
111. HYDROLOGIC ANALYSIS 

3.1 In t roduc t ion  

A hydrologic  a n a l y s i s  is  used t o  e s t a b l i s h  t h e  design flow of a  hydraul ic  

s t r u c t u r e .  For d ive r s ion  s t r u c t u r e s  it i s  adequate t o  e s t ima te  t h e  magnitude 

o f  t h e  peak flow o r  f l ood  a t  t h e  requi red  frequency f o r  a  p a r t i c u l a r  dra inage  

a rea .  The frequency o r  r e t u r n  pe r iods  f o r  ephemeral, i n t e r m i t t e n t  and persn- 

n i a l  s t reams were given i n  Table 1 .1  and a r e  summarized i n  Table 3.1. 

I f  an adequate f l oodp la in  e x i s t s ,  r e g u l a t i o n s  al low des igning  t h e  channel 

and f loodp la in  t o  c a r r y  t h e  r equ i r ed  flow, provided t h e  channel capac i ty  is a t  

l e a s t  equal  t o  t h e  capac i ty  of t h e  unmodified s t ream channel immediately 

upstream and downstream of t h e  d ivers ion .  Therefore,  a  reasonable approach i n  

some c a s e s  i s  t o  compute t h e  design d ischarge  f o r  a  l e s s e r  event  than  s t a t e d  

i n  Table 3.1 and compare i t  t o  t h e  es t imated  unmodified channel capac i ty .  I f  

t h e  va lues  a r e  reasonably c lose ,  t hen  it i s  r e a l i s t i c  t o  des ign  based on t h i s  

value.  I f  no t ,  a  l a r g e r  event  must be used. 

Development of t h e  e n t i r e  runoff hydrograph r equ i r ed  f o r  some hydraul ic  

s t r u c t u r e s  i s  somewhat involved. However, e s t ima t ion  of peak d ischarge  

r equ i r ed  f o r  d ive r s ion  channel  des ign  is  genera l ly  e a s i e r  and t h e r e  a r e  a  

number of r e l a t i v e l y  s imple methods a v a i l a b l e  f o r  use.  Determining t h e  method 

t o  u se  depends on t h e  a v a i l a b l e  d a t a  and t h e  a p p l i c a b i l i t y  of  a  given r e l a -  

t i o n s h i p  t o  t h e  design condi t ions .  For a  gaged watershed, t h e  e s t ima te  i s  

made by a  hydrologic  a n a l y s i s  of  t h e  dra inage  a r e a  c h a r a c t e r i s t i c s ,  c l i m a t i c  

c h a r a c t e r i s t i c s  and t h e  accumulated streamflow da ta ;  however, most smal le r  

dra inages  a s s o c i a t e d  wi th  d ive r s ion  design a r e  ungaged and an  e s t ima te  of t h e  

des ign  flow must be made from l i m i t e d  topographic and c l i m a t i c  da ta .  

The primary phys i ca l  c h a r a c t e r i s t i c s  t h a t  must be considered i n  s e l e c t i n g  

an a p p l i c a b l e  method f o r  su r f ace  mine opera t ions  i n  t h e  Eas te rn  coa l  province 
a r e  s t e e p  s lopes  and r e l a t i v e l y  small  watershed a r e a .  Many of t h e  a v a i l a b l e  

methods f o r  peak flow es t ima t ion  have been developed f o r  moderately s loped,  

la rge-area  watersheds. No s i n g l e  method examined was exac t ly  t a i l o r e d  t o  meet 

t h e  r e q u i r e m n t s  f o r  s u r f a c e  mine opera t ions .  However, s i n c e  most d ive r s ion  

s t r u c t u r e s  a r e  small  engineer ing  s t r u c t u r e s  dea l ing  wi th  acreages  t y p i c a l l y  

less than  200, and loca t ed  i n  r u r a l  a r e a s ,  t h e  a p p l i c a t i o n  of  any one of t h e s e  

methods i s  probably acceptable .  

The recommended methods a r e  t h e  Rat iona l  Method and t h e  method descr ibed  

i n  SCS TP-149. The Rat iona l  Method is probably t h e  most commonly used method 



Table 3 . 1 .  Hydrologic Recurrence Interval and Design Event. 

Overland Flows, 
Shallow Groundwater F l o w s  Perennial and 

Ephemeral Streams Intermittent St reams 

Permanent 10-year, 24-hour 100-year, 24-hour 

Temporary 2-year, 24-hour 10-year, 24-hour 



i n  t h e  Eastern Coal Province. The SCS TP-149 i s  considered t o  he a more accu ra t e  

method, and y e t  a r e l a t i v e l y  simple a l t e r n a t i v e  t o  t h e  Rat iona l  Method. While 

only t h e s e  two methods a r e  descr ibed  i n  t h i s  manual, it i s  expected t h a t  

des igners  w i l l  apply sound judgement and where warranted, apply more complex 

methods. Designers f r equen t ly  determine peak r a t e s  by more than  method and 

use  judgment f o r  s e l e c t i o n  of t h e  design value. In some s t a t e s  t h e  r egu la to ry  

agencies  may even d i c t a t e  t h e  p r e f e r r e d  method. 

3.2 Rat iona l  Method 

The Rat iona l  Method i s  a common method f o r  peak flow es t imat ion;  however, 

it has  many l i m i t a t i o n s  t h a t  must be considered. These l i m i t a t i o n s  a r e  

d iscussed  by McPherson (1969) and o the r s .  The b a s i c  problem is t h e  g r e a t  

ove r s imp l i f i ca t ion  by t h e  equat ion of a complicated runoff process;  however, 

because of  t h e  s i m p l i c i t y  of t h e  Rat iona l  Method, it cont inues  t o  be a widely 

used technique. 

The Rat iona l  formula i s  

where Q is  t h e  peak flow r a t e  i n  cubic  f e e t  p e r  second ( c f s ) ,  C is  a 

dimensionless  c o e f f i c i e n t ,  i is t h e  r a i n f a l l  i n t e n s i t y  i n  inches  p e r  hour 

( i p h )  f o r  t h e  design r e t u r n  per iod ,  and A is t h e  dra inage  a r e a  i n  ac re s .  

Values f o r  i can be determined from U.S. Weather Bureau Technical  Paper 40 

(1961).  Appendix A p rovides  t h e s e  f i g u r e s  f o r  t h e  geographical  a r e a  of OSM 

Regions I and I1 and f o r  t h e  design r e t u r n  pe r iods  r equ i r ed  i n  d ive r s ion  

design. To be dimensional ly c o r r e c t ,  a conversion f a c t o r  of 1.008 should be 

inc luded  i n  Equation 3.1 t o  conver t  acre- inches p e r  hour t o  c f s ;  however, t h i s  

f a c t o r  is gene ra l ly  neglected.  

The assumptions used i n  developing t h e  Rat iona l  Method a re :  

1. The r a i n f a l l  occurs  a t  a uniform i n t e n s i t y  over  t h e  e n t i r e  
watershed. 

2.  The r a i n f a l l  occurs  a t  a uniform i n t e n s i t y  f o r  a du ra t ion  equal  t o  
t h e  t ime of  concent ra t ion ,  (tc). 

3 .  The frequency of t h e  runoff equals  t h a t  of t h e  r a i n f a l l  used i n  t h e  
equat ion.  

The time of  concent ra t ion  (tc) is  def ined  a s  t h e  t ime r equ i r ed  f o r  water t o  

flow from t h e  most remote ( i n  t ime of f low) p o i n t  i n  t h e  watershed t o  t h e  



p o i n t  i n  cons ide ra t ion  once t h e  s o i l  has  become s a t u r a t e d  and minor 

depress ions  a r e  f i l l e d .  To s a t i s f y  assumption 2, t h e  t ime of concent ra t ion  

must be  known t o  e s t a b l i s h  t h e  proper  va lue  of i n t e n s i t y  i n  formula 3.1. 

Accurately e v a l u a t i n g  t h e  t ime of concent ra t ion  i s  one of t h e  major problems 

i n  u s ing  t h e  Rat iona l  formula. Table 3.2 p r e s e n t s  t va lues  f o r  smal l  
C 

watersheds based on a commonly used formula (Kirp ich ,  1940).  F igures  3.1 and 

3.2 provide  nornographs f o r  computing t t h a t  i nco rpora t e  t h e  c h a r a c t e r  of t h e  
C 

ground su r f ace .  

A f t e r  e s t ima t ing  t h e  t ime of  concent ra t ion ,  t h e  r a i n f a l l  i n t e n s i t y  f o r  a 

du ra t ion  equal  t o  t h a t  t ime must be  e s t ab l i shed .  The U.S. Weather Bureau TP 

40 c h a r t s  i n  Appendix A a r e  only  f o r  d u r a t i o n s  of 1 and 24 hours.  The r a in -  

f a l l  amount f o r  a d i f f e r e n t  du ra t ion  can be e s t a b l i s h e d  from t h e s e  c h a r t s .  I f  

t h e  du ra t ion  e s t a b l i s h e d  by t h e  t ime of concen t r a t ion  is  longer  t han  one hour,  

t h e  procedure i s  t o  p l o t  t h e  one- and 24-hour amounts f o r  t h e  given r e t u r n  

p e r i o d  on semilog paper  and i n t e r p o l a t e  by a s t r a i g h t  l i n e  t h e  r equ i r ed  value.  

I f  t h e  du ra t ion  i s  l e s s  than one hour, t h e  r a i n f a l l  amount from t h e  one-hour 

c h a r t  i s  mul t ip l i ed  by t h e  conversion f a c t o r  i n  F igure  3.3. The i n t e n s i t y  i n  

i p h  can then  be e s t ab l i shed .  

The c o e f f i c i e n t  C, c a l l e d  t h e  runoff  c o e f f i c i e n t  and def ined  a s  t h e  

r a t i o  of t h e  peak runoff r a t e  t o  t h e  r a i n f a l l  i n t e n s i t y ,  i s  a l s o  d i f f i c u l t  t o  

determine. S tud ie s  have shown t h a t  C depends on t h e  i n f i l t r a t i o n  r a t e ,  sur- 

f a c e  cover,  channel and s u r f a c e  s to rage ,  an tecedent  cond i t i ons ,  and r a i n f a l l  

i n t e n s i t y .  The d i f f i c u l t y  i n  lumping a l l  t h e s e  f a c t o r s  i n t o  one c o e f f i c i e n t  

i s  apparent .  I f  one C value  i s  n o t  a p p l i c a b l e  t o  t h e  e n t i r e  dra inage  a rea ,  

a n  a r e a  weighted average can be e s t a b l i s h e d  from 

where C i s  t h e  symbol f o r  a summation and 
i 

i s  t h e  c o e f f i c i e n t  app l i cab le  

t o  t h e  incremental  a r e a  Ai. Numerous t a b l e s  of C va lues  f o r  urban a r e a s  

e x i s t .  Table 3.3 p r e s e n t s  a t a b l e  of C va lues  developed f o r  r u r a l  a r e a s  

(Schwab e t  a l . ,  1971).  This  t a b l e  i s  t h e  one found most a p p l i c a b l e  t o  su r f ace  

mine condi t ions .  In  reviewing some of t h e  mine p l ans  submit ted i n  OSM Regions 

I and 11, it was observed t h a t  C va lues  of 0.15 and 0.50 were commonly used 

f o r  undis turbed  and d i s tu rbed  mine a r e a s ,  r e spec t ive ly .  According t o  Table 

3.3, t h e s e  va lues  a r e  reasonable only i n  r e l a t i v e l y  f l a t  t e r r a i n .  



a  Table 3.2. Time of Concentrat ion f o r  Small Watersheds 

Maximum Time of Concentrat ion (min) 
Length of Watershed Gradient  ( p e r c e n t )  
Flow ( f t )  0.05 0.1 0.5 1.0 2.0 5.0 

a 0.77 S- 
Computed from t = O .0 078 L 

C 
0*385, where 2, is  t h e  maximum leng th  

of  flow i n  f e e t ,  S  is t h e  watershed g rad ien t  i n  f e e t  p e r  f o o t ,  and 
i s  t h e  t ime concent ra t ion  i n  minutes (Kirp ich ,  1940). Tc 
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Figure 3.1 Nomograph for computing tc 
(from West Vi rg in ia  Department 

of Highways). 



EXAMPLE 
Height = 100 Ft.  
Length= 3 ,000  Ft. 
Time of concentration = I4  Min. 

Note: 
Use nomograph Tc for natural 

LL 
basins with well defined channels, 0 
f o r  overland flow on bare I 
ear th,and for mowed gross road- + 
side channels. (3 

Z 
For overland flow, grassed sur- w 

faces, multiply Tc by 2. J 

For overland flow, concrete or  =E 
=> 

asphalt surfoces, multiply Tc S - 
by 0.4. x 

For concrete channels, multiply a 
5 

Tc by 0.2. 

Bosed on study by P. Z. Kirpich, 
Civil Engineering, Vol. 10, N0.6, June 1940, p. 362 

Figure 3.2. Time of concentration of small rural drainage basins 
(from West Virginia Department of Highways). 



If I,, = 2.0 inches 

For t -30 minutes 

I, / I*, = 0.79 

iph = 1.58 inches x I 6 0  minutes = 3.16 
3 0  minutes l hour 

0 10 2 0 3 0  4 0  50  6 0  

DURATION IN MINUTES ( 1 )  

Figure 3.3. Conversion factors for durations less than one hour. 



T a b l e  3.3. R a t i o n a l  Runoff C o e f f i c i e n t s  
( a f t e r  Schwab e t  a l . ,  1971) .  

Values of C i n  Q = C i A  

Topography S o i l  Tex ture  
a n d  Open Sandy Clay and  S i l t  T i g h t  

V e g e t a t i o n  Lo a m  ~ o a m  Clay 

Woodland 
F l a t  0-5% s l o p e  0.10 
R o l l i n g  5-10% s l o p e  0.25 
H i l l y  10-30% s lope*  0.30 

P a s t u r e  
F l a t  
R o l l i n g  
H i l l y  

C u l t i v a t e d  
F l a t  
R o l l i n g  
H i l l y  

*Values are n o t  a v a i l a b l e  f o r  s t e e p e r  s l o p e  c o n d i t i o n s ,  s o  when 
a p p l y i n g  t h e  R a t i o n a l  Formula t o  s t e e p e r  s l o p e s  t h i s  l i m i t a t i o n  
must b e  r e a l i z e d .  



Considerable c a r e  should be exerc ised  i n  using t h e  tabula ted  values t o  

insure  reasonable r e s u l t s .  From a review of t h e  t a b l e  it i s  apparent  t h a t  

vegeta t ion  has a considerable inf luence  on t h e  peak runoff r a t e .  A su r face  

mine opera t ion  w i l l ,  a t  l e a s t  temporari ly,  change a s u b s t a n t i a l  por t ion  of t h e  

drainage bas in  vegeta t ion  type, f o r  example from woodland t o  c u l t i v a t e d  

( d i s t u r b e d ) .  Therefore, a weighted C value w i l l  most o f t e n  be required.  

Addit ionally,  t h e  designer must r e a l i z e  t h a t  t h e  most c r i t i c a l  per iod  of chan- 

n e l  s t a b i l i t y  i s  immediately a f t e r  regrading, before  t h e  vegeta t ion  has become 

es tabl i shed.  Not only a r e  p o t e n t i a l  e ros ion r a t e s  t h e  g r e a t e s t ,  but  a l s o  the  

peak runoff r a t e  due t o  t h e  lack  of r e s i s t a n c e  t o  overland flow. Since t h e r e  

can be no assurance of when t h e  design storm w i l l  occur, t h e  designer may want 

t o  assume t h e  worst condit ion t o  prevent  p o t e n t i a l  f a i l u r e  of t h e  drainagae 

system. 

3 . 3  SCS TP- 1 49 Method 

Discrepancies between some of t h e  commonly used methods of peak r a t e  

es t imat ion  under s i m i l a r  condi t ions  prompted t h e  SCS t o  develop t h e  method 

presented i n  SCS TP-149 (Kent, 1968). The primary d i f fe rences  i n  r e s u l t s  

between t h e  methods ( i . e .  , Rational  formula, Cook's Method, e t c .  ) were due t o  

t h e  choice of c o e f f i c i e n t s  and f a c t o r s  inherent  i n  each method r a t h e r  than t o  

t h e  method i t s e l f .  

The development of t h e  TP-149 method was based on t h e  need t o  produce a 

r e l i a b l e  procedure f o r  making quick, on-the-spot es t imates  of peak discharge 

r a t e s .  The method i s  a s impl i f i ed  graphica l  approach t h a t  i s  c lose ly  a l l i e d  

with t h e  SCS NEH-4 procedure. The graphs were computer generated using 

average condi t ions  f o r  t h e  var ious  parameters and cor rec t ion  f a c t o r s  involved 

i n  NEH-4. Therefore, t h e  peak discharge of a small watershed with unusual 

c h a r a c t e r i s t i c s  can be more accura te ly  computed using NEH-4 i f  necessary. 

Graphs were prepared f o r  two d i s t r i b u t i o n s  of storm r a i n f a l l  with time. Type 

I represen t s  Hawaii, Alaska, and t h e  c o a s t a l  s i d e  of t h e  S i e r r a  Nevada and 

Cascade Mountains i n  Ca l i fo rn ia ,  Oregon and Washington. The Type I1 d i s t r ibu-  

t i o n  represents  t h e  r e s t  of t h e  United S ta tes ,  Puerto Rico and t h e  Virgin 

Is lands .  Therefore, most a l l  su r face  mining a reas  i n  t h e  United S t a t e s  a r e  

covered by the  Type I1 graphs. 

The graphs have a l s o  been prepared f o r  curve numbers ( C N )  of 60, 65, 70, 

75, 80, 85 and 90. Iden t i fy ing  the  r ep resen ta t ive  CN r equ i res  sound judgment 



based upon t h e  s p e c i f i c  in fo rmat ion .  T a b l e  3.4 p r o v i d e s  t h e  a s s o c i a t i o n  o f  

C N ' s  w i t h  v a r i o u s  h y d r o l o g i c  s o i l - c o v e r  complexes f o r  average  a n t e c e d e n t  

m o i s t u r e  c o n d i t i o n s  (AMC 11). S o i l s  a r e  d i v i d e d  i n t o  f o u r  h y d r o l o g i c  s o i l  

groups:  A,  B, C and D.  The groups  are i n c l u d e d  i n  NEH-4 ( S o i l  Conserva t ion  

S e r v i c e ,  1972) .  Group A s o i l s  have a h igh  i n f i l t r a t i o n  r a t e  even when 

thoroughly  w e t .  When thoroughly  wet ,  group B s o i l s  have a moderate i n f i l t r a -  

t i o n  r a t e ,  group C s o i l s  have a slow i n f i l t r a t i o n  r a t e ,  and group D s o i l s  have 

a v e r y  slow i n f i l t r a t i o n  r a t e .  T y p i c a l l y ,  most s o i l s  i n  t h e  E a s t e r n  Coa l  

P r o v i n c e  a r e  i n  t h e  Type C group. Tab le  3.5 d e s c r i b e s  t h e  p r o p e r t i e s  o f  t h e  

f o u r  s o i l  group c l a s s i f i c a t i o n s .  NEH-4 l i s ts  more t h a n  4000 s o i l s  and t h e i r  

h y d r o l o g i c  group c l a s s i f i c a t i o n s .  For  g r e a t e r  d e t a i l  o r  accuracy  i n  d e f i n i n g  

t h e  CN, r e f e r  t o  NEH-4. 

The g raphs  a l s o  i n v o l v e  average  wate r shed  s l o p e  as d e f i n e d  by f l a t ,  

moderate o r  s t e e p .  Tab le  3.6 g i v e s  t h e  v a l u e s  assumed i n  t h e  computer 

g e n e r a t e d  g r a p h s  f o r  TP-149 and t h e  s l o p e  r a n g e s  a s s i g n e d  t o  each  s l o p e  fac -  

t o r .  I f  a c l o s e r  e s t i m a t e  o f  peak d i s c h a r g e  is  r e q u i r e d  f o r  a s p e c i f i c  s l o p e ,  

c u r v i l i n e a r  i n t e r p o l a t i o n  can b e  used  between 1, 4 and 16 p e r c e n t .  O r d i n a r i l y  

t h e  peak d i s c h a r g e  v a l u e s  f o r  one  o f  t h e  t h r e e  s l o p e  c a t e g o r i e s  w i l l  be  ade- 

q u a t e  w i t h o u t  i n t e r p o l a t i n g  between s l o p e  c a t e g o r i e s .  

The method i s  g e n e r a l l y  l i m i t e d  t o  d r a i n a g e s  less t h a n  2000 a c r e s  and 

average  s l o p e s  l e s s  t h a n  30 p e r c e n t .  For wa te r sheds  exceed ing  t h e s e  l i m i t s  

SCS recommends t h a t  t h e  methods i n  NEH-4 b e  fo l lowed  (Kent ,  1968) .  

A d d i t i o n a l l y ,  s i n c e  t h e  g raphs  were developed f o r  t y p i c a l  o r  average  con- 

d i t i o n s ,  a wa te r shed  w i t h  unusua l  c h a r a c t e r i s t i c s  s h o u l d  be  e v a l u a t e d  by 

NEH-4. However, a s  p r e v i o u s l y  mentioned, t h e  method p r o b a b l y  y i e l d s  reaso-  

n a b l e  r e s u l t s  f o r  d e s i g n  i n  s u r f a c e  mine s i t u a t i o n s .  Appendix B p r o v i d e s  t h e  

r e q u i r e d  g raphs  f o r  Type I1 r a i n f a l l  d i s t r i b u t i o n .  

3.4 C a l c u l a t i o n  Procedures  

3.4.1 R a t i o n a l  Formula 

1. E s t i m a t e  runof f  c o e f f i c i e n t  C o r  a n  area-weighted C ,  from T a b l e  3 . 3 .  

2. E v a l u a t e  t h e  t ime  of  c o n c e n t r a t i o n  tc (min) from Table  3.2, F i g u r e  3.1 

o r  F i g u r e  3.2,  depending on a v a i l a b l e  d a t a .  

3. Determine t h e  r a i n f a l l  i n t e n s i t y  i ( i p h )  f o r  a d u r a t i o n  e q u a l  t o  t . 
C 

I f  t i s  l e s s  t h a n  one hour ,  o b t a i n  t h e  one-hour r a i n f a l l  amount f o r  
C 

t h e  d e s i g n  r e t u r n  p e r i o d  from t h e  c h a r t s  i n  Appendix A. Then e v a l u a t e  



T a b l e  3 .4 .  Funoff Curve Numbers f o r  Hydrologic  Soi l -Cover  Complexes. 
[Antecedent  Mois tu re  C o n d i t i o n  (AMC) I1 and Ia = 0.251 

Land U s e  and Treatment  
o r  P r a c t i c e  

Hydrologic  Hydrologic  S o i l  Group 
C o n d i t i o n  A B C D 

Fal low 

Row 
S t r a i g h t  row 

c r o p s  
S t r a i g h t  row 
S t r a i g h t  row 
Contoured 
Contoured 
Contoured and  t e r r a c e d  
Contoured and t e r r a c e d  

Smal l  g r a i n  
S t r a i g h t  row 
S t r a i g h t  row 
Contoured 
Contoured 
Contoured and  t e r r a c e d  
Contoured and  t e r r a c e d  

Close-seeded legumes o r  r o t a t i o n  meadow 
S t r a i g h t  raw 
S t r a i g h t  row 
Contoured 
Contoured 
Contoured and  t e r r a c e d  
Contoured and t e r r a c e d  

P a s t u r e  o r  r a n g e  
No mechanical  t r e a t m e n t  
No mechanical  t r e a t m e n t  
No mechanical  t r e a t m e n t  
Contoured 
Contoured 
Contoured 

Meadow 
Woods 

Farmsteads  
RO ads  l 

D i r t  
Hard s u r f a c e  

---- 

Poor  
Good 
Poor 
Good 
poor  
Good 

Po o r  
Good 
p o o r  
Good 
Poor 
Good 

Poor  
Good 
Poor 
Good 
Poor 
Good 

Poor 
F a i r  
Good 
Poor  
F a i r  
Good 
Good 
Poor  
F a i r  
Good 
---- 
---- 
---- 

l I n c l u d i n g  r i g h t s  of way. 



Table 3.5. S o i l  Conservation Serv ice  S o i l  Group C l a s s i f i c a t i o n s .  

S o i l  Group Descr ip t ion  

A Lowest Runoff P o t e n t i a l .  Inc ludes  deep sands wi th  very l i t t l e  
s i l t  and c l ay ,  a l s o  deep, r a p i d l y  permeable l o e s s .  

B Moderately Low Runoff P o t e n t i a l .  Mostly sandy s o i l s  less deep 
than  A ,  and l o e s s  l e s s  deep o r  less aggregated than  A, bu t  t h e  
group a s  a whole has  above-average i n f i l t r a t i o n  a f t e r  thorough 
wet t ing .  

C Moderately High Runoff P o t e n t i a l .  Comprises shallow s o i l s  and 
s o i l s  con ta in ing  cons iderab le  c l a y  and c o l l o i d s ,  though l e s s  than 
those  of Group D .  The group has below-average i n f i l t r a t i o n  a f t e r  
p r e s a t u r a t i o n .  

D Highest Runoff P o t e n t i a l .  Inc ludes  mostly c l a y s  of high swe l l i ng  
pe rcen t ,  bu t  t h e  group a l s o  i nc ludes  some shallow s o i l s  wi th  
n e a r l y  impermeably subhorizons near  t h e  sur face .  

From U.S. S o i l  Conservation Serv ice ,  Nat ional  Engineering Handbook, Hydrology, 
Sec t ion  4, P a r t  I, Watershed Planning (1964) .  



Table 3 . 6 .  Slope Factors f o r  Peak Discharge Computations 
i n  the  TP-149 Method. 

Slope fo r  Which 
Computations Average 

Slope Factor Were Made ( % )  Slope Range ( % )  

F l a t  
1 

Moderate 4 3 t o  8 

Steep 16 8 o r  more 

'Level t o  nearly l eve l .  



t h e  r e q u i r e d  c o r r e c t i o n  f a c t o r  from F i g u r e  3.3 t o  o b t a i n  t h e  r a i n f a l l  

amount f o r  t h e  t . The i n t e n s i t y  i r e q u i r e d  i n  t h e  R a t i o n a l  Formula 
C 

i s  t h e n  

1 60 min 
i p h  = t r a i n f a l l  amount ( i n )  x x 

c tc (min) 1 h r  

I f  
tc 

i s  g r e a t e r  t h a n  one hour,  o b t a i n  t h e  one- and 24-hour r a i n f a l l  

amounts f o r  t h e  d e s i g n  r e t u r n  p e r i o d  and e v a l u a t e  t h e  amount f o r  
tc by 

i n t e r p o l a t i o n  on semi log  paper .  Compute t h e  i p h  as d e s c r i b e d  above. 

E s t a b l i s h  t h e  c o n t r i b u t i n g  d r a i n a g e  a r e a  A ( a c r e s ) .  

E v a l u a t e  Q = C i A  ( c i s ) .  

3.4.2 SCS TP-149 Method 

E s t i m a t e  t h e  curve  number ( C N )  from Table  3.4. 

Determine t h e  24-hour d u r a t i o n  r a i n f a l l  f o r  t h e  r e q u i r e d  r e t u r n  p e r i o d  

f rom t h e  c h a r t s  i n  Appendix A.  

E n t e r  t h e  a p p r o p r i a t e  c h a r t  i n  Appendix B t o  de te rmine  Q i n  c f s .  

3.5 Example Using Step-By-Step Procedures  O u t l i n e d  Above 

From a t o p o g r a p h i c  map t h e  d r a i n a g e  a r e a  i s  e s t i m a t e d  as 70 a c r e s  and t h e  

maximum f low l e n g t h  i s  2750 f t .  The t e r r a i n  i s  h i l l y  w i t h  a n  average  20 per -  

c e n t  s l o p e  and  c o n s i s t s  p r i m a r i l y  o f  woodland w i t h  a c l a y  and  s i l t  loam s o i l .  

What i s  t h e  d i s c h a r g e  f o r  t h e  t en-year  e v e n t  n e a r  C h a r l e s t o n ,  West V i r g i n i a ?  

3.5.1 R a t i o n a l  Formula 

From T a b l e  3.3 C = 0.50. 

From formula  g iven  i n  Tab le  3 

tc = 6.5 min. 

From Appendix A t h e  r a i n f a l l  amount f o r  t h e  t en-year ,  one-hour e v e n t  i s  

2.0 i n c h e s .  From F i g u r e  3.3 t h e  c o r r e c t i o n  f a c t o r  f o r  d u r a t i o n  e q u a l  t o  

6 .5  minu tes  i s  0.30. 

'6.5 
= 2.0 (0 .30)  = 0.60 i n c h e s  



1 60 min 
i p h  = 0.60 i n c h e s  x x = 5.5 i p h  

6 . 5  min 1 hour  

4. C o n t r i b u t i n g  a r e a  g i v e n  as 70 a c r e s .  

5 .  From Q = C i A  

= 0.50 (5 .5 )  ( 7 0 )  

Q = 192 c i s  
P 

3.5.2 SCS TP-149 Method 

1 .  For  g roup  C s o i l s ,  t h e  CN from T a b l e  3.4 is 73 f o r  woods i n  f a i r  con- 

d i t i o n .  

2. From Appendix A, t h e  t en-year ,  24-hour e v e n t  is  4.2 i n c h e s .  

3. From c h a r t s  i n  Appendix B, 

f o r  CN = 70 Q = 90 c f s  
P 

CN = 75 Qp = 130 c f s  

By l i n e a r  i n t e r p o l a t i o n ,  CN = 73  Qp = 114 c f s .  
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