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A Method of 

Determining Surface Runoff 
by "Routing" Infiltrated Water 

through the Soil Profiles 

Donald E. Whelan 
~Lemuel E. Miller 
'John B. Cavallero 

TO DEX'ERP4INE the effects  of watershed management on 
flood runoff, one must make a re l iab le  e s t h a t e  of how much 
the surface runoff can be reduced by ,a  land-use program. 
Since surface runoff i s  the difference between precipikatgon 
and the amount of water that soaks in to  the so i l ,  such an 
estimate must be based on the i n f i l t r a t i o n  capacity of the 
so i l .  

I n  the past, i n f i l t r a t i o n  ra tes  have usually been 
calculated by means of an infil trometer.  T h i s  i s  a mechan- 
i c a l  device tha t  sprays water t o  simulate ra infa l l ,  at a 
f h e d  rate ,  The runoff can be measured, and i n f i l t r a t i o n  
can be calculated. 

But use of the infil trometer i s  very expensive i n  
sampling a large number of s o i l  and cover conditions. And 



the resul ts  of inf i l t rometer  studies a re  d i f f i c u l t  t o  inter- 
p re t  and use, because the i n f i l t r a t i o n  rates  obtained are  
val id  only fo r  the par t icu lar  soil-cover complex on which 
the inf i l t rometer  run i s  made. 

So when the Northeastern Forest Ikperiment Station 
undertook a flood-control survey of the Allegheny River wa- 
tershed, a be t te r  way was sought for  obtaining data on run- 
off and in f i l t r a t ion .  The r e su l t  was a new method of deter- 
mining i n f i l t r a t i o n ,  by "routingn i n f i l t r a t e d  water through 
the s o i l  profi le .  

With t h i s  method, the t o t a l  i n f i l t r a t i o n  and surface 
runoff can be determined f o r  any s o i l  profi le ,  and fo r  any 
r a in fa l l  pattern regardless of i t s  variations i n  in tens i ty  
and duration. 

This method i s  especially we11 adapted f o r  evaluating 
the  hydrologic effects  of a land-use program. It was used 
fo r  this purpose i n  the  flood-control survey. 

D A T A  U S E D  

In  developing t h i s  method, a detailed hydrologic 
study was made of the s t o m  and flood o f '  July 17-18, 1942, 
on the headwaters of the Allegheny River i n  western Elm Pork 
and Pennsylvania. The watershed studied i s  tha t  portion of 
the Allegheny River above Red House, N.Y.; i t s  drainage area 
i s  1,690 square miles. 

Rainfall 

The U. S. Weather Bureau (9' s t a t ed  in i t s  report on 
this storm tha t  the  point-rainfall  values were among the 
highest measured in the United States f o r  durations of 24 
hours o r  less .  The maximum point-rainfal w a s  estimated a t  
37 inches. Most of it f e l l  within a 12- t our period. This 
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storm consisted of a protracted period of recurrent  thunder- 
storm ac t i v i t y .  

Since t h e  t o t a l  storm r a i n f a l l  over t he  area s tudied 
varied from about 3 t o  37 inches, the  r a i n f a l l  was divided 
i n t o  1 0  rainfall-depth c lasses .  The average t o t a l  storm 
r a i n f a l l  was determined f o r  each rainfall-depth c lass .  The 
i n t e n s i t i e s  of each rainfall-depth c lass  were based on t h e  
recording r a i n  gage a t  Smethport, Pa. The periods of mi- 
form i n t e n s i t y  varied from 2 minutes t o  1 hour, The average 
t o t a l  storm rainfall .  over t he  watershed above Red House was 
estimated a t  8,5 inches. 

Runoff 

The U.S, Geological Survey (4) published i n  i t s  flood 
report  de t a i l ed  discharge records on t h i s  watershed f o r  the  
period Ju ly  18-29, 19@. From an analysis  of t h e  flood 
hydrograph, t he  f lood runoff was found t o  be 3 .1 inches ;  2.1 
inches of t h a t  was  surface runoff and 1.0 inch w a s  subsur- 
face runoff. 

The average amount of i n f i l t r a t e d  water w a s  therefore  
6.4 inches, t h e  difference between t h e  t o t a l  storm r a i n f a l l  
of 8,5 inches and the  surface runoff of 2.1 inches. 

L a n d - U s e  I n w e n t o  r y  

The t o t a l  amount of water t h a t  i n f i l t r a t e s  i n t o  a 
s o i l  p r o f i l e  during a storm depends upon t he  percolation 
r a t e ,  transmission veloci ty ,  and re tent ion and detention 
storage values of each horizon i n  t h e  s o i l  p r o f i l e  (2). 
These values vary by soil-cover complexes, especia l ly  i n  t he  
upper s o i l  horizons. 

Therefore a land-use inventory was made t o  determine 
t h e  a r e a l  exkent of each soil-cover complex (as  c l a s s i f i e d  
below) and t he  average depth of i t s  s o i l  horizons, The ho- 
rizons measured were t h e  topsoi l ,  B, and C i n  open land; and 
t he  humus, lower A,  B, and C i n  woodland. 

Oper, land was  c l a s s i f i e d  by land use and by kind of 
t i l l a g e :  up-and-downhill o r  on t he  contour. Voodland was 
c l a s s i f i ed  by humus depth and type, and by presence o r  ab- 
sence of grazing. A l l  a reas  were c l a s s i f i e d  by s o i l  t ex ture  
and s o i l  drainage. 



The land-use inventory of t h e  watershed was based on 
a random-plot-sampling method i n  which d i r e c t  and stereo- 
scopic i n t e rp re t a t i on  of a e r i a l  photographs was used, sup- 
plemented by f i e l d  examination (2).  

'Soil-Yater R e l a t i o n s h i a s  

A study of soil-and-water re la t ionships  was made i n  
t h e  f i e l d  ~Smultaneously with t h e  land-use inventory (6) .  
Undisturbed s o i l  samples--by horizons--were taken of t he  
p r inc ipa l  soil-cover complexes. 

Samples were t e s t e d  i n  a f i e l d  laboratory t o  obta in  
percolation r a t e s ,  transmission ve loc i t i es ,  and re tent ion 
and detention storage values f o r  each horizon. Average val- 
ues f o r  each of these  var iables  were d e t e d n e d  f o r  t h e  in-  
dividual  horizons of each soil-cover complex. These values 
were applied t o  t h e  respective areas of t he  soil-cover com- 
plexes a s  established by t h e  land--use inventory. 

'Surface D e t e n t i o n  S t o r a g e  

Surface detention storage occurs whenever the  rain- 
f a l l  i n t ens i t y  exceeds t h e  percolation r a t e  of t h e  uppermost 
s o i l  horizon. When t h e  r a i n f a l l  i n t ens i t y  i s  high and sus- 
ta ined enough t o  sa tu ra te  t h e  uppermost s o i l  horizon, t he  
percolation r a t e  of t he  surface s o i l  then becomes equal t o  
t h a t  of t he  next horizon below t h a t  i s  not saturated.  

The depth of surface detention depends on t h e  type 
and density of t h e  vegetal  cover, For example, s tudies  by 
t he  S o i l  Conservation Service ind ica te  t h a t  s o i l  with a COV- 

e r  of row crops has a surface detention storage of 0.02 inch 
when t he  crop rasps run up-and-downhill; and 0,25 inch when 
they run along t he  contour. 

I n  computations of surface runoff, t h i s  surface de; 
t en t ion  storage was considered i n s t an t l y  ava i lab le  f o r  us$ 
whenever r a i n f a l l  excess occurs. When the  r a i n f a l l  excess 
exceeds t h i s  storage, t he  di f ference becomes surface runoff. 

However, water i n  surface detention storage i n f i l -  
t r a t e s  i n t o  t h e  s o i l  a f t e r  subsequent drainage of t h e  s o i l  
profi1.e. I n  a severe storm of long duration, surface de- 
t en t i on  storage may be u t i l i z e d  over and over again because 
of t h e  var ia t ion  i n  r a i n f a l l  i n t ens i t i e s .  



R e t e n t i o n  A n d  D e t e n t i o n  S t o r a g e  

Retention storage i s  t he  amount of water t h e  s o i l  can 
hold against  t h e  p u l l  of gravity.  Detention storage i s  t h e  
difference between sa tu ra t ion  and re tent ion storage, 

The re tent ion storage space t h a t  i s  ava i lab le  a t  any 
time depends on previous r a i n f a l l  and evapo-transpiration. 
It i s  estimated t h a t  t h e  re tent ion storage was about s a t i s -  
f i e d  a t  t h e  beanning  of this storm on July  17, 1942. 

Water i n  re ten t ion  storage i s  held i n  t h e  smallel. 
pore spaces and a s  a c losely  adhering f i lm on t he  s o i l  par- 
t i c l e s .  One can expect any deficiency i n  re tent ion storage 
t o  be s a t i s f i e d  f i r s t  a s  t h e  wet f ront  moves downward. 

Detention storage consis ts  of the  l a r g e r  pore spaces 
through which water moves a t  t h e  p u l l  of gravi ty ,  Percola- 
t i o n  ra tes  and transmission velocities depend on t h e  s ize ,  
character ,  continuity,  and mount  of detention pore space 
(L) 6 

P e r c o l a t i o n  R a t e  

Percolation r a t e s  'of sa tu ra ted  s o i l  samples were 
measured i n  t h e  f i e l d  laboratory,  Since it was evident that 
these  r a t e s  were higher than those t h a t  occur i n  t h e  na tura l  
s o i l  p ro f i l e ,  these r a t e s  were reduced by tr ial-and-error 
methods u n t i l  i t  was found t h a t  a f ac to r  of 2 would give a 
volume of surface runoff of  2.1 inches f o r  t h e  Ju ly  1942 
stonn on t h i s  watershed a s  estimated f r o m t h e  flood hy- 
drograph , 

A possible reason f o r  t h i s  d i f ference i n  percolation 
r a t e s  may be t he  method of measurement used i n  t h e  labora- 
tory.  I n  t e s t i n g  t h e  f i e l d  samples, water was  introduced a t  
t h e  top of t he  sample and f r e e  discharge of a i r  and water 
was permitted a t  the  bottom. I n  t h e  na tura l  s o i l  p ro f i l e ,  
air i s  compressed as  water i n f i l t r a t e s ,  and t h e  a i r  can es- 
cape only a t  t h e  surface of t h e  s o i l .  

Transmission ve loc i ty  i s  t he  speed i n  inches pe r  hour 
of t h e  wet f ron t  as it moves down through t h e  so i l .  The 
maximum ve loc i ty  can be computed from t h e  fundamental flow 



equation Q = AV, i n  which Q i s  t h e  percola t ion r a t e ,  A i s  
the  percentage of pore space i n  detention storage,  and V i s  
t he  transmission veloci ty .  

When t h e  supply of water equals o r  exceeds t he  per- 
cola t ion r a t e  and detention storage and percola t ion m t e  
remain constant with an increase i n  depth, t h e  transmission 
ve loc i ty  of t h e  wet f ron t  i s  constant. Any change i n  e i t h e r  
detention storage o r  percolation r a t e  as .the wet f ron t  moves 
t o  a lower s o i l  horizon, however, w i l l  be re f lec ted  i n  t h e  
transmission velocity.  

When t h e  r a t e  of supply i s  l e s s  than t h e  percola t ion 
ra te ,  t h e  transmission ve loc i ty  var ies  d i r e c t l y  a s  the  r a t e  
of supply. I n  our computations t h e  time of transmission 
through each horizon was used; it i s  equal t o  t h e  depth of 
the  horizon divided by t he  transmission veloci ty .  

'Subsurface Runoff 

Subsurface runoff was considered on a watershed basis  
o n l y a n d n o t b y  separate soil-cover complexes. La te ra l  
drainage of t h e  s o i l  p r o f i l e  by subsurface flow makes i t  
possible  f o r  addi t ional  water t o  be i n f i l t r a t e d  i n t o  t he  
s o i l  p rof i l e .  The e f f ec t  of subsurface flow can be compen- 
sa ted f o r  by increas ing t he  percolation r a t e s  by t h e  r a t e  of 
contribution t o  l a t e r a l  flow. This compensation i s  included 
i n  our f ac to r  f o r  modifying percolation r a t e s  t o  agree w i t h  
t he  flood hydrograph analysis ,  

T H E  ' R O U T ' I N G '  P R O C E D U R E  

The i n f i l t r a t e d  water was tfroutedff through t he  s o i l  
by ca re fu l ly  accounting fo r  t h e  time stages i n  t h e  movement 
of t he  wet f ron t  and t h e  changes i n  water storage i n  each 
s o i l  horizon. The computations were f a c i l i t a t e d  by consid- 
er ing detention storage, percolation ra te ,  and time of 
transmission t o  have uniform values throughout each s o i l  
horizon , 

As an example, the  d e t a i l s  of the  flrootinglf procedure 
a r e  shown ( tab le  1 )  f o r  grazed woodland with m i i l l  humus and 
a medium-texture, imperfectly drained s o i l .  The maximum 



storage capacity, percolation sa te ,  and t h e  of transmission 
f o r  t h e  d i f f e r en t  s o i l  horizons were a s  follows: 

~ e t e n t i o n  Detenti on Perco la t i  on T h e  of 
s t  orage storage - r a t e  transmission 
(inches) (inches) (inches/hr. ) ( hours ) 

,Surface -- 0.100 -- -- 
Humus 0,870 0 378 15.10 0.023 
Lower A 1 0 404 0 740 6,50 ,103 
Upper B 1.490 6 754 2,40 0 305 
Lower B 1 630 .426 l D 4 O  .298 
C -- -- 

e 30 -- 

' T a b u l a r  C o m # u t a t s o n  

The f i r s t  l i n e  of t ab l e  1 shows t h a t  during t h e  f i r s t  
period of uniform r a i n f a l l  i n t e n s i t y  (0,167 hour,), 0,772 
inches of r a h  f e l l  a t  an i n t e n s i t y  of 4,63 inches pe r  hour. 
Since t h i s  i n t ens i t y  was l e s s  than t h e  percola t ion r a t e s  of 
t h e  humus (15 10) and t he  lower A horizon ( 50), this r a i n  
was i n f i l t r a t e d  i n t o  those upper horizons as  f a s t  as it 
f e l l ,  But the  upper B horizon had a percolation r a t e  of 
only 2,40; so  t h e  water could i n f i l t r a t e  i n t o  this horizon 
no f a s t e r  than the  pescolation r a t e ,  

A t  t h e  end of t h i s  time increment, t he  humus hati 
s to red  0,106 inches of water, This was calcula ted as trans- 
d s s f o n  time of the  s o f l  horizon (0,023 hour) times t h e  
r a i n f a l l  i n t ens i t yo  The r e s t  of t h e  r a i n f a l l  f o r  this peri-  
od flowed down i n t o  t h e  lower A h o r i ~ o n ,  

Water flowed i n t o  the  lower A horizon f o r  a period of 
O,l4!+ hour, This was calcula ted a s  r a i n f a l l  period (0.167) 
minus transmissfon time i n  t h e  humus (0,023). Water flowed 
out of t he  lower A horizon f o r  0,041 hour--0.144 minus t h e  
horizonps transmission t h e ,  0,103, 

Since t h e  percolation r a t e  of t he  upper B horizon was 
l e s s  than t he  r a i n f a l l  in tens i ty ,  t h i s  percolation r a t e  con- 
t r o l l e d  the  inflow t o  t h e  upper B horizon, The percolation 
r a t e  (2,40) t k e s  t h e  length of  tbpe wqter flowed i n t o  t he  
horizon (0.041) gave t h e  amount of water t h a t  i n f i l t r a t e d  
i n t o  this horizon2 0.098 inch. A 1 1  this was s tored i n  this 
horizon. 



T a b l e  I . - - C o m p u t a t i o n s  u s e d  i n  ' r o u t i n g '  i n f i l t r a t e d  w a t e r  t h r o u g h  t h e  s o i l  t o  d e t e r m i n e  s u r f a c e  r u n o f f  

I FOR GRAZED WOODLAND W I T H  MULL  HUMUS AND MEDIUM-TEXTURE,  IMPERFECTLY D R A I N E D  S O I L 1  

R A I N F A L L  I N P I L T R A T I O A  

Swface Humue L m r  A  

T h  ~ a i f l a ~  hunt 
Of incrament intensi ty dnfall 1nflorr storage outflow storage 0ut f lm 

Accumulated 
time time 

Hours Inchss Inchsa -- Inchea Inches H m  Inches Inches H o u r s  

0.167 4.63 0.772 0.772 -- 0.772 0.167 0.106 0.666 - 0.m 
.I67 2.32 .387 .381 -- .387 .053 .Wl - 
.500 .91 .I50 .450 -- .450 - .021 .Is2 - 
.I67 -31 .052 .052 -- .052 - .W7 .066 - 
,167 -23 .039 .039 -- .039 -- .W5 .041 - 
.083 1.69 . 142 .I42 -- . 142 -- .039 .lo8 - 
-583 .27 .1% ,154 -- .154 -- .W6 .187 - 
.333 0 0 - - - -- . Wb - -- 
.167 1.01 -167 .167 -- .I67 -- .023 . U* - 
.417 .06 .026 .026 -- . @26 -- . W1 .048 - 
.250 .52 .I29 .I29 - .I29 -- .Ox? .118 - 
.083 1.54 -129 .I29 -- .x?9 -- .035 .lo6 - 
.083 3.60 .296 .296 -- ,296 -- .OPT .239 -- 
.167 .47 .078 .078 -- .OW -- .120 .050 - 
.333 -17 .Ol3 .013 -- .Ol3 -- .033 .lW -- 
.167 1.54 .257 -257 - .257 -- .240 -050 - 
.I67 8.26 1.375 .288 .I00 .L88 -- .378 .050 - 
.167 0 0 -- .050 .050 - .378 -050 - 
.033 12.75 .426 .060 .1W .010 -- .378 .010 - 
.216 1.25 .270 .065 .lo0 .065 -- .378 -065 -- 
. 2 P  1.75 .438 .075 .lo0 .075 -- .378 -075 - 
.333 .04 .013 .013 .013 .lo0 -- .378 .I00 - 
. 2 P  .05 .013 .013 -- .026 -- .329 .075 - 
.a83 .47 .039 .039 -- .039 - .343 .025 - 

1.667 0 0 -- - -- .343 - - - 
1.000 .05 .052 .052 -- .052 -- .001 .051 - 
1.000 0 - - - - -- .Wl - 
1.OW .01 .013 .013 -- .013 -- -- .013 - 
1.000 .04 .039 .039 -- .039 -- .001 .038 - 

.333 .08 .026 .026 -- .026 -- .002 .025 - 

.250 -52 .129 .I29 - .I29 - .012 ,119 - 

.I67 1.54 .257 .257 - .257 - .M5 .234 - 

.a83 3.09 2 5 7  .257 -- .257 - . W1 .221 -- 

.167 .78 .129 .129 - ,129 - .018 .182 - 

.500 .lo -052 .052 - .052 - .002 - .068 - 

.I67 2.00 .335 .335 -- .335 -- .046 ,291 - 

.167 .62 .lo3 .lo3 -- .lo3 -- .OW .I35 - 

.I67 3.87 .&3 .&3 -- .643 - .089 .568 - 

.250 2.16 .5W .475 ,100 .375 -- ,378 .086 - 

.167 0 -- .050 .050 - .378 .050 - 

.a83 2.78 .232 .075 .lo0 .025 - .378 .025 - 

.a83 -31 .026 .025 .lo0 .025 - .378 .025 - 
1.333 0 0 -- -- .1W - .078 .4W - 

.083 .31 .026 .026 -- .026 -- .079 ,025 - 
16.000 0 0 -- -- -- - - .W9 - 
1.000 .O1 .013 .013 - .Ol3 1.000 -- -013 .P77 
1.000 .01 ,013 .013 - .013 -- -- .Ol3 -- 
1.000 .01 .013 0 - .013 -- - .013 - 
1.000 . O 1  .Ol3 .013 - .Dl3 - -- .Ol3 - 

10.083 0 0 - - - - - - - 
.083 .31 .026 .026 -- .026 -- .W7 .019 .060 

1.583 0 -- -- -- - - .m7 - 
.250 .62 .154 .154 -- .154 .250 .014 .l40 .227 
. a 7  -05 .026 .W6 -- ,026 -- .o01 .039 -- 
.083 1.24 .lo3 .lo3 -- ,103 -- .029 .074 .Om 

-- 
57.167 - 8.886 - - - - - - - 



I N F I L T R A T I 0 N (continued) 

Lower A Upper B Lower B C 
Total A U N O F F  

ra in fa l l  
in f i l t r a ted  

storage ~ u t f l o l r  Acczy storage ~u t f low 
Accz'yd storage outnor storage 

Inches Inches H m  Inches Inches Hours Inches Inches Inches a 

0.569 0.098 0.041 0.098 -- - - - 0.585 ' 0.772 -- 
.Mi7 .WO .208 -499 - - -- -- .585 1.159 - 
.377 .712 .708 -754 0.457 0.403 0.426 0.031 .616 1.609 - 
-393 .050 - .754 .050 - .426 .050 .666 1.661 - 
.384 .050 - -754 .OW - .426 .050 .716 1.700 - 
,467 .M5 - .754 .M5 - .426 .025 .7W 1.812 - 
-479 .175 - .754 .175 -- .426 .I75 .916 1.996 - 
.385 .1M) - .754 .lo0 - .426 . l W  1.016 1.996 - 
-479 .050 - .754 .050 - .426 .050 1.066 2.163 - 
-402 .125 - .754 .I25 - .426 .125 1.191 2.189 - 
-445 .075 A .754 .075 - .426 .W5 1.266 2.318 - 
.526 .025 - .754 .025 - .426 .M5 1.291 2.U7 4 

a740 .025 - .754 .025 - 6 .M5 1.316 2.743 - 
.740 .050 - .754 .OW - .426 .050 1.366 2.821 - 
.740 .100 - .754 .I00 - .426 .1W 1.466 2.834 - 
.740 .050 - .754 .OW - .426 .050 1.516 3.091 - 
.740 .050 - .754 .050 -- .426 .050 1.566 3.379 1.087 -- ,740 .050 .754 .050 -- .426 .050 1.616 3.379 - 
.740 .010 -- .754 .010 - .426 .OlO 1.626 - 3.439 3 6 6  
.740 .065 .754 ,065 - .426 .065 1.691 3.504 ,205 

.7W .075 - .754 .W5 - - .I26 .W5 1.766 

.7W .loo - 3.579 .363 
.754 -100 .426 .1W 1.866 3.592 - 

-740 .075 - .754 .075 - .426 .W5 1.941 3.605 - 
-740 .M5 - .754 .M5 - .426 .025 1.966 3.644 - 
.583 .500 - ,754 .500 - .A26 .500 2.466 3 . U  - 
.334 .XK) - .754 .300 - .426 .W 2.7766 3.696 . - - -035 .XK) .754 .3W - .426 .W 3.066 3.696 - 
-001 ,047 -- .501 ,300 - .426 .3W 3.366 3.709 - 
-004 .035 - .236 .300 - ,426 .300 3.666 3.748 - 
.038 .G2l - .157 .lo0 - .426 .1W 3.766 3.774 -- 
.054 .W3 - .I55 .075 - .426 .075 3.8W 3.903 - 
.I57 .131 - .236 .050 -- .426 .050 3.891 4.1W - 
.249 .129 - .340 .025 -- .426 .025 3.916 4.W7 - 
.OM .351 - .64l .050 - .426 .050 3.966 4.546 - 
.010 .138 - .629 .150 -- .426 .I50 4. l lb 4.598 - 
.206 ,095 - .674 ,050 - .426 .050 4.166 4.933 - 
.211 ,130 - .754 .050 - .a26 .Ow 4.216 5.036 - 
.729 ,050 - .754 .OW - .426 .OW 4.266 5.679 - 
-740 .075 - .754 .W5 - 6.154 .066 - - 6 .W5 4.3W 
.740 .050 .754 ,050 .426 .050 4.391 6.154 - 
.740 .M5 - .754 .025 - 6 .025 4.W6 6.229 - -740 .M5 - .157 

.754 .025 - - .426 ,025 4.441 6.254 .001 
-740 .Ux, .754 .400 .426 .4W 4.8W 6.254 - 
-740 .025 - .754 .025 - .426 .M5 4.866 6.280 - -- .El9 - -- 1.573 - -- 1.999 6.865 6.280 - 
.M)2 .011 A74 .004 .OW 5.69 .W3 .004 6.869 6.293 - 
.WZ .013 - .W4 .013 - .003 .013 6.882 6.306 - 
.002 .013 - ,004 .Dl3 - .003 .Ol3 6.895 6.319 - 
.OM .013 -- .OW .013 - .003 .013 6.908 6.332 - -- .OX - -- ,006 -- -- .009 6.917 6.332 -- 
.019 -- - - - - -- -- -- 6.917 6.358 - 

.026 - -- .026 - -- .026 6.943 6.358 - 
.064 .076 -124 .076 -- - -- -- 6.943 6.512 - 
.005 .W8 . 5 4 l  .028 .146 .236 . U 6  -- 6.943 6.538 - 
.075 ,004 - .022 .010 .319 .150 .006 6.949 6 . U  - 

- - - - - - - - - 6.705 2.245 



The storage i n  t h e  lower A horizon was 
t he  di f ference between inflow (0.666) and outfl 
o r  0.568 inch, 

c omput 
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per io  
; t he  a 
,A ,,C.. 

ld of 
mount 

This procedure was ca r r ied  c 
uniform r a i n f a l l  i n t e n s i t y  during tk 
of r a i n f a l l  increased and the  s o i l  bur-LSU~~ UCG-~; ~ ~ ~ ~ r a t e d .  
t h e  percolation r a t e s  determined t he  speed a t  wl 
t e r  i n f i l t r a t e d  through t h e  various horizons. 

, 
,e wa- 

The amount of surface runoff was computed simply by 
subtract ing t h e  amount of water i n f i l t r a t e d  from t h e  t o t a l  
r a i n f a l l .  I n  t h i s  exaanple, of 8.886 inches of r a i n  2.245 
inches mere surfaee  runoff. 

G r a p h i c  S t o r y  Of T h e  S t o r m  

Lly i n  - ---..- 1 f ig-  The routing procedure i s  shown graphics: 
ure 1. The uppermost, graph i n  t h i s  f igure  showb Q~ILUU~, 

r a i n f a l l  by successive periods of uniform in tens i ty .  
unshalled port ions of the  bars show i n f i l t r a t e d  water, 
shaded port ions surface  runoff. The graphs below shew r n p  

re la t ionsh ip  of storage storm duration fo? 
horizon. 

r each 

~ i l  w a s  
3 k0 mi 
- at, i , L  

DurLng the  f i r s t  p a r t  of t he  storm the  sc 1 ab le  
t o  absorb 3.4 inches of r a i n f a l l  i n  3 hours anc .nutes 
without any surface runoff occurring. However, -- --le end 
of t h i s  period t he  lower A and t he  B horizons were sa turated 
and could transmit  water only a t  t he  percolation r a t e  of t he  
C horizon. 

The next two burs ts  of ra in ,  l a s t i n g  lutes , 
completely u t i l i z ed  t h e  remaining storage space : humus 
horizon and surface detention, and more than 1 inch of run- 
o f f  resulted.  Since t he  humus could then absorb water only 
a t  t h e  percolation r a t e  of the  C horizon, 1,1 inches of 
r a i n f a l l  in t he  next 4.0 minutes resu l ted  i n  about 0.9 inch 
of surface runoff. 

During t h e  next 8 hours a l a rge  par t  of the  rraber 

temporarily s tored i n  the  humus, lower A ,  and well-drained 
B horizons drained i n t o  t h e  C horizon. This made add i t iona l  
storage space ava i lab le  in these upper horizons, Then sev- 
e r a l  addi t ional  burs ts  of r a in  caused these horizons t o  be- 
come sa tura ted  again and resul ted i n  about 0.2 inch of sur- 
face  runoff. 
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Figure 1.--Sample 'rputing' of infiltrated water 
through the soi L horizons of a grazed forest 
with mull humus and medium-texture imperfect- 
l y  drained soil. 



For any given storm and i t s  antecedent conditions, 
t he r e  i s  a de f in i t e  lMt t o  t h e  t o t a l  amount of water t h a t  
can i n f i l t r a t e  i n t o  a s o i l .  The msximum limit f o r  a given 
storm occurs when t he  humus, lower A ,  and 3 horizons 
sa turated f o r  t he  duration of t h e  s t o m  and supply water t o  
t he  C horizon a t  a constant r a t e ,  This condition seldom 
occurs, because i n t e rva l s  of l i t t l e  o r  no r a i n f a l l  generally 
cause a slackening i n  t h e  supply of water. These s lack pe- 
r iods give t he  humus and lower A horizons time t o  drain. 

The recovery of detention storage space i n  the  upper 
s o i l  horizons--as i n  t h i s  example--enables t h e  s o i l  t o  ab- 
sorb a s e r i e s  of r a i n f a l l  bursts  (9. Thus t h e  aggregate 
gain i n  i n f i l t r a t e d  water i s  f a r  more than t h e  detention 
storage capaci t ies  of t h e  humus and lower A horizons, 

Summary Of 'Routing' S t u d i e s  

During t h e  survey of t he  Aliegheny River watershed, a 
l a rge  number of such "routings'f were) made f o r  severa l  s o i l -  
cover complexes, The r e s u l t s  of these  w ~ o u t i n g v  studfes a r e  
shown fn f igure  2, 

The upper graph shows how the  amount of i n f i l t r a t e d  
water increased a s  t h e  t o t a l  storm r a i n f a l l  increased. The 
lower graph ~hows the re la t ionsh ip  between sWP&oerruaq%f 
and t o t a l  r a i n f a l l .  

These graphs ind ica te  how deep humus and the  pract ioe  
of growing crops on t h e  contour serve t o  increase i n f i l t r a -  
t i o n  and thus reduce the  amount of f lood runoff. 

D I SCUS'I O N  

There a r e  several  advantages i n  this method fo r  com- 
puting surface runoff. Consideration i s  given not only t o  
t h e  . total  s torage of water I n  t h e  s o i l ,  but a l s o  t o  a l l  pe- 
r iods of t o t a l  o r  p a r t i a l  recovery of storage space, Any 
re tent ion storage space ava i lab le  because of evapo-transpir- 
a t i o n  i s  e a s i l y  taken i n t o  account during t h e  rout ing pro- 
c edure . 

This method i s  appl icable  f o r  evaluating a land-use 
program. Effects  of contour t i l l a g e  and improvement 5_n veg- 
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INFILTRATED WATER- INCHES 

Figure  2.--Summary o f  ' r o u t i n g '  s t u d i e s .  i n  t h e  
A l l e g h e n y  R i v e r  w a t e r s h e d ,  showing  how d e e p  
humus and c o n t o u r  c r ~ p p i n g  h e l p  t o  r educe  
s u r f a c e  c u n o f f .  



e ta1  cover can be evaluated I n  terms of increased surface 
detention storage. Effects of increase i n  humus depth can 
be evaluated in terns of greater storage and i n f i l t r a t i o n  
recovery (k), 

f water t rated i n t o  With t h i s  method  it: d ~ ~ u n t  o 
the s o i l  can be computed f o r  any storm and any distribr 
of i t s  r a i n f a l l  in tens i t ies .  The i n f i l t r a t i o n  capacit: 
any s o i l  can be determined from the retention and d e t e ~  
storage values, percolation ra '  and transmission ve: 
t i e s  of the  d i f fe rent  s o i l  hor t i o n  ci 
i t g  of the s o i l  p rof i le  can a a t  any 
during the s tom.  
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