13 zz. 75 1 1 .  38 
35zo 1 14 . 2 5  102. 82 9 1 . 40 79. 97 76 . 16 68. 55 57.  12 45. 70 3 8 , 0 9  34. 2 7  22. 85 1 1 . 42 
3540 114.  73 103. 26 9 1 . 79 80 . 3 1  7 6 . 49 6 8 . 84 5 7 . 37 45. 89 3 8 , 24 34. 45 22. 95 1 1 . 47 
3560 1 15 . 2 2  103. 70 92 . 18 80. 65 76 . 81 69. 1 3  5 7 . 6 1  46. 09 3 8 . 4 1  34. 5 7  23 . 04 1 1 .  52 



Table 'i Cont'd. 
Note: For Equivalent Rainfall 

Rote of 1 ln. per hour. 

DRAINAGE 
AREA 

·A 
AREA OF WATERWAY- a i•q . . ft.) FOR C = 

acres 1.0 0.9 0.8 0.7 2/3 0.6 0.5 0.4 1/3 0.3 0.2 0.1 

3580 1 15. 71  104,  1 3  92. 64 80. 99 77. 14 69. 42 57. 85 46. 2 8  38. 57 34. 71 23. 14 11.  57 
3600 1 16 . 19 104, 5 7  92 . 95 8 1 . 33 77.46 69. 71 58. 09 46.48 3 8 . 73 34.86 2 3 . 24 1 1 . 62 
3620 1 16 . 6 7  1 0 5 . 0 1  9 3 . 34 8 1 . 67 77. 78 70. 0.0 58. 39 46. 67 38. 89 35. 00 23. 33 11.  67 
3640 1 17. 16 105 . 44 93. 73 82 . 0 1  78. 10 70. 29 58. 58 46. 86 3 9 . 0 5  3 5 .  1 5  23. 43 1 1. 72 
3660 1 17 . 64 105,  87 94. 1 1  82. 35 78.43 7 0 . 5 8  58. 82 47. 06 3 9 . 2 1  35. 32 23. 53 1 1 .  76 
3680 1 18.  12 106: 3 1  94. 50 82 . 68 78. 75 70. 87 59. 06 47. 25 39. 3 7  3 5 . 44 23. 62 1 1 .  8 1  
3700 ! lB. 60 106. 74 94. 88 83. 02 79. 07 7 1 . 22 59. 30 47. 44 39. 53 35, 58 23. 72 1 1 .  86 
3720 1 19 . 0 8  107, 1 7  9 5 . 2 7  8 3 . 36 79. 39 7 1 . 45 59. 54 47. 63 39. 69 35. n 23. 82 1 1 .  9 1  
3740 1 19.  56 107. 6 1  95. 65 83. 69 79. 71 7 1 . 74 59. 78 47.82 39. 85 36. 17 23. 9 1  1 1 . 96 
3760 120 . 04 108,  04 96. 03 84.03 80. 05 72 . 02 60. 02 48.02 40. 0 1  36 . 0 1  24. 0 1  12. 00 
3780 120. 52 108, 47 96. 42 84.36 80. 35 72. 3 1  6 0 . 2 6  48. 2 1  40. 1 7  36. 16 2.4. 1 0  1 2 . 0 5  
3800 1 2 1 .  00 108. 90 9 6 . 80 84. 70 80. 66 72. 60 60. 50 48.40 40. 33 36. 30 24. 2 0  12. 1 0  
3820 1 2 1 .  48 109. 33 97. 18 85. 03 80 . 98 72. 88 60. 74 48. 59 40. 49 3 6 . 44 24. 30 12. 1 5  
3840 1 2 1 . 9 5  109. 76 97. 56 8 5 . 3 7  8 1 . 30 73. 1 7  60. 98 48. 78 40. 65 36. 58 24. 39 1 2 . 2 0  
3860 122.43 1 10 .  1 8  97. 94 85. 70 8 1 . 62 73. 46 6 1 .  i 1 48. 97 40. 8 1  3 6 . 73 24.48 12. 24 
3880 122 . 90 1 10 . 6 1  9 8 . 32 86. 03 8 1 .  94 73 . 74 6 1 . 45 49. 16 40. 97 36. 87 24. 5 8  1 2 . 2 9  
3900 123 . 38 1 1 1 .  04 98. 70 86. 36 82 . 25 74.03 6 1 . 69 49. 35 41.  1 3  37. 0 1  24. 68 12. 34 
3920 123. 85 1 1 1 . 47 99. 08 86. 70 82. 57 74. 3 1  6 1 .  93 49. 54 4 1 . 2 8  3 7 .  16 24. 77 12 . 38 
3940 124. 33 1 1 1 ,  89 99. 46 87. 03 8Z. BB 74.60 62. 16 49. 73 4 1 . 44 37, 30 24. 86 12. 43 
3960 124.80 1 12 .  32 99. 84 87. 36 8 3 . ZO 74. 88 62.40 49.92 4 1 .  60 37. 44 Z4.96 12 . 48 
3980 1 2 5 . 2 7  1 12.  74 100. 22 87. 69 83. 5 1  75. 16 62. 64 50. 1 1  4 1 . 76 3 7 . 58 25. 0 5  12. 53 
4000 125. 74 1 13 , 17 100 , 59 88. 02 83. 83 75. 45 62. 87 50. 30 4 1 . 9 1  37, 72 Z5. 1 5  12. 57 
4050 126.92 1 14 , 2 3  101. 54 88, 84 84. 6 1  76. 1 5  63 . 46 50. 77 42. 3 1  38. 08 25. 3 8  1 2 . 69 
4100 128.09 1 15 . 28 102 . 48 89. 66 85. 40 76. 86 64. 0 5  5 1 . 24 42 . 70 38.43 25. 62 12. 8 1  
4150 1Z9 . 26 1 1 6, 34 1 0 3 . 4 1  90. 48 86. 1 8  77. 56 64. 63 5 1 .  70 43 . 09 38. 78 25. 85 12. 93 
4200 1 30 . 43 1 '17. 39 104, 34 9 1 . 30 86. 95 78. 26 6 5 . 22 52. 1 7  43.48 39. 13 26. 09 1 3 . 04 
4250 1 3 1 . 59 1 18. 43 1 0 5 . Z 7  92. lZ 87. 73 78. 96 65. 80 52 . 64 43. 86 3 9 . 48 26. 32 13. 1 6  
4300 1 32 . 75 1 19 . 48 1 0 6 . 2 0  9Z. 93 88, 50 79. 65 66. 38 53.  10 44. 25 39. 82 Z6. 55 1 3 . 2 8  
4350 1 33 . 9 1  120. 52 1 0 7 .  1 3  93. 74 89. 27 80. 34 66. 95 53. 56 44.64 40. 17 u,. 78 1 3 . 39 
4400 1 35 . 06 121.  55 108. 05 94. 54 90. 04 8 1 . 04 67. 53 54.02 45. oz 40. 52 27. 0 1  13. 5 1  
4450 1 3; 6 . 2 1  122 . 59 108, 97 95. 35 90. 8 1  8 1 .  73 68. 10 54.48 45. 40 40, 86 Z7. Z4 13. 62 
4500 1 3 7 . 3 6  1 2 3 ,  6Z 109. 88 96. 1 5  9 1 .  5 7  82 . 4 1  6 8 . 6 8  54.94 45. 78 4 1 . 2 1  27. 47 1 3 . 74 
4550 138. 50 124.65 1 10 . 80 96. 95 92. 33 83, 10 6 9 . Z 5  55.40 46 . 17 4 1 . 55 27. 70 1 3 . 85 
4600 1 39 . 64 125. 68 1 1 1 . 71 9 7 . 75 93. 09 84. 78 69. 82 55. 86 46. 55 4 1 . 89 Z 7 . 9 3  1 3 . 96 
4650 140.78 126. 70 1 1Z.  62 98. 54 93. 85 84.47 70. 39 56. 31 46. 92 42.23 28. 16 14. 08 
4700 141. 9 1  127. 72 1 1 3 . 53 99. 34 94. 6 1  85. 1 5  70. 96 56. 76 47. 30 42 . 57 28. 38 14. 19 
4750 143.04 lZB. 74 1 14. 43 100.  13 95. 36 85, 82 7 1 . 52 57. 22 47. 6 8  42 . 9 1  ZB. 6 1  14. 30 
4800 144. 17 129.  75 1 1 5 . 34 100. 9Z 96. 1 1  86. 50 n . os 5 7 . 6 7  48. 06 43. 2 5  28. 8 3  14. 42 
4850 145. Z9 130, 76 1 16 . 24 1 0 1 . 70 96. 86 87. 1 8  n . 65 58. 1Z 48.43 43. 59 z9. o6 14. 53 
4900 146 . 42 1 :3 1 . 7 7  1 17, 1 3  10Z . 49 97. 6 1  87. 85 73. 2 1  58. 5 7  48. BO 43.9Z 29. 2 8  14. 64 
4950 147. 53 132. 78 1 1 8 . 0 3  103. 2 7  98. 36 88. 5Z 73. 77 59 . 0 1  49. 18 44.26 29. 5 1  14. 75 
5000 148 . 6 5  133, 78 1 18 .  9Z 104.06 99. 10 89. 19 74. 32 5 9 . 46 49. 55 44. 60 29. 73 14. 86 
5120 1 5 1 . 32 136. 19 lZ 1,  06 1 0 5 . 9Z 100. 88 90. 79 75. 66 60. 53 50. 44 4 5 . 40 3 0 . 2 6  1 5 .  1 3  
5440 158. 6 1  142. 75 126 . 89 1 1 1 , 02 105. 74 95. 16 79. 30 63. 44 52. 87 47. 58 31. 7Z. 15. 80 
5760 !65.Z9 148,  76 1 3Z . 24 1 15. 71  1 10 . 20 99. 1 8  8Z. 65 66. 12 55. 10 49. 59 3 3 , 0 6  1 6 .  53 
6080 1 72. 13 154.92 1 3 7. 7 1  1Z0.49 1 14. 76 103 . 28 86. 0 7  68. 85 57. 38 5 1 . 64 34.43 17. 2 1  
6400 178. 89 1 61 . 00 143, 1 1  1 2 5 . 22 1 19 . Z6 107. 33 89.44 71. 55 59. 63 53 . 66 35. 78 17.  89 
7040 19Z. l4 172. 93 1 5 3 .  7 1  134. 50 128. 09 1 15 . 28 96. 0 7  76. 86 64. 05 57. 64 3 8 . 43 1 9 . 2 1  
7680 205. 10 184. 59 1 64 . 0 8  143. 57 136. 73 123. 06 102. 55 82. 04 68. 37 6 1 . 53 4 1 . 02 20 . 51 
8320 2 17. 79 196 . 0 1  1 74 . 2 3  1 52 . 45 145. 19 1 30 . 67 1 0 9 .  89 87. 1 1  n .  6o 65. 34 43. 56 2 1 . 78 
8960 230. 23 207. 2 1  184. 19 161.  16 1 5 3 . 49 138. 14 1 15 .  12 92. 09 76. 74 6 9 . 0 7  46. 0 5  2 3 . 0 2  
9600 242 . 46 Z l B .  22 1 9 3 . 9 7  169. 72 1 6 1 . 64 145.48 1 2 1 . 23 9 6 . 98 80. 82 72 . 74 48.49 24. 25 



Note s  on Table 8: 

7 - A  

T able 8 pre sents the calculated 24-hour rainfall for 9 selected 
stations for the period l 9 0 3 -· 5 L  Note ( in Table 8) that two average 
amounts are given for the selected r eturn pe riods . One of the s e ,  the 
� average , is  c omprised of the arithmetic average with each station 
given a weight of one . The other , the state weighed average , was ob 
tained by pe r centage weights assigned tOpolygons of the Thies sen Dia
gram .shown in Fig .  1 1 , Appendix A.  

In  the use of Table 8 ,  the assumption is  made that the Dickens 
F ormula 

where 

and 

Q "' BMO .  7 5  

Q "'  peak discharg e ,  c . f . s .  
B " c oefficient 
M "' the drainage area in square miles 

is true only for 6 inches of rainfall in 24 hours .  Other w orke r s  have 
used 3 ,  4 or 5 inches in 24 hours as a base rainfall for this equation. 
The re turn period of 6 inche s in a Z4-·hour duration for the state ave rage 
is approximately 90 year s ;  for the stat� weighed ave rage , approximately 
5 7  year s .  B oth have the same r eturn period relationship for a return 
period of approximately l .  1 8  year s .  

The c oefficient ( B )  should be determined from r e c ommended 
tabulated value s ( p .  2 7  of text) , or calculated by a procedure similar 
to that shown in Table 3 .  



Table 8 - Calculated 24- Hour RainfaU F or 9 F i r st Order Ste!tions ( B a s e d  
on Pedod o f  Rec ord 1 9 0 3 - 1 9 .5 1) , 

F o r U s e  Witlt Dickena F ')l'Dlula 

D epth in Inche s F ar .2 4 ·<H.('urs F or 
\fari ous Return P e riods 

Station 2 5 10 25 50 1 0 0  
-----------··---------- -••-F>•--m-----··-�----·�----·---·--

Cair o ,  IlL 
Cincinnati.� Ohio 
E vansville, Ind, 
Kn oxville_, Tenn, 
Lexington, Ky, 
L ouisville , Ky , 
l\Ta.s hviH e .9 Tenno 
Parke r sburg, W, Va, 
Wythevill e ,  V a ,  

S tate Ave rage 
''Rainfall Factor 

3 , 2 9 
2 ,  6 '; 
2 , 9 6 
2 , 8 8 
2 ,  72 
2 , 90 
3 0 9  
2 , 2 3 
2 , 3 1  

2 , 7 9 
0 , 46 3  

S tate ·weighed A.ve :rage 2 � 8 6  
''Rainfall Factor 0 ,  4 77 

4 , 3 7  5 , 0 8 
::L 45 3 n 9 8 
3 , 9 1  4., 53 
3 � 7 7 1.1 '2 (;," ::r ,  . ..ii :Jl 

3 , 8 5 d, , 6 1  
:3 � 84 46 
3 .. 83 4 � 3 2.  
l "  9 6  3 � 45 
3 � 0 5 3 0 .54 

3 0 6 7 4 , 2 6  
0 , 6 1 2  0 , 7 1 0  
3 0 8�i 4., �� B  
0 0 6 3 8  0 ,  ?47 

5 o 9 d  
4 ., 6 .5  
r.:· -� -� :J "  ,_) t.., 
5 0 9  
5 " 5 6  
5 o Z 4  
4 O A  

- o I "7. 
4 • .  0 6  
Lio, 1 6  

5 , 0 0 
0 � 8 :":; :3  
5 , 3 0  
0 < 8 3 3  

6 , 6 5  7 , 3 1  
5 ,. 1 5  5 , 6 5 
5 ., 9 1  6 , 49 
5 , 6 4 6 '  1 8  
6 ,, 2 6  6 ,. 96 
5 0 8 3  6 , 4 1 
5 , 40 5 , 8 5  
A. k ') :., � :Jt.. 4 o  9 7  
4 , 6 2 5 ,  0 8  

5 " 5 5  6 - 1 0  
0 ,  92. 5 l ., 0 2  
5 ,, 9 J. 6 - 5 1  
0 , 9 8 5  L O S 

* ' 'Rainfall Jfa c t o r "  equals i;ncl"re s per ;;?.4 hou.rs ior TC'e tu.rn pe riod divided 
by 6 inches per 2·1 hour s ,  



8 - A  

N o t e s  on Table 9:  

F ollowing the principl e s  laid down for the Dickens F ormula under 
Notes on Table 8, a c o r re ction factor based on 2,4- hour r ainfall must be 
applied to discharge values taken fr om Table 9 ! This table is for 6 inches 
in 24 hour s) .  

A rainfall factor nmst be employed t o  c on>pens ate for variation 
in rainfaHfrorn s tat.lon-to station. Since the sele cted base was 6 inche s ,  
all rainfall anumnts mus t  be divided by this value ; the r e s ultant r·atio 
is then multiplied by the dis char g e  ( Q) from 'Table 9 .  'This c omputation 
c an be illustrated by the foHowing exaxnple: 

A s sume a drainage ar e a  of 50 sq. mi . and a c oefficient 
of 3 7 5 ,  in the Cair o P olygon, A - 7  pr oblem ar ea ( S e e  
Figs . 1 1  & 14) . The de s i gn is t o  be b a s e d  on a r e turn 
p e r i od of 2 5  ye a r s .  F r om T able 8 ,  Appendix A ,  the 
t'ainfall fm· T �' 2 5  is found to be 5 .  9 8  inche s .  The rain
fall factor is computed as 

5 ,  9 8  .. QF c' 1>:0() o r  appr oximately 0 ,  9 9 7  

F r om. T able 9 ,  und e r  M "  5 0  and B "' 3 7 5 ,  a discharge 
value of 70 5 1 .  l c .  f. s ,  is obtained. Then, by application 
of the fo r;:mula 

Qde sign � QF BM
O

. 
7 5 

o2 5 " \ O . 9 9 7! ( 7 0 5 1 .  ll 
02 5  � 7 ,  000 c . f.  s .  ( cal 

A balanced hydraulic de s ign should be attempte d .  If 3 or more 
return peri ods are c onside r e d ,  they should plot in a straight line on 
extreme pr obability pap e r ,  Appendix C .  An approximation of the re ·-· 
turn periods for othe r dischar ge s (based em 'T " 2 5) can be made by 
application of the following return period factor s ( QF ) ':' if only the 02 5 
is known: 

QE' = 0 . 3 2 1 1  + 0 . 2 1 2 6y 

Whe r e  y i s  the r e duced variate value s e le cted from Table 1 0 ,  
Appendix D .  

�' QF i s  the ratio betwe en average peak dis char ge s for sele cted re turn 
peri ods and will be r e fe r re d  t o  as return p e r i od factor s ,  rati o s ,  e t c . , 
her eafter .  'The u s e  of the p refix or suffix of discharge should not 
lead to an an1biguous inte rpre tation since the magnitude of the re turn 
period is always implie d .  



Return P e r iod, T � 

2 5 1 0  2 5  50 

D o  40 
Ratio* to 2 5 �  Y e ar R e turn Period, QF '� 

D o 64 0 0 80 1 o 0 0 l o i S  
-·-----·-------· 

Example : 

G i ven Q2 5 " 7,  000 C o L  S o ' find Q 5 and Q 1 0 0  

a s  '" az s ( 0 . 64) 

' ( 7 ,  0 0 0) (Q o  67) 

Q 5 " 4 , 48 0 c o L s . ( appr oxo ) 

and Q r oo'" Q2. 5 ( L 3 0 )  

"' ( 7 , 0 0 0) ( L . JO) 

Q 1 0 0'� 9 , 1 0 0  c . L  S o  ( appr oxo ) 

9 -A 

1 0 0  

L 3 0 

It should be b orne in mind that thi s  proce dure yields approxi
nlate value s only ( L e o  , the actual value s taken from a r e cent state wide 
s tudy, for Q 5 and Q l O O  are 5 1 0 0 and 8 6 0 0  C o L  s o  re spe ctively) o C on
side ring the c onfidence Hmits for 68 in 1 0 0  time s ,  the r ainfall of 5o 9 8  
ino can vary plus or Tninus D o  7 4  ino The return period of T '� 2 5  can 
thus vary fr om 12 to 52 years 0 The expected range of variation ( 6 8  in 
1 00 time s) is 8 to 78 years 0 

T able 9 i s  r e c ommended for use in the range from 5 to 2: , 0 0 0  
sqo mile s ,  howe ver, the ve r s i on p r e sented i n  this report d o e s  n o t  ex
c e e d  700 sqo mile s 0 

Since most of the annual peak di s charge s occur in the fir s t  four 
months of the year, it i s  the r efore sugge sted that B "' 3 7 5  ( minimum) 
be employed in p r oblem a r e a  A - 7 ,  and not l e s s  than 2 6 5  for B - 1 6 .  Ad
ditional r e c o mme nded value s are given on page 27 in the texto 

* See fo otnote , page 8·, A .  



Table 9 Discharge Calculated By Dickens Formula And Based On A n  

Equivalent Depth Of Rainfall Of 6 Inches I n  :2 4  Hours. 

Q =BM 0,75 

DRAINAGE 
DISCHARGE - Q (cu. ft. per sec,) FOR B = AREA 

·M 
sq. mi. 375 340 300 265 225 190 150 110 75 

0 . 523 230 . 6  209. 1 184. 5 1 63. 0 1 38 . 4 1 16 . 9  92 . 3  67. 7 46. I 
0 . 531 233.3 2 II.  5 186. 6 164. 8 140 . 0  1 18 ,  2. 93 . 3  68. 4 46. 7 
0 . 539 235, 9 2 1 3 . 9  188. 7 !66. 7 141 . 5  1 19 . 5 94. 4 69. 2 47. 2  
0 . 547 238 . 5  2 16 .  3 190. 8 !68. 6 143. 1 1 20 . 8 95 . 4  70. 0  47. 7  
0 . 555 241. 1 2 1 8 . 6  1 92 . 9  170 . 4  144. 7 122 . 2  96 . 5  70. 7  48. 2 
0 . 562 243.4 220 . 7 194. 7 172 . 0  146 . 0  123.3  97. 4 7 1 . 4  48. 7  
0 .  570 246.0 223 . 0  196. 8 173. 8 1 47 . 6  124.6 98. 4 n . 2  49 . 2  
0 . 578 248. 6  225.4 198. 9 175. 7 149 . 2  126 . 0  99. 4 72. 9 49. 7  
0 . 586 2 5 1 . 2  227. 7 200 . 9 177. 5 1 50 . 7 127 . 3  100. 5 73. 7 50.2  
0 . 594 2 53 , 7  230 . 0 203 . 0  1 79 . 3 1 52. . 2  128. 6 1 0 1 .  5 74. 4 50. 7 
0 . 602 256 . 3  232.4 205 . 0  1 8 1 .  1 !53.  8 129.9  102 . 5  75. 2  5 1 . 3  
0 . 609 2 58 . 7  234. 5 206 . 9 182. 8 1 5-5 . 2  1 3 1 .  1 103. 5 75. 9 5 1 .  7 
0 . 6 1 7  2 6 1 .  I 236 , 7  208. 9 184. 5 !56.  6 132.3  104. 4 76. 6  52 . 2  
0 . 625 263 . 6 239.0  2 1 0 . 9  ! 86 . 3  1 58 . 2  1 33 . 6  105. 4 77. 3 52 . 7  
0 , 633 266. I 2.41. 3 2 12. 9 188, 1 1 59 . 7  134, 8 1 06 . 4  78. 1 5 3 . 2  
0 . 641 268. 6 243, 6 2 14. 9 189. 8 1 6 1 . 2  136'  1 107.4 78. 8 53. 7 
0 . 648 270 . 8 245. 6 2 1 6 . 7  191 . 4 !62.  5 137.2 108 . 3 79. 4  54.2 
0 . 656 273. 3 247. 8 2 18. 7 193. 2 164. 0 138. 5 103. 3 80, 2 54. 7 
0 . 664 275. 8 250. 1 220 . 7  194. 9 165.  5 1 39 . 8  1 10 . 3  80. 9 5 5 . 2  
0 . 672 278 . 3  252 . 4  222. 7 196. 7 167 - 0  141 . 0  1 1 1 .  3 8 1 . 6  55. 7 
0 . 680 280. B 254. 6 224. 6 198. 4 !68.  5 142 . 3  1 12 . 3  82 . 4  56. 2 
0 . 688 283. 3 256 . 8 226 . 6 200 . 2  1 70 . 0  1 43. 5 1 13. 3 83. 1 56 . 7  
0 . 695 285.4 258. 8 228. 4 201.  7 1 7 1 .  3 144. 6 1 14 . 2  83. 7 57. 1 
0 . 703 287. 9 26 1 . 0  230 . 3 203. 5 1 72 . 7  145.9 1 1 5 . 2  84. 5 57. 6 
0 .  7 1 1  290 . 4  263. 3 2 32. 3 205 . 2  174. 2 147. 1 1 1 6 .  1 85. 2 58. 1 
0 . 719 292. 8 265. 5 234. 2 206. 9  1 75 . 7 148.4 1 17.  1 85. 9 58. 6 
0 .  727 295. 2 267. 7 2. 36 . 2  208. 6 177. 1 149 . 6 liB.  I 86. 6 59. 0 
0 . 734 297. 4 269 . 6  237. 9 2 10. 1 1 78 . 4  150. 7 1 1 8 . 9  87. 2 59. 5 
0 . 742 299. 8 2 7 1 .  8 239 . 8 2 1 1 . 9  1 79 . 9  151. 9 1 19 . 9 87. 9 6 0 . 0  
0. 750 302 . 2  274.0 241. 8 2 1 3 . 6  1 8 1 .  3 153. 1 120. 9 88. 7 60. 4 
0 . 758 304. 6 276 . 2  243. 7 z 15. 3 182. 8 154. 3 1 2 1 . 9  89. 4 6 0 . 9  
0 . 766 307 . 0  278. 4 245. 6 2 1 7. 0 184. 2 155 . 6  122 . 8  90. 1 6 1 . 4  
o .  773 309. 1 2.80 , 3 Z47. 3 2 1 8 . 5  1 85. 5 1 56 . 6  1Z3 . 7  90 . 7  6 1 . 8  
0 . 78 1  3 1 1 .  5 282. 5 249. 2 220 . 2  1 86 . 9  1 57 . 8  124. 6 9 1 . 4  62. 3 
0 , 789 3 13. 9 284. 6 2 5 1 .  1 2 21 . 8 1 8 8 . 4  1 5 9 .  1 125 . 6  92. 1 62. 8 
0 . 797 316.  3 286. 8 253. 1 223. 5 1 89 . 8  160. 3 126. 5 92 . 8  63. 3 
0 . 805 3 18. 7 290 . 0 2 55 . 0  225. 2 1 9 1 . 2  1 6 1 . 5  127. 5 93. 5 63. 7 
0. 8 12 320 . 8 290. 8 256 . 6 226 . 7  192. 5 162 . 5  128. 3 94. 1 64. 2 
0 . 820 323. 1 293 . 0  258. 5 228 . 4  193. 9 163 . 7  129 . 3 94. 8 64. 6 
0 . 828 325. 5 295. 1 260. 4  230 . 0  195 . 3  !64. 9 1 30 . 2  95. 5 65.  1 
0 , 836 327. 9 297. 3 262 . 3  231.  7 196. 7 166. 1 1 3 1 .  1 96. 2 65. 6 
0 . 844 330 . 2  299 . 4  264.2 233. 3 198.  1 1 67 . 3  132. 1 96. 9 66. 0 
0 . 852 332, 6 30 1 . 5  266. 0 235, 0 199. 5 168. 5 133 . 0  97. 5 66. 5 
0 . 859 334. 6 303 . 4  267. 7 236. 5 200 . 8  1 69 . 5 133. 8 98. I 66. 9 
0 . 867 336 . 9  305. 5 269. 5 238, 1 202 . 2  170 . 7  134. 8 98. 8 67.4 
0 . 875 339. 3 307. 6 271 . 4 239 . 7  203 . 6  1 7 1 . 9  135 . 7  99. 5 67. 9 
0 . 833 341 . 6  309 . 7 2 73 . 3 241 . 4  205 . 0  173. I 136 . 6  1 00 . 2  68. 3 
0 . 89 1  343. 9 3 1 1 .  8 275 •. 1 243 . 0  206 . 3 174. 2 137 . 6  100 . 9 68. 8 
0 . 898 345. 9 313. 6 276 . 7 244. 5 207 . 6  175. 3 138 . 4  1 0 1 .  5 6 9 . 2  
0 . 906 348. 2 315.  7 278 . 6  246 . 0  208 . 9  176 . 4  139. 3 102 . 2  6 9 . 6  
0 . 914 350 . 5 317. 8 280 .. 4 247. 7 2 1 0 . 3  177. 6 140 . 2  102 . 8  70. 1 
0 . 922 352 . 8  319. 9 2 82 . 3  249. 3 2 1 1 .  7 1 78 , 8  141.  1 103. 5 70 . 6  
0 . 938 357. 4 324. 0 2 85 . 9  252. 6 2 14 . 5  1 8 1 . 0  143 . 0 104. 8 7 1 . 5  
0. 953 36 1 . 7  327. 9 2 89 . 4  255. 6 2 1 7 . 0  1 8 3 , 3  144. 7 106. 0 72 . 3  
0 . 969 366 . 2  332. I 293 . 0  2 58. 8 2 1 9 . 7  1 8 5 . 6  146 . 5 1@7; 4 73. 2  
0 . 984 370. 5 335. 9 296. 4  2 6 1 .  8 222 . 3  1 87 . 7  148 . 2  108. 7 74. 1 
1 . 00 375. 0 340 . 0  300 . 0 265. 0 225 . 0  1 90 . 0  1 50 . 0 1 10 . 0 75. 0  
I .  02 380 . 6 345. 1 304. 5 269 . 0  228 . 4  192. 8 152 . 2  1 1 1 .  6 76. I 
!. 03 383. 4 347. 6 306. 7 270 . 9 230.-0 194. 3 153 . 4  1 12.  5 76 . 7  
1 .  05 388. 4 352 . 2  3 10 . 8 274. 5 233. 1 196 . 8  155 . 4  1 1 3 . 9  77. 7 
I. 06 391.  8 355 . 2  3 1 3 . 4  2 76. 8 235. 1 198. 5 156 . 7  1 14. 9 7 8 . 4  
1 .  0 7  394. 5 357. 7 3 1 5. 6 278. 8 236 , 7 199. 9 157. 8 1 1 5. 7 78 . 9  
I .  09 4�0 . 0 362. 7 320. 0 282. 7 240 . 0 202 . 7  160 . 0  1 1 7 . 3  8 0 . 0  
1 . 1 1  4 5. 5 367. 7 324. 4 286 . 6 Z43. 3 205, 5 162 . 2  1 1 9 . 0  8 1 . 1 
l .  1 3  409. 6 37 1 . 4  327. 7 289. 5 245 . 8 207. 5 163 . 9  12.0 . 2  8 1 . 9 
1 .  14 413. 7 375. 1 33 1 , 0  292 . 4  248. z 209 . 6  165; 5 1 2 1 . 4  82. 7 
I .  16 4!9,  2 380 . 0 335 . 3  296 . 2  25 1 . 5  2 12 . 4  167 . 7  123 . 0  83 , 8  



Table 9 Cont'd 

DRAIHAGE DISCHARGE - 0 (cu. ft. per sec.} FOR B = 
AREA 

-M 
sq. mi. 375 340 300 265 225 190 150 no 75 

1 .  l 7 42 1 .  9 382 . 5  337, 5 298.  1 2 5 3 ,  1 2 13 . 7  168. 7 123 . 7 84. 4  
1 .  19 427. 3 387 . 4  341 . 8  30 l .  9 2 56 . 4  2 1 6 .  5 1 70 . 9  125. 3 85, 5 
1 . 20 429 . 9  389 . 9  344. 0 303, 8 2 58 . 0  2 1 7.  8 1 72 . 0  126. 1 86. 0 
1 .  22 435, 3 394. 7 348. 2 307. 6 261.  2 zzo. 6 174. 1 127. 7 87.  1 
1 .  23 438 , 0  397. 1 350 . 4  309. 5 262 . 8  2 2 1 . 9  1 75 . 2  128. 5 87. 6 
l .  25 443 . 3  40 1 . 9  354. 7 3 1 3 , 3 266 . 0  224 . 6  1 77 . 3  1 30 . 0  88. 7 
1 .  2 7  448 . 6  406 . 8  358. 9 3 1 7 . 0  269 . 2  227 . 3  1 79 . 4  1 3 1 .  6 89 . 7  
l .  28 4 5 1 .  3 409 . 2  361 . 0  3 1 8 . 9  270. 8 228, 6 180.  5 1 32 . 4  90. 3 
1 .  30 456 , 6  4 1 3 . 9  365. 2 322 . 6  2 73 . 9  2 3 1 .  3 182 . 6  1 33 , 9  9 1 . 3  
1 .  3 1  459 . 2  4 16 . 3  367 . 3  324. 5 275. 5 2 32 , 7  183.  7 134, 7 9 1 . 8 
1 , 33 464 . 4  4 2. 1 .  1 3 7 1 .  5 328 . 2  2 78 . 7  235. 3 185. 8 1 3 6 , 2 92 . 9  
l .  34 467 . 0  423 . 5  3 73 . 6  330 . 0  280 , 2  236 . 6  186. 8 1 37 . 0  9 3 . 4 
I .  36 472 . 3  428 . 2  377. 8 333. 7 283 . 4  239. 3 188 . 9  138. 5 94. 5 
l .  38 477. 5 432 . 9  3 82 . 0  337. 4 286 , 5  241 . 9  1 9 1 . 0  140. 1 9 5 . 5  
1 .  39 480. 1 435. 3 384, 0 3 3 9 . 2  288 . 0  243 . 2  192 . 0  140 . 8  96 , 0  
1 .  41 485 . 2  439 . 9  3 88 . 2 34Z . 9  2 9 1 .  1 245 . 8  194. 1 1 42 . 3  9 7 . 0 
1 . 42 487 . 8 442. 3 390 . 2  344. 7 292 . 7  247 . 2  195.  1 143. 1 97. 6 
l .  44 492 . 9  446 . 9  394. 4 348, 4 295 . 8  249 . 8  197 . 2  144, 6 98. 6 
l .  45 495. 5 449 . 3  396 . 4  350 . 2  297. 3 2 5 1 .  1 198 . 2  145, 4 99. I 
1 .  47 500 , 6  453 . 9  400 . 5  3 5 3 ,  8 300 , 4  253 , 7 200 , 3  146. 9 100. 1 
l .  48 503 . 2  456 . 2  402.. 5 355. 6 3 0 1 .  9 2.54. 9 20 1 . 3  147. 6 100 , 6  
l .  50 508.-3 460 . 9  406 . 6 3 5 9 . 2  305 , 0  2 57 , 5  203 , 3  149. 1 10 1. 7 
1 .  52 5 1 3 . 3  465 . 4  410. 7 3 62 , 8  308. 0 260. 1 2.05. 3 1 50 . 6  102 . 7 
1 .  53 5 1 5 . 9  467. 7 412. 7 364. 6 309 . 5  2 6 1 . 4  206 . 4  1 5 1 .  3 103 . 2  
1 .  55 520 . 9  472. 3 4 1 6 . 7 368. 1 3 1 2 . 6  263 . 9  208 . 4  1 5 2 .  8 104 . 2  
I .  56 523 . 5  474. 6 4 1 8 . 8 369. 9 314. 1 265 . 2  209 . 4  1 53 , 5  104, 7 
1. 57 526 . 0  476 . 9  420. 8 3 7 1 .  7 3 1 5. 6 266. 5 2. 10. 4 1 54. 3 105, 2 
l .  58 528. 5 479 . 2  422 . 8  3 73 . 5  3 1 7 .  1 267 . 8  2 1 1 . 4  1 5 5 , 0 1 0 5 , 7 
1 .  59 531.  0 48 1 . 4  424. 8 375. 2 3 18. 6 269 . 0  2 1 2 . 4  1 5 5 . 8 106 . 2  
1 .  60 533 , 9  483. 7 42.6 . 8 3 7 7 . 0 320. 1 2 70 . 3  2 1 3 . 4  1 5 6 , 5 106 . 7  
1 .  6 1  536. 0  486 . 0  428. 8 378. 8 3 2 1 .  6 2 7 1 . 6  2 14. 4 1 5 7 . 2 107. 2 
1 .  62 538 , 5 488 . 2  430. 8 3 80 . 5  323. 1 272. 8 2 1 5 . 4  158. 0 107. 7 
1 .  625 53<(, 7 489. 3 431 . 8 381 . 4  323 . 8  273. 5 2 15 . 9  158.  3 1 0 7 . 9 
1 .  63 541 . 0  490. 5 432 . 8 382 . 3  324. 6 274. 1 2. 1 6 . 4  1 5 8 .  7 108 . 2  
I .  64 543, 5  492 . 7  434 , 8  384. 0 326 . 1 2 75 . 4  2 1 7 . 4  159. 4 108 , 7  
I .  65 545 . 9  495 . 0  436 . 8 385, 8 327 . 6  2 76 . 6  2. 1 8 . 4  160. 1 109 . 2  
I .  66 548 . 4  497 . 2  438. 7 387. 5 329. 1 2 77 . 9  2 1 9 . 4  160 . 9  109 . 7  
1 . 67 550 . 9 499. 5 440 . 7 3 89 . 3  330 , 5  279. 1 220 . 4  1 6 1 ,  6 1 10 .  2 
1 .  68 553 , 4  50 l .  7 442 . 7  3 9 1 . 0  332 . 0  280 . 4  2 2 1 .  3 1 62 . 3  1 10. 7 
I .  69 555, 9 504. 0 444. 7 3 92 . 8  333 . 5  2 8 1 . 6  222 . 3  1 6 3 .  1 I l l .  2 
l .  70 558. 3 506. 2  446 . 6  394. 5 335. 0 282 . 9  223 , 3 163 , 8  I l l .  7 
l. 7 1  560 , 8 508, 4 448. 6 396 . 3  336 . 5  284. 1 224. 3 164. 5 1 1 2 . 2  
1 . 72 5 6 3 . 2  5 1 0 .  7 450, 6 398 . 0 337. 9 285 . 4  225 . 3  165. 2 1 12 . 6  
l .  75 570 . 6  5 1 7 . 3 456. 5 403 . 2.  342 . 3  289.  1 228 . 2  167. 4 1 14. 1 
1 .  78 577 . 9  524. 0 462. 3 408. 4 346 . 7  292 . 8  2 3 1 .  2 169 . 5  1 1 5 .  6 
1 .  8 1  585. 2 530. 6 468. 1 4 1 3 .  5 3 5 1 .  1 296 . 5  23�. 1 1 7 1 .  7 1 1 7 .  0 
1 ,  84 592 . 4  537. 1 474. 0 4 1 8 . 7 355. 5 300 . 2  237. 0 1 7 3 . 8 1 18.  5 
1 . 875 600 . 9  544. 8 480 , 7  424. 6 360 . 5  304, 4 240 . 3  1 76 . 3  120 . 2  
1 ,  9 1  609. 3 552 . 4  487 . 4 430 , 5  3 6 5 . 6  308, 7 243 . 7  1 7 8 . 7 1 2 1 .  9 
I .  93 614. 0 556. 7 4 9 1 .  2. 433 . 9 368 . 4  3 1 1 .  l 245, 6 180,  1 12.2. 8 
1 . 97 623 . 6  565 . 4  498. 9 440 . 7 374. 1 3 15 . 9  249 . 4  1 8 2 . 9 124. 7 
2 . 00 630 , 7  5 7 1 .  8 504. 5 445. 7 378 , 4  3 19 . 5  252 , 3  185,  0 1 2 6 .  1 
2. . 03 637, 8 578. 2 5 1 0 . 2  450 . 7  382 . 7 323.  1 255,  1 187.  1 127. 6 
2 , 06 644. 8 584. 6 5 1 5. 8 455. 7 386 . 9  326 . 7  257 . 9  189. 1 129 . 0  
2 ,  09 651.  8 59 1 . 0  5 2 1 .  5 460 . 6  3 9 1 .  1 330 . 3  260 . 7  1 9 1 . 2  130 . 4  
2 . 125 660 . 0  598 . 4  528 . 0  466 . 4  396 . 0  334. 4 264. 0 193. 6 132. 0 
2 .  16 668.  1 605. 8 534. 5 472 . 2  400 , 9  338 , 5 267 . 3  196. 0 1 33 . 6 
2 .  19 675,  1 6 12.  1 540. 1 477. 1 405. l 342 . 0  2 70 . 0  198. 0 135 . 0  
2 , 22 682 . 0  6 1 8 . 4  545. 6 482. 0 409 . 2  345 . 6  2 72 . 8  200. 1 136 . 4  
2 . 2 5  688, 9 624. 6 5 5 1 .  1 486 .. 8 4 1 3 . 4  349. 1 275. 6 202. 1 1 37 , 8  
2 . 2 8  695 . 8  630 . 9  556 . 6  491 . 7  4 1 7 . 5 352. 5 278. 3 204, l 139. 2 
2 . 3 1  702 . 7  637, I 562. l 496. 5 421 . 6  356 , 0  2 8 1 .  1 206. 1 140 , 5  
2 ,  34 709 . 5 643. 3 567 . 6  50 1 . 4  425 . 7  359 . 5  283 . 8  208. l 1 4 1 .  9 
2. 375 '7 1 7 . 4  650. 5 573. 9 507 . 0  430 . 5  363 , 5  287 . 0  2 1 0 . 4  1 43 . 5  
2, 41 725. 3 657. 6 580. 3 512, 6 435 . 2  367 . 5  290 . 1 2 1 2 .  8 145. 1 
2 , 44 732. 1 663 , 8  585. 7 5 1 7. 4 439 . 3  3 70 . 9  292 . 8  2 14. 8 1 46 . 4  
2 . 47 738. 8 669. 9 5 9 1 .  1 522. 1 443 . 3 374. 3 295. 5 2 1 6 .  7 147 . 8  
2 .  50 745. 6 6 76 . 0  596. 5 526 . 9  447. 3 377. 8 298 . 2  2 1 8. 7 149. 1 
2 . 53 752 . 3  682. 1 60 1 . 8  5 3 1 . 6  451 . 4  3 8 1 .  1 300 . 9  220. 7 150.  5 
2 .  56 750 . 9  688. 1 607 . 2  536. 3 455 . 4  384. 5 303 . 6  222. 7 1 5 1 .  8 
2 , 59 765 , 6  694. I 6 12. 5 541 , 0  459 . 0  387 . 9  306 . 2  224. 6 153.  1 
2 . 625 773 . 4  70 1 .  2 6 1 8 . 7 546 . 5 464. 0 391 . 8  309 . 3  226. 9 154. 7 



Table Cont'd 

DRAINAGE DISCHARGE - . Q (cu. ft. per sec.) FOR B = 
AREA 

·M 
sq. mi. 375 340 300 265 225 190 ISO 110 75 

Z . 66 781. 1 708. z 6Z4. 9 552 , 0  468. 6 395. 7 3 1 2 . 4  ZZ9. 1 156. z 
Z . 69 786 . 7  714. 2 630. 1 556 . 6  472 . 6  399. 1 315. 1 2 3 1 .  l 157 . 5  
2. 7� 794. 3 n o .  1 635.4 56 1 . 3  476 . 5  402 . 4  317. 7 233. 0 158 . 8  
Z . 75 800 . 8  726. 1 640 . 6  565. 9 480 . 5  405 . 7  320 . 3  Z34. 9 160 . 2  
z .  78 807.4 73Z.O 645. 9 570 . 5  484. 4 409. 1 3ZZ. 9 Z36 . 8  1 6 1 . 5  
Z . 8 1  8 1 3 . 9  737. 9 6 5 1 .  1 575. 1 488. 3 41Z. 4 3Z5. 6 238.7 16Z . 8  
2 . 84 8Z0.4 743. 8  656. 3 579. 7 49Z . 9  415. 7 3Z8. Z Z40. 6 164. 1 
Z . 88 8Z9.0 751. 7  663 . Z  585. 9 497.4 420 . 0  331 . 6  243.2 165 . 8  
Z . 9 1  835.5 757. 5 668. 4 590.4 -so1. 3 4Z�3•o3 134.Z 245. 1 167. 1 
Z . 94 84Z. O 763. 5 673 . 6  595.0 505.2 �426. 6 336 . 8  Z47.0 168.4 
Z . 97 848. 4 769.Z 678. 7 599. 5 509.0 4Z9 . 8  339.4 Z48. 9 1 6 9 . 7  
3.00 854. 8 775. 1 683 . 9  604. 1 51Zo 9 433, 1 341 . 9  250. 8 171.0 
3.03 861 . Z  780. 8 689.0 608.6 516. 7 436.4 344. 5 Z5Z. 6 172.Z 
3 . 06 867. 6 786 . 6  694. 1 613. 1 5Z0 . 6  439.6 347,0 254. 5 173. 5 
3 . 0 9  874. 0 79Z . 4  699. Z 617. 6 5Z4. 4 44Z . 8  349 . 6  Z56. 4 174.8 
3. 1Z5 881 . 4  799. 1 705. 1 6ZZ.9 528. 8 446 . 6  35Z . 6  Z58. 5 1 76 . 3  
3. 16 888. 8 805. 8 7 1 1 . 0  628. 1 533. 3 450. 3 355. 5 Z60. 7 177.8 
3, 19 895. 1 8 1 1 . 6  716. 1 63Z. 5 537. 1 453 . 5  358.0 26Z . 6  179.0 
3.22 901 . 4  8 1 7 . 3  72 1 . 1  637.0 540 . 8  456 . 7  360.6 Z64.4 180.3 
3 . Z5 907. 7 8Z3.0 726. z 641 . 4  544. 6 459."9 363. 1 Z66 . Z  1 8 1 . 5  
3.28 914.0 828. 7 73 1 . 2  645. 9 548 . 4  463 , 1 365. 6 Z68. 1 182.8 
3 , 3 1  9ZO.Z 834. 4 736. z 650 . 3  55Z. 1 466 . 3  368. 1 Z69 . 9  184.0 
3 . 34 926. 5 840 . 0  74l.Z 654. 7 556.0 469.4 370 . 6  271 . 8  185 . 3  
3 . 375 933, 8 .846 . 6  747 .. 0 659. 9 560 . 3  473. 1 373 . 5  Z73.9 186 . 8  
3 . 4 1  941.0 853.2 752 . 8  665.0 564.6 476. 8  376.4 Z76.0 188.Z 
3 . 44 947. Z 858. 8 757. 8 669. 4 568 , 3  479.9 378. 9 Z77. 9 1 89 . 4  
3.47 953.4 864. 4 76Z . 7 673 . 7  572 . 0  483. 0  381. 4  Z79.7 190.7 
3 . 50 959. 6 870.0 767. 7 678. 1 575 . 8  486. Z  383.8 Z81 . 5  1 9 1 . 9 
3 . 53 965. 7 875.6 772 . 6  68Z. 5 579 . 4  489. 3  386.3 Z83.3 193. 1 
3 , 56 971 . 9  881 . 2  777. 5 686, 8 583. 1 49Z. 4  388. 8 Z85. 1 194.4 
3 . 59 978.0 886. 7 78Z . 4  691.  1 586,8 495. 5 391 . Z  Z86.9 195. 6 
3 . 6Z5 985.Z 893.Z 788. 1 696 . Z  591 . 1 499. 1 394. 1 Z89.0 197.0 
3 . 66 99Z. 3 899. 7 793. 8 701 . 2  595 . 4  50Z . 8  396 . 9  Z91. 1 198 . 5  
3 . 69 998.4 905.Z 798. 7 705. 5 599.0 505. 8 399.4 29Z . 9  199. 7 
3 . 72 1004. 5 9 10 . 7  803. 6 709. 8 60Z.7 508 . 9  401 . 8  Z94.6 Z00 . 9  
3 . 75 1010. 5 9 1 6 . Z  808.4 714. 1 606 . 3  5 1 Z . O  404. Z Z96 . 4  202. 1 
3 . 78 1 0 16 . 6  9 Z 1 .  7 8 1 3 . 3  718. 4 6 1 0 . 0  5 1 5 .  1 406 . 6  Z98.Z Z03 . 3  
3 . 8 1  102Z. 6 927.2 818, 1 722 . 7  613. 6 518. 1 409. 1 300 . 0  Z04.5 
3 . 84 1028. 7 93Z. 7 8Z2 . 9  726 . 9  6 1 7 . Z 521 . 2  41 1 . 5  301. 7 Z05.7 
3. 875 1035.7 939.0 8Z8. 6 731 . 9  6Z1 . 4  5Z4. 8 414.3 303 . 8  Z07. 1 
3 . 9 1  104Z . 7  945 . 4  834.Z 736 . 8  6Z5 . 6  5Z8.3 417. 1 305. 9 208. 5 
3,94 1048 . 7  950. 8 839. 0 741 . 1  6Z9 . Z  531 . 3  419 . 5  307.6 Z09. 7 
3 . 97 1054.7 956.Z 843. 7 745,3 632 . 8 534 . 4  4 Z 1 .  9 309.4 210. 9 
4.00 1060. 7 9 6 1 . 7  848. 5 749 . 5  636.4 537.4 4Z4. 3 3 1 1 . 1 Z 1 Z . 1 
4.03 1066. 6 967. 1 853. 3 753. 7 640 . 0  540 . 4  4Z6 . 6  3 1 Z . 9 2 1 3 . 3  
4.06 10TZ. 6 972 . 5  858. 1 758. 0 643 . 5  543 . 4  4Z9.0 314. 6 Z14. 5 
4.09 1078. 5 977.8 86Z. 8 76Z. 1 647. 1 546 . 4  43 1 . 4  3 1 6 . 4 2 1 5 . 7 
4. 1Z5 1085.4 984. 1 868. 3 767.0 651 . 3  549 . 9  434 . Z  3 1 8 . 4  Zl7. 1 
4. 16 109Z.3 990.4 873. 9 771 . 9  655.4 553.4 436 . 9  3Z0.4 Z18. 5 
4. 19 1098.Z 995.7 878. 6 776. 1 658. 9 556.4 439 . 3  3ZZ. 1 219. 6 
4.ZZ 1 104. 1 100 1 . 1 883 . 3  780 . 2  66Z . 5  559.4 441 . 6  3Z3 . 9  ZZ0 . 8  
4.25 1 1 10. 0  1006. 4 888. 0 784. 4 666.0 56Z.4 444. 0 3Z5. 6 zzz.o 
4.Z8 1 1 15. 9 1 0 1 1 . 7  89Z . 7  788. 5 669. 5 565.4 446 . 3  3Z7. 3 ZZ3 . Z  
4. 3 1  1 1Z l .  7 1017. 0 897.4 79Z. 7 673.0 568 . 3  448 . 7  3Z9.0 ZZ4.3 
4.34 1 1Z7. 6 10ZZ. 3 902. 1 796.8 676. 5 571 . 3  451 . 0  330 . 8  225. 5 
4.37.5 1 134.4 10Z8. 5 907 . 5  801 . 6  680 . 6  574. 8 453. 8 33Z. 8 226 , 9  
4.41 1 141. z 1034. 7 9 1 3 . 0  806.4 684.7 578 . Z  456 . 5  334. 8 ZZ8.Z 
4 . 44 1 147.0 1040 . 0  917. 6 810. 6 688 . Z  581. 1 458. 8 336. 5 ZZ9.4 
4.47 1 15Z. 8 1045 . Z  9ZZ . Z  814. 7 69 1 . 7  584. 1 461. 1 338 . Z  Z30. 6 
4 . 50 1 158.6 1050 . 5  9Z6. 9 818. 8 695.Z 587. 0 463 . 4  339. 9 Z 3 1 .  7 
4.53 1 164.4 1055. 7 931 . 5  822 . 8  698.6 590 . 0  465 . 8  341 . 6  Z3Z . 9  
4.56 1 170.Z 106 1 . 0  936. 1 8Z6•9 70Z. 1 59Z. 9 468. 1 343 . 3  Z34.0 
4.59 1 176.0 1066. Z 940 . 8  831. 0 705 . 6  595.8 470 . 4  344. 9 Z35.Z 
4.625 1 18Z. 5 1072. 1 946.0 835. 6 709. 5 599. 1 473.0 346. 9 Z36 . 5  
4.66 1 189.4 1078.4 951. 5 840. 5 7 1 3 . 6  60Z. 6 475 . 8  348 . 9  Z37.9 
4.69 1 195. 1 1083 . 6  956. 1 844. 5 717. 1 605. 5 !078. 0  350. 6 Z39.0 
4 . 7Z 1Z00. 9 1088. 8 960 . 7  848. 6 7Z0 , 5 608.4 480 . 3  35Z . Z  Z40 . Z  
4.75 1Z06. 6 1094.0 965. 3 85Z . 6  7Z3 . 9  6 1 1 . 3  482 . 6  353 . 9  Z41 . 3  
4. 78 1ZlZ. 3 1099. 1 969.8 856. 7 7Z7. 4 614. 2 484 . 9  355. 6 Z4Z . 5  
4. 8 1  1218. 0 1 104.3 974. 4 860. 7 730 . 8  617. 1 487.Z 357. 3 Z43 . 6  
4.84 1ZZ3. 7 1 109. 5 978. 9 864. 7 734. Z 6ZO.O 489 . 5  358. 9 Z44, 7 
4.875 1230. 3 1 1 15. 5 984. 2 869.4 738,Z 6Z3.4 49Z. 1 360 : 9  Z46. 1 



Table 9 Cont'd 

DRAINAGE DISCHARGE - Q (cu. ft. per sec.} FOR B = 
AREA 

-M 
sq. mi. 375 340 300 265 225 190 ISO 110 75 

4 . 9 1  1236. 9 1 12 1 .  5 989. 5 874. 1 742 . 2  626 . 7  494. 8 3 62 . 8  247 . 4  
4 . 94 1242 . 6  1 126 . 6  994. 1 878. 1 745 . 6  629 . 6  497 . 0  364. 5 248 . 5 
4 . 9 7  1248. 2 1 1 3 1 . 7 998. 6 882. 1 748 . 9  632 . 4  499 . 3  366. 1 249 . 6  

Recammended Lower Limit of Use 

5 . 00 1 2 53 . 9  1 136. 9 1003. 1 886. 1 752 . 3  635 . 3 5 0 1 .  6 367. 8 2 50 . 8  
5 . 0 3  1Z59. 5 1 142. 0  1007 . 6 890. 1 755, 7 638 . 2  503 . 8  369. 5 2 5 1 . 9  
5 . 06 1265. 2 1 147. 1 1 0 12 . 1 894. 0 759·. 1 641 , 0  506. 1 3 7 1 .  1 2 53 . 0  
5 . 09 1 2 70 . 8  1 152. 2 1 0 16 . 6  898. 0 762 . 5  643 . 9  508 , 3 3 72. 8 254. 2 
5 . 125 1277. 3 1 158. 1 1 0 2 1 .  9 902. 6 766 . 4  647. 2 510.  9 374. 7 2 55 . 5 
5 .  16 1283 . 9  1 164. 0 1027. 1 907. 3 770 . 3  650 . 5  5 1 3 .  5 3 76 . 6  256 . 8  
5 .  19 1 2 8.9. 5 1 169. 1 103 1 .  6 9 1 1 . 2  773 . 7  653 , 3  5 1 5 . 8  3 78 . 2  257. 9 
5 . 22 1295 . 0  1 174. 2  1036 . 0  9 1 5. 2 777 . 0  656 . 2  5 1 8 . 0 379. 9 259 . 0  
5 . 2 5  1300 . 6  1 179. 2 1040 . 5  919.  1 780 . 4  6 5 9 . 0  520 . 2  3 8 1 .  5 260. 1 
5 . 2 8  1306 . 2  1 184. 3 1045 , 0  923 . 0  783 . 7  66 1 . 8  522. 5 383. 1 2 6 1 . 2  
5 , 3 1  1 3 1 1 . 8 1 189. 3 1049 . 4  927 . 0  787- 1 664. 6 524. 7 384. 8 262 , 4  
5 , 34 1 3 1 7 . 3  1 194. 4 1053·, 8 930. 9 790 . 4  667 . 4  526 . 9  386 . 4  263 . 5  
s. 375 1323, 8 1200 , 2  1059 . 0  935. 5 794. 3 6 70 . 7  529. 5 3 88. 3 264 . 8  
5 . 41 1 3 3 0 . 2  1206. 1 1064. 2 940 . 0  798. 1 674. 0 532. 1 390 . 2  266 . 0  
5 . 44 1335. 8 1 2 1 1 . 1 1068 . 6 943 . 9  8 0 1 .  5 676 . 8  534. 3 3 9 1 .  8 267 . 2  
5 . 47 1 34 1 .  3 1 2 1 6 .  1 1073 . 0  947. 8 804 . 8  679 . 6  536 . 5  393 . 4  268 . 3  
5 , 50 1346 . 8  122 1 .  1 1077 . 4  9 51 . 7  808. 1 682 . 4  538. 7 395. 1 269 . 4  
5 , 53 1352 . 3  1226. 1 1081 . 8  955. 6 8 1 1 . 4  685 . 2  540 . 9  396. 7 270. 5 
s. 56 1357. 8 1 2 3 1 .  1 1086 . 2  959. 5 814. 7 688 . 0  543. 1 398. 3 2 7 1 .  6 
5 . 59 1363 . 3  12.36. 1 1090 . 6  963. 4 8 1 8 . 0  690 . 7  545 , 3  3 9 9 . 9  272 . 7  
5 . 625 1369 . 7  124 1 . 9  1095. 8 967 . 9  821 . 8  694. 0 547 . 9  40 1 . 8  273 . 9  
5 . 66 1376. 1 1247. 6 1 10 0 .  9 972 . 4  825 , 6  697 . 2  550 , 4  403, 7 275 . 2  
5 . &9 1 3 8 1 .  5 1252. 6 1 10 5 . 2  976. 3 828 . 9  700 . 0  552 . 6  405, 3 276 . 3  
s . n  1387. 0 1257. 6 1 10 9 .  6 980 . 2 832 . 2  702 . 7 554. 8 406 . 9  277 . 4  
5 . 75 1392. 5 1262 . 5 1 1 14 . 0  984. 0 835. 5 705 . 5  557 , 0 408, 5 278. 5 
5 . 78 1397. 9 1267 . 4  1 1 1 8 . 3  987. 9 838. 7 708. 3 559 . 2  4 1 0 .  1 279 . 6 
5. 8 1  1403. 3 1272 . 4  1 122. 7 991.  7 842 . 0  7 1 1 . 0  561 . 3  4 1 1 . 6  2 80 . 7  
5 .  84 1408. 8 1277, 3 1 127. 0 995. 5 845. 3 713.  8 563. 5 413. 2 281.  8 
5 . 875 1415. 1 1283 , 0  1 132.  1 1000. 0 849. 1 717. 0 566. 0  4 1 5. 1 263 . 0  
s .  9 1  1 42 1 . 4  IZ88, 8 1 137.  1 1004. 5 852 . 9  720 . 2  568 . 6  416.  9 284. 3 
5 .  94 1426 . 8  1293 . 7  1 14 1 .  5 1008, 3 856. 1 722 . 9  570 . 7  418. 5 285 . 4  
5 ,  97 1432 . 2  1298. 6 1 145. 8 1 0 1 2 .  I 859 , 3  725 . 7  5 72 . 9  420. 1 286 . 4  
6 , 00 1437. 6 1303 . 4  1 150.  I I 0 1 5 . 9 862 . 6  728. 4 575 . 0  42 1 . 7  287. 5 
6 . 03 1443 . 0  1308. 3 1 154. 4 I 0 1 9 .  7 865 . 8  7 3 1 .  I 577 . 2  423 . 3 288 . 6  
6 . 06 I448 . 4  1 3 1 3 . 2 1 158.  7 1023 . 5  869 . 0  733 . 9  579 . 4  424.9 289. 7 
6 . 09 1453 . 8  1 3 1 8 .  1 1 1 63 . 0 1027. 3 872 . 3  736 . 6  581 . 5  426. 4  290 . 8  
6 .  125 1460. 0  1323.  8 1 168. 0 103 1 . 8  876 . 0  739 . 7  584. 0 428 . 3  292 . 0  
6 . 1 6  1466 . 3  1329 . 4  1 173, 0  1036. 2 879. 8 742 . 9  586 . 5  430. 1 293 , 3  
6 .  19 1471 . 6  1334 . 3  1 177. 3 1039- 9 883 . 0  745 . 6  588. 7 431 . 7  294. 3 
6 . 22 14_77. 0 1 3 39 . ,1 1 18 1 . 6  1043 . 7  886 . 2  748. 3 590 . 8  433 . 2  295 . 4 
6 . 2 5  14-82 . 3  1344. 0 1 18 5 . 9 1047. 5 889 . 4  751 . 0  592 . 9  434. 8 296. 5 
6 . 33 1496. 5 1356. 8 1 197. 2 1057 . 5  897. 9 758 . 2  598 . 6  439 . 0  299 . 3  
6 . 4 1  1 5 1 0 . 7 1369. 7 1208. 5 1067. 6 906 . 4  765 . 4 604. 3 443. 1 302 . 1 
6 . 48 1523 . 0  1380 . 9  I218� 4 1076. 3 9 13 . 8  771. 7  609. 2 446. 8 304 , 6  
6 . 56 1 5 3  7. 1 1393. 7 1229. 7 1086 . 2 922 . 3  778. 8 614. 8 450. 9 307 . 4  
6 .  64 1 551 . 2  1406 . 4  124 1 . 0  1096 . 2  930 . 7  786 . 0  620 . 5  455 , 0  3 1 0 . 2  
6 . 72 1 565. 2 1419. 1 1252. 1 1 106. 0 939. 1 793 . 0  626. 1 459. 1 3 1 3 . 0  
6 . 80 1 579 . 1  1 43 1 . 7  1263 . 3  1 1 1 5 . 9 947. 5 800, 1 631 . 6  463 . 2  3 1 5 , 8  
6 . 875 1592 . 2 1443 . 6  1273 . 7  1 125. I 9 55 . 3 806 . 7  636 . 9  467 . 0  3 1 8 . 4  
6 . 9 5  1605 . 2  1 455. 3 1284. 1 1 134. 3 963. 1 8 1 3 . 3  642. 1 470 . 8  32 1 . 0  
7 . 0 3  1 6 1 9 . 0 1467 . 9  1295 . 2  1 144. 1 9 7 1 . 4  820 . 3  647. 6 474. 9 323. 8 
7. 1 1  1632. 8 1480 , 4  1306 . 2 1 153, 8 979 . 7  827 . 3  653. 1 479. 0 326. 6 
7. 19 1 646 . 6 1492 . 9  1 3 1 7 . 2 1 163. 6  987. 9 834:3 658. 6 483 . 0  329. 3 
7 . 2 7  1660 . 3  1505 . 3 1328. 2 1 173. 3 997 . 6  841 . 2  664. 1 487 . 0  3 3 2 .  1 
7. 34 1672. 3 I S H).  2 1337. 8 1 18 1 .  7 1003 . 4  847. 3 668 . 9  490 . 5  334 . 5  
7.42 1685 . 9  1528. 6 1348 . 7 1 19 1 . 4  1 0_1 1 . 5  854. 2 674 . 4  494. 5 337 . 2  
7 . 5 0  1699. 5 1540 . 9  1359 . 6  l lO l .  0 1 0 19 . 7  8 6 1 .  1 679. 8 498. 5 3 3 9 . 9 
7 . 5 8  1 71 3 .  1 1553. 2. 1370 . 5 1 2. 10 . 6  1027. 9  868 . 0  685 . 2  502 . 5  342 . 6  
7 . 66 1 72. 6 . 6  1565. 5 1 3 8 1 .  3 1220 . 2  1036 . 0  874 . 8  690 . 7  506 , 5 345 . 3  
7 . 73 1 738. 5 1576 . 2  1390. 8 1228. 5 1043. 1 880 , 8  695 . 4  5 1 0 , 0  347. 7 
7 . 8 1  1 75 1 . 9  1588 . 4  1 40 1 . 6  1238, 0 1 0 5 1 . 2  887 . 6  700 . 8  5 1 3 . 9  350 . 4  
8 . 00 1783. 8 1 6 1 7 . 3 1 42.7. 0 1260 . 6  1 0 70 . 3  903 , 8  7 1 3 . 5  523. 3 356 . 8  
8 . 50 1 866. 8 1692 . 6  1493 . 4  1 3 19 . 2  1 120. 1 945. 8 746 . 7  547.6 3 73 . 4  
9 . 00 1948. 6 1766- 7 1588. 8 1377. 0 1 169. 1 987 . 3  779 . 4  571 . 6  389 . 7  



Table Cont'd 

DRAINAGE DISCHARGE - Q (cu. ft. per sec,) FOR B = 
AREA 

-M 
sq. mi. 375 340 300 265 225 190 150 110 75 

9 . 50 202 9 . 2 1839 . 8  1623. 4  1434, 0 1 2 1 7 . 5 1028. 1 8 1 1 . 7  595 . 2  405. 8  
10. 00 2 1 0 8 , 8 1 9 12 . 0  1687. 0 1490. I 1265 . 3  1068 . 4  843 . 5  6 1 8 . 6 42 1 . 8  
1 1 . 00 2265 , 0  2053 , 6  1 8 1 2 . 0 1600 , 6  1359 . 0  1 147. 6  906 , 0  664. 4 453 . 0  
1 2 . 00 2417.  8 2192.  1 1934. 2 1708, 6 1450 . 7  1225. 0 967. I 709 . 2 483 . 6  
1 3 . 0 0  2567. 4 2327. 8 2053 . 9  1814,  3 1540 , 4  1300. 8 1 02 6 . 9  753. I 5 1 3 . 5  
1 4 . 00 2714.  1 Z460 . 8  2 1 71 . 3  1 918. 0 1628 . 5 1375 . 1 1 0 85 . 6  796. I 542 . 8  
1 5 . 00 2858. 2 2 59 1 . 5 2286 . 6 2 0 1 9 . 8 1 714. 9 1448 . 2  1 1 43 . 3  838. 4 571 . 6  
1 6 . 00 3000 . 0  2720 . 0  ZilOO. 0 2120. 0 1800 , 0  1520 . 0 1200 . 0  880 , 0 600 , 0  
1 7 . 00 3 1 3 9 .  6 2846 . 5  2 51 1 . 6  2 2 1 8 . 6 1883.  7 1590. 7 1 2 5 5 .  8 920 . 9 627 . 9  
1 8 . 00 3277. 1 2971 . 2  262 1 .  7 2 3 1 5 . 8 1966 , 2 1660. 4 1 3 10 . 8  96 1 . 3  665 . 4  
1 9 , 00 3412. 7 3094. 2 2730 . 2  241 1 . 6  2047. 6 1729. 1 1365, 1 1 00 1 .  1 682 , 5 
20. 00 3546. 5 3 2 1 5 . 5 2837. 2  2506 . 2  2 127. 9 1796. 9 141 8 . 6  1040 . 3  709 . 3  
2 1 . 00 3678. 7 3335 . 4  2943 , 0  2600 . 0  2207 . 2  1863 . 9  1471 , 5  1079. I 735. 7 
22. 00 3 809. 3 3453 . 8  3047 . 5 269 1 . 9  2285 . 6  1930, 1 1523.  7 1 1 17. 4 76 1 . 9  
2 3 . 00 3938, 5 3570 . 9 3 1 50 . 8  2783 . 2  2363. 1 1995. 5 1 5 75 . 4  1 155 . 3  787. 7 
24. 00 4066. 2  3686 , 7 3253 . 0  2873 . 4  2439. 7 2060 . 2  1626. 5 1 1 92 . 8 8 1 3 . 2  
2 5 . 00 4192 . 6 3 80 1 . 3  3354. 0 2962 . 7 2 5 1 5 . 5 2 1 24 . 2  1 6 77 . 0  1229. 8 838 , 5  
2 6 . 0 0  4317. 8 3914. 8 3454. 2 3051 . 2  2590. 7 2 1 87 . 7 1727. 1 1266, 6 863 . 6  
2 7 . 00 4441. 8 4027 . 2  3553. 4 3 138. 8 2665,  I 2250 , 5  1776. 7 1302. 9 888. 4  
28. 00 4564. 6 4138. 5 365 1 . 7 322.5 . 6  2 738. 7 2 3 12 . 7  1825. 8 1338. 9 9 12 . 9  
29. 00 468o6, 3 4248 . 9  3749 . 0 3.3 1 1 .  7 2 8 1 1 .  8 2374 . 4  1874. 5 1374. 6 937. 3 
30 , 00 4806. 9 4358, 3 3845, 5 3396. 9 2884. 1 2435 , 5  1922 . 7  1 4 1 0 . 0 961 . 3  
3 1 , 00 4926. 7  4466. 9  3941. 3 348 1 .  5 2956 , 0  2496 . 2  1970 . 7  1445 . 2  985 , 3  
3 2 . 00 5045 . 4  4574. 5 4036, 3  3 56 5 . 4  3027 , 2  2556 . 3  2 0 1 8 , 2 1480 , 0  1009. 1 
3 3 ,  DO 5 1 63 , 2  468 1 . 3  4130. -5 3648. 7 3097. 9 2 6 16 . 0  2065 . 3  1 5 14.  5 1032. 6 
34, 00 5280. 1 4787. 3 4224. 1 3 7 3 1 .  3 3 168, 0 2675 . 2  2 1 1 2 . 0  1548 , 8 1056 . 0 
35. 00 5396. I 4892. 4 431 6 . 9  3 8 1 3 . 2 3237. 6 2734, 0 2 1 5 8 . 4 1582 . 8 1079 . 2  
3 6 , 00 551 1 . 3  4996. 9 4409. I 3894. 7 3306 , 8 2792 . 4  2204 . 5  1 6 16 . 7  1 102.. 3 
37. 00 5625. 8 5 1 00 . 7  4500 , 6  3975. 6 3375. 5 2850 . 4  2250 . 3  1650 . 2  1 1 25 . 2  
3 8 . 00 5739 . 4  5 20 3 . 8 459 1 .  6 405 5 . 9 3443 . 7  2908 . 0  22.95 . 8  1683 . 6  1 147. 9 
3 9 . 00 5852 . 3  5306 . 1 468 1 .  9 4135 , 6  3 5 1 1 . 4  2965 . 2  2340 . 9  1 6 1 6 . 7 1 170 . 5  
40 . 00 5964. 5 5407. 8 477 1 . 6 42 14. 9 3578 . 7 3022 . 0  2385 , 8  1749. 6 1 192. 9 
4 1 . 00 6076 . 0  5508. 9 4860 . 8  4293 . 7 3645 . 6  3078 . 5 2430 . 4  1782 . 3 1 2 1 5 . 2 
42 . 00 6 186, 8 5609 . 4  4949 . 5  437Z . O  3 7 1 2 .  1 3 134. 7 2474. 7 1814. 8 1 2 3 7 . 4  
4 3 , 0 0  629 7 . 0  5709 . 3  5037. 6 4449. 9  3778 . 2  3 1 90 . 5  2 5 18 . 8  1847. 1 1259 . 4  
44.00 6406 . 5  5808. 6 5 1 2 5 . 2 4527. 3 3843 . 9  3246 . 0  2562 . 6  1 8 79 . 2  1281 . 3  
45,00 6 5 15 . 4  5907. 2 5212 . 3  4604. 2 3909 . 2  330 1 .  1 2606. 1 19 1 1 . 2  1303 . 1 
46. 00 6623. 7 6005, 5 5299. 0 4680 . 7  3974 . 2  3356 . 0  2649 , 5 1943 . 0  1324. 7 
47. 00 673 1 . 4  6 1 0 3 .  1 5385. 1 4756 . 9  4038 . 8 3410 . 6  2692 . 6  1974. 5 1346. 3 
48. 00 6838 , 5  6200 . 2  5470 . 8  4832. . 5  4103 , 1 3464. 8 2735 . 4  2006 . 0 1367. 7 
49 . 00 6945. 1 6296 . 9 5556 . 1 4907. 9 4167. 1 3 5 18 . 9 2778 . 0  2037. 2 1389. 0 
5 0 , 00 705 1 .  1 6393. 0 5640 . 9 4982 . 8 4230 . 7 3572. 5 2820 . 4  2068 , 3  1410 . 2 
5 1 . 00 7 1 56. 6 6488, 7 5725. 3 5057. 4 4294 . 0  3626 . 0  2862 . 7  2099 . 3 143 1 .  3 
5 2 . 00 726 1 . 6 6583 . 9  5809. 3 5 1 3 1 .  5 4357 . 0  3679 . 2  2904 , 6  2 1 3 0 .  1 1452. 3 
5 3 , 00 7366, 1 6678 . 6  5892. 9  5205. 4 4419 . 7  3732 , 2  2946 . 4  2 1 6 0 . 7 1473 .. 2 
54,00 7470 . 1 6772 . 9 5976. 1 5278 . 9  4482. 1 3784. 9 2988 . 0  2 1 9 1 . 2  1494. 0 
5 5 , 00 7573 , 6  6866. 7 6058. 9 5352 . 0 4544 . 2  3837 . 2 3029 . 4  222 1 .  6 1 5 14. 7 
5 6 , 00 7676. 7 6960 . 2 6 14 1 .  3 5424. 8 4606 . 0 3889 . 5 3070 . 7  2 2 5 1 .  8 1535. 3 
5 7 . 00 7779 . 3  7053, 2 622 3 . 4 5497. 3 4667. 6 3941. 5 3 1 1 1 . 7  2 2 8 1 . 9 1 5 55 . 9  
58. 00 7880 . 2 7144. 8 6304. 2 5568. 7 4728. 1 3992 . 7 3 1 52 . 1 2 3 1 1 .  5 1576 . 0  
5 9 , 00 7960 . 5 7217. 5 6368 . 4  5 62 5 . 4 4776. 3 4033 , 3  3 1 84 . 2  2335. 1 1592. 1 
6 0 , 00 8084, 3 7329. 8 6467. 5 5712 . 9 4850 . 6  4096. I 3233.-7 2 3 7 1 . 4 1 6 1 6 . 9 
p l . OO 8 185. 1 742 1 . 2 6548. I 5784. 2 491 1 .  1 4147. 1 3274 . 0  240 1 . 0  1 6 3 7 . 0 
6 2 . 00 8285 . 6  7512 . 3 6628. 5 5 8 5 5 . 2  4971 . 4  4 1 98 . 0 3 3 1 4 . 2 2 430. 4  1657. 1 
6 3 , 00 8386 . 1 7603, 4  6708, 9 5926. 2  503 1 .  7 4249 . 0  3354. 4 2459. 9 1677 . 2 
64, 00 8485. 1 7693 . 2  6788. 1 5996 . 2  5091.  1 4299 . 1 3394 . 0  2489, 0 1697 . 0 
6 5 . 00 8584. 5 7783 . 3  6867. 6 6066 . 4  5 1 50 . 7 4349 . 5  3433, 8 2518.  1 1 7 16 . 9  
6 6 . 00 8683 , 5  7873 . 0  6946, 8 6136. 3 5 2 1 0 .  1 4399 . 6  3473 . 4  2547. 2 1736. 7 
6 7 . 00 8781. 7 7962. I 702 5 , 4 620 5 . 8 5269 , 0  4449 . 4  3512 . 7  2576 . 0  1756 , 3 
6 8 . 00 8880 . 0 805 1 . 2  7104 . 0  6275. 2 5328 . 0  4499 . 2  2552 . 0  2604 . 8  1776 . 0  
6 9 . 00 8977. 9 8 1 3 9 . 9 7 1 82 . 3  6344 . 4  5386 . 7 4548 . 8 3591 . 1  2633 , 5  1795 . 6  
70. 00 9075 . 2  8228. 2 7260 . 1 641 3 .  1 5445 . 1 4598. I 3630. 1 2662, I 1 8 1 5 . 0  
7 1 . 00 9 1 72 . 1 8 3 1 6 .  1 7337 . 7 6481 . 6  5503 , 3  4647 . 2  3668 . 8  2690 . 5  1834 . 4  
72, 00 9265. 1 840 0 . 14  7412. I 6547. 4 5559. 1 4694. 3 3706 . 0  2 7 1 7. 8 1853 . 0  
7 3 , 00 9365 . 6  849 1 .  5 7492 . 5  6 6 1 8 . 4 5619 . 4  4745 . 2  3746 . 2  2747. 2 1873. 1 
74.00 946 1 . 2  8578. 2 7569 . 0  6685. 9 5676 . 7  4793. 7  3784. 5 2775. 3 1892 . 2  
7 5 , 0 0  9553 , 5  8661.  8 7642 . 8  6 7 5 1 ,  I 5732. 1 4840 . 4  382 1 . 4  2802 . 4  .1910 . 7  
76.00 9652.  5 875 1 . 6  7722. 0 682 1 .  1 5791 . 5  4890. 6  386 1 .  0 283 1 . 4 1930 . 5  
77. 00 9747 . 7 8838. 0 7798. 2 6888 . 4 5848 . 6  4938,9 3899. I 2859. 3 1949 . 5  
78. 00 9842 . 2  8923 . 6  7873 . 8  6955, 2 5905 , 3  4986 . .7 3936 . 9  2887, 1 1968 . 4  
79. 00 9936. 7 9009. 3 7949 . 4 702 2 . 0  5962 . 0  5034. 6 3974. 7 2914. 8 1987. 3 



Table 9 C.ont'd 

DRAINAGE 
DISCHARGE - Q(cu. ft. per sec,) FOR B :::: 

AREA 

-M 
sq. mi. 375 340 300 265 225 190 150 110 75 

80. 00 1003 1 .  1 9094. 9 8024. 9 7088 . 6  6 0 1 8 . 7  5082 . 4  4012 . 4  2942 . 5 . 2006 . 2  
8 1 . 00 10125 . 0  9 1 80. 0 8100. 0 7 1 5 5 . 0 6075 . 0 5 1 30 . 0  4050 . 0  2970 . 0  202 5 . 0  
82. 00 1 02 1 8 . 7 9Z6 5 . 0 8 1 7 5 . 0 722 1 . 2  6 1 3 1 . 2 5 1 7 7 . 5 4087. 5 2.997. 5 2043 . 7  
83. 00 1 0 3 1 1 . 7  9349 . 3 8249 . 4  7287 . 0  6 1 87. 0 5224. 6 4124. 7 " 3024. 8 2062 . 3  
84,00 10405. 1 9434. 0 8324. 1 735 3 . 0  6243. 1 527 1 . 9 4162 . 0  3052 . 2  2 08 1 . 0  
85. 00 10497. 7 9 5 1 8 . 0  8398. 2 741 8 . 4  6298 . 9 5 3 1 8 . 9 4199- 1 3079. 3 2099 . 5  
86. 00 10590 . 4  960 1 . 9 8472. 3 7483 . 9  6354. 2 5365 . 8  4236. l 3 1 0"6, 5 2 1 1 8. 1 
87. 00 10682 . 2  9685 . 2  8545 . 8 7548. 8 6409 . 3  5412� 3 4272 . 9  3 1 3 3 .  5 2 1 3 6 . 4  
88. 00 10774 . 5  9768 . 9 8 6 1 9 . 6 7614. 0 6464. 7 5459. I 4309 . 8  3 1 60. 5 2 1 54. 9 
89. 00 10866 . 0  985 1 . 8 869Z. 8 7678 . 6  6 5 1 9 . 6  5505 , 4  4346 . 4  3 1 87. 4 2 1 73 . 2  
90. 00 10957 . 5  9934. 8 8766 . 0  7743 . 3  6574. 5 5551 . 8  4383 . 0  3214. 2 2 1 9 1 . 5 
9 1 . 00 1 1 048 . 2  1 0 0 1 7 . 1 8838. 6 7807 . 4  6628. 9 5 597. 8 4419 . 3  3240 . 8 2209. 6 
9Z- 00 1 1 1 39 . 7  1 0 1 00 . 0  8 9 1 1 .  8 7872. 1 6683. 8 5644. 1 4455 . 9  3267. 7 2227 . 9  
9 3 . 00 1 1230 . 5  1 0 1 82 . 3  8984. 4 7932 . 6  6738 . 3  5690- 1 4492 . 2  3294.2 22"46. 1 
94.00 1 1 320. 9 10264. 3 9056 . 7 8000. 1 6792. 5 573 5 . 9 452 8 . 3 3320 . 8 2264. 2 
9 5 . 00 1 1 410 . 9  10345 . 9  9 1 2 8 . 7 8063 . 7  6846. 5 578 1 , 5 4564 . 3  3347 . 2  2282 . 2. 
9 6 . 00 1 1 500 . 9  1042 7 - 5 9Z00 . 7  8127. 3 6900 . 5  5827 . 1  4600. 3 3373 . 6 2 3 00 . 2  
9 7 . 00 1 1 590 . 5  10508 . 7  9272.·4 8 1 90 . 6  6954. 3 5872 . 5  4636 . 2  3399 - 9  2 3 1 8 .  1 
9 8 . 0 0  1 1 680 . 1 10590 . 0  9344. 1 8254. 0 7008. 1 5917. 9 4672 . 0  3426. 2 2 3 36 . 0  
9 9 . 0 0  1 1 769.4 1067.0 . 9  941 5 . 5 8 3 1 7 . 0 706 1 . 6  5963. 1 470 7 . 7 3452 . 3  2 3 53 . 9  

100 . 0 0  1 1 858 . 5  1075 1 . 7  9486. 8 8380 . 0 7 1 1 5 .  1 6008. 3 4743 . 4  3478 . 5  2 3 7 1 . 7  
1 0 1 . 0 0  1 1947 . 1 10832. 1 9557. 7 8442 . 6 7168. 3 6053 . 2  4778 . 8  3504. 5 2 3 89 . 4  
102. oo· 12036 . 0  1 0 9 12 . 6  9628. 8 8505. 4 722 1 . 6 6098. 2 4814. 4 3530 . 6  240 7 . 2  
103 . 00 1 2 1 24. 5 1099Z . 9  9699 . 6 8588. 0 7274. 7 6 143 . 1 4849 . 8 3556. 5 2424. 9 
104.00 i22 12 . 6  1 1 072 . 8  9770. 1 8630 . 3 7327. 6 6 1 87. 7 4885 . 0  3582 . 4  2442 . 5  
105 . 00 12300 . 4  1 1 1 52 . 3  9840. 3 869Z. 3 7380 . 2  6232 . 2  4920 . 1  3608. 1 2460. I 
1 0 6 . 0 0  12388 . 1 1 1 23 1 . 9  9 9 1 0 . 5  8754. 3 7432 . 9 6276 . 6  495 5 . 2 3633. 8 2477 - 6  
1 0 7 . 0 0  12475 • .  9 1 1 3 1 1 . 5  9980. 7 8 8 1 6 . 3 7485 . 5  6 3 2 1 .  1 4990 . 3  3659 . 6 2495 . . 2 
1 0 8 . 0 0  1256 3 . 2  1 1 390-. 7 10050 . 6  8878 . 0  7537. 9  6365 . 4  5025 . 3  3685.2 2 5 12 . 6  
109 . 0 0  12650 . 2  1 1469 . 6  10120 . 2  8939. 5 7590. 1 6409 . 5  5060. 1 3 7 1 0 . 7 2530, 0 
1 10 . 00 1 2 7 3 7 . 2  1 1 548 . 4  1 0 189 . 8  9 00 1 . 0  7642 . 3  6453 . 5  5094. 9 3736. 3 2547 . 4  
1 1 1 . 00 12823 . 9  1 1 6 2 7 . 0  10259 . 1  9062 . 2  7694. 3 6497.4 5 1 29 . 5  3761 . 7  2564. 8 
1 12 . 0 0  1 2 9 1 0 . 5 1 1 705 . 5  1 0 32 8 . 4  9 1 23 . 4  7746 . 3  6541 . 3  5 1 6 4 . 2  3787 . 1  2582. 1 
1 1 3 . 0 0  12996 . 7  1 1 783 . 7  10397 . 4  9 1 84. 3 779a. o 6585 . 0  5 1 9 8 . 7 3 8 1 2 . 4 2599. 3 
1 14. 0 0  13083 . 0  1 1 86 1 . 9  10466 . 4  9245 , 3  78-±9 . 8  6628 . 7 5233 . 2  3837. 7 2 6 16. 6 
1 1 5 . 0 0  1 3 169 . 2  1 1 940 . 1  1 0 53 5 . 4  930 6 . 3 790 1 .  5 6672 . 4  5267 . 7  3883 . 0  2 6 33 . 8  
1 1 6 . 0 0  13254. 7 1 20 1 7 . 6  1060 3 . 8  9366 . 7 7952 . 8  6 7 1 5 . 7  530 l .  9 3888. 1 2650 . 9  
1 1 7 . 00 13340 . 2  12095 . 2  10672 . 2  9427. 1 8004. 1 6759. 1 5336. 1 3 9 1 3 .  1 2668 . 1 
1 1 8 . 00 13425 . 7  1 2 1 72 . 7  10740 : 6  9487. 5 8055 . 4  6802 . 4  5370 , 3  3938. 2 2685. I 
1 19 - 0 0  1 3 5 1 1 . 2  12250 . 2  10809 . 0  9547 . 9 8 1 06 . 7  6845 . 7  5404. 5 3963 . 3 2702 . 2  
1 2. 0 , 0 0  1 3 5 9 6 . 4  1232 7 . 4  10877 . 1 9608. 1 8 1 5 7 . 8 6888 . 8  5438 , 5 3988 . 3  2 7 1 9 . 3  
1 2 1 .  0 0  1 3 6 8 1 .  1 12404. 2 10944.9 9668. 0 8208 . 7  6 93 1 . 8  5472. 5 4013. 1 2736 . 2  
122 . 0 0  13765 . 9  1248 1 . 1  1 10 1 2 . 7  9727 . 9 8259. 5 6974 . 7  5506. 3 403 8 . 0  2 7 53 , 2  
123. 0 0  1 3 8 5 p ,  2 1 2 5 57 . 6 1 10 80 . 2  9787, 5 8310. I 701 7 . 5 5540. 1 4062 . 7 2770 , 0  
124.00 13934. 6 12634. 1 1 1 147. 7 9847. 1 8360. 8 7060 . 2  5573 . 8  4087. 5 2786 . 9  
1 2 5 . 0 0  1 40 1 8 . 9 1 2 7 1 0 . 4  1 1 2 1 5 . 1 9906. 7 841 1 .  3 7 102 . 9  5607- 6 41 1 2 . 2 2803. 8 
126. 0 0  1410 3 , 0  12786 . 7  1 12 82 . 4  9966. 1 846 1 . 8 7145 . 5  5641 . 2  4136. 9 2 82 0 . 6  
1 2 7 . 0 0  14187 . 0  12862 . 9  1 1 349 . 6  1002 5 . 5  8 5 12 . 2  7 1 88. 1 5674. 8 4 1 6 1 .  5 2837. 4 
1 2 8 , 0 0  14270 . 6 1293 8 . 7  1 1416. 5 10084. 6 8562 . 4  7230 . 4  5708 . 2  4 1 86 . 0  2854. 1 
129. 0 0  14353 . 5  1 3 0 1 3 . 8 1 1482 . 8  1 0 1 43 . 1  .8 6 1 2 ,  1 7272 . 4  5741 . 4  42 1 0 . 4  2870 . 7 
1 3 0 . 0 0  14437 . 5  13090 . 0  1 1 550 . 0  10202 . 5  8662. 5 7 3 1 5 . 0  5775 . 0 423 5 . 0  2887 . 5  
1 3 1 . 00 14520 . 7  1 3 1 65 . 5  1 1 6 16 . 6  1026 1 . 3  8712 . 4  7357 . 2  5808. 3 4259.4 2904. 1 
1 32 . 00 1 4603. 6  13240 . 6  1 1 682 . 9  1 03 1 9 . 9  8762 . 2  7399 . 2  5841 . 4  4283 . 7  29Z0 . 7 
1-33. 00 14686 . 5  1 3 3 15 . 8  1 1 749 . 2  1 0 37 8 . 5 8 81 1 . 9 7441 . 2  5874. 6 4308.0 2937- 3 
134.00 14769. 4 13390 . 9  1 1 8 1 5 . 5  1043 7 . 0  8 86 1 . 6 7483. 1 5907- 7 4332, 3  2 9 53 . 9  
1 3 5 . 00 1485 1 . 9  1346 5 . 7 1 1 88 1 . 5  1049 5 . 3 8 9 1 1 .  1 7524. 9 5940. 7 4356 . 5 2 9 70 . 4  
1 3 6 . 00 14934. 4  13540.'5 1 1 947. 5 10553 . 6  8960 . 6  7566 . 7  5973 . 7  4380 . 7 2986 . 9  
1 3 7 - 00 1 50 1 6 , 5 1 3 6 1 5 . 0  1 20 1 3 . 2  1 06 1 1 . 7  9009. 9 7608 . 3 6006 . 6 4404. 8 3003 , 3  
1 3 8 . 00 15098 . 6  13689 . 4  1 2 0 78 . 9  10669 . 7  9059 . 2  7650 . 0  6039 . 4 4428. 9 3 0 19 . 7  
1 39 . 00 1 5 180·. 7 13763 . 9  1 2 144. 6 1072 7 . 7 9108. 4 7691 . 6  6072 . 3  445 3 . 0  3036 . 3  
1 40 , 00 15262 . 5  1383 8 . 0  12210 . 0  10785 . 5  9 1 57. 5 7733. 0  6 1 0 5 . 0 4477. 0 3052 . 5  
141. 00 1 5344. 2 1 3 9 1 2 .' 1 12275.4 10843 . 3  9Z06. 6 7774.4 6 1 3 7 .  7 450 1 . 0  3068 , 8  
142 . 00 1542 5 . 6  13985 . 9  12340 . 5  1 0 90 0 . 8  9Z55. 4 78 1 5 . 6  6 1 7 0 . 2 4524. 8 3085. 1 
1 43 . 0 0 15507. 4 14060 . 0  1240 5 . 9  1095 8 . 5 9304. 4 7857. I 6202 . 9  4548. 8 3 1 0 1 . 5  
144.00 15588. 4 14133 . 5  12470 . 7  1 1 0 1 5 . 8  9353 , 0  7898. 1 623 5 . 3 4572. 6 2 1 1 7. 7 
1 45 . 0 0  15669 . 7  14207 . 2  1 2 53 5 , 8  1 10 73 . 3  940 1 .  8 7939 . 3  6267. 9 4596 : 5  3 1 33. 9 
1 46 . 00 15750 . 4  142 80. 3 12600 . 3  1 1 130 . 3  9450 . 2  7980 . 2 6300. 1 4620. 1 3 1 50 .  1 
147.00 1 5 83 1 . 4  14353 . 8  12665 . 1  1 1 1 8 7 . 5 9498. 8 802 1 . 2  6332 . 5  4643 . 9  3 1 66. 3 
148,00 1 5 9 1 2 . 0  14426 . 9  1272 9 . 6 1 1 244. 5 9547. 2 8062. 1 6364. 8 4667. 5 3 1 82 . 4  
1 49 . 00 15992 . 0  1450 0 . 0  1 2 744. 1 1 1 30 1 . 5  9595 . 6 8 1 02 . 9  6397 . 0 .4691. 2 3 1 98. 5 
1 5 0 . 00 16073. 1 14572 . 9  12858 . 5  1 1 3 58 . 3  9643 . 8  8 1 43 . 7  6429 . 2  4714. 8 3214. 6 
1 5 1 . 00 1 6 ! 53 . 5  14645 . 8  12922 . 8  1 14 1 5 .  1 9692. 1 8184. 4 646 1 . 4  473 8 . 4 3230 . 7 



Table 9 Cont'd 

DRAINAGE 
DISCHARGE - Q(cu. ft. per sec,) FOR B :::: AREA 

-M 
sq. mi. 375 340 300 265 225 190 150 no 75 

1 5 2 . 00 16233 . 8  1471 8 . 6  1 2 9 8 7 . 0  1 1 47 1 . 9  9740 . 3  8225. 1 6493 . 5  476 1 . 9  3246. 7 
1 5 3 . 00 1 63 1 3 . 3  14790 . 7  1 3 0 50 . 6  1 1 52 8 . 0  9787 . 9 8265 . 4  652 5 . 3 4785 . 2  3262 . 7 
154. 00 16393 . 5  14863 . 4  1 3 114. 8 1 1 584 . 7  9836. 1 8306 . 0  6557 . 4  4808. 8 3278. 7 
1 s s .  Do 1 6473 , 4  1493 5 . 9 1 3 178. 7 1 1 641 . 2  9884. 0 8346 . 5 6589 . 4 4832 . 2  3294. 7 
156. 0 0  16552 . 9  1 5 00 7 . 9  13242 . 3  1 1 697 . 4  993 1 .  7 8386. 8 662 1 . 2  485 5 . 5 3 3 1 0 . 5 
157. 0 0  16632 . 0  15079 . 7  1 3 30 5 . 6  1 1 753 . 3  9979 . 2  8426 . 9 6652 . 8  4878. 7 3326. 4  
ISS.  0 0  1 6 7 1 1 . 9  1 5 1 52 . 1  1 3 3 69 . 5 1 1 80 9 . 7 10027 . 1 8467. 4 6684. 8 4902. 2 3342 . 4  
1 5 9 . 0 0  1 6 79 1 . 0  15223, 8 13432 . 8  1 1 865 . 6  10074. 6 8507. 4 6 7 1 6 . 4 492 5 . 4 3 3 58 . 2 
160. 0 0  16870 . 1  1529 5 . 6  13496 . 1  1 1 92 1 . 6  1 0 1 2 2 .  1 8547 . 5 6748. 1 4948. 6 3 3 74. 0 
1 6 1 . 00 16949 . 3  15367. 3  1 3 5 59 . 4  11977 . 5  1 0 1 6 9 . 6 8587. 6 6779 . 7  497 1 . 8  3 3 89 . 9 
162, 0 0  17028. 4 15439. 1  13622 . 7  1203 3 . 4  1 02 1 7 . 0  8627. 7 68 1 1 . 4  499 5 . 0  340 5 . 7 
1 6 3 . 0 0  1 7 1 0 7 , 1 1 5 5 1 0 . 5 13685 . 7  1208 9 . 0  10264. 3 8667 . 6 6842 . 9  5 0 1 8 .  1 342 1 . 4  
164. 0 0  1 7 1 85 . 5 1 5 58 1 . 5 13748.4 1 2 144.4 1 03 1 1 . 3  8707. 3 6874. 2 5041. 1 3437. 1 
1 6 5 . 0 0  17256 . 4  15645 . 8  13805,  1 1 2 199 . 5  10353 . 8  8743 . 2  6902 . 6  506 1 . 9 3451 . 3  
166. 0 0  17342 . 6  15724 . 0  1 3 874. 1 12255 . 5  10405 . 6  8787. 0 6937 . 0 5 08 7 . 2  3468 . 5  
167. 0 0  1742 1 . 0  15795 . 0  1393 6 . 8  1 2 3 10 . 8  10452 . 6  8826 . 6 6 96 8 . 4  5 1 1 0 . 2  3484 . 2  
168. 0 0  17499. 0 15865 . 8  13999 . 2  12366 . 0  10499. 4 8866 . 2  6999 . 6  5 1 3 3 . 0  3499 . 8  
169. 0 0  17577 , 0  15936 . 5  1406 1 . 6  1242 1 .  1 10546 . 2  8905 . 7  7030 . 8  5 1 5 5 . 9 3 5 1 5 , 4  
l 70. 0 0  17655 . 0  1600 7 . 2  141Z4. 0 12476 . 2  10593 . 0  8945. 1 7062 . 0  5 1 78. 8 3 53 1 . 0  
1 7 1 .  00 1 7 73 3 . 0  16077. 9 14186 . 4  1 2 53 1 . 3  10639 . 8  8984. 7 7093 . 2  52.0 1 .  7 3546 . 6  
1 7 2 . 0 0  1 7 8 10 . 6  1 6 148. 3 14248 . 5  12566 . 2  10686 . 4  9024. 0 7124. 2 5224.4 3562 . 1 
l73. 00 1 7888 , 2  1 62 i 8 . 7  1 43 1 0 . 6  1264 1 . 0  10732 . 9  9063 . 4  7 1 55 . 3  5247. 2 3577 . 6 
174.00 17965 . 5  16288 . 7  14372 . 4  1269 5 . 6 10779 . 3  9 1 02 . 5  7186. 2 5269 . 9  3593 . 1 
1 7 5 . 0 0  18043 . 0  16359 . 0  14434. 4 12.750 . 3  10825 . 8  914 1 . 7  7 2 1 7 . 2 5292 . 6  3608 . 6 
176. 00 1 8 1 20 . 4  16429. 1 14496. 3 12805. 1 10872 . 2  9 1 8 1 . 0  7248 . 1 531 5 . 3  3624. 1 
177. 00 1 8 197. 6 16499 . 2  14558. 1 12859 . 7 1 0 9 1 8 . 6 9220. 1 7279 . 0  5 3 3 8 . 0  3639 . 5  
178. 00 1 8274. 5 16568 . 9  1 46 1 9 . 6  1 2 9 1 4 . 0  10964. 7 9259. 1 7309 . 8  5360 . 5  3654. 9 
179. 00 1 83 5 1 . 4  1 6 63 8 . 6  14681. 1 1296 8 . 3 1 1 0 10 . 8  9298 . 0 7340 . 5  5383. 1 3670 . 3  
180. 0!) 1842 8 . 2  16708, 3 14742 . 6  13022 . 6  1 1056 .. 9 9337. 0 7371 . 3  5405, 6 368 5 . 6  
1 8 1 . 00 1850 5 . 1  16778 . 0  14804. 1 13077 . 0  1 1 1 03 . 1 9375 . 9  7402 . 0  542 8 . 2 370 1 . 0  
182. 0 0  1 8 58 1 . 6  16847 . 3  1486 5 . 3  1 3 1 3 1 . 0  1 1 149 . 0  9414. 7 7432 . 6  5450 . 6 3 7 1 6 . 3  
1 83 , 00 18658 , 1 169 1 6 . 7 14926 . 5  1 3 1 85 . 1 1 1 1 94. 9  9453 . 5  7463 . 3  5473. 1 373 1 . 6  
184. 0 0  18734.6 16986. 1 14987. 7 13239. 1 1 1240 . 8  9492 . 2  7493 . 9  5495. 5 3746 . 9  
185. 0 0  1 8 8 1 0 . 8  17055. 1 15048 . 6  13292 . 9  1 1286 . 5  9530 . 8  7524. 3 5 5 1 7 . 8 3762 . 2  
186. 0 0  18887. 3 1 7 124. 4 1 5 109 . 8  13347 . 0  1 1 3 32 . 4  9569 . 5 7554. 9 5540 . 3  3777. 5 
187, 0 0  18963 . 4  1 7 193 . 5  1 5 1 70 . 7  13400 . 8  1 1 378 . 0  9608. 1 7585 . 4  5562. 6  3792 . 7  
188. 0 0  19039 . 1 172.62 . 1  1 5 23 1 . 3  13454 , 3  1 1423. 5 9646. 5 761 5 . 7  5584. 8 3807 . 8 
189. 0 0  1 9 1 1 5 . 3  173 3 1 . 2  15292 . 2  13508. 1 1 1469 . 2  9685. 1 7646 . 1 5607. 1 3823 . 1 
190. 0 0  1 9 19 1 . 0  17399 . 8  1 53 52 . 8  1 3 56 1 . 6  1 1 514. 6 9723 . 4  7676 . 4  5629. 4  3838 . 2 
1 9 1 , 00 19266 . 8 1 7468 . 5 1541 3 . 4  1361 5 . 2  1 1 560. 1 9 76 1 . 8 7706 . 7  5651 . 6  3853 . 4  
192. 0 0  19342 . 1  1 7 53 6 . 9 1 5473 . 7  1 3 66 8 . 4  1 1 605 . 3  9800 . 0  7736 . 9  5673 . 7 3868 . 4  
193. 0 0  1941 7 . 9  1760 5 . 5 15534. 3 13722 . 0  1 1 650 . 7  983 8 . 4  7767 . 2  5695. 9 3883 . 6  
194.00 1 9493 . 3  17673 . 9  15614. 6 13775 . 2  1 1 696 . 0  9876 . 6 7797 . 3  5 7 1 8 , 0  3898 . 7 
1 9 5 . 00 19568 . 6  17742 . 2  15654 . 9  13828 . 5  1 1 741 . 2  9914. 8 782 7 . 5 5740 . 1 39 1 3 . 7 
196. 00 19643 . 6  17810 . 2  15714. 9 1 3 88 1 . 5  1 1 786 . 2  9952 . 8  7857 . 5  5762. 1 3928. 7 
197. 00 1971'9. 0 17878. 6 15775 . 2  13934 . 8  1 1 83 1 . 4  9 9 9 1 . 0 7887 . 6  5784. 2 3943 . 8  
198. 00 19794.0 17946 . 6  1 5 83 5 . 2  13987 . 8  1 18 76 . 4  10029 . 0  7 9 1 7 . 6 580 6 . 2  3958. 8 
199. 00 19868 . 6  18014. 2 1 5 894. 9 14040 . 5  1 1 92 1 . 2  10066 . 8  7947 . 5 582 8. 1 3 9 73 . 7  
200 , 00 19943 . 6  18082 . 2  15954. 8 1 4093 . 5  1 1966 . 2  10104. 7 7977. 4 5850. 1 3988 . 7 
205 , 00 2 0 3 1 6 . 4  18420 . 2  1 62 53 . 1  14356 . 9  1 2 1 89. 8 10293 . 6  8 1 2 6 . 6 5959. 5 4063 . 3  
2 10 . 00 20686 . 9  18756.  1 16549 . 5  1 46 1 8 . 7  124 1 2 . 1 1048 1 . 4  8274. 8 6068 . 2  4137. 4 
2 1 5 . 0 0  2 1 055. 1 19090 . 0  1 6844. 1 14879 . 0  f2633. 1 10667. 9 8422. 1 6 1 76. 2 42 1 1 . 0  
220 . 00 2 1 42 1 . 5  19422 . 2  1 7 1 3 7 . 2  1 5 1 3 7 . 9 12852. 9 10853 . 6  8568 . 6  6283 . 6  4284. 3 
2.25. 0 0  2 1 785, 6  19752 . 3  1742 6 . 5  15395 . 2.  1307 1 . 4  1 1038. 1 8714. 3 6390 . 5 4357. 1 
230 , 00 22147 . 5  20080 . 4  1 7 7 1 8 . 0  1 5 6 50 . 9  13288 . 5  1 122 1 . 4  8859 . 0 6496. 6 442 9 . 5 
235. 0 0  22507. 9 20407. 1 1800 6 . 3 1590 5 . 6  13504. 7 1 1404 . 0  9003 . 2  6602 . 3 450 1 . 6  
240 . 0 0  22866 . 0  2073 1 . 8  18292 . 8  1 6 1 5 8 . 6 137 1 9 . 6  1 1 585 . 4  8 1 46 . 4 6707. 4 4573 . 2  
245.00 23222. . 3  2 1054. 8 18577 . 8 164 1 0 . 4  1393 3 . 4  1 1 765 . 9  9288 . 9  6 8 1 1 . 9  4644. 5 
2 50 . 00 23577 , 0  2 1 376 . 5  1886 1 . 6  1666 1 . 1  14146 . 2  1 1 945 . 7  9430. 8 6 9 1 5 . 9 47 1 5 . 4  
255. 00 23929 . 5  2 1696 . 1 1 9 1 43 . 6  169 1 0 . 2  14357. 7  1 2 1 24 . 3  957 1 . 8  7019. 3 4785 . 9  
260 . 00 24280 . 9  2.2014. 7 19424. 7 1 7 158. 5 14568 . 5  12302 . 3  9 7 12 . 4  7 1 22 . 4  4856 . 2 
265. 00 24687 . 0  2.2382 . 9  1 9 749 . 6  1 7445 . 5 14812. . 2  12479. 2 9874. 8 7241. 5 493 7 . 4  
2 70 . 00 24977. 6 22646:4 19982 . 1  17650 . 9  14986 . 6  12655. 3  999 1 .  1 7326 . 8 4995 . 5  
275. 0 0  25323. 8  22960 . 2.  2025 9 . 0  17895 . 5  1 5 194 . 3  12830 . 7  1 0 1 2. 9 . 5 7428. 3 5064. 8 
2 80 . 00 25668.4 23272. 7  20534. 7 1 8 1 3 9 . 0  1540 1 . 0  13005. 3  1026 7 . 4 752 9 . 4  5 1 33 . 7  
285, 0 0  2601 1 . 5  23583 . 8  20809 . 2.  1 8 38 1 . 5  15606 . 9  1 3 1 79 . 2  10404. 6 7630 , 0  5202 . 3  
290 . 00 26353, 1 23893 . 5  2 1 0 82 . 5  18622 . 9  1 58 1 1 . 9  13352 . 3  10541 . 3  7730 , 3  5270 . 6 
2 9 5 . 0 0  26692 . 9  2420 1 . 5  2 1 3 54. 3 18863 . 0  1 6 0 1 5 . 7  1352.4.4 10677. 2 7829. 9 533 8 . 6  
300 . 0 0  2703 1 . 9  2450 8 . 9 2. 1 62 5 . 5  1 9 1 02 . 5  16219.  1 13696 . 2  1 0 8 12 . 8  7929.4 540 6 . 4 
3 0 5 . 0 0  27369. 0 24814. 6 2 1 89 5 . 2  19340 , 8  1642 1 . 4  13867 . 0  10947 . 6 8028 . 2  5473 . 8  
3 1 0 . 00 27704.6 2 5 1 1 8 . 9  2 2 1 62 . 7  1957 7 . 9  I66ZL. . 8  140 3 7 . 0  1 1 0 8 1 .  9 8126. 7 5540 . 9 
3 1 5 . 00 28039. 1  2542.2 . 1  2.243 1 . 3  19814. 3 1682 3 . 5 14206 . 5  1 12 1 5 . 7 8224. 8 5607. 8  



Table. Cont'd 

DRAINAGE 
DISCHARGE - Q(cu,_r,, per sec.) f�R B = AREA 

-M 
sq. mi. 375 340 300 265 225 190 !50 !10 75 

320 . 00 28372 . 1  25724. 1 22697- 7 20049 . 6 17023 . 3  14375. z 1 1348 . 9 8322 . 5  56H. 4  
325 . 00 28704. 0 26025 . 0  22963 . 2  20284.2 1722 2 . 4  14543. 4  1 148 1 . 6  8419. 8 5740 . 8  
330 . 00 29034 , 7  26324. 8 23227.8 205 1 7 . 9  1 7420 . 8  14710 . 9  1 1 6 13 . 9  8516. 8 5806. 9  
335 . 00 29364. 0 26623 , 4  2349 1 . 2  20750 . 6  1 7618. 4 14877 . 8  1 1 745. 6 8613. 4 5872 . 8  
340 . 00 29692 . 1  2692 0 . 9  23753 . 7  20982 . 4  178 1 5 . 3  15044.0 1 1876. 8 8709 . 7 5938 . 4  
345 . 00 30019. 1 272.17. 3 24015. 3 2 1 2 13 . 5  1 80 1 1 . 5  15209 . 7  12007 . 6  8805 . 6  6003 , 8  
350 . 00 30344. 6 27512. 5 24275. 7  2 1 433. 5  18206, 8  15374. 6 1Zl37 . 8  890 l .  I 6068. 9 
355. 00 30669.4 27806. 9 24535. 5 21673 . 0  1840 1 . 6 15539 . 1 12267. 7 8996. 3 6133. 9 
360 . 0 0  30992 . 6  28100 . 0  24794. 1 2 1 90 1 . 5 18595 . 6  15702 . 9  12397. 0 9091. 2 6198 . 5  
365. 00 31314,7  28392 . 0  2505 1 , 8  22.129 . 1  18788 . 8 15866 . 1 12525. 9 9185, 7 6262 . 9  
370 . 0 0  3 1636 . 1  28683 . 4  25308. 9 ZZ356. Z  18981. 7 16029 . 0  12654. 4 9279. 9 6327.2 
375 . 00 31956 . 0  28973 . 4  25564. 8 22582 . 2  19173 . 6  16191 . 0 12782. 4· 9373. 8 b39l. 2 
380 . 00 32275 . 1 29262 . 8  25820 . 1  22807 , 7  19365. I 16352. 7 12919. 0 9467 . 4  6455. 0 
385 . 00 . 32593 . 1 29551. I 26074. 5 23032 . 5  19555. 9 1 6513, 8 13037. 2 9560 . 6  6518. '6 
390 . 00 32910 . 0  29838 . 4  2<.328. 0 23256. 4  19746 . 0  16674.4 13164. 0 9653. 6 6582 . 0 
395. 00 33226. I 30125. 0 26580 . 9  23479. 8 19935. 7 16834. 6 13290 . 4  9746.3 6645 . 2  
400.00 33541. 1 3041 0 . 6  26832 . 9  23702 . 4  20124. 7 16994. 2 1341 6 . 4  9838. 7 6708 . 2  
405.00 33855.0 30695.2 27084. 0 23924. 2 20313 . 0  17153 . 2  13542 . 0  9930 . 8 6771 . 0  
4 10 , 00 34168 . 1 30979 . 1  27334. 5 24145 . 5 20500 . 9  1 73 1 1 . 8  13667. 2 10022'."6 6833 . 6  
415.00  3448 0 , 1 31Z62 . 0  27584 . 1  24366 , 0  . 20688 , 1  17469 : 9  13792 - 0  10114.2  6896 . 0  
420 . 00 3479 1 . 0 3 1 543 . 8  2 7832 . 8  24585 . 6  20874, 6 176Z7. 4 13916 . 4  10205. 4" 6958 . 2  
425 . 00 35101.  1 3 1 8:2. 5 . 0  28080 . 9  24804. 8 21060 . 7  1 7784. 6 14040. 4  10296 : 3  7020 . 2  
430 . 00 3541 0 . 5  32105, 5 2832 8 . 4  25023. 4 Z1246 . 3  17941 . 3  14164. 2 10387 .. 1 7082 . 1 
435.00 3571 8 . 7  32385 . 0  28575 . 0  25241 . 2  2143 1 . 2  18097 . 5  14287. 5 10477. 5 7143 . 7  
440 . 00 36026.2 32663 . 8  2882 1 . 0  25458. 6  21615. 8 18.253 , 3  14410 . 5  10567. 7 no5 . 2  
445 . 0 0  36333 , 0  32941 . 9  29066 . 4  25675 . 3  21799 . 8  1 8408 , 7  14533 . 2  10657. 7 7266 . 6 
450.00 36638 . 6  332 1 9 . 0  29310 . 9  2589 1 . 3  21983 , 2  18563 . 6  14655. 4 10747.3 7327. 7 
455.00 36943 , 5  3349 5 . 4  29554. 8 26106 . 7  ZZI66. I 18718 . 0  - 14777. 4 10836. 8 7388.·7 
460.00 37247 . 6  33771. 1 29798 . 1  26321-. 7  22348 . 6 18872. 1 14899. 0  10926 . 0  7449 . 5 
465.00 37552 . 5  34047 . 6  30042 . 0  26587. 1 22531. 5 19026. 6  1502 1 . 0  1 10 1 5 . 4  7510 . 5  
470 . 00 37852 . 5 34319. 6 30282 . 0  26749. 1 227 1 1 . 5  1 9 1 78 . 6 15141 . 0  1 1 10 3 . 4  7570 , 5  
475.00 38156.2 3459 5 . 0  3052 5 . 0  26963 . 8 22893 . 8  19332 , 5  15262 . 5  1 1 1 92 . 5 7631 . 2  
480.00 38456. 2  3486 7 . 0  3076 5 . 0  27-175. 8  23073 . 8  19484, 5 19382 . 5  1 1280 . 5  769 1 . 2  
485.00 38756 . 2  35139 . 0  _3 1005. 0 27387 . 7  23253 . 8  19636. 5  15502 . 5  11368. 5  775 1 . 2 
490.00 39056 . 2  3541 1 . 0  31245.0 27599 . 8  23433 . 8  19788. 5 15622. 5 11456 . 5  181 1 . 2  
495.00 39352 . 5  35679 . 6  31482 . 0  27809. 1 236 1 1 . 5 19938 . 6 15741 . 0  l l543 . 4  7870 . 5  
500 . 00 39652. 5 35952 . 6  31722 . 0  28021. 1 2379 1 . 5 20090 . 6  1586 1 . 0 1 1631 . 4  7930 . 5  
5 1 0 . 00 40245. 0  36488. 8 32196 . 0  28439. 8 24147 . 0  20394. 8 16098. 0 1 1805 . 2  8049 . 0  
520. 00 40833. 8  37022. 6  32667. 0 2885.5 . 8  24500. 3 20689. I 16333 . 5  1 1977. 9 8166 . 8  
530 . 00 41422 . 5  37556.4 33138 . 0 29271 . 9  24853. 5 20987. 4 16569 . 0  12150 . 6  8284. 5 
540 . 00 42007 . 5  38086 . 8 33606. 0 29685 . 3  25204. 5 21283. 8 16803 . 0  1.2322 . 2  840 1 .  5 
550 . 00 42588, 8  3861 3 . 8  3407 1 . 0  30096 . 0  25553 . 2  21578, 3 17035. 5 12492 . 7  8517. 8 
560 . 0 0  43170 . 0  39140 . 8  34536 . 0  3050 6 . 8  25902 . 0  21872. a· I 7268 . 0 12663 . 2  8634. 0 
570.00 43747. 5  39664.4 34998.0 30914. 9 26248 . 5  2 2 1 65 . 4  17499. 0 IZ.832 . 6  8749 . 5  
580 . 0 0  4432 1 . 3  40184. 6 35457. 0  31320 . 4  26592. 8 22456. I 17728. 5 13000 . 9 8864. 3 
590 , 00 4489 1 . 3  4070 1 . 4  3591 3 , 0  3 1 723. 2  26934. 8 22744; 9 17956 . 5  13168. 1 8978 . 3  
600 . 00 4546 1 . 3  41218 . .2 36369 . 0  32126 . 0  27276 . 8  23033 . 7  18184 . 5  1333 1 . 5  9092 . 3  
6 1 0 . 00 46027. 5 4173 1 . 6  36822 . 0  32526. 1 27616 . 5  23320 . 6  1841 1 . 0  1350 1 . 4  9205. 5 
620 . 00 46593 . 8 42245.0  37275. 0 32q2:6. 3 27956 , 3  23607. 5 18637. 5 13667 - 5  9318. 8 
630 . 00 47156 . 3  42755. 0  37725. 0 33323 . 8  28293. 8 23892 . 5 18862 . 5 13832. 5· 943 1 . 3  
640 . 00 47715 . 0  4326 1 . 6  38172 . 0  33718. 6 28629. 0  24175 . 6  19086 . 0 1399 6 . 4  9543 . 0  
650 . 00 48273 . 8  43768. 2  3861 9 . 0  341 1 3 . 5  28964. 3 24458. 7 19309. 5 14160 . 3  9654, 8 
660 . 0 0  4&BZ8. B  44271 . 4  39063 . 0  34505. 7 29297 . 3  24739. 9 1953 1 . 5 14323. 1 9765. 8 
670 . 0 0  4938 3 . 8  44774 . 6  395:07. 0 34897. 9  29630 . 3  2502 1 . 1 19753 . 5  14485. 9 9876 , 8  
680 . 00 49935. 0 45274 . 4  39948. 0 35287.4 2996 1 . 0  2:5300 . 4  19974 . 0  14647. 6  9987 . 0  
690 . 00 50486. 3  45774 . 2  40389. 0 35677.0 30291 . 8  25579 . 7  20194. 5 14809. 3 10097.3 
700.00 51033 . 8 462 70 . 6  4082 7 . 0  36063 . 9  30620 , 3  25857. 1 20413. 5 1496 9 . 9  10206. 8 

Table May Be Extended to 2,000 sq. mi. area 
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DESCRIPTIONS OF MAJOR SOIL GONSER VA TlON PROBLEM 
AREAS IN KENTUCKY* 

A - 7 ,  L o e s s  Hills and Terraces 

" This area is a mixture of loess hills  and river ter race s .  The 

loess  hills are generally low . They have an elevation of little over 

400 feet but seldom exceed 500 feet.  The surr ounding terraces and 

flood plain areas have an ele vation of about 300 feet.  

" Soils on the hills are usually well draine d .  They are deep and 

are subject  to c onside rable e r osion .  Gulli e s  usually cut deep and 

straight-sided. Lands are only mode rately pr oductive but are respon-

si ve to treatment . 

" The rive r ter race lands are derived in part from material 

from l o e s s  hills and while more uniform than the alluvial lands to the 

east are still considerably mixed. 

"Big drainage ditche s are c ommon throughout the are a.  The 

r oad system is not well developed and many sections are closed during 

wet  seasons because of incomplete secondary drainage systetn s .  

" The land is not fully developed agriculturally. Gotten is a 

c ommon c r op ;  als o  c orn and grain. Many of the farmer s  are share -

c r ope r s 1 1 • 

* F r om unpublished manuscript from the files  of the Soil C onse rva
tion Service , U .  S. Department of Agriculture . 
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B - 1 5, Allegheny - Cumberland Plateau 

" The Allegheny - Cumberland Plateau, occupying 48,  708,  500 

acres i's on the We stern slope of the Appalachian uplift. It extends 

w e s tward from the Alle.gheny- Cumberland fr ont where it pas s e s  through 

Central Pennsylvania, We stern Maryland , Eastern West Virginia, 

Easte rn Kentucky, Eastern Tenne ssee and Northcentral Alabama to 

the weste rn edge where it merge s into the central basin of Ohio and 

the Highland Rim of Kentucky, T enne s se e  anC! Alabama. The eastern 

e ege of the Plateau top is 2 500 to 3500 feet above sea level with a few 

ri0ges or mountains extending to 3800 to 4000 feet . The w e s tern part 

is 1000 to 1 500 feet above sea level . The Plateau along the eastern 

e r'ge has s omewhat flattened tops with deep narrow stream gorge s .  

The we stern part is seve rely dissected into c ompar atively narrow 

ridges and V -shaped valleys along which the terrace and bottom lanq s 

have a limite d devel opment. The relief is gently undulating or rolling 

to h.illy and steeply sl oping with little flattish relief .  It  has a typical 

dendritic drainage pattern. The rock formations are mainly gray 

alternating beds  of acid shale and s andstone with s ome thin-bedded 

limestone and calcareous shale of carbonifer ous age ,  The se forma

tions are resting in a cle ar -horiz ontal position. The slope of the forma 

tions is s o  gradual that except for a few minor anticline s and cynclines 

it is not noticeable . Use :  1 8 .  5 percent cultivate d ;  1 5  percent gras sland ; 

50 percent woodland ; 8 percent mis cellane ous . About 8 .  5 perc.ent is 

public owner ship. 
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" The climate is  c o ol ,  temperate , and humid . Winters are c old; 

summe r s  mild. Rainfall 40 to 50 inche s .  The fro st-free season is 

1 2 0  to 1 50 days in the high plateau; 140 to 1 70 days from the northern 

to southern part. D ue to steep relief the runoff is rapid in spite of 

the large acreage of forest and grass c over .  Original forest cover 

was oak, hickory, walnut, poplar, and maple with ash, beech, birch, 

and hemlock in gorges ,  spruce on the high elevations,  and pitch pine 

on s outhern reache s .  A fairly large acreage is in National and State 

fore sts . 

" The s oil s are re sidual. Under for e s t  c over they have a thin 

mat of organic matter on the surface more or less  mixed at the bottom 

with mineral s oil material s .  This rests on brown t o  gray-brown mallow 

s oil which pas se s  at about 8 inche s into a yellow-br own friable subsoil, 

pas sing at 24 to 48 inches into partly disinte grated parent material. 

Over extensive areas bedrock c ome s within the 3 -foot soil pr ofile .  Soils 

c ontain much shaly, channery, and flaggy pie c e s  of rock material s ,  and 

in place s  a noticeable amount of stone , usually sandstone . 

"Although ther e  is still a c onsiderable area in forest and w ood 

lots,  m1.1ch of the land is cle ared and U3ed for gene ral farming, dairy

ing, stock- rai sing (beef cattle and sheep) , and orcharding ( apples) , 

Under this system of farming, a large percentage of the land is in pas 

tur e .  Crop yields are fairly good whe re manure , lime and fertilizer 

are used.  The se practices are in c ommon us age . 

" The climatic diffe renc e s  from north to $ OUth in the stretch of 

s ome 8 0 0  mile s are re sponsible for variations in the agriculture of 

the are a . " 
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B - 16 ,  Kentucky Blue Grass and Nashville Basin Area 

" This area c onsists of two separate basin s .  ( 1 )  Blue Grass 

Region of Kentucky located in the North Central part of Kentucky and 

extending north across the Ohio River into s outhwest  Ohio and s outl(� 

e astern Indiana. It is encase d  in the s outh by the "knobs" , the er oded 

edge of the Highland Rim which.stands several hundred feet above the 

Kentucky Plain. (2 )  The Nashville Basin or C entral Basin of Tenne s se·e 

is entirely enc ompassed by the Highland Rim, a s omewhat higherplateau. 

T otal area 8 ,  446 , 000 acre s .  

" The elevation range s fr om 500 to 800 feet above sea level . 

Precipitation of 40 to 45 inches is well distributed throughout the grow 

ing sea s on.  The annual average temperature is 57 to  59 degrees F .  

The length of the average growing se ason i s  1 80 to 1 9 0  days in Kentucky 

and 200 to 2 1 0  days in Tenne s s e e .  The s oils are re sidual, derived 

mainly from lime stone , shaly lime stone , and marl, rather high in 

phosphate . They are deep, medium to m oderately heavy textured,  

mode rately permeable , acid to alkaline in reac tion. Gently undulating 

to rolling, and uniformly well  drained. Some shallow s oils to bedr ock 

in plac e s .  Severe she e t  and gully e r o sion in spots . 

"General farming and stockraising. C r ops are c orn, wheat, 

oats,  tobacc o ,  and c owpea s .  Hay c r ops are timothy, redtop , clover 

and alfalfa. Blue gras s pasture s are c ommon. F ore sts c onsist of hard

w o ods - white oak, hickory, walnut, ash and tdlip p oplar. 

Land U s e :  3 5  pe rcent cultivated ;  30  percent gras sland; 2 0  percent 

w oodland; 5 percent miscellane ous and 5 percent public owned. " 



- 5 

B - 1 7 ,  Highland Rim, Knobs and Associated Lime stone Areas 

" This is really an extension of the Knobs Area. The general 

level is fairly uniform and about l , 000 feet above sea leve l .  The re 

lief of the Knobs ( easte rn and northern part) is  broken and rough. 

That of the lime stone areas is rolling. The s oil s in the s outhe rn 

part are derived from che rty lime stone . They are gene rally reddish 

in c olor and only moderately productive . Sink hole s ,  usually small 

but occasionally large , are very c ommon in the area. 

" The s oils of the northern part are derived fr om a better grade 

of lime stone , che rt is le s s  c ommon. Sink hole s are rare . Soils are 

generally pr oductive and are re sponsiye to good tre atment. Agriculture 

is largely of subsistence type with corn, grain and hay being most 

c ommon c r op s .  The land has good potential for grass pr oduction and 

an increase in live stock production . "  
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B - 1 8 ,  Western Kentucky-Southern Indiana Sandstone and Shale Areas 

" This problem area c onsists of a fairly low, highly disse cted 

plateau, located in We stern Kentucky and Southern Indiana. This high 

dis section gives it a r olling to hilly appearanc e ,  although nume rous 
' 

fairly level remnants of the old plateau are still intact. Elevations 

range f r om 500 to 1 2 0 0  feet above s e a  leve l .  Rock formation consists 

of sandstone and shale . C oal is  pres ent and the s outhern part of the 

area is known as the Western Kentucky C oal Fields .  

"Rainfall ave rages 40 to 5 0  inche s .  Temperatures  average about 

7 5  degr e e s  during the summe r months and 3 5  degree s  during winte r .  

The growing season ranges from 1 60 t o  1 90 days . 

" The s oils are residual from sandstone and shale .  They are 

variable in depth and texture .  Ridgetop soils are usually moderately 

deep, having medium textured surface s oil s ,  and moderately heavy sub -

s oils .  Sub�;� oils are moderate to slow in pe rmeability, r e sulting in 

poorly drained areas where ridgetops are broad and flat. Hills�de s oils 

are oft.en shallow and c ontain numerous fragments of the underlying 

sandstone and shale s .  Surface texture s  are usually medium and often 

quite thin. Subs oils have moderate to  moderately rapid permeability. 

" The area c ontains terrace soils , particularly in the we stern 

part near the Ohio Rive r .  Many of thes e  are unde rlain by silts and 

clays .  Both well and poorly drained s oils are c ommon. · The poor 

drainage re sults from the heavy clay subsoils and substrata. 
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" Soils are acid in reaction and are low in inherent fe rtility. 

" E r osion,  both sheet  and gulley, is pr onounced wherever the 

land has been cr opped or pastured. S ome of the most seve rely eroded 

lands of Indiana. " 
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The material c omposing thi s Appendix c onsists of four sample s 

of extreme pr obability paper used by the Highway Materials Re search 

Laboratory in the analysis of rainfall and discharge data . The sample 

shown in Fig.  l 5a is a paper* consisting of the following four s cale s :  

1 .  The reduced variate ( y) , ( the independent variable) 
2 .  The fre quency r/1 {x) , ( an independent variable) 
3 .  The re turn pe riod ( T) , ( an independent variable) 
4 .  The ob served variate ( x) ,  ( the dependent variable) 

Scales l ,  2 and .3 may be inter converted by the use of the formulas 

and 

y � - ln ( - ln r/J (x) ) , 
l 

T "' -. ----

1 ·� � (x) 

The mode is at appr oximately l .  5 8  years on the return period 

s cale, 36 . 78 8  percent on the fre quency s cale , a.nd ze r o  on the reduced 

variate s cale . The me� is 2 - l  / 3  ye ars on the return period s cale , and 

0 . 5772 (Eule r ' s  C onstant) on the reduced variate scale . The obs erved 

variate s cale ( the dependent variable) is  arithmetic and is used for the 

experimental distribution, i . e .  depth of rainfall for a sele cted duration 

( inches per hour , inche s per 24- hour , etc . ) 

The paper of Fig.  l 5b is similar to that of Fig.  1 5a except that 

the ob served variate scale is logarithmic rather than arith:metic . It is 

used for the limited distribution described by Gumbel in "Statistical 

The ory of Draughts" and was supplied by him . 

* Developed from D r .  E .  J .  Gumbel ' s  Extreme Pr obability Pape r s ,  by 
the Climatology Unit, Envir onmental Protection Se ction, Re search and 
Development B r anch, Military Planning Division, Office of the Quarter 
master Gene ral . 
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Fig.  1 5c r epre sents a paper furnished by the U .  S .  Ge ological 

Survey and has only two scale s :  

1 .  th.e arithme tic or obse rved scale (x) 

2 .  the re cur rence interval ( T) 

The sample shown in Fig.  1 5d was developed by D r .  E .  J. Gumbel 

and fir st proposed by R. W .  P owell (See Bibliography Hydr ology Item 34) . 

With the exception of their orientation, the scale s of thi s paper are identi

cal with those of Fig.  1 5a.  

The overlay acc ompanying Fig.  1 5a was used in the solution of the 

problem pre sented with Table 7 (Appendix A) . In this instance ,  the line 

labeled Area ( of waterway opening) is involved. This ove rlay was als o  

used with the example illustrating the use of F i g .  12a- 1 2 r  ( Appendix A) ; 

the line Rainfal� is the r e s ult of this application. 

The overlay for Fig.  1 5d was used in conjunction with miscel

laneous applications of rainfall intensity-;return pe riod data. to various 

me thods of design ( s ee p .  3 7) . The line s drawn from plotted data. ( on the 

overlay) form the basis for c omparing calculated dischar ge s by different 

methods on the basis of indicated return pe riods . 
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APPENDIX D 

DATA FOR DETERMINATION OF RATIOS BETWEEN AMOUNTS 
OF RAINFALL FOR DIFFERENT RETURN PERIODS FOR 1 8 -STATION 

FIRST-ORDER NE TWORK 

T able 1 0  • Value s of the Reduced Variate For Use With Theore
tical Straight Line Equation. 

Fig.  16a- 1 6h • Graphical Relationships and E quations F or Net
work Average Rainfall Depths (F or Selected Return 
Peri ods) . 

Fig.  1 7  - Standard Rainfall Intensity-Duration Curve s for 
Kentucky. 



Note s on Table 1 0 :  

Z-D 

The the oretical straight line on extreme pr obability paper is 

defined by Gumbel ( 9) with the equation: 

whe re 

and 

or 

x = u + ( l /a) y 

x = obs erved variate 

u = mode 

l /a = logarithrrietic rate of increase ( slope) 

y = reduced variate 

y = a (x - u) 

y = -ln ( -ln rf, ( x) ) 

T = 
1 

1 - T\xf' 
and rf, ( x) = T - 1 -

T 

The frequency ( rf, (x) ) was calculated for sele cted value s of the 

return period ( T) 0 It was then neceBsary to  obtain value s of the reduced 

variate ( y) with the use of a table of iterated natural logarithms ( 42) 0 

At the mode ( u) , y is e qual to zer o  0 The mode has a return 

period of appr oximately L 5 8  years o  Table 10 can be used in any case 

where the reduced variate is the independent variable 0 



Table 10  - Value�� of the Reduced Variate (y) for Use With 
Theoretical Straight Line x ,. u + ( 1 /a) y 

� � ..... llelhlui lima llilllilumalll llllllt- � 
Pes'W ta 1'� � til  'VIIII'i&W � til  y� Pes'W ta y� 

�- (7) �- (7) ,_ (;r) y_.. cy) (T) ('f) ('f) ('I') 
1,!11 ...0,_,. 56 4.Cil6J6 " S.CI40U 1CIOO 6,IJO'r.,IS 
2 J0..36651 !n 4-0!W. 60 S.J.OIM !10 6.9!11606 
3 0.902'12 ,. 4.0!111'76 6!11 !1�1CGIIIII uoo '1.00261 
4 1.2'7189 59 4.069011 '10 s.UM. !10 '1.04'1'04 
!I 1.4� 60 4.CI85911. 1'1!1 5.161.118 1200 'I.OIHI2 
6 1.'10199 61 4.1«11161 110 !1.190.1.4 !10 '1.130!10 
., 1,861M9 62 4.11901 8!1 !l.lll"Na uoo 7.'JIHI9 
8 a.� 631 4.U!114 90 5.24U4 !10 7.20'1!1!1 
9 2� 61. 4.lslol 9!1 !l.noYI 1400 '1.� 

10 2,2!103'1 6!11 4.16664 200 S.29!181 !10 7.2'71191 
ll 2.3!1062 66 4.111201 10 !I.'"., :uoo '1.31286 
12 2.441'11 67 4.19'1l7 20 !1.39U4 !10 '1.34!165 
u 2.!12520 611 4.21210 30 5.43591 1600 7,37'148 
14 2,60223 &'# 4.226110 40 5.4'18!11!11 !10 '1.408:.10 u 2,6"D''!! '10 4.24UO 2!10 5.!111)66 1'100 7,4)817 
16 a. ?M:I49 '11 UB!Jt 60 S,$51174 !10 ?.46'115 
17 :!,� ?a 4.:.16967 70 �== 11100 'I' .49!12:1 
18 2,1163.9.) ., 4.28356 110 !10 '7 .!122'15 
19 2,91'152 74 4.29'7.26 90 5.66814 1900 '7.54942 
20 2.9"10110 '1!1 4,310'111 300 5.'1CXW !10 '1.57541 
21 3.02022 " 4.32411 10 s.m96 2000 '1.60065 
za :3.06711'1' .,., 4.33m 20 5.?'6616 2100 '1.649411 
23 l.W35 '1111 4.351126 30 'J.'WIS'/ zaoo 7.69615 
24 ),U61)S '79 4.)6)01 40 ,,82746 2300 7,'7404'1 
25 ),191153 110 4.37!n4 3!10. 5.8!1652 2400 '7. '/111300 
26 3.2)855 81 4.38823 60 5.88470 2'JOO '1,823115 
2'1 3.2'1'1'02 1112 4.40059 70 !1.91215 :1600 7.86320 
211 3.3140'1 .., 4.412'1111 110 !1.9.)88!1 2'100 7.900'1'5 
29 3.34980 84 4.4241!3 90 5.961.8'1 21100 '7.9.)'1/IJ 30 3.384:.19 115 4.4)673 400 5.99Cm. :1900 7.9?:148 
31 3.41'1631 86 4.44849 20 6,03904 3000 1!.006/IJ 
32 .3,.449119 1!'1 4.4601:.1 40 6.011565 3200 8.0'70114 
33 .3.4811!1 1!11 4.4'1161 60 6.UCI.1.5 3400 11.13159 
34 3.!11146 1!9 4.4829'1 110 6,1?a'17 )600 8,188513 
35 3.!1401!9 90 4.49421 !100 6.21)61 :91101.1 8.24:162 
)6 3,!16946 <)]. 4.!10�32 20 6,25286 4000 8.29:m 
3'1 3.S9'12S 92 4.516313 40 6.:.19062 4200 11.342114 
311 3.624:1'1 93 4.S2'119 60 6.32'10S 4400 11.311932 
39 3.6SOSJ. 94 4.53'194 80 6.)6219 4600 11.43311'1 
40 ).6'1'625 9!1 4.54859 600 6.396011 4800 11.476511 
u 3.70126 96 4.55911 25 6� !1000 11.51'709 
42 3.'12§64 9'1 4.569!14 !10 6.4'161.8 !1!100 !1,61273 
43 3.74945 98 4.5'79113 '1'5 6.§U96 6000 11.69964 
44 '· '1'12'12 99 4.� '100 6.!1!1035 6!100 ll. '7002'1 
" 3.'19544 100 4.60012 2!5 6.!111549 '1000 11.853'79 
46 3.81'167 J .1,,61,<)].6 !10 6.61944 '1500 11.92345 
4? 3.1113941 10 4.69589 75 6.6!11224 8000 11.99274 
48 3.860611 15 4.'140§6 800 6.68.399 8!100 9.04Sil4 49 3.1!8l!l2 20 4.'1111330 2!5 6.'11480 9000 9.10S/IJ 
so :Mo193 12!1 4.82431 !10 6.74463 9!100 9.um 
!11 3.92193 30 4.86369 '1!1 6.'173631 10,000 9.210:19 
� 3.9QSI. 35 4.90153 900 6.IIICil!IS 15,000 9.61'1115 
53 3.960'111 40 4.931105 25 6,8:.1924 20,000 9.90346 
54 :ll.� " 4.9'1325 !10 6.8!15911 25,000 10.� 
" ).99@1? 150 !1.00'126 '1!1 6.SIIl9'1 so.ooo 10.819'17 
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The derivation of ratios between amounts of rainfall for different 

return periods may be achieved by at least two methods . One method 

is bas ed on the ratios of the abs olute mean of the deviations from the 

group mean and has been us ed by Potter in his development of peak rate s 

of runoff for the Allegheny-Cumberland Plateau {See Figs . 5 and 6 ) .  The 

s econd method make s use of a direct  ratio between the mean of the amounts 

for various r eturn peri ods and lends itself directly to the same solution 

as the former nlethod. 

The second method is particularly suited to the devel opment of 

additional relationships be tween amounts for any re turn period. This is 

pos sible because the network ave rage amounts are linear when plotted 

on extreme probability paper at their re spective r e turn periods . Thus an 

equation may be developed for sele cted durations so that network ave rage 

amounts may be calculated for any return period. The final ratios be-

tween amounts are independent of  the duration of rainfall, therefore,  

Figs . l 6 a- l6h will define the relationships between r eturn periods ( amounts) 

for any duration . These figure s have been derived from the 1 -hour rain-

fall and have been checked against the 5,  1 0 ,  1 5, 30  and 1 2 0 -minute and 

24-hour durations . F ollowing are the basic equations for the network 

average rainfall: 

x '" network average depth of rainfall ( inche s) 

5 "min. I O �min. 
X "'  0 .  3 540 + 0 .  0 8 54y X ·� 0 .  552 + 0 .  l 4 l 0 y  

1 5 -min. 30-min. 
X "  0 .  6 841 + 0 .  1 8 90y X "  0 .  9039  + 0 .  2 9 8 3y 
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l -hour 2 - hour 
X "'  L 1 2 3 2  + 0 .  3 963y X "'  l .  3 3 8 6  t 0. 4890y 

3 -hour* 6 - hour* 
X �  l .  4972 t 0 .  5438y X =  l .  776 1 t 0 .  6432y 

9-hour* 1 2 -hour'� 
X =  l .  9602  t 0 .  70 73y X "  2 .  1 0 50 t 0 .  7 532y 

1 8-hour�' 24-hour 
X "'  2 .  3 2 5 9  + 0 .  821'.6y X =  2 .  4906 t 0 .  8 7 74y 

In all case s ,  y is the reduce d variate for selected r e turn periods 

taken from Table 1 0 .  

An example will demonstrate the use of the above e quations in 

deriving the relationships shown on Figs . l6a- l 6h.  

As sume that the equations for  1 -hour and 24-hour are  to  be  c om -

pared t o  dete rmine the ratio between the 100 -year r e turn period amount 

.and the 2 - year return period amount. Table l O - a  and Fig.  l6b give s the 

answer as 2 .  32 . 

'T � 100 l -hour 

X =  L 1 2 3 2  + 0 .  3 9 6 3y 

where y '" 4.  600 12  ( us e  4 .  6 0) 

x = 2 .  94764 inche s 

'T '" 2 l -hour 

X =  L 1 2 3 2 - +  0 .  3 9 6 3y 

where y "'  0 . 3 6 6 5 1  ( use 0 . 3 7) 

X �  1 .  2 68 7 5 3  

* Synthetic , based on D epth-D uration-Return Pe riod Curve s .  



Table l O -a - Ratios Between the Means of Amounts F o r  Various Return 
P e riods . 

Return Period, T = 
2 5 1 0  2 5  50 1 0 0  

A .  Ratio t o  Amount F or 2 - Year Return Period: 
l .  0 0  1 .  36  l .  59  L 89  2 .  1 1  2 . 32 

B .  Ratio to Amount F or 5 - Year Return Pe riod: 
0 . 74 L OO L 1 7  l .  39  l .  5 5  l .  7 1  

c .  Ratio to Am ount F or 1 0 - Year Return Pe riod: 
0 . 63  0 .  85 l .  00 I .  1 9  I .  32  I .  46 

D .  Ratio to Am ount For 2 5 - Year Return Period: 
0 . 53 0 .  72 0 . 84 I .  00 I .  1 2  I .  2 3  

E .  Ratio to Amount For 50- Year Return Period: 
0 . 48 0 . 64 0 . 75 0 . 90 l .  0 0  I .  10  

F .  Ratio to Amount For 1 0 0 -Year Return Period: 
0 . 43 0 . 58 0 . 6 8 0 .  8 1  0 . 9 1  I .  0 0  

The use of Table 1 0 - a  is illustrated by the following example s :  

Example 1 - F or the de sign of a storm-water inlet or  gutte r ,  a 2 •year 
return period (See Table 4) is used.  According to Table 
1 0 -a,  if the amount for the 1 0 -.year return period were 
actually assumed in the de sign, the calculated result would 
repre sent 59  percent ove r - design.  

Example 2 - As sume the design for a bridge or  a culvert  on a r oad for 
for which Table 4 recommends T "' 2 5 ,  to be checked by 
T = 100  for damage re sulting from high water . F or T "'  
1 0 0 ,  a ratio of 1 .  23  or 23% greater than the amount for 
T = 2 5  would be the answe r .  As for the 59% ove r - de sign 
in Example 1 ,  a return period of approximately 900 years 
would be r e alized if the same had been employed in this 
example . 

Thus , it is  evident that in the sele ction of a de sign return period 

it is of importance to conside r the e c onomic aspe cts involved and the 

relationship between the r e spective re turn period s .  



The ratio between T 100  /T 2 is 

2 . 94764 
L 268 7 5 3 - 2 .  3 2 3 3  or 2 .  3 2  

Now checking with the 24-hour equation 

x 100  "' 6 .  53 1 96 inches 

the ratio "' 2 . 3 2 3 5  or 2 . 3 2  

5 -D 

x2 " 2 . 8 1 1 2 s2 

Thus we can verify or  develop the relationships between amounts 

for any return period. 

To demonstrate the us e of the ratios betwee n  return pe riods 

( amounts) ,  Table l Ob was developed. This table show s the calculated 

synthetic amounts of rainfall which were calculated from the known or  

actual value s ( unde rscored) for three durations at  Charlotte , N .  C .  

The actual value s we re  taken from T able 9 of Reference ( 45) . The 

ratios use d  were calculated or taken from Fig s .  1 6a- 1 6h .  Table lOb 

demonstrate s the proper use of the rati os ,  i .  e . , in all cases  under the 

5 -year return period the best e s timate was based on the ratio and the 

actual amount for the 10 -year return periods ( f�r 24-hour, 4 ,  80 inche s ,  

1 0 -year depth times 0 . 85 ( ratio) yields the 4 . 0 8  inche s for the 5 -year 

depth) . Similarly all other value s may be verified .  Summarizing and 

using the 24-hour , 5 - ye ar return period as an example , the range of 

the synthe tic e s timate s is 4. 00 inches to 4. 3 0  inche s,  the first being 

based on the 1 0 0 -year return period actual depth ( 6 ,  8 9  inches) and the 

latter is based on the 1 .  5 8 -year r eturn pe riod actual depth ( 2 .  8 1  inche s) . 



Table 1 0 -b - Actual and Synthetic Depths of Rainfall Based on Selected 
Return Periods and Diffe rent Durations at Charlotte , N. G .  
(F r om Return Period Ratios in Appendix D for Method A) . 

--

Actual*'-' and Synthe tic Rainfall Depth ( Inche s)  Based on 
Selected Return Periods 

Durations I .  5 8  2 2 . 33 5 10  25  50  100  

2 . 8 1  3 .  1 8  3 . 3 7 4. 30  5 . 0 3 5 . 9 9 6 . 69 7 . 36  
2 . 79* 3 .  1 3  3 . 3 5 4 . 2 6  4 .  9 8  5 . 92 6 . 60 7 . 2 6 
2 .  7 7  3 .  1 4'� 3 . 30 4 . 22 4. 9 5  5 . 8 7 6 . 57  7 . 26 

24-Hour 2 .  73 3 . 0 6 3 .  2 7'-' 4 .  1 4  4. 84* 5 . 7 5  6 .  42 7 . 0 8  
2 . 69 3 . 02 3 . 22 4 .  0 8�' 4 . 80 5 . 7 1  6 . 34 7 . 0 1  
2 . 65 2 . 9 9 3 .  16  4. 0 6  4 . 74 5 . 64 6 . 32 6 . 94 
2 . 6 3 3 . 0 1  3 . 20 4 . 0 1  4. 70 S,b"4* 6 . 2 7 6 .  90'" 
2 . 62 2 . 9 6 3 .  1 7  4 . 00 4 . 69  5 . 5 8  b.2"i* 6 . 89 

1 .  0 5  1 .  1 9  1 .  26 1 .  6 1  1 .  8 8  2 . 24 2 . 50 2 . 7 5 
1 .  0 3 �' I .  1 6  1 . 24'� 1 .  5 8  1 .  84 2 .  1 9  2 . 45 2 . 6 9 
1 .  0 2  l.Tb* 1 .  22 1 .  56  1 .  83 2.  1 7  2 . 43 2 . 6 8 
1 .  0 0  1 .  1 2  T:l9 1 .  5 1  1 . 77 2 .  1 0  2 . 34 2 . 5 8 

30 -Minute 0 . 9 7  1 .  1 0  1 .  1 7  1 .  48* 1 .  74 2 . 0 7 2 . 30 2 . 54 
0 . 9 5 1 .  0 8  1 .  1 4  1 .  46 T.7T* 2 . 0 3 2 . 2 7 2 . 50 
0 . 94 1 .  0 8  1 .  1 5  1 .  44 1 .  69  2 . 02*  2 . 25 2 . 48* 
0 . 94 1 .  0 6  1 .  1 4  1 .  43 1 .  6 8  2 . 00 z . z s�:f. 2 . 47 

0 . 39 0 . 44 0 . 47 0 . 60 0 .  70 0 . 83 0 . 93 1 .  02 
0':37* 0 . 42 0 .  45':' 0 . 57 0 . 67 0 . 79 0 .  89 0 . 9 7 
0 . 3 7  0 .  42* 0 .  44' 0 . 56 0 . 66 0 , 78 0 . 8 8  0 . 9 7 
0 . 34 0 . 3 8 0 . 4 1 0 . 52 0 . 6 1 *  o .  72 0 . 8 1  0 . 89 

5-Minute 0 . 32 0 . 3 7 0 . 3 9 0 .  49* 0 . 58 0 . 69 o.  77 0 . 8 5 
0 . 3 1  0 . 3 5 0 . 37 0 . 48 0 . 55 0 . 66 0 .  74'� 0 . 8 1  
0 . 30 0 . 3 5 0 . 37 0 .  46 0 . 54 0 . 65* o. 72 0 . 79* 
0 . 29 0 . 3 3 0 . 3 5 0 . 45 0 . 52 0 . 62 0 .  70 o.  77 

* Indicates that this synthetic value is the be st appr oxirnation of the 
actual value . 

** Actual value s taken from Refe rence 45 are unde r s c ored. 
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I t  is  evident from this table that under average c onditions the best e sti-

mate s may be made for re turn periods adjacent but below the base 

return period amount. 

With re gard to design, it is important that the enginee r  be aware 

of the relationship existing between the rainfall for various return periods 

as summarized above in Table lOb.  Assuming that an arbitrary standard 

of T "  2 5  has been e s tablished for bridge s on moderately important r oads 

o r  culverts on important r oads ,  what is the r elationship between this 

standard and the other return periods ? C onsider Table lOa,  which applie s 

to the mean value s for the First-Order Network as a whole . As noted in 

Part D of this table, the amount for T "'  25 has a ratio of 1 .  0 0  and for 

T '" 2, a ratio of 0 .  5.3 ( or 4 7o/o smaller than that for T = 2 5) , whereas for 

T "' 1 0 0  the ratio is l .  23 o r  23o/o greate r than the amount for the 2 5 -year 

return period. The equation for this se ction of Table lOa i s :  

X "  0 .  4700 + 0 .  l 6 5 7y 

where x oo ratio to amount for 2 5 -,year return period value 

and y "  reduced variate (fr om Table 1 0  for a particular 
return period) 

Similar s olutions can be made with the equations on the face of the graphs 

in Fig s .  l 6 a  through 16b.  



7-D 

Note s on Fig s .  l6a through 16h: 

If value s of the ratios between the means of amounts for 
various return pe riods ( given in Table 1 0 - a). are plotted on extreme 
p robability pap e r ,  the re sult would be a series of straight line s 
which could be defined in terms of the reduced variate ( y) . E qua
tions given in Figs . 16a through 1 6h were derived by the the ory of 
least squares.  For  an approximate s olution, these curve s may be 
used directly. A more accurate solution may be obtained by s olving 
the equations for the reduced variate (y) .  The following is an ex
ample of the use of Fig. l6f; 

As sume , for a particular station, a 24-hour rainfall 
( T "'  2 5) of 6 .  00 inche s .  However ,  the state average 
(See Table F,"Appendix A) is  5. 00 inche s .  If one de 
sires to know the return period at this station of the 
6 .  0 0 - in .  rainfall based on the state ave rage , then the 
following ratio must first be determined: 

X -· 

x :;:c:  

6 . 0 0 .  
5 . 00 

1 . 200 

This ratio is then applied to  the equation in Fig.  l 6f: 

or 

and 

x "'  u + ( 1 /a)y 

1 . 2 0 " 0 .  4700 + 0 .  l 6 5 7y 

y "  4. 40 5 5  

F r om Table 1 0 ,  i t  can be seen that if y "'  4 .  40 5 5 ,  the r e 
turn pe riod i s  approximately 8 2  years ( in whole years) . 

Although the ratios for various r eturn peri ods are not the 
same in magnitude , discharge relationships are based on the same 
principle as rainfall r elationships . An extensive study has been 
made for discharge relationships but will not be published in this 
r eport.  Information is available at the Highway Materials R e search 
Laboratory. 
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Fig. 1 6£ Ratio to 25 Year Return Period 

Fig.  l6e  Ratio to 10 Yeor Return Period 
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N o�e s on_l[_�7: 

A pr ocedure which can be used to e s timate intens itie s for 
5 - min, t o  2 4-hr , duration utili ze s Fig. 8,  "Rainfall F ac t o r s  for 
Kentucky" , a s  a 2 5-ye ar , 1 - hour isohye tal map with Fig . 1 7 .  This 
method may be illustrated by the follo wing example: 

Given: 

L o c ation of wate r shed- latitude 3 8 '  1 8 "  
longitude 83 ' 0 2 P  

F i nd :  

l 0 0 - year , 20 - minute rainfall intensity ( T 1 0 0 , 2 0  -min . ) 

F r om F i g .  8 the r ainfaU factor ( RF )  is found to b e  0 .  7 9 ,  
B y  definition, 

Therefore � 

RF " 2 5..:::$,&.1:, 1 -·horu: -�u_ 
2 ,  7 5  in. p e r  hr , 

2 5 -year, l - hour "' ( 0 .  79) ( 2 .  7 5) 

T z 5 ' 1 -hour "" 2 . 1 7 2 5  inche s 

Ente r ing F i g .  l 7  at the 6 0 -min. duration, p r o c e e d  upward to 
the 2 .  2 curve ( fo r  T 2 5 , 1 ·- hour) . F ollow this curve to the inte r 
s e ction of the 2 0 -· min. duration Hne and r ea d  4 .  3 inche s on the r ain
fall intens ity s cale . This value repres ents a 2 5 ·- ye a r ,  2 0 -min . in
tens ity ( T 2 5 , 2 0  -min . ) .  

F r om F ig. 1 6f o r  fr om the ins e r te d  table on F i g .  1 7  s e l e c t  a 
re turn period !actor ( TF) for 1 0 0  ye ar s ,  

TF "' 1 .  2 3  

then, T 1 0 0, 20-min. " ( 4. 3) ( l .  2 3) "' 5 .  3 in. per h r .  

B y  a shnilar p r o c e dure am ounts f o r  additional durations and 
return ,pe ri ods can be calc ulate d .  When three o r  m ore such pe riods 
are involved, they may be plotted on an overlay of F i g .  l 5a, 1 5 c o r  
l 5d .  The s e  points should always appr oximate a s traight line on this 

paper; otherwi s e ,  an e r r or in pr o c e dure i s  evident. F r om a s traight 
line drawn through the points , amounts for additional return p e r i od s  
may be e s timated f o r  the duration involved.  
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NOTE: 
ALL POINTS ON EACH CURVE REPRESENT THO: SAME AVERAGE 
RETURN PERIOD. FOR EXAMPLE, FOR A STATION HAVJNG A 
25-YEAR I�HOUR RAINFALL OF 2.0 INCHES, THE 2,0- I N.CH CURVE 
INDICATES A 25-YEAR 30-M!NUTE RAINFALL INTENSITY OF 3.2 
INCHES PER HOUR. FOR A 100-YEAR 30-MINUTE RAINFALL I NT EN· 
SITY MULTIPLY 3.2 BY t2.3{THE RETURN PERIOD FACTOR,TFJ. 
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INTENSITY -DURATION CURVES 

for 

25 YEAR I-HOUR RAINFALL 

FROM SYNTHETIC DATA 

[T �  

!alar 

053 
072 
0.84 
1.00 
1 . 1 2  
0.23 

Fig. 1 7  - Standard Rainfall Intensity-Duration Curves for Kentucky. 
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GLOSSARY 

air mas s - extensive body of air appr oxirnating horizontal homogeneity, 
identified as to s ource region and subsequent modifica
tions . 

annual rainfall - the total number of inches of crainfall occurring in one 
year at a particular station. 

area- depth curve - curve showing, for a given duration, the relation of 
maximum ave ra ge depth to size of area within a storm or 
storms , ( also called depth-area curve) . 

average depth - mean depth of pre cipitation over an area; obtained from 
the arithmetical or weighted mean of the depths at points 
within the area .  

average e r r or - the arithme tical mean o f  all e rr ors o r  deviatio n s ,  r e 
gardless  o f  sign, measured a s  departur e s  from a n  ac 
cepted 11true 1 1  value _or mean� 

c oefficient of variation - ( Cv) - a  me asure of relative variability, equal 
to the standard deviation expressed as a per centage of 
the mean. 

c old front - front a t  which relatively c older air displace s  warm e r  air . 

c omparative data - periodic summary of the annual and monthly means 
or normals of various meteorological elements at a 
s tation. 

c onstant - a symbol who s e  range c onsists of only one value,. 

c orrelation c oefficient ( r) - a measure of the proportion of one variable 's  
variation which is ass ociated with the variation in  another 
variable . 

cumulonimbus - massive cloud with great vertical development, uppe r  
part having fibr ous texture and spreading out in the shape 
of an anvil; the thunde r storm cloud . 

cyclone - a circulation ar ound relatively low p r e s sure at the cente r ,  
c ounter - clockwise in the Northern and clockwise in the 
Southern Hemi sphe re . 

design discharge - the Q value for which the structure is de signed for a 
specific recurrence interval or return pe riod: T I O • T z s ,  
T s o .  etc . 

depth-area-duration data - c ombination of area�depth and duration-depth 
relations ; als o  called time -area-depth-data. 
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diurnal variation - change in the value of an element during e ach day. 

duration rainfall - the time that rain continue s to fall at a certain rate 
( inches per duration) . 

duration-depth curve - curve showing, for a given size of area, the re� 
lation of maximum average depth to duration within a 
s torm or  storms ; als o  called depth-duration curve . 

effective precipitable water ( WE) - the greate st amount of precipitable 
water that can be removed from a c olumn of air by a 
spe cifically defined proce ss . 

effective rainfall - that portion of the total rainfall which finally reaches 
streams and rivers . 

estimating equation ( or prediction equation) - the straight line ( running 
through a s catter diagram) which has been fitted s o  that 
the sum of the s quares of the ve rtical deviations from it 
is  le s s  than from any other straight line . A line fitted 
in thi s manner is usually considered by statisticians to be 
the best line with which to estimate values of the variable 
plotted on the vertical axis ,  when those of the other vari
able are known, or if it is as sumed t'hat the relationship 
is  a straight line . 

exce s sive rainfalls - those e qual to or greater than certain limits or 
specified limiting value s of pre cipitation. 

d = 0 .  0 lt + 0 .  20 (See Table 5) 
d = depth in inche s ;  t = time or duration 

in minute s .  

first- order station - mete or ological obse rvatory making continuous 
records or hourly readings of pres sure, temperature , 
wind, sunshine ,  and precipitation, and also visual obse r 
vations of clouds at fixed hours . 

frequency ( !  (x) or m/(n+ l )) - if m i s  arranged in the .order of increased 
'magnitude , . · 

frequency factor K in the e quation: X = X +  S K or  X = X =-
X 

K is defined by Gumbel as:  

- 1 /Sn [Yn + In ln (} + l /( T - 1!1 

K is defined by Chow as ;  

1 + K Cv 

- {6 t?+ ln 
lT 

[ l n  T - ln ( T - lTIJ where "f = 0 .  5772 1 5 7  
Eule r ' s  C onstant. 



Table 5 - Standards  of Exce s sive Precipitation* 

DURAT ION EQUAL TO DURATION EQUAL TO O R  OR 
HOURS MINUTES LESS THAN HOURS IA INUTES LESS THAN 
1 1 12 5 .25. 1 4�0 4.40" 

116 1 0  .3o• 8 480 5.oo• 

1 14 15 .315· 9 540 5.60" 

113 20 .40 .. 1 0  600 s.2o• 

112 30 .set I I 660 s.ao• 

Z/3 40 . so• 12 720 1.40. 

516 50 .1o• 13 780 a.oo" 

I 60 . eo• 1 4  840 8.so· 

1- 116 70 .so• 1 5  900 9.20" 

1- 113 80 t.oo" 1 6  960 s.eo• 

1 • 112 9 0  u o• 1 7  1 020 1 0.40. 

1- 213 1 00 1. 20" 1 8  1 08 0  1 1.oo• 

HV6 1 1 0 1.30" 1 9  1 14 0  1 1.60 "  

2 120 1.40" 20 1200 12.2o" 

3 180 2.oo• 2 1  1260 12.80" 

4 240 2.6Ct 2 2  1 32 0  13.40" 

5 300 3.2o• 23 1380 14.00" 

6 3 6 0 3.80" 24 1 440 
' 

14.60" ,.. ! 
* cot T + .2o > 

. .  -J L  
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front - surface of disc ontinuity or transition z one between two air 
mas s e s ,  inte rsecting the ground { or another fr ontal 
surface) as a line or transition z one . 

high - anticycl one . 

histogram - block diagram with blocks having bases representing a 
clas s interval and heights pr oportional to the class fre� 
quency. 

hurricane - spe cifically, a storm producing wind speeds in excess of 
75 mph; generally, a cyclone Qf tropical origin. 

hydrostatic pres sure - pres sure due to weight. 

hyetograph - bar graph in which increments of rainfall are arranged 
chronologically. 

infiltration - proce s s  whereby rainfall pas ses  through the ground 
surface.  

infiltration capacity - the maximum rate at which raitLcan be absorbed 
into a s oil as rain fall s .  This rate is  large at the be
ginning of a s torm, then rapidly de creases and finally 
become s a constant quantity . 

intensity, rainfall - the rate at which rain falls during a given period 
usually measured in inche s per hour . 

is oceraunic - line of equal thunde rst orm frequency ( or thunde rstorm 
day frequency) . 

isochrone - line of simultane ous time of be ginning or  ending. 

isohyet - line of equal depth of pre cipitation. 

isohyet-area curve - see minimum- rainfall curve . 

is oline - line conne cting equal value s .  

local ( shower or thunde rstorm) - occurring sporadically; not general . 

low - cyclone . 

mas s  curve - curve of cumulative value s through time.  

moisture, antecedent - moisture condition of the s oil prior to  the storm 
or  peak runoff occurrence under c onsideration. 
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maximum annual peak rate of runoff - the maximum value of cfs 
( or ,  inche s per duration) that occurs in one year for 
a specific duration. 

maximum annual rainfall - the maximum value ( in inche s) that o.ccurs 
in one year for a specific duration . 

mean (X) - is  the arithmetic mean 

mean deviati on - me an of the deviations ( disregarding sign) from an 
average value , usually the mean. 

minimum-rainfall curve - similar to area- depth curve , except that 
ordinates represent minimum instead of average depths 
within the areas ; als o  called is ohyet-area curve . 

mode (u) - the value around which the items tend to concentrate . 

mountain wind - down- slope wind resulting from the greate r nocturnal 
radiational cooling of the air in contact with the mountain 
slope than of the free air at the same level above the 
valley. 

multiple correlation - measurement of the proportion of one 1 s vari
able ' s  variation which is ass ociated with the variations 
in two or more other variable s .  

N - the numbe r  of events ( months , year s ,  etc . ) .  

normal - average value of a tnete orological element over a pe riod of 
year s s ufficiently long to make the average accepta.ble 
as a standard from which to measure departur e s  from 
normal. 

normal distribution - a frequency di stribution of observations of a 
variable dete r·mined by random caus e s .  

o ccluded front - portion of the front surface ( warm or cold) remain
ing in contact with the gr ound after the c old front has 
overtaken the warm fr ont and lifted the air in the warm 
sector aloft. 

orographic - caused by topographic slope . 

percentage -depth··area curve - an area-depth curve , with depths plotted 
as percentage s of depth over a specified area, usually 
the largest .  
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percentage frequency (%F) - ratio,  expre ssed in percent, of items or  
occurrences in one class  or  interval to total of items 
or occurrences in all clas ses  or intervals compared. 

percentage probability (%P) - pr obability expr es sed in percent; percentage 
of ce rtainty of occurrence ;  the number of occurrences 
out of  100  chance s .  

percent standard error ( %SE) - ratio of standard error t o  the mean, ex
pres sed as a percentage.  

planimeter - mechanical integrator for measuring plane area. 

plotting position - m/(N + I)  - position of an event on pr obability paper 
where rn is  arranged in order to increasing magnitude. 

point rainfall - rainfall rec orded by one gauge. 

probability - ratio of the average or expected number of occurrences to 
the total number of matematically pos sible occurrence s.  

probable error  - the value of e rror which divide s all the observational 
errors into two classes  of e qual frequency and there 
fore of e qual probability. 

pre cipitation,antecedent - precipitation that occurred prior to the particu
lar rainstorm unde r c onsideration. 

pre cipitation, effective - that portion of the total rainfall which reache s 
streams and rivers , directly or indirectly. 

rank (m) - position of a statistical event (ar.ranged in order of increasing 
magnitude) .  

recurrence interval (RI) - the average inte rval of time within which a given 
peak discharge or rainfall will be equaled or exceeded, 
e .  g . , a 1 0 - year RI rainfall will be equaled or exceeded 

reduced variate-

on an average of once every 1 0  year s ,  or more accurately, 
1 0  time s in 1 0 0  years ( See Return Period) . 

RI � N + l 
m 

y =" -1n ( - In � ( x) ) where � ( x) m 
-· N + I 

reduction ( of mete orological ob servations) - conver sion of obse rved value s 
to more comparable value s by reference to a standard 
base by computation. 
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regre ssion coefficient - the rate of change of the dependent variable with 
r e spect to the independent variable ; the slope of the 
regres sion line . 

regre s si on line - a  line expre s sing the relation between two variable s .  

relative humidity ( RH) - ratio of actual wate r - vapor content to saturation 
c ontent or total wate r - vapor capacity, expre ssed as 
a percentage . 

return period ( T) - s ometime s called recurrence inte rval, which is de 
fined as  the average interval of time within which the 
magnitude of a hydr ologic event ( X) will be e qualed 
or exceeded once on the ave rage . 

T = 1 /( 1 - !6  (x) ) or Nf 1 

ridge - V or U shaped i s olines b ounding relatively high value s ,  usually of 
pre s sure . 

right ( or positively) skewed distribution - an asymmetrical distribution of 
observations about a central value , characterized by 

high fre quencie s of the lower value s .  

r oot-mean- square - the square r oot of the arithmetical mean of the s quared 
items . 

runoff - the contribution from pre cipitation to streamflow. 

S - summation of events or items 

SX - summation of the obs e rved variates 

sx2 - summation of the square s  of the obs erved variates 

runoff coefficient _ peak rate of runoff for a given return pe riod 
ave rage rainfall intensity of the same return period 

slope ( 1 /a) - the l ogarithmic rate of increase or the slope of the the oreti
cal str aight line on extreme pr obability paper .  

Sn - the expected standard deviation of reduced extreme s 

s tandard er ror of es timate - ( s 1 . z) - a measure of the am ount of varia
bility in the dependent variable that we have failed to 
account for by our estimating equation, but it is stated 
in terms of the original data ( in our case,  inches qf 
rainfall pe r duration) . s 1 2 may be expre ssed as a per
centage of the dependent variable arithmetic mean. 
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standard deviation - Sx - the average deviation from the mean computed 
by taking the square r oot of the arithmetical mean of 
the squares of the individual deviations .  (For small 
sample s ,  it is the square root  of the quotient obtained 
by dividing the sum of the squared deviations by one 
le ss than the numbe r of deviations) .  

station, weather bureau - the following types of weather bureau stations 
are engaged in the collection of pre cipitation data and 
related mete orological data: 

( l ) first- order stations - ( staffed by commissioned 
weather bureau per s onnel) , taking detailed observations 
at intervals determined by the station' s  mis sion. 

( 2) second orde r stations l - (s taffed by part- time em
ployees) ,  taking detailed observations at 6-hour or 3 -
hour interval s .  

( 3 )  airway stations l - taking on-call obs ervations in 
connection with airway operations .  (Some of the se sta
tions are operated by the GAA but rec ords are kept 
by the Weather Bureau) . 

( 4) river and rainfall stationa l - taking rive r - stage and 
rainfall ob servations, usualty for use by :dver fore
casting cente r s .  

( 5 )  crop stations l - taking obse rvations for use by the 
Weather Bureau in connection with its se rvices to 
growers  of various c r ops . 

( 6) fruit-frost stations l - taking ob servations for local 
use in forecasting frost in fruit- growing areas . 

( 7) climatological and hydro climatic stations l - (in
cluding unpaid co operative observers),  taking ob serva
tions of tempe rature and pre cipitation for general cli
matological, hydrologic, and othe r use s .  

1 Galled Sec ondary Stations in this report . 
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( 8) evaporation stations 1 - taking ob se rvations of 
evap o ration from pans . 

Requests for data o r  information concerning first
orde r  stations ( ( 1 )  above) should be directed to the 
station involved o r  the ap_propriate section cente r .  
Requests for data o r  information concerning all sub
stations ((2 ) ,  ( 3) ,  ( 5) ,  ( 6 ) ,  ( 7) and ( 8) above) should 
be directed to the appropriate state section cente r .  

· The area hydrologic engineers a s  field representatives 
of the Washington office pr ovide liaison with the other 
Federal agencie s c once rning expansion of the network 
and operation of station s .  The r e c ords proce s sing 
centers transcibe all recorder charts and publish the 
state "Climatological Data" bulletins mentioned above . 
Matters concerning reporting networks ( ( 4) above) 
should be referred to the appropriate river district 
office .  

s torm profile - vertical section through an is ohyetal pattern, with dis 
tance from center a s  abscissa and corre sponding depth 
of precipitation as ordinate . 

synoptic - showing the distribution of mete orlogical elements over an area 
at a given moment, e. g . , a synoptic chart. 

Thiessen Method of weighting - method for determining the average depth 
of prec1pitation over an area by the construction of 
Thie s sen polygons, by means of which the individual 
observations are areally weighted . 

Thie s sen polygon - ge ometrical figure drawn by plotting perpendicular bi
sectors between adjacent pre cipitation station s .  The se 
bisecto r s  form closed ar eas ar ound each station and 
togethe r form a network of c ontiguous polygon s ,  for e.ach 
of which the enclosed s tati on ' s  precipitation is consider� 
ed repre sentative . 

time of concentration (tc) - the estimated time required for runoff to flow 
from the most distant p oint of drainage area to the 
point at which the discharge is to  be determined, thus 
giving a peak discharge . 

trace - half or less than . 0 l inch of precipitation. 

tropical storm - cyclone of tropical origin; hurricane . 

l Called Sec ondary Stations in this report.  
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variable - a number symbol which may take on any value in a set  of 
value s which is called its range . 

variable dependent ( X l )  - axis or Y - axis - that which is dependent on 
another variable or variable s ;  usually designated as 
variable or variabl e s .  

variable independent ( Xz , X3 , etc . , o r  X-axis - that which is known and 
is used to  predict the dependent variable . 

variate s - value s obtained by taking obs ervations or measurements on 
one o r  more variable s .  In gene ral , statistical data 
are obtained in this manne r .  F o r  example , in c om
puting the ave rage monthly rainfall of a r e gi on the 
variable is rainfall and the amount of rainfall for any 
month is variate . 

variations :  

explained variation ( S  x 12 c that part of the total which i s  explained 
by the relationship betwe en Xz and X1 ; the deviation 
from the mean of a c omputed value . 

total variation - explaine d variation + unexplained variation 

unexplained variation - (S x 1 z) - that part of the total which r e 
mains unaccounted f or after Xz i s  taken into c onsid
e ration; it is the deviation of the actual value from 
the c omputed value . 

warm front - from at which r elatively warmer air replaces c olde r air . 

weighed ave rage (used in Thie ssen method and Rational Formula) - rain
fall for a basin c omputed by multiplying each station 
precipitation amount by its assigned percentage of area 
and totaling; the re sults are usually more accurate 
than the arithmetic average . 

X - the oretical or observed event 

Yn - expected mean of the reduced extreme . 
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