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SECTION 1 

GENERAL 

Hydrology is  concerned wi th  t h e  o r i g i n ,  d i s  r i b u t  i on ,  and proper t  i e  f 
water. The des igne r  is p r i m a r i l y  i n t e r e s t e d  i n  peak runoff  f o r  a s e l e c t e d  
des ign  frequency. The peak runoff  is t h e  maximum ins t an taneous  d ischarge  of 
a flood. 

It is  common i n  Colorado f o r  f lood ing  t o  occur i n  t h e  s p r i n g  from snowmelt 
and i n  t h e  summer from r a i n f a l l .  The type  of f looding.most  c r i t i c a l  t o  an 
a r e a  depends p r i m a r i l y  on t h e  e l e v a t i o n  and l o c a t i o n  of t h e  watershed. High 
e l e v a t i o n  watersheds a r e  more s u s c e p t i b l e  t o  f lood ing  from snowmelt than  
r a i n f a l l .  F o o t h i l l  s t reams f lood  from e i t h e r  cond i t ion  and occas iona l ly  
from a combination of t h e  two. Low e l e v a t i o n  watersheds g e n e r a l l y  produce 
f l o o d i n g  from r a i n f a l l .  

The methods of runoff  p r e d i c t i o n  are s i m p l i f i e d  f o r  gene ra l  s i t u a t i o n s .  It 
would be almost imposs ib le .and  too  time consuming t o  apply a l l  runoff  para- 
meters i n  a dra inage  basin.  To make t h e  methods usab le ,  on ly  a few s i g n i f i -  
can t  parameters  a r e  used. 

L i m i t a t  i ons  

I f  s t reamflow d a t a  a r e  a v a i l a b l e  f o r  t h e  a r e a  being- s t u d i e d ,  t hese  d a t a  
should be used i n  p re fe rence  t o  t h e  procedures  i n  t h i s  handbook. Streamflow 
d a t a  from o t h e r  but s i m i l a r  a r e a s  should be used t o  check t h e  reasonableness  
of r e s u l t s  ob ta ined  by t h e  handbook procedures .  

More d e t a i l e d  a n a l y s i s  us ing  t h e  S o i l  Conserva t ion  S e r v i c e  Nat iona l  Engi- 
n e e r i n g  Handbook Sec t ion  4 and Techn ica l  Release 20 should be used t o  
estimate peak r a t e s  of runoff  f o r  dra inage  a r e a s  g r e a t e r  than 25 square  
m i l e s  o r  f o r  s p e c i a l  s i t u a t i o n s .  

F a c t o r s  A f f e c t i n e  Sur face  Runoff 

P r e c i p i t a t i o n ,  whether it occurs  as  r a i n  o r  snow, is t h e  p o t e n t i a l  source of 
water  t h a t  may run o f f  t h e  s u r f a c e  of watersheds.  The s o i l  and v e g e t a t i v e  
cover  on a watershed has  a major e f f e c t  on the  amount of p r e c i p i t a t i o n  t h a t  
runs o f f .  Mechanical t rea tment  on a watershed,  a long  with i t s  topography 
and shape,  a f f e c t  t h e  r a t e  a t  which water runs o f f .  S o i l ,  v e g e t a t i v e  cover 
and conse rva t ion  p r a c t i c e s  a r e  r e f l e c t e d  as hydro logic  s o i l  cover complex 
numbers i n  runoff  de te rmina t ions .  The t i m e  f a c t o r  is  r e f l e c t e d  as a storm 
d i s t r i b u t i o n  type  which v a r i e s  with r a i n f a l l  i n t e n s i t y .  Travel  time is 
expressed  i n  terms of t i m e  of concen t r a t ion  and t i m e  t o  peak. A l l  of these  
f a c t o r s  a f f e c t  t h e  shape and peak of a f lood hydrograph. 



SECTION 2 

PRECIPITATION 

- The h i g h e s t  r a t e s  of runoff  (CSM - c u b i c  f e e t  per  second per  square  mi le )  
are caused by i n t e n s e  r a i n f a l l  on small watersheds.  

The i n t e n s i t y  of r a i n f a l l  v a r i e s  cons ide rab ly  du r ing  a s torm period. Three 
t y p i c a l  24-hour s torm types ,  Type I,  Type I1 and Type I I A ,  were developed 
from U. S. Nat iona l  Oceanic and Atmospheric Admin i s t r a t ion  (Weather Bureau) 
da ta .  They a r e  a s s o c i a t e d  wi th  c l i m a t i c  reg ions .  Type I i n t e n s i t i e s  a r e  
less than  Type I1 and Type I1 i n t e n s i t i e s  a r e  less than Type I I A .  Type I 
storms a r e  t y p i c a l  f o r  maritime c l i m a t e s  wi th  wet win te r s  and dry  summers I 

which a r e  c h a r a c t e r i s t i c  of 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  C a l i f o r n i a ,  Oregon, Washington, i n  H a w a i i  and Alaska. 
Type I1 and I I A  a r e  t y p i c a l  of t h e  more in t2nse  s torms t h a t  occur over t h e  
rest of t h e  United S t a t e s ,  P u e r t o  Rico and t h e  V i r g i n  -Is lands.  

r. 

Rainstorm i n t e n s i t i e s  and amounts a r e  a l s o  s i g n i f i c a n t l y  d i f f e r e n t  between 
t h e  mountainous a r e a s  of wes te rn  Colorado and t h e  p l a i n s  of Eas t e rn  
Color  ado. 

Summer r a ins to rms  t h a t  cause f lood ing  on t h e  p l a i n s  are g e n e r a l l y  a s s o c i a t e d  
with f r o n t a l  systems involv ing  co ld  a i r  from t h e  Northwest and warm moist 
a i r  from t h e  Gulf of Mexico. The storms vary  i n  d u r a t i o n  from a few hours 
t o  s e v e r a l  days depending on t h e  e x t e n t  of t h e  s torm and i ts  speed. 
more s torm c e l l s  of high r a i n f a l l  i n t e n s i t i e s  g e n e r a l l y  e x i s t  and t h e  path 
of t h e s e  c e l l s  o f t e n  determine t h e  l o c a t i o n  of f looding .  

One o r  

The mountains of C e n t r a l  and Western Colorado a r e  a b a r r i e r  t o  the  movement 
of warm moist  a i r  from t h e  south.  Becau.se of t h i s ,  t h e  predominant source  
of mois ture  t o  a r e a s  West of t h e  Con t inen ta l  Divide is t h e  P a c i f i c  Ocean. 
S u m e r  thunderstorms occur  r e l a t i v e l y  f requent  but without  t h e  i n t e n s i t i e s  
or amounts experienced i n  the  p l a i n s  of Eas t e rn  Colorado. 

Areal  Adjustment of  R a i n f a l l  

Rainfa l l - f requency  maps show poin t  r a i n f a l l  amounts and can be used t o  
determine t h e  average p r e c i p i t a t i o n  i n  dra inage  a r e a s  up t o  t e n  (10 )  square  
miles. However, l a r g e r  a r e a s  should be modified fo r  t he  a r e a l  ex ten t  of t he  
storm. Adjustments a r e  necessary  t o  convert  po in t  p r e c i p i t a t i o n  va lues  t o  
average p r e c i p i t a t i o n  over t h e  w a t e r s h e d  area.  R a i n f a l l  adjustments  for  
d ra inage  a r e a s  g r e a t e r  than t e n  (10)  square  mi les  should be made accord ing  
t o  F igu re  S-2. 
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SECTION 3 

HYDROLOGIC SOIL GROUPS 

This s e c t i o n  g ives  d e f i n i t i o n  of four  s o i l  groups t h a t  a r e  used i n  determin- 
ing  hydro log ic  so i l - cove r  complexes, f o r  e s t i m a t i n g  runoff  from r a i n f a l l .  

D e f i n i t i o n s  

The hydro log ic  s o i l  groups , accord ing  t o  t h e i r  i n f i l t r a t i o n  and t ransmiss  ion 
ra tes ,  are: - ,  

A. (Low runoff  p o t e n t i a l ) .  Soils have high i n f i l t r a t i o n  r a t e s  even - 
when thoroughly  wetted. These c o n s i s t  c h i e f l y  of deep, w e l l  t o  
e x c e s s i v e l y  dra ined  sands or grave l .  These s o i l s  have a high r a t e  
of water t r ansmiss ion  i n  t h a t  water  r e a d i l y  passes  through them. 

B. S o i l s  having moderate i n f i l t r a t i o n  rates when thoroughly wetted.  
These Cons is t  c h i e f l y  of moderately f i n e  to .  moderately coa r se  
t e x t u r e s .  These s o i l s  have a moderate r a t e  of water t ransmiss ion .  

C. S o i l s  having  slow i n f i l t r a t i o n  r a t e s  when thoroughly wetted. These 
c o n s i s t  c h i e f l y  of s o i l s  with a l a y e r  t h a t  impeded downward movement 
of water o r  s o i l s  with moderately f i n e  t o  f i n e  t ex tu re .  These s o i l s  
have a slow r a t e  of water  t ransmiss ion .  

D. (High runoff  p o t e n t i a l ) .  S o i l s  having very  slow i n f i l t r a t i o n  r a t e s  - 
when thoroughly wetted.  These c o n s i s t  c h i e f l y  of c l ay  s o i l s  with a 
h igh  swe l l ing  p o t e n t i a l ,  s o i l s  with a permanent high water t a b l e ,  
s o i l s  with a claypan or c l a y  l a y e r  a t  or near  t h e  s u r f a c e ,  and 
sha l low s o i l s  over  n e a r l y  impervious ma te r i a l .  These s o i l s  have a 
ve ry  slow r a t e  of water  t ransmission.  

Source of  Data 

Local  S o i l  Conserva t ion  S e r v i c e  f i e l d  o f f i c e s  have s o i l  survey d a t a  for 
t h e i r  r e s p e c t i v e  areas .  Much of t h i s  e x i s t i n g  d a t a  w a s  mapped with s o i l  
symbols or with s o i l  series names t h a t  may not be cu r ren t .  These symbols or 
s o i l  series names may be converted t o  cu r ren t  names with a s s i s t a n c e  from 
r e s p e c t i v e  SCS o f f i c e s .  The 1979 p u b l i c a t i o n ,  "So i l s  of Colorado" has 
c u r r e n t  s o i l  series names and hydro logic  groups. This  information is 
inc luded  i n  Table  S-2 of t h i s  publ ica t ion .  

- 
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SECTION 4 

GENERAL .I 

The s o i l  series, an tecedent  s o i l  mois ture ,  v e g e t a t i v e  cover ,  and cond i t ion  
of cover  a f f e c t  t h e  volume of runoff  from p r e c i p i t a t i o n .  

WATERSHED COVER AND TREATMENT 
r 

Crop r e s i d u e s  t i l l e d  i n t o  t h e  s o i l  and t h e  r e s i d u a l  r o o t  system from g r a s s e s  
t h a t  have been i n  crop r o t a t i o n s  improve t h e  hydro log ic  c o n d i t i o n ,  thereby  
reducing  t h e  volume of runoff .  

Vege ta t ive  Cover 

Vege ta t ion  a f f e c t s  runoff  i n  s e v e r a l  ways. The f o l i a g e  and i t s  l i t t e r  
main ta in  t h e  s o i l ' s  i n f i l t r a t i o n  p o t e n t i a l  by p reven t ing  t h e  s e a l i n g  of t h e  
s o i l  s u r f a c e  from t h e  impact of t h e  ra indrops .  Some of t he  ra indrops  a r e  
r e t a i n e d  on t h e  s u r f a c e  of t h e  f o l i a g e ,  i n c r e a s i n g  t h e i r  chance of be ing  
evapora ted  back t o  t h e  atmosphere. Some of t h e  i n t e r c e p t e d  mois ture  is  so 
long i n  d r a i n i n g  from t h e  p l a n t  down t o  t h e  s o i l  t h a t  i t  is withheld from 
t h e  i n i t i a l  pe r iod  of runoff .  Vege ta t ion ,  i nc lud ing  i t s  ground l i t t e r ,  
forms numerous b a r r i e r s  a long t h e  path of t h e  water f lowing over t h e  s u r f a c e  
o f  t h e  land. Th i s  lengthens  t h e  t ime-of-concentrat ion (See S e c t i o n  5 )  and 
reduces t h e  peak d i scha rge  rate. 

Conserva t ion  P r a c t i c e s  

Conservat i on  p t a c t  ices ,  i n  gene ra l ,  reduce shee t  e r o s i o n  and thereby main- 
t a i n  an open s t r u c t u r e  of t h e  s o i l  su r f ace .  This  reduces t h e  volume of 
runoff  but t h e  e f f e c t  d iminishes  r a p i d l y  with inc rease  i n  s torm magnitude. 

Contouring and t e r r a c i n g  reduce shee t  e r o s i o n  and i n c r e a s e  t h e  amount of 
r a i n f a l l  wi thhe ld  from runoff  by t h e  small r e s e r v o i r s  they form. Gradient  
t e r r a c e s  i n c r e a s e  t h e  d i s t a n c e  water  must t r a v e l  and thereby  inc rease  t h e  
t ime-of-concentrat ion. T h i s ,  i n  t u r n ,  reduces t h e  peak r a t e  of discharge.  

HYDROLOGIC SOIL COVER COMPLEX (CN) 

A combinat ion of a hydro log ic  s o i l  group and a land use and t reatment  c l a s s  
is a hydro log ic  s o i l  cover complex (CN). This  complex is  r ep resen ted  by an 
index number which r e f l e c t s  t he  runoff  p o t e n t i a l ,  t h e  h ighe r  the  CN t h e  
h ighe r  t h e  p o t e n t i a l .  F igu res  S-3 and S-4 show CN va lues  fo r  most s o i l  
cover  complexes. These C N s  a r e  f o r  an an tecedent  moisture cond i t ion  11 ( s e e  
t h e  fo l lowing  d i s c u s s i o n  of Antecedent Moisture  Condit ion) .  

ANTECEDENT MOISTURE CONDITION 

The amount of p r e c i p i t a t i o n  occur r ing  f i v e  days preceding a s torm i n  ques- 
t i o n  is an i n d i c a t i o n  of t h e  an tecedent  mois ture  cond i t ion  (AMC) of t h e  
s o i l .  The mois ture  cond i t ion  g e n e r a l l y  used is t h e  average,  AMC 11. The 
average assumes between 1.4 and 2.1 inches preceding a f lood  event dur ing  a 
growing season o r  between 0.5 and 1.1 inches dur ing  a dormant season. I f  
t h e  AMC is g r e a t e r  than 2 . 1  o r  1.1 inches r e s p e c t i v e l y ,  a w e t  antecedent  
mois ture  c o n d i t i o n  ( A M C I I I )  is presumed. I f  it is  less than  1.4 o r  0.5 
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inches r e s p e c t i v e l y ,  a dry  antecedent  mois ture  c o n d i t i o n  (AMC 1) i s  
presumed. 

3 R e l a t i v e  C N s  for t he  t h r e e  cond i t ions  are shown on F igure  S-5. AMC I1 
cond i t ions  a r e  assumed unless  streamgage and p r e c i p i t a t i o n  s t u d i e s  prove 

s i g n i f i c a n t l y  d i f f e r e n t  t han  AMC 11. CN ad jus tments  u s i n g  F igu re  S-5 may b e  
used i n  such loca t  ions with approval  of t h e  S t  a t e  Conserva t ion  Engineer .  
In t e rmed ia t e  AMC cond i t ions  may be a p p r o p r i a t e  and can a l s o  be determined 
us ing  F igu re  S-5 .  A procedure f o r  making ad jus tments  is d i scussed  i n  
Sec t ion  6,  i t e m  G. 

' otherwise.  Some watersheds or reg ions  in Colorado may have AMC c o n d i t i o n s  - 

. -. 

- 
I - 

-. . 

I . . 

.. . . .  
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SECTION 5 

TIME OF CONCENTRATION 

Time of c o n c e n t r a t i o n  is  t h e  t i m e  i t  t a k e s  f o r  runoff  t o  t r a v e l  from t h e  
h y d r a u l i c a l l y  most d i s t a n t  p a r t  of t h e  watershed t o  t h e  poin t  of r e fe rence .  
It is a b a s i c  element involved i n  de te rmining  t iming  and magnitude of a 
f lood  hydrograph. Methods d i scussed  i n  t h i s  handbook inc lude :  

1. Upland or over land  flow; 

2. Modified curve number; 

3. Channel flow; 

4 .  Hydrograph a n a l y s i s ;  

5. Nomograph 

Chapter  3 of TR-55 g i v e s  d e t a i l e d  exp lana t ions  of t h e  f i r s t  four  methods. 
Table  S-l is  in tended  as an a i d  i n  us ing  t h e  channel f low method, which i s  
t h e  p r e f e r r e d  procedure f o r  p r o j e c t s  of s i g n i f i c a n t  s i z e  and cos t .  

Peak d i s c h a r g e  c h a r t s ,  f i g u r e  S-IA, and f i g u r e  D-2 (TR-551, do not r e q u i r e  
Tc va lues  d i r e c t l y .  The modif ied curve number method f o r  de te rmining  T c  has  
been used t o  t r a n s l a t e  Tc i n t o  terms of CN, watershed s l o p e  and d ra inage  

modif ied Curve Number Method must be ad jus t ed  for watersheds t h a t  a r e  no 
longe r  i n  t h e i r  n a t u r a l  cond i t ion .  Chapter  3 of  TR-55 g i v e s  d e t a i l s  of 
t h e s e  necessa ry  mod i f i ca t ions .  

. area f o r  average  shaped n a t u r a l  watersheds.  Lag t i m e  va lues  from t h e  

The nomograph, f i g u r e  S-6 is  a s i m p l i f i e d  s o l u t i o n  of Tc r e q u i r i n g  only 
watershed length  and he ight .  I ts  use is  s e l f  explana tory .  It is recom- 
mended t h a t  t h i s  nomograph be an a l t e r n a t i v e  method f o r  dra inage  a r e a s  less 
than  1,000 acres .  

6 



SECTION 6 

PEAK FLOW DETERMINATIONS' 

Procedures  f o r  de te rmining  peak flows from r a i n f a l l  o r  snowmelt are included 
i n  t h i s  s e c t i o n .  A more d e t a i l e d  d i s c u s s i o n  of snowmelt runoff  is given i n  
S e c t i o n  7. 

Peak d i s c h a r g e  methods desc r ibed  i n  Techn ica l  Release  5 5  have been supple- 
mented h e r e i n  because of c l i m a t i c  d i f f e r e n c e s  between Eas t e rn  and Western 
Colorado. Peak flow de te rmina t ions  should be made us ing  c h a r t s  and f i g u r e s  
found i n  TR-55 and supplemental  c h a r t s  and f i g u r e s  r e f e r r e d  t o  i n  t h i s  
s e c t i o n  ( S e c t i o n  6 ) .  C e r t a i n  c h a r t s  found i n  TR-55 have been repea ted  i n  - 
t h i s  s e c t i o n  f o r  more e f f i c i e n t  use  of t h e  handbook. 

Hydrologic  procedures  and c h a r t s  f o r  E a s t e r n  Colorado w i l l  apply East of t h e  
8,000 f t .  e l e v a t i o n  i n  t h e  upper reaches  of t h e  S o u t h - P l a t t e  and Arkansas 
River  Basins.  Hydrologic  procedures  and c h a r t s  f o r  Western Colorado w i l l  
apply West of t h i s  des igna ted  boundary. 

F i g u r e  S-PB a p p l i e s  t o  t h e  m u n t a i n  a r e a s ,  i nc lud ing  e i t h e r  western o r  
e a s t e r n  s l o p e  s t reams t h a t  h i s t o r i c a l l y  f lood  from snowmelt c o n d i t i o n s ,  
r e g a r d l e s s  of e l eva t ion .  

The fo l lowing  f i g u r e s  and t a b l e s  w i l l  be considered, a supplement t o  Techni- 
c a l  Release No. 55 "Urban Hydrology f o r  Small Watersheds", and a r e  t o  be 
used i n  conjunct  ion  with procedures  desc r ibed  t h e r e i n :  

A. F i g u r e  S-1 ,  a c h a r t  of peak d i s c h a r g e  CSM/inch versus  time of 
c o n c e n t r a t i o n  (Tc) f o r  Type I I A  s torm d i s t r i b u t i o n  i n  E a s t e r n  
Colorado and Type 11 storm d i s t r i b u t i o n  i n  Western Colorado. 

B. F igu re  S-1A c h a r t s  of peak d i scha rges  ve r sus  dra inage  a r e a ,  C N ,  and 
s lope .  These cha r  s apply t o  undeveloped watersheds with a shape 
f a c t o r  of L = 209abe6 (See TR-55, pg. E-5) .  
en t  than t h i s  r e f e r  t o  TR-55 Appendix E f o r  adjustment procedures.  

For cases  d i f f e r -  

The average s lope  can be determined a s  fol lows:  

1. Determine watershed a r e a  (DA) and he igh t  ( Z >  which is  t h e  
e l e v a t i o n  d i f f e r e n c e  from high t o  low poin t  i n  t h e  watershed. 

2. S e l e c t  t h r e e  contours  loca t ed  a t  25,  50 and 75 percent  of t h e  
watershed he igh t  ( Z  1. 

3. Measure t h e  length  of each contour  LC25, LC50y 
Lc7s. 

4 .  Solve for average watershed s lope  by: 

S = 0.25 Z (LC25 + LCs0 + LC75) 

DA 

Note: Uni t s  DA = square  f t . ,  Z = f t . ,  LC = f t .  
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C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

Slope i n t e r p o l a t i o n  t a b l e s  and ad jus tments  f o r  water a r e a s  i n  t h e  
watershed a r e  found ip Appendix E of  TR-55. 

F igures  S-1B and S-1C c h a r t s  of peak d i scha rge  versus  dra inage  a r e a ,  
and mean annual p r e c i p i t a t i o n .  F igu re  S-1B a p p l i e s  t o  predomi- 
n a t e l y  snowmelt s t reams i n  t h e  mountain a r e a s  of Colorado. See 
Sec t ion  7 t o  h e l p  make t h i s  de te rmina t ion .  

F igu re  S-2, a cha r t  f o r  making a r e a l  ad jus tments  t o  poin t  r a i n f a l l  
values .  This  cha r t  is  a p p l i c a b l e  t o  a l l  of Colorado, f o r  dra inage  
a r e a s  g r e a t e r  than 10 square  miles. It is  not a p p r o p r i a t e  f o r  t h e  
des ign  of  E a r t h  Dams and t h e i r  sp i l lways .  For t h i s  purpose r e f e r  t o  
Chapter  21 of NEH-4. 

F igure  S-3, a cha r t  of hydro logic  s o i l  cover  complex and a s soc ia t ed  
curve numbers f o r  range and f o r e s t  lands i n  Colorado. 

F igure  S-4, hydro logic  s o i l  cover  complex and a s s o c i a t e d  curve 
numbers fo r  croplands.  

F igure  S - 5 ,  a cha r t  for a d j u s t i n g  C N s  for var ious  antecedent  mois- 
t u r e  condi t ions .  Antecedent mois ture  c o n d i t i o n  11 should be used 
f o r  design purposes un le s s  permission t o  modify is obta ined  from the  
S t a t e  Conservat ion Engineer. Such permission w i l l  be.  based on 
r a i n f a l l  and streamgage evidence t h a t  suppor t s  AMC and C N s  s i g n i f i -  
c a n t l y  d i f f e r e n t  from those  r e f l e c t e d  i n  F igures  S-4 and S-5 for AMC 
11. Modified AMC c o n d i t i o n s  f o r  an a r e a  or reg ion  may be determined 
as  fol lows:  

1. S e l e c t  one or more r e p r e s e n t a t i v e  watersheds t h a t  have a t  l e a s t  
1 0  years  of streamgage record.  Make a frequency a n a l y s i s  of 
annual  maximum d i scha rge  i n  accordance with Chapter 18, NEH-4. 

2. Determine b a s i c  Tc, CN ( f o r  AMC-111, and p rec ip i t a t ion - f r equency  
d a t a  for t he  s e l e c t e d  watersheds ,  and compute t h e o r e t i c a l  d i s -  
charges  using f i g u r e  S-1. Compare t h e o r e t i c a l  d i scha rges  with 
streamgage va lues  i n  s t e p  1 f o r  t he  same f requencies .  

3 .  Revise C N s  e s t a b l i s h e d  i n  s t e p  2 u n t i l  t h e o r o t i c a l  d i scha rges  
a r e  s i m i l a r  t o  va lues  i n  s t e p  1. 

4. Use f i n a l  r e v i s e d  C N s  of s t e p  3 along with i n i t i a l  C N s  of s t e p  2 
i n  f i g u r e  S-3 t o  determine modified AMC c o n d i t i o n  appropr i a t e  
f o r  t h e  a rea .  This  AMC cond i t ion  may be used fo r  o the r  ungaged 
watersheds i n  the  a rea  t h a t  a r e  h y d r o l o g i c a l l y  and meteorologi-  
c a l l y  s i m i l a r .  

F igu re  S-6 nomograph t o  determine t i m e  of concent ra t ion .  

F igu re  S-7 ,  r a i n f a l l  frequency maps f o r  Colorado. 

Table S-1,  t i m e  of t r a v e l  and Tc by s t ream hydrau l i c s .  
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K. Table  S-2, so i l  names and hydro log ic  c l a s s i f i c a t i o n s  f o r  Colorado 
s o i l s .  

L. Table  3 ,  runof f  f o r  inches  of r a i n .  

Hydrologic  e v a l u a t i o n s  i n  Colorado should fo l low t h e  procedures as  ou t  l i n e d  
i n  TR-55. F igu re  S-l should be used i n  t h e  same manner a s  f i g u r e  5-2 of  
TR-55. The t a b u l a r  method of de te rmining  peak d i scha rge  r e f e r r e d  t o  i n  
Chapter  5 ,  and d a t a  i n  f i g u r e s  7-1, 7-2 and D-2 (TR-55) a r e  not a p p l i c a b l e  
t o  t h e  t y p e  11-A s torm d i s t r i b u t i o n ,  and s h a l l  not be used i n  E a s t e r n  
Colorado. Other  r e f e r e n c e s  i n  t h i s  supplement should be cons idered  as  more 
s p e c i f i c  informat  ion and have-no bea r ing  on procedures  as ou t  l i n e d  i n  
TR-5 5. 
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SECTION 7 

ESTIMATION OF RUNOFF FROM SNOWMELT 

Th i s  s e c t i o n  supplements f i g u r e  S-1B as a more d e t a i l e d  method f o r  ana lyz ing  
f lood ing  from snowmelt cond i t ions .  Methods of snowmelt f o r e c a s t i n g  f o r  
i r r i g a t i o n  and s i m i l a r  purposes ,  are desc r ibed  i n  che Snow Survey Handbook 
of t h e  S o i l  Conserva t ion  Service.  

D e t a i l s  of t h e  thermodynamics of snowmelt a r e  omi t ted  from t h i s  s e c t i o n  
because of t h e i r  l i m i t e d  va lue  i n  t h e  method presented  here .  Some s t anda rd  
r e f e r e n c e s  are : 

Clyde,  George D. - Snow-melt i ng  c h a r a c t e r i s t i c s .  Technica l  B u l l e t i n  
231, August 1931. Utah A g r i c u l t u r a l  Experiment S t a t i o n ,  Logan, Utah. 

L i g h t ,  P h i l l i p  - Analys i s  of h igh  rates of snow-melting. Pages 195-205, 
Transac t  i ons  of t h e  American Geophysical Union, 1941, 

Wilson, W. T. - An o u t l i n e  of t h e  thermodynamics of snowmelt. Pages 
182-195, T ransac t ions  of t h e  American Geophysical Union, 1941. 

S i g n i f i c a n c e  o f  Snowmelt Floods. Bankful l  capacit ies i n  csm ( c f s  p e r  square 
' m i l e )  are normally g r e a t e r  f o r  small watersheds than  f o r  l a r g e  ones. S ince  

snowmelt r a t e s  a r e  r e l a t i v e l y  low i n  csm t h e r e  may be f looding  on l a rge  
watersheds when streams on smal l  watersheds a r e  f lowing less than  bankfu l l .  

Water Resource s p e c i a l i s t s  acquain ted  with an area w i l l  know the  r e l a t i v e  
importance of snowmelt as  a source  of f lood ing  i n  t h a t  area. In  doub t fu l  
c a s e s  t h e  d a t a  normally ga thered  by i n t e r v i e w  f o r  a h i s t o r i c a l  f lood series 
w i l l  u s u a l l y  d e f i n e  t h e  c h a r a c t e r  of f lood  flows. In  o the r  i n s t a n c e s ,  t h e  
runoff  r eco rds  w i l l  show t h e  importance of snowmelt f looding.  It is seldom 
necessary  t o  make d e t a i l e d  hydro logic  i n v e s t i g a t i o n s  i n t o  t h e  matter. 

_. 

Regional Analys is  Method. This  method is f o r  e s t i m a t i n g  t h e  magnitudes and 
f r equenc ie s  of peak d i scha rges  or runoff  volumes f o r  ungaged watersheds by 
use  of r e l a t i o n s h i p s  f o r  nearby gaged watersheds.  The method i n  i ts  
s imples t  form is as  fol lows:  

A. S e l e c t  nearby gaged watersheds t h a t  a r e  c l i m a t i c a l l y  and phys ica l ly  
s i m i l a r  t o  t h e  ungaged watershed. These watersheds and nearby a r e a s  
l i k e  them comprise t h e  reg ion  t h a t  gives  the  method i t s  name. 

B. Cons t ruc t  frequency l i n e s  f o r  peak d i scha rges  o r  runoff  volumes of 
t h e  gaged watersheds.  

C. P lo t  peak d i scha rges  or runoff  volumes f o r  s e l e c t e d  f requencies  
(only  t h e  2- and 100-year f requencies  i f  t h e  frequency l i n e s  a r e  
s t r a i g h t )  of each gaged watershed a g a i n s t  i t s  dra inage  a rea  s i z e ,  
u s ing  log paper f o r  t h e  p l o t t i n g  and making s t r a i g h t - l i n e  
r e l a t i o n s h i p s  f o r  each frequency. 
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Figure S-/ 
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Peak Discharge in 
csm Per inch of Runoff 

Versus 
Time of Concentration, Tc 

Type I I Storm Distribution 
Type I I -A Storm Distribution 

Time of Concsn tration Tc - Hours 
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FIGURE S-IA Peak Rates of Discharge for Small Watersheds (24 Hour 
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FIGURE S- lA Peak Rates of Discharge for Small Watersheds (24Hour 

Type II Storm Distribution). SHEET 6 OF 6 
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FIGURE S-4 RUNOFF CURVE NUMBERS FOR HYDROLOGIC SOIL-COVER COMPLEXES 
_. . (Antecedent mois ture  c o n d i t i o n  11, and I, - 0.2 S) 
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Table S-1 Time of Travel - Hours 

Channel 
Length 
Miles 0.5 1.0 1.5 2.0 2,5 3.0 3.5 4.0 

Average Ve loc i ty  - F e e t  Per  Second 

0.00 
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
'9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
22.00 
23.00 
24.00 
25.00 
26.00 
27.00 
28.00 
29.00 
30.00 

0.00 
2.93 
5.87 
8.80 
11.73 
14.67 
17.60 
20.53 
23.47 
26.40 
29.33 
32.27 
35.20 
38.13 
41.07 
44.00 
46.93 
49.87 
52.80 
55.73 
58.67 
61.60 
64.53 
67.47 
70.40 
73.33 
76.27 
79.20 
82.13 
86.07 
88.00 

0.00 
1.47. 
2,93 
4.40 
5.87 
7.33 
8.80 
10.27 
11.73 
13.20 
14.67 
16.13 
17.60 
19.07 
20.53 
22.00 
23.47 
24.93 
26.40 
27.87 
29.33 
30.80 
32.27 
33.73 
35.20 
36.67 
38.13 
39.60 
41.07 
42.53 
44.00 

0.00 
0.98 
1.96 
2.93 
3.91 
4.89 
5.87 
6.84 
7.82 
8.80 
9.78 

10.76 
11.78 
12.71 
13.69 
14.67 
15.64 
16.62 
17.60 
18.58 
19.56 
20.53 
21.51 
22.49 
23.47 
24.44 
25.42 
26.40 
27.38 
28.36 
29.33 

0.00 
0.73 
1.47 
2.20 
2.93 
3.67 
4.40 
5.13 
5.87 
6.60 
7.33 
8.07 
8.80 
9.53 
10.27 
11.00 
11.73 
12.47 
13 a 20 
13.93 
14.67 
15.40 
16.13 
16.87 
17.60 
18.33 
19.07 
19.80 
20.53 
21.27 
22.00 

0.00 0.00 
0.59 0.49 
1.17 0.98 
1.76 1.47 
2.35 1.96 
2.93 2.44 
3.52 2.93 
4.11 3.42 
4.67 3.91 
5.28 4.40 
5.87 4.89 
6.45 5.38 
7.04 5.87 
7.63 6.36 
8.21 6.84 
8.80 7.33 
9.39 7.82 
9.97 8.31 

10.56 8.80 
11.15 9.29 
11.73 9.78 
12.32 10.27 
12.91 10.76 
13.49 11.24 
14.08 11.73 
14.67 12.22 
15.25 12.71 
15.84 13.20 
16.43 13.69 
17.01 14.18 
17.60 14.67 

0.00 
0.42 
0.84 
1.26 
1.68 
2.10 
2.51 
2.93 
3.35 
3.77 
4.19 
4.61 
5.03 
5.45 
5.87 
6.29 
6.70 
7.12 
7.54 
7.96 
8.38 
8.80 
9.22 
9.64 

10.06 
10.48 
10.90 
11.31 
11.73 
12.15 
12.57 

0.00 
0.37 
0.73 
1.10 
1.47 
1.83 - 
2.20 
2.57 
2.93 
3.30 
3.67 
4.03 
4.40 
4.77 
5.13 
5.50 
5.87 
6.23 
6.60 
6.97 
7.33 
7.70 
8.07 
8.43 
8.80 
9.17 
9.53 
9.90 
10.27 
10.63 
11.00 

Est imat ing  Tc By Stream Hydraul ics  

1. Est imate  t h e  2-year f requency d i s c h a r g e  i n  t h e  stream. When t h i s  cannot  
be done, u s e  t h e  approximate b a n k f u l l  d i s c h a r g e  of t h e  low f low channel .  

2. Compute t h e  average  v e l o c i t y  by stream reach .  

3. Use t h e  average  v e l o c i t y  and t h e  v a l l e y  l e n g t h  of  t h e  r each  t o  compute 
t h e  travel t i m e  through t h e  r each  by Table  S-1. 

4 .  Add t h e  t ravel  t i m e s  of s t e p  3 t o  g e t  t h e  Tc f o r  t h e  Watershed. 

In most cases  t h e  hydrau l i c  d a t a  do n o t  extend t o  t h e  watershed r i d g e .  
remaining t ime ( t o  add ill s t e p  4 )  can be  e s t ima ted  by adding t h e  time ob ta ined  
by t h e  upland method. 

The 

S e e  TR-55, Figure  3-1. 
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Table S - 1  T i m e  of Travel - Hours 

Channel Average Velocity - Feet Per Second 
Length 
Miles 4.5 5,O 5.5 6.0 7.0 8,O 9.0 10.0 

- 

0.00 

2.00 
~ . 3.00 

4.00 
5.00 
6.00 
7.00 
8.00 
9.00 

10.00 
11.00 

- 12,OO 
13 00 
14 00 
15.00 
16.00 
17 * 00 
18 00 
1 9  0 00 
20.00 
21.00 
22.00 
23.00 
24 00 
25.00 
26.00 
27.00 

* 28.00 
29.00 
30.00 

- 1. 00 
0.  QO 
0.33 
8.65 
0.98 
1.30 
1.63 
1.96 
2.28 
2.61 
2.93 
3.26 
3.59 
3.91 
4.24 
4.56 
4.89 
5.21 
5.54 
5.87 
6.J.9 
6.52 
6.84 
7.17 
7.50 
7.82 
8.15 
8.47 
8.80 
9-13  
9.45 
9.78 

0.00 8.80 
0.29 0.00 
0.59 0.53 
0.88 0,80 
1.17 1.07 
1.47 1.33 
1.76 1.60 
2.05 1.87 
2.35 2.13 
2.64 2.40 
2.93 2.67 
3.23 2.98 
3.52 3.20 
3.81 3.47 
4.11 3.73 
4.40 4.00 

'4.69 4.27 
4.99 4.53 
5.28 4,80 
5.57 5.07 
5.87 5,33 
6.16 5.60 
6.45 5.87 
6.75 6.13 
7.04 6.40 
7.33 6,67 
7.63 6.93 
7.92 7 0 2 0  
8.21 7.47 
8.51 7.73 
8.80 8.00 

QoOO 
0.24 
0.49 
0.73 
0.98 
1.22 
1.47 
1.71 
1.96 
2.20 
2.44 
2.69 
2,93 
3 -18  
3.42 
3.67 
3.91 
4.16 
4.40 
4.64 
4 -89 
5.13 
5.38 
5.62 
5.87 
6.11 
6.36 
6.60 
6.84 
7.09 
7.33 

0.00 
0.2% 
0.42 
0-  63 
0.84 
1.05 
1.26 
1.47 
1.68 
1.89 
2-10  
2.30 
2.51 
2.72  
2.93 
3.14 
3.35 
3.56 
3.77 
3.98 
4.19 
4.40 
4.61 
4.82 
5.03 
5.24 
5.45 
5,66 
5.87 
6.08 
6.29 

0.00 
0,%8 
8.37 
0 0 5 5  
0.73 
0.92 
1-10 
1.28 
1.47 
1 .. 65 
1.83 
2.02 
2,20 
2,38 
2,57 
2.75 
2.93 
3.12 
3.30 
3.48 
3.67 
8.85 
4.03 
4.22 
4.40 
4.58 
4.77 
4.95 
5.13 
5.32 
5.50 

0.00 
0.16 
0.33 
0.49 
0.65 
0.81 
0.98 
1.14 
1.30 
1.47 
1.63 
1.79 
1.96 
2.12 
2.28 
2.44 
2.61 
2.77 
2-93 
3.10 
3026 
3.42 
3.59 
3.75 
3.91 
4,07 
4.24 
4.40 
4.56 
4.73 
4.89 

0.00 
0.15 
0.29 
0.44 
0.59 
0.73 
0.88 
1.03 
1.17 
1.32 
1.47 
1 . 6 1  
1 .76 
1 . 9 1  
2.05 
2.20 
2.35 
2.49 
2.64 
2.79 
2.93 
3.08 
3.23 
3.37 
3.52 
3.67 
3.81 
3.96 
4.11 , 

4.25 
4.40 



-- 

_ a  

SOIL 
SERIES 

SOIL SERIES 

SOIL 
GROUP 

Aaberg 
Absarokee 
Abs t ed 
Acacio 
Acasco 
Acree 
Ade 1 
Adena 
A d i l i s  
Agnes t o n  
Agua F r i a  
A 1 amo s a 
A l b i n a s  
A 1  da 
A l l e n s  Pa rk  
Almont 
Almy V a r i a n t  
A 1  t van 
Alva rado  
And rees on 
An i m a  s 
Ans e 1 
Anse lmo 
Ante ro  
Ant r o  bu s 
Anv i k  
Apache 
Ap i s  hapa 
Arena 
A r  l e  
Arvada 
Ascalon 
Ashc ro f t  
A tenc io  
Avalon 
Avar 
Ayon 
Az e l  t i n e  
Baca 
B a d i t o  
Bal l e r  
Bangs t on 
Ban ka r d 
Barcus 
Bar ishman 

D 
C 
D 
B 
D 
C 
B 
C 
B 
B 
C 
C 
B 
C 
C 
D 
C 
B 
B 
C 
C 
B 
B 
C 
B 
B 
D 
C 
D 
C 
D 
B 
B 
B 
B 
D 
B 
B 
C 
C 
D 
A 
A 
A 
C 

. T a b l e  S-2 

NAMES AND HYDROLOGIC CLASSIFICATION 
FOR COLORADO SOILS 

SOIL so IL 
SERIES GROUP 

Bassel 
Bat t e r s o n  
Bayard 
Bead 
Becks 
Beckton 
Beenom 
Begay 
Belmear 
Bent een  
B i g  Blue 
B i j o u  
B i j o u ,  mod. deep 
B i l l i n g s  
B i l l i n g s ,  GR 

S u b s t r a t a  
B i l l i n g s ,  S h a l e  

S u b s t r a t a  
Binco 
B 1 ac kma n 
B lac  kwe 1 1 
B l a k a b i n  
B lake  land 
Blanyon 
Blendon 
B l e v i n t o n  
Bloom 
B 1 u e r  i n  
B o b t a i l  
Boe t t c h e r  
Bogan 
Bonaccord 
Bos ler 
Bos t w i c  k 
Bot t l e  
Bowd i s h  
Bowen 
Boyle 
Rreece 
Bresser 
Bresser, GR 

S u b s t r a t  a 
V a r i a n t  

B r  i d q e p o r t  
Br i g g s d a l e  

- 8  

29 

B 
D 
B 
C 
C 
C 
D 
B 
C 
C 
D 
B 
B 
C 
C 

C 

D 
C 
D 
C 
A 
C 
B 
B 
D 
B 
C 
C 
C 
D 
B 
B 
C 
C 
B 
D 
B 
B 
B 

B 
C 

March 1980 

so IL 
SERIES 

B r  i nke rt 
B r o admo o r 
Bross  
B r u s s e t  t 
Bucklon 
Buena Vis ta  
Buf fmeyer 
Buford 

-Buick 
Bu lk ley  
B u dn yma n 
Bushman (TI 
Bushval  l e y  
Cabin 
C ad oma 
Cahona 
C a 1 k i n s  
Campo 
Campus 
Canyon 
C apu 1 i n  
Carbo1 
Car 1 s t r om 
C a r n e r  o 
Carracas 
Caruso 
Casca j o  
Caste1 l e i a  
C a t h e d r a l  
Cebo 1 i a  
Cebone 
C e r r o  
Chaff  ee 
Chap i n  
Ch appe l  1 
C h a r l o s  
C h a s e v i l  l e  
Chedsey 
Ch e e s eman 
Cheyenne 
C h i l t o n  
Chipe t a 
C h r i s  
C h r i s t  i anburg  
Chubbs 

SOIL 
GROUP 

C 
C 
B 
B 
D .  
B 
B 
D 
C 
C 
C 
A 
D 
B 
D 
B 
C 
C 
B -  
D 
B 
D 
C 
C 
D 
C 
A .  
B 
D 
C 
C 
C 
C 
C 
B 
B 
A 
C 
B 
B 
B 
D 
C 
D 
C 

- *. 
c - 7  

.. A 
.- 7 

-7 

..J 

-- . 
J 

.i 

, -  

- A  

.- 

? 

4 

. 
... 



Table S-2 ( con t inued)  March 1980 

.... 

SOIL 
SERIES 

Cimarron 
Clay burn 
C Pergern 
C % i  f f down 
C 1 i f  fhous e 
C o a lmon t 
Cochetopa 
Colby 
Co l lb ran  
C o l l e g i a t e  
Colombo 
Colona 
Color ow 
Co lumb i n e  
C omodor e 
Coni 
C.oors (T) 
Copperdale (TI 
Cor l e t  t 
Cort a 
Cost i l l a  
Cotopaxi  
Cowdrey 
Cresp in  
Cres t v a l e  
C r i t c h e l l  
Crowfoot 
C ruckt  on 
Cumbres 
Curab i t h 
Curecant i 
Cushman 
Dacono 
Dah l q u i s  t 
Dai ley  
Dalh a r t  
Dar l ing  
Da t eman 
Dawes 
Deacon 
Deert r a  i 1 
Delson 
Denver 
Der r i ck  
Detra  
Dewvil l e  
Dinnen 
D i x  

SOIL 
GROUP 

C 
B 
B 
B 
C 
C 
C 
B 
C 
D 
B 
C 
B 
A 
D 
D 
C 
B 
A 
D 
A 
A 
C 
C 
C 
B 
B 
B 
C 
A 
B 
C 
C 
B 
A .  . 
B 
B 
B 
C 
B 

'C 
C 
C 
B 
B 
B 
B 
A 

- 
SOIL 
SERIES 

Doak 
Dobrow 
Doc6 
DoPlard 
Dominquez 
Domins on 
Driggs 
Duffson 
Dunday 
Dun t on 
Dunul 

Eachus ton  
E a s t o n v i l l e  
Eckley 
Edgewa t er  
Edloe 
E lbe th  
E l l i c o t  t 
E l s  
Elsmere 
E mb a r g o 
E m e r  a Id  
Empe d r ado 
Endl ich 
Eng lewood 

E t  h e  Pman 
Etoe  
Evans t on 
Eyre 
Falcon 
F a l f a  
Far  i s  i t  a 
Farnuf 
Fern C l i f f  
F l a t  i r o n s  (TI 
Fleer 
F l u e t  sch 
Fo l a  
Fond i s  
Fore l  l e  
For t  C o l l i n s  
Foxcree k 
F r i s c o  
F r u i t a  
F r u i t  land 
Fughes 

Dwyer 

Epping 

SOIL 
GROUP 

B 
.D 
C 
C 
C 
A 
B 
B 
A 
C 
A 
A 
D 
B 
B 
D 
B 
B 
A 
C 
C 
C 
B 
B 
C 
C 
D 
B 
B 
B 
D 
D 
C 
D 
B 
B 
C 
D 
B 
B 
C 
B 
B 
D 
B 
B 
B 
C 

SOIL SOIL 
SERIES GROUP 

Fulcher  
Gapo 
Garber 
Gari ta  
Garo 
Garrett 
Gas Creek 
Gat eview 
Gateway 
Gaynor 
Gelk ie  

- Genola 
G e  r r a r d  
Gibb le r  
G i l c r e s t  
G i r  a rdo t  
Glade1 
Glenberg 
Glend i v e  
Glenton 
Goemmer 
Gold Creek 
Goldvale 
Goshen 
Gothic  
Gove 
Grafen 
Grana t h 
Gran i l e  
Gran t sda le  
Graypoint 
Green River  
Greenough 
Grenadier  
G r  i m s  tone  
Gunbarrel  

Handran 
Hapney 
Harbord 
Har gr eave 
Harlan 
Harsha 
Harvey 
Haverly 
Havers on 
Havre 
Hawkse 11 

Hogga 

C 
D 
B 
B 
D 
B 
D 
B .  
C 
C 
B 
B 
C 
C 
B 
D 
D 
B 
B 
B 
C 
D 
C 
B 
C 
B 
C 
B 
B 
B 
B 
C 
B 
B 
B 
B 
D 
B 
C 
B 
B 
B 
B 
B 
C 
B 
B 
B 
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T a b l e  S-2 ( c o n t i n u e d )  March 1980 

SOIL SOIL 
SERIES . GROUP 

Haxt un 
Hay f o r d  
Heath 
H e f l i n  
He ld t  
Herzman (TI 
Hesperus 
H i e r r o  
Hinman 
Hiwari (TI  
Ho lde rness  
Home 1 a k e  
Hooper 
Hopkins 
Hoss i ck  
Hun ch b a c k 
Hyann i s 
I1 de f onso 
I les 
I l i f f  
I n a v a l e  
I r  i g u l  
Ir i m  
J a r r e  
J e n k i n s  
J e r r y  
J o d e r o  
Judy 
J u g e t  
J u l e s b u r g  
Kass l e r  
Ka the r  
Keb ler  
Kech 
K e e l d a r  
K e i t h  
Keot a 
Ket t le  
Keyne r 
Kezar 
K i l d o r  
K i m  
Kippen 
K i r t  l e y  
K i t  t r edge  
K lond i ke  
Koen 
Ko t nman 

B 
C 
C 
B 
C 
D 
B 
B 
C 
D 
C 
C 
D 
B 
B 
D 
B 
B 
C 
C 
A 
D 
C 
B 
C 
C 
B 
C 
D 
B 
A 
C 
B 
D 
B 
B 
C 
B 
C 
B 
C 
B 
A 
C 
B 
D 
D 
B 

SOIL 
SERIES 

Kofami (T) 
Kuble r  
Kuma 
Kut ch 
Kut Ler 
L a i r d  
L a J a r a  
Lake Creek 
Laman g a 
Lamo 
Lamphier 
Laney 
L a p o r t e  
Larand 
L a r  i m  
Lar i m e r  
L a r k s  on 
La s 
Las Animas. 
Las au  s e s 
L a z e a r  
L e a d v i l l e  
L e a l  
Leaps 
L e a v i t t  
Lebs ac k 
L e g a u l t  (TI 
Lei ghcan 
Leyden (TI 
Limber 
Limon 
L i n c o l n  
L i n i n g e r  
Lismas 
L i t  l e  
L i t t l e b e a r  
Loma 
L o n e t r e e  
L ongmon t 
Loup 
L o u v i e r s  
Loveland 
Lucky 
Luhon 
Lulude 
Lunch 
Lyman s on 
Mac Ear l a n e  

so IL 
GROUP 

B 
C 
B 
C 
C 
B 
D 
C 
C 
C 
B 
B 
D 
B 
B 
B 
C 
C 
D 
D 
D 
B 
B 
C 
B 
C 
D 
B 
C 
B 
C 
A 
C 
D 
C 
E 
C 
A 
C 
D 
D 
C 
B 
B 
B 
D 
C 
B 

so IL so IL 
SERIES GROUP 

Mack 
Manburn 
Manhat tan 
Manter 
Manvel 
Manzano l a  
Matcher  
Mayflower 
Mayowo r t  h 
McClave 
McCook 
McGinty 
Mc I n t  y r e  
Medano 
Meeteet se 
Mendenhall  
Menoken 
Me r e d  i t  h 
Merge1 
Mesa 
Midway 
Mine 
Minnequa 
Miracle 
M i r r o r  
Mishak 
M i  t ch e l  1 
Moen 
Mogote 
Molas 
Monte 
Montez 
Mord 
Morop 
Morset 
Morva 1 
Mosca 
Mosher 
Mom t Home 
Mo y e r s on 
Muggins 
Mu 1 s t a y  
Mysten 
Nathrop 
Na t u r  i t  a 
Nava j o 
Naz 
Nederland 

B 
D 
B 
B 
B 
C 
B 
C 
C 
C 
B 
B 
B 
D 
C 
D 
B 
B 
B 
B 
D 
B 
B 
B 
B 
C 
B 
C 
C 
D 
B 
F 
C 
C 
B 
B 
B 
D 
B 
D 
C 
C 
A 
B 
B 
C 
B 
B 

1 . 1  

-1 

-. 

1 

J 

- .  
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T a b l e  S-2 ( c o n t  i n u e d )  March 1980 

SOIL 
SERIES 

Ne e s opah 
N e  lman 
Nelson 
Nepes ta  
Nevi1 l e  
Newc omb 
Newf o r k  
New1 i n  
N i h i l 1  
N i w o t  
Nikhu 
Norka 
N o r r i s  t o n  
N o r t e  
Nort hwat e r 
N o r t o n v i l l e  
Nuc l a  
Numa 
Nunn 
N u t r a s  
Nys t r om 
Olney 
Orchard 
Ordway 
Ors a 
Osgood 
O t e r o  
Ouray 
Owen Creek 
Pagoda 
Pagosa 
Palma 
Palmer Canyon 
Pando 
Pao 1 i 
Pa rach  u t  e 
P a r  kview 
P a r l i n  
P a s s a r  
Pas  t o r  i u s  
P e e l e r  
P e e t z  
Pende r g r a s s  
P e n i n s u l a  
P e n r o s e  
P e r c e  t opn 
P e r r y p a r k  
P e r s a y o  

SOIL 
GROUP 

B 
C 
B 
B 
B 
A 
D 
B 
B 
C 
C 
B 
A 
A 
B 
C 
B 
B 
C 
C 
D 
B 
B 
C 
A 
A 
B 
B 
C 
C 
e 
B 
B 
B 
B 
B 
B 
C 
C 
B 
B 
A 
D 
C 
D 
B 
B 
D 

SOIL 
SERIES 

P e s c a r  
Peyton 
P i c e a n c e  
P i c t o u  
P i e r i a n  
P i l t z  
P i n a t a  
P i n e l  1 i 
P inkh am 
P l a  t n e r  
P l a t o r o  
P l a t t e  
P l e a s a n t  
Plome 
Poncha 
P o t t e r  
Pot  t s 
Poudre 
Powderhorn 
Primen (T) 
P r i n g  
P r o g r e s s  o 
Promontory 
P tarmigan  
P u l p i t  
P u l t n e y  
P u r n e r  
Quackenbush 
Quamon 
Qu and e r 
Rabbi t  e x  
Radersburg  
Ra go 
Rale igh  ( T )  
Rance 
Randman 
R a r i c k  
Rat ake  
Ravo 1 a 
Rawah 
Razor 
Razorba 
Redc loud 
Red c re  e k  
Red f e a t  h e r  
Red 1 and s 
Rednun 
Redr i d g e  

so IL 

C 

B 
B 
B 
C 
C 
C 
B 
C 
B 
C 
C 
B 
A 
D 
B 
C 
C 
D 
B 
C 
C 
C 
C 
C 
D 
B 
B 
B 
B 
C 
C 
D 
C 
D 
C 
D 
B 
C 
C 
B 
B 
C 
D 
B 
C 
B 

B 

SOIL SOIL 
SERIES GROUP 

Wedrob 
Redthayne 
Redtom 
Redv a 1 e 
Renoh ill 
R e s o r t  ( T 
Rhone 
Richf  i e l d  
R i c o t  
Rizozo 
Rocky Ford 
. Rogert  

Rooney (T) 
Rosane 
Rosebud 
Roub i d e a u  
Roxal 
Ruby 
Rule  
Ryan P a r k  
Sag uach e 
Sambr i t  o 
Sampson 
Sams il 
San A r c a c i o  
San I s a b e l  
San L u i s  
Sanford  
S a p i n e r o  
S a r a  t on 
S a t a n t a  
Sawat ch 
Sawcreek 
S c h amb e r 
Schof i e l d  
S c h o l l e  
S c h r  ade r 
s c o t  t 
s c o u t  
S e i t z  
Sharps  
Shavano 
Shawa 
S h i n g l e  
S h r i n e  
Shu le  
S i e  be rt 
S i l a s  

B 
B 
B 
C 
C 
D 
B 
C 
C 
D 
B 
D 
D 
D 
B 
C 
D 
B 
B 
B ,  
A 
B 
B 
D 
B 
A 
B 
B 
B 
C 
B 
D 
B 
A 
C 
B 
C 
C 
B 
C 
C 
B 
B 
D 
B 
C 
A 
B 
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so I L  
SERIES 

S i l i  
S i l v e r c l i f  f 
S i n g e r t o n  
S ixmi 1 e 
Skyway 
Snef f e l s  
Space C i t y  
S p i c e r t  on 
Sphinx (TI 
S p r u c e d a l e  (TI 
S t a n d l e y  (TI 
S t .  Elmo 
S t  a p  l e t  on 
S t ec um 
Stoneham 
S t roupe  
Stumpp 
S t u n n e r  
Suddut h 
S undance 
Sunsh ine  
S u p e r v i s o r  
Tabernash 
Tab le  Mountain 
Tamp 
Tanna 
T a r r y a l l  
Tassel 
T e a l s o n  
T e  1 lman 
T e l l u r a  
Teocu l  li 
T e r r y  
Tex 
Thedalund 
T h i e l  
Thoroughfare  
Thornburgh 
Tiagos 
Tigiwon 
T i l t o n  
T i n e  
T i n y t  own 
T i  swort  h 
T i v o l i  
To lman 
T o l v a r  
Tomah 

SOIL 
GROUP 

T a b l e  S-2  ( c o n t i n u e d )  

NOTE: (T) i n d i c a t e s  a 

C 
B 
B 
C 
B 
C 
A 
D 
D 
D 
C 
A 
B 
B 
B 
C 
D 
B 
C 
B 
C 
C 
B 
B 
B 
C 
C 
D 
D 
B 
C 
B 
B 
B 
C 
B 
B 
B 
B 
B 
B 
A 
B 
C 
A 
D 
B 
B 

so IL 
SERIES 

SOIL 
GROUP 

Tomich i 
Tongue R i v e r  
T o r s  i d o  
T r a g  
T r a v e l e r s  
T r a v e s s i l l a  
Tr  e on 
T r  i d e  11 
T r  i p p  
Trou t  Creek 
Trou t  d a l e  
T r o u t v i l l e  
T r u c k t  on 
Trump 
Tu1 l o c k  
T u r r e t  
Tyrone 
Uf f e n s  
U i n t a  
Ula 
U l m  
U l y s s e s  
Unaweep 
Uncompahgre 
Upson 
Uracca 
U t a l i n e  
Ute 
Vale 
Va len t  
Va len t  i n e  
Valmont 
V a l t o  
Vamer 
Van dam o r  e 
Vasquez 
Vast i n e  
Veat ch 
Vebar 
Veldcamp (TI 
Venab le  
Verde 
Verna l  
V i l l a  Grove 
Vona 
Vulcan 
Wages 
Wahatoya 

A 
C 
C 
B 
D 
D 
D 
B 
B 
C 
B 
B 
B 
D 
B 
B 
C 
B 
B 
B 
C 
B 
B 
D 
B 
B 
B 
D 
B 
A 
A 
C 
D 
D 
C 
C 
C 
C 
B 
C 
D 
C 
B 
B 
B 
C 
B 
C 

t e n t a t i v e  c l a s s i f i c a t i o n .  

March 

so IL 
SERIES 

Walden 
Walknol Is 
Wann 
Waybe 
Weber 
Weld 
Wellsvil le 
West c r e e k  
W e s t p l a i n  
Wet mo re 
W e t t e r h o r n  
Wheat r idge  

'W i c h up 
Wigton 
Wiley 
W i t  t 
Wix 

.. Woodhall 
Work 
Wormser 

. Yampa 
Yochum 
Yoder 
Youga 
Youman 
Youngs t on 
Y ov impa 
Z i n z e r  
Z o l t a y  

1980 

SOIL 
GROUP 

D 
D 
C 
D 
B 
C 
B 
B 
c -  
D 
C 
B 
D 
A 
B 
B 
B 
C 
C 
C 
C 
C 
B 
B 
C 
B 
D 
B 
C 
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TABLE S-3 

RUNOFF FOR INCHES 

OF RAIN 

Curve Numbers From No. 55 through No. 98 
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RUNOFF FOR INCHES OF RAINFALL 

1 5  
16 
17 
18 
19 
20 

8 - 2 9  8 . 3 8  8.46  8-55 6 - 6 3  6 - 7 2  8 . 8 1  8.89 8 . 3 8  9 . 0 9  

9.15 9 .24  9 . 3 3  9 - 4 1  9.50 9.59 9 . 6 4  9 - 7 6  9 .85  9 - 9 4  

10.03 lC.11 10.20 1C.29 1 0 . 3 8  1 6 - 4 7  1 0 . 5 4  1 0 . 6 4  10 .73  10.82 

10.91 11.00 1 1 . 0 ~  11.18 1 1 . 2 7  11.36 11.45 1 1 . 5 3  1 1 . 6 2  11 .71  

11.80 11.89 1 1 - 9 8  1 2 . 0 7  12 .16  L2.25 1 2 . 3 4  12.43 1 2 . 5 2  1 2 . 6 1  

12.70 12.50 1 2 - 8 9  12.98 13 .C7  13.16 13.25 1 3 . 3 4  1 3 . 4 3  13.52  

(P-0.2 S ) *  NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY 
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CURVE 1 
-7 

RUNOFF FOR INCHES OF RAINFALL 
i .  

0 .o 0.1 1 0.2 1 0.3 0.4 0.5 I 0.6 0.7 0.8 I 0.9 
0 

I 0.00 0.01 I 0.01 1 0.00 

2 G.03 I 0.05 I 0.06 0.08 0.10 I 0.12 0.14 0 .17  I 0.19 0.02 

0.45 3 0.49 0.53 

0.94 0.99 

0.38 0.42  

0.79 0.84 

0.34 

0 .75  

0 022 

0.89 4 0.57 

1 1.04 

1 .60  
~ 

1.31 1 1.36 1.42 1 .48  1 1.54 5 
6 

1.25  1.09 1.15 1.20 

1.66 I 1.72 I 1.78 
I 

2 .02 

2.68 

1 . e 4  

7 2.28 I 2.35 I 2.41 
I I 

2.75 I 2.82 2.48 2.22 

2.8Y 

-? 

1 8 
9 

3.39 

4.13 

3 - 1 7  

3.91 3.61 3.98 I 4.06 1 

J 10 4 - 9 0  
_. 

4.67 4.36 

5.14 11 -1 
1 

-. i 

5.70 

6.52 

5 .46  

12 5.95 - 6.27 

13 6.77 - 6.85 I 6.94 I 7.02 7.36 

8.21 

7.11 

7.95 14 i 7.61 
I - . 15 9.08 

9.96 

8.02 

9.69 

8.47 

16 9.34 10.04 I 10.13 

1G.67 10.75 + 11.56 11 .65  

lU.93 11.02 I 17 
18 

10.84 

11.74 

10.22 

11.11 

10.58 

11.47 11 .83  I 11.92 

12.10 12.19 12.28 I 12.46 1 12.55 12.74 12.83 19 
20 

12.65  

13.56 

12.37 

13 .28  

12.01 

13 .65  I 13.74 1 2  - 9 2  13 .01  1 13.10 1 13.19 13-37 I 13.47  

(P-0.2 S ) *  
P+ 0.8 s 

NOTE: Runoff value determined by equation Q = 

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY 



RUNOFF FOR INCHES OF RAINFALL I 57 
-. 

I I 
I I 

2 0.03 (2-04 0 - 0 6  0.08 

3 0.25 0.28 0.31 0.34 

4 0.62 C-66 0.71 0 - 7 5  

5 1.11 l 0 1 6  1.21 1 - 2 7  

6 1 - 6 8  1.74 LO8O 1 - 8 6  

7 2.31 2.38 2.45 2eS2 

15 8 - 6 6  8 - 7 4  8.83 8 - 9 2  

16 9 . 5 3  9 - 6 2  9 - 7 1  9.80 

17 10.42  10.51 10.60 '10 .69  

18 1 1 1 . 3 2  I 1 1 . 4 1  I 11.50 I 11.59 
I I I I 

19 12.22 1 2 . 3 1  12 .41  12.50 

20 1 3 - 1 4  13 .23  13.32 1 3 - 4 1  

0.80 C - 8 5  - 0 - 9 0  0.95 1.00 1 - 0 5  

4 . e ~  I 4.e9 I 4 - 9 9  I 5 - 0 5  I 5.13 I 5 , z i  

6.44 6 - 5 2  6.60 6.69 6 - 7 7  6.85 
I I I I I 

8 - 1 3  8 - 2 2  8 0 3 1  8 - 3 9  8 - 4 8  8-57 
I 

9.CU I 9.C9 I 9.18  I 9.27 I 9.36 I 9.44 
I I 

~~ 

10.78 10.87 10.96 11-05 11.14 11.23 

1 1 . C R  l i - 7 7  11 .86  11.95 12 .04  12.13 

(P-0.2 SI2 NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY 
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CURVE 

58 ' RUNOFF FOR INCHES OF RAINFALL 

Li 

1 

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

I C.00 I 0.00 I 0.01 I 0.02 I 0.03 
I I I I 

2 [ 0.04 

0.34 0.38 0.41 0.45 0.49 0.53 0.58 0.62 0.31 

0.71 

1.22 

1.82 

2.48 

3.19 

3.93 

4.71 

5.52 

6.34 

0.76 

5 1 1.17 1.28 
1 

1. 88 

2 . 5 5  

3. 26 

4.01 

4.79 

- 3  

J 8 3.11 

9 I 3.86 4.09 4.16 4.24 4.32 4.40 4.47 4.55 

A' 

- - .  

2 

5.68 5.76 5.84 5.93 6.01 6.09 6.17 

6.51 6.59 6-68 6.76 6.85 6 . 9 3  7.02 

5.60 

6.43 

7.36 7.44 7 - 5 3  7.62 7.70 7 . 7 9  7 - 8 7  

8.22 8.31 8.40 8.49 8 . 5 7  8.66 8.75 

9.10 9.19 9 - 2 7  9.36 9.45 9.54 9.63 

9 - 9 8  i ~ c 7  10.16 10.25 10.34 10.43 10.52 

1C.88 10 .97  11.06 11.15 11.24 11 .33  11.42 

7.27 

8.13 

7.19 

8.05 

8 - 9 2  

9.81 

9.01 

9.90 16 I 9.72 

17 ! 10.61 10. 79 

11- 70 

10.70 

11.61 18 1 1 1 . 5 2  

4- 20 13.34 

12.52 12061 

1 3 - 6 2  I 13.71 1 1 3 . 8 1  I 13.90 1 1 3 . 9 9  I 14.08 I 14.18 1 3 - 5 3  

(P-0.2 s ) 2  NOTE: 

REFERENCE: 

Runoff value determined by equation Q = 
P+ 0.8 S 

National Engineering Handbook, Section 4, HYDROLOGY 
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- -  RUNOFF FOR INCHES OF RAINFALL 

15 
16 
17 
18 
19 
20 

CURVE k 

9.01 9 - 1 0  9.19 9.28 9.36 9 - 4 5  9.54 9.63 9.72 9.81 

9.90 9.99 10.08 10.17 10.26 10.35 10.44 10.53 fO.62 10.71 

10.80 10.89 10.98 11.07 11.16 11.25 11.35 11.44 1 1 . 5 3  11.62 

11.71 11.80 11.89 11.98 12.0d 12.17 12.26 12.35 1 2 - 4 4  12.53 

1 2 . 6 3  12.72 12.81 12.90 13.CO 13.09 13.18 13.27 13 .36  13.46 

1 3 0 5 5  1 3 - 6 4  1 3 , 7 4  13.83 1 3 0 9 2  b 4 , 0 %  16-11 14.20 14 .29  1 4 . 3 9  

(P-0.2 SI* NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY 



CURVE 

60 

7 
8 
9 

10 
11 
12 
13 
14 
15  
16 
17 
18 
19 
20 

RUNOFF FOR INCHES OF RAINFALL 

2.60 2.67 2.74 2.82 2.89 2.96 3 . 0 4  3.11 3.18 3.26 

3 . 3 3  3.41 3.48 3.56 3.63 3.71 3.79 3.87 3.94 4.02 

4.10 4.18 4.26 4.34 4.42 4.49 4.57 4.65 4.74 4.82 

4.90 4.98 5.06 5.14 5.22 5.31 5.39 5.47 5.55 5.64 

5.72 5 . 8 0  5.89 5.97 6 . C S  6.14 6.22 6.31 ’ 6.39 6.48 

6.56 6.65 6.73 6.82 6.90 6.99 7.08 7.16 7.25 7 - 3 4  

7.42 7.51 7.60 7.68 7.77 7.86 7.95 8.03 8.12 8.21 

8.30 8.38 8.47 8.56 8.65 8.74 8.83 8.92 9.01 9-09 

9.18 9.27 9.36 9.45 9.54 9.63 9.72 9.81 9.90 9.99 

10.08 10.17 10.26 10.35 10.44 i c . 5 3  10.62 10.71 10.81 10.90 

10.99 ll.O@ 11.17 11.26 11.35 11.44 11.54 11.63 11.72 11.81 

11.90 11.99 12.09 12.18 12.27 12.36 12.45 12-55 12.64 12.73 

12.82 12.92 13.01 13.10 13.19 i3.29 13.38 13.47 13.57 13.66 

13.75 13.85 13.94 14.03 14.12 14.22 14.31 14.40 14.50 14-59 

(P-0 .2  SI2 NOTE: Runoff value determined by equation Q = 
’ P+ 0.8 S 

-.- 

e 

-. 

-1 

_j 

J -. 

i 

REFERENCE: National Engineering Handbook, Section 4 ,  HYDROLOGY 
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RUNOFF FOR INCHES OF RAINFALL 

. 

(P-0.2 S ) *  NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

0.9 

0-06 

0.33 

0.76 

1.31 

1.94 

2.63 

3.37 

4.15 

4.95 

5.78 

6.63 

7.5c 

9.27  

100 18 

11-09 

12.01 

12.93 

13.86 

14.9c 

REFERENCE: National Engineering Handbook, Section 4 ,  HYDROLOGY 
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-.- 

1 2 - 2 8  

13.22 

14.15  

CURVE 

62 

1 2 . 3 8  1 1 2 . 4 7  1 2 . 5 6  12.66 1 2 . 7 5  12 .84  1 2 . 9 4  13.03 1 3 . 1 2  

13.31 1 3 . 4 0  13.50 1 3 . 5 9  13.68 13.79  1 3 . 8 7  13.97 14-06 

1 4 - 2 5  1 4 . 3 4  14 .43  1 4 . 5 3  i4.62 14-.72 1 4 . 8 1  14-91 1 5 . 0 0  

0 
1 
2 
3 
4 
5 
6 
7 

9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 

RUNOFF FOR INCHES OF RAINFALL 

. -  ..,... 2 r-u.z 5 1 
P+ 0.8 S 

NOTE: Runoff value determined by equation Q = 

REFERENCE: National Engineering Handbook, Section 4 ,  HYDROLOGY 

'1 

'-. i 

-7 
._ i 
-1 
i ,A 
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RUNOFF FOR INCHES OF RAINFALL 

CURVE 

63 

(P-0 .2  SI2 NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

REFERENCE: National .Engineering Handbook, Section 4, HYDROLOGY 
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CURVE 4 -7 

-J 

-l 

RUNOFF,FOR INCHES OF RAINFALL 

Y Inches 0.1 I 0.2 I 0.3 0.4 0.5 I 0.6 I 0.7 I 0.8 0.9 0 .o 

3 0 
0.09 0.01 1 

0.24 0.43 0.12 0.14 I 0.17 I 0.20 i 2 
3 
4 

0.66 0.92 0 047 

0.97 1.21 1.03 I 1.09 I 1.15 1-27 1-33. 1-39 1-45 

1-92. 1 - 9 8  2-05 2.12 

2.63 2.70 2.78 2.85 

3.39 3.47 3.55 1-62 

1.52 

2.19 1.85 5 
6 

1.58 

2.27 

1.65 1-71 1.78 

2.34 2.41 2.48 

. 3-08 3-16 3.23 

3.86 3.94 4.02 

4.68 4.76 4-85 

- 7  

2.93 

3-70 

2.55 

3.31 7 
8 

3 000 

, 3 . 78 
,. . , 

4.51 

5.35 

6-21 

4.11 

4.93 9 4.60 
~ 

5.43 

6.29 

5.78 10 5952 5.61 5.69 

6.38 I 6.47 6-56 6.64 11 7.08 

7.97 

8.87 

9.78 

7.17 7.53 12 7-61 7.70 7.79 7.88 

8 . 5 1  8.60 8.69 8.78 

9.42 9.51 9.60 9.69 

10.34 10.43 10.52 10.61 

11.26 1 1 - 3 5  11.45 11.54 

7.26 7935 7944 

8.15 8-24 8.33 

9.05 9.15 9.24 

9-97 10.06 10.15 

10.89 10.98 11-07 

I 13 8.42 

9.33 

8.06 

8.96 I 14 

~ 

1 5  10.70 

11.63 

10.24 

11.17 

9.88 

10.80 1 16 
11.82 11.91 12.01 & ~ 17 12.57 

13.51 

11.73 

12.66 

12.10 

13.04 4 I 18 12.75 I 12.85 I 12.94 

19 14.45 

15.4C 

13.60 

14.55 

13.69 13.79 13.88 13.98 

14.92 

14.07 14-17 14.26 14.3b 

20 15.02 I 15.11 I 15.21 1 15.30 14.64 14-73 14.83 

I 

NOTE: Runoff value determined by equation Q = 
I P+ 0.8 S 

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY 
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C U U V E  

65 
__ RUNOFF FOR INCHES OF RAINFALL. 

0.5 0.6 I 0.7 + 
0.81 0.86 

I __ - 

0.00 0.00 0.01 0.c2 11 -~ 
C.09 I 0.11 0.03 

2 0.14 C.16 0.19 0.23 1 0.26 

3 0.51 0.55 0.60 0.65 1 0.70 
-. 

0.42'1 0.46 0.30 
L 

0 .75  0.92 1 0.97 

-1.39 j ::A; 

2 e07 

1.33 

2.00 

1 - 5 2  1 - 5 9  

2.21 2.28 
... . . .. . . 

20 72 

9 1 3.10 I 3.18 I 3.26 I 3.34 I 3-49 3.50 

8 I 3.90 3.98 4.06 4.14 4.22 .. -. 
4.55 I 4.64 , 4039 

5 -23' 

4.47 

5 0 3 1  

4.30 

5.14 9 I 4.72 I 4.80 I 4.89 I 4.97 I 5.C6 
-. . .  

18 5.57 5-65 5 * 7 4  5.83 5-91 

11 6.44 I 6.52 6.61 6.70 6.79 
.. 

6. $7 

7 . 0 5  

6.00 

6. 88  

6-09 

6 -96 

8.04 1 6.13 7.77 

e o  67 

90 58 

10.51 

11.44 

12.37 

9.68 9-37 

10.60 10.69 

16 10.97 I 11.06 11.16 11.25 111.34 
I I 

11.53 11.62' 

12.47 12.56 17 11.90 12.00 12.09 12.18 12.28 

18 12.84 12.Y4, 13-03 13-12 13.22 13.31 

14. 26 

13.41 

14.3s 

13.50 

14.45 19 113.79 I 13.88 I 13.98 I 14.07 I 14.17 
20 I14,73 I 14.83 I 14,93 I 15.02 I 15.12 15-21 15.31 15.4C 

(P-0.2 SI2 NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

REFERENCE: National Engineering Handbook, Section 4 ,  HYDROLOGY 
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0.0 0.1 0.2 0.3 0.4 0.5 

0.00 0.01 0.01 0 . c 2  0.04 

0.6 0.7 

0.06 0.08 

4 - 0 1  4.09 4 .17  4.26 4 . 3 4  4.42 4.51 4.59 

~ CURVE 

66 
RUNOFF FOR INCHES OF RAINFALL 

08109 
0 

0.10 1 0.13 1 
2. 
3 

r .  

0.97 I 1.03  

1 - 5 9  I 1.66 

2 .29  I 2.37 

4 

5 
6 
7 

4.67 1 4.76 8 
9 

10 J 

7 . 2 9  I 7.38  11 
12 8 - 1 9  I 8.28 

.-1 

13 
14 
15 
16 
17 
18 
19 14.73  1 4 . 8 2  4- 20 1 5 . 6 8  1 1 5 . 7 8  

(P-0 .2  S)* NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

. 1. 

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY 
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CURVE 

67 
.RUNOFF - FOR INCHES OF RAINFALL 

Y inches 0.8 1 0.9. 

0 

1 
2 

0.91 I 0.97 1 - 0 3  I ,:::: 
1.67 

2.38 2046 

3 
4 
5 

1.60 1 - 5 3  

2.23 2 - 3 1  

-?ye2 
6.36 6.45 

+ 
6.54 6-63 

_. 8 
9 

10 5 . 8 3  
I 

6 . 7 2  I 6.81 6.90 6 - 5 8  7eC7 7.16 
I 

7.25 1 7 - 3 4  7.43 I 7 - 5 2  ' 11 
12 -5.34 I 8 . 4 3  7 - 6 1  7 - 7 1  7.80 9.89 7.98 8.07 

8 , 5 3  8.62 8.71 8.90 8.89 8.98 

9.45 9 - 5 4  9 - 6 3  9 - 7 2  9.82 9.91 

13 -I-= 10.19 P O , f @  

g 0 0 8  1 9.17 

$4  10.00 I '10.09 

15 11.03 10 - 9 4  

$6 1 1 - 3 1  I 11.40 I 1 1 - 5 0  I 11.59 I 11.69  1 1 1 . 7 8  
I I I I I 

11.87 1 1 1 . 9 7  

13.01 13.10 -I- 13.96 1 4 . 0 6  

17 12.25  I 12.35 I 12.44 \ 12.54 I 12.63 I 12.73 
I I I I I 

18 13.20 I 1 3 . 2 9  I 13.39 I 13.48 I 13.58 I 13.67 

14.72 14.82 4- 1 4 . 9 2  I 15.01 19 

20 
14.15 1 4 . 2 5  14.34 1 4 . 4 4  1 4 . 5 3  14-63 

15011 1 5 - 2 0  15-30 1 5 - 3 9  15.49 1 5 0 5 9  1 5 . 8 7  I 15.97 

(P-0.2 SI2 NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

REFERENCE: National Engineering Handbook, Section 4 ,  HYDROLOGY 
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. C U R V E  I 

11 
12 
13 
14 
15 
16 
17 

18 
19 
20 

68 I 

6.86  6.95 7.04 7 .13  7 .22  7.31 7 . 4 0  7 .49  7 . 5 8  7.67 

7.76 7.e5 7.94 8.04 8 .13  8.22 8 . 3 1  8.4C 8.49 8.59 

8 .68  8 .77  9.86 8.95 9.CS 9.14 9 . 2 3  9 .33  9.42 9 .51  

9 .60  9.70 9.79 9 . 8 8  9 . 9 8  10.07 10 .16  10 .26  10.35 10 .44  

1 0 . 5 4  1 0 . 6 3  1 0 . 7 3  10.82 L0.91 11 .01  1 1 . 1 0  11 .20  11.29 11 .3e  

11 .48  1 1 - 5 7  11 .67  11 .76  11 .86  11 .95  12 .04  1 2 . 1 4  1 2 . 2 3  1 2 . 3 3  

12 .42  1 2 . 5 2  1 2 . 6 1  1 2 . 7 1  12 .83  1 2 . 9 0  12 .99  1 3 . 0 9  13 .18  13.28 

1 3 . 3 8  13 .47  13.57 13 .66  i 3 . 7 6  13-85 1 3 . 9 5  14 .04  1 4 . 1 4  1 4 . 2 3  

1 4 . 3 3  14 .43  14.52 14 .62  1 4 . 7 1  14 .81  1 4 . 9 1  15 .00  1 5 . 1 0  1 5 . 1 9  

1 5 - 2 9  15 .39  15 .48  15 .58  1 5 . 6 7  15 .77  1 5 . 8 7  15 .96  16.06 16.16 

RUNOFF FOR INCHES OF RAINFALL 

--. 

J 

(P-0.2 SI2 NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

J 

-? 
1 

-1 

, 

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY 
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1 CURVE 
- 

-_  RUNOFF FOR INCHES OF RAINFALL 

(P-0.2 SI2 NOTE: Runoff value determined by equation Q = 
P+ 0.8 s 

REFERENCE: National Engineering Handbook, Section 4,  HYDROLOGY 
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CURVE 

2-J 

4.47  

5 .34  

6 .23  

7 .13  

0 

4.55  4 .64  4 .73  4 . e 1  4.90 4 . 9 3  5 .07  5 .14  5.2s 

5.43 5.52 5 .60  5 . 6 9  5.78 5 - 8 7 .  5 .96  6 . 0 5  6.14 

6 - 3 2  6 .41  6 - 5 0  b o 5 9  b o 6 8  6 . 7 7  6 .86  6 .95  7 .04  

7.23 7.32 7.41 7 - 5 0  7.59 7 . 6 1  7 .7e  7 . e 7  7.96 
I 1 

1 

9.05  

8 .98  

Y.92 

10 .86  

2 

8.14 8 .24  8 . 3 3  8.42 8 .51  8 . 6 1  8 .70  e . 7 9  8 .89  

9.07 9 .17  9 .26  9 . 3 5  9.45 9 . 5 4  9 .63  9 .73  9.82 

10 .01  10 .10  1G.20 1 0 . 2 9  10 .39  1 0 . 4 8  10 .57  1 0 . 6 7  1 0 . 7 6  

1'2.95 1 1 - 0 5  11 .14  l i . 2 4  l i . 3 3  1 1 . 4 3  1 1 . 5 2  1 1 . 6 2  1 1 . 7 1  

3 
4 

. 5  
6 
7 
8 
9 

10 
. l l  
12 
13 
14 

~ 

15  
16 
17 
18 
19 
20 

RUNOFF FOR INCHES OF RAINFALL 

( r-u.z NOTE: 

REFERENCE: 

Runoff value determined by equation Q = 
P+ 0.8 S 

National Engineering Handbook, Section 4, HYDROLOGY 
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I 

RUNOFF FOR INCHES OF RAINFALL 
- 

(P-0.2 S ) *  NOTE: Runoff value determined by equation Q = 
P+ 0.8 S . 

REFERENCE: National Engineering Handbook, Section 4,  HYDROLOGY 
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CURVE 

72 

1 4 . 0 5  

15.02 

15 .9Y  

0 

14.15  I 1 4 - 2 4  1 4 . 3 4  1 4 - 4 4  14 .53  14 .63  1 4 . 7 3  1 4 . 8 2  14 .92  

1 5 . 1 1  15.21 1 5 . 3 1  15.40 1 5 - 5 0  15.60 1 5 . 7 0  15.79 1 5 . 8 9  

16.08 16 .18  16.28 16.38 16.47 16.57 16.67 16.76 16.86 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

19 
20 

RUNOFF FOR INCHES OF RAINFALL 

. _  

-. .. 

. 2 

. .._ 

-. 
. d  

i 

. 

NOTE: Runoff value determined by equation Q = 

REFERENCE: 

P+ 0.8 s 

National Engineering Handbook, Section 4 ,  HYDROLOGY 
1 

5 2  



RUNOFF FOR INCHES OF RAINFALL 

C U R V E  k 

8 
9 
110 

- 1.1 

. ... 

_- __  

12 
13 
$ 4  
15 

.. . 

16 

17 
18 
19 
20 

4 .81  

5.70 

6.62 

7.54 

8-48 

9.42 

1 0 . 3 7  

11.32 

1 2 . 2 8  

13.25 

14.21 

1 5 . 1 8  
~~ 

1 4 - 1 6  

(P-0.2 s ) 2  NOTE: Runoff value determined by equation Q = 
?+ 0.8 S 

i 

REFERENCE: National Engineering Handbook, Section 4,  HYDROLOGY 
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0.61 

1.24 

0.67 0.72 0.78 0.65 

1.31 1.38 1.45 1.52 0.91 

1.60 

2.37 

3.19 

4.04 

0.97 1.04 1.11 

1.67 1.75 1.82 

2.45 2.53 2.61 

3.27 3.36' 3.44 

4.13 4.22 4.31 

1.97 

2.77 

2.05' t.l? 2.21 2.29 

2.e5 2.94 3.02 3-10 

3.61 

4.48 

3.70 3.78 3.87 3.96 

4.57 4.66 4.75 4.84 

6.29 

7.21 

6.39 6.47 6.57 6.66 

7.31 7.4c 7.49 7.59 

e o 1 5  8.24 8.34 8.43 8.53 

8.62 8.71 8.81 8.90 
I I 1 

9.57 9.66 9.76 9-05 10.04 

11.00 

11.96 

12.93 

13.89 

14.87 

10.14 10.23 10.33 10.43 

11-19 11.19 11.29 11.3e 

12.0b 12.15 12.25 12.35 

13.02 13.12 13.22 13.31 

13-99 14.09 14.19 14.28 

14.96 15.06 15.16 15.26 

11.48 

12.44 

13-41 

14.38 

11.58 11.67 11.77 

12.54 12.64 12.73 

12.51 13.60 13.70 

14.48 14.57 14.67 

1 5 . 3 5  15.45 15.55  15.65 15-84 15.94 16.04 16.13 16.23 

I 
I CURVE 
I 

I 74 RUNOFF FOR INCHES OF RAINFALL 

Y Inches 0.5 I 0.6 I 0.7 I 0.8 I 0.9 0.4 

0 

1 0.02 I 0.04 1 0.06 I 0.09 0.12 

2 0.35 I 0.40 I 0.45 I C.50 0 . 5 5  

1.17 3 
4 1.90 

2.65 5 
6 3.53 

4.39 7 
5.38 I 5.47 I 5.56 I 5.65 I 5.74 4 8 

9 
5.29 

6.20 

7.12 10 
11 8.06 

9.00 12 
13 
14 

9.95 

10.90 

li. g6 

10.52 I 10.62 I 10.71 I 10.81 
I I I 

15 
16 12.83 

17 13.80 

14.77 18 
19 15.74 

16.72 20 16.33 1 16.43 1 16.52 I 16.62 16.82 I 16.91 I17.01 117.11 117.21 

(P-0.2 SI2 NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

REFERENCE: National Engineering Handbook, Section 4 ,  HYDROLOGY 
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RUNOFF FOR INCHES OF RAINFALL 

CURVE 

75 

(P-0.2 S)2 NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY 
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. . . . . .,. . . . . ... . .-- ... ... -. . . . . 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

XJRVE 

76 

7 . 9 5  E.04 e .14  e . 2 3  8 .32  e.42 8 . 5 1  8 . 6 1  8.70 8-80 

8 - 9 0  8.99 9.09 9 .18  9 .28  9 .37  9 . 4 7  9.56 9 . 6 6  9 .76  

9 . e 5  9.95 10 .04  10.14 1 0 . 2 3  1b .33  1 0 . 4 3  10.52 10.62 10.72  

10 .81  1C.91 11 .00  11 .10  1 1 . 2 0  11 .29  1 1 . 3 3  1 1 . 4 9  1 1 . 5 8  11 .6e  

1 1 . 7 8  1 1 - 8 1  11 .97  1 2 . 0 7  1 2 . 1 6  12 .26  12 .36  1 2 . 4 6  1 2 . 5 5  1 2 . 6 5  

1 2 . 7 5  1 2 . 8 4  1 2 . 9 4  13 .04  13 .14  13 .23  1 3 . 3 3  1 3 . 4 3  1 3 . 5 2  13 .62  

13 .72  13 .82  13 .91  14 .01  1 4 - 1 1  14 .21  14 .30  14.4C 14 .50  14 .60  

1 4 . 6 9  14 .79  14 .89  14 .99  15 .C9  13.18 15 .29  1 5 . 3 p  15 .48  15 .57  

1 5 . 6 7  I 15 .77  15.87 1 5 . 9 7  16.C6 l b .16  1 6 . 2 b  1 6 . 3 6  1 6 . 4 6  16 .55  

16 .65  I 16 .75  16 .85  16 .95  17 .C4  17 .14  17 .24  17 .34  1 7 - 4 4  17 .53  

RUNOFF FOR INCHES OF RAINFALL 

(P-0 .2  SI2 NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY 



' t  

15 
16 
17 
18 
19 
20 

c 

li.93 12.02 12.12 12.22 12.31 12.41 12.51 12.61 12.70 12.8C 

12.90 13.30 13-09 13.19 13.29 13.39 13.43 13.5e 13.68 13-78 

13.87 13.97 14.07 14.17 14.26 1 4 - 3 6  14.45 14.56 14.65 14-75 

14.85 14.95 15.05 15.14 15.24 15.34 15.44 15.54 15.63 15.73 

15.83 15.93 16.03 16.12 16.22 i6.32 16.42 16.52 16.61 16-71 

16.81 10.91 17.01 17,11 17.20 17-30 17.4J 17.5C 17.60 17.7C 

RUNOFF FOR INCHES OF RAINFALL 
- .- 

C U R V E  k 

(P-0.2 s f  NOTE: 

REFERENCE: 

Runoff value determined by equation Q = 
P+ 0.8 S 

National Engineering Handbook, Section 4, HYDROLOGY 
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N R V E  

0 
1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 
13 
14 
15  
16 
17 
18 
19 
2.0 

RUNOFF FOR INCHES OF RAINFALL 

NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

-7 

1 

-7 

- J  

- .A 

-7 

J 
1 

-7 

REFERENCE: National Engineering Handbook, Section 4 ,  HYDROLOGY 
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8 - 5 4  

9 0 5 0  

1 0 . 4 7  

11 .44  

8 .63  8 . 7 3  g e e 3  8 - 9 2  9.02 9.12  9.21  

3 0 6 0  9 - 7 0  9 .79  9 - 8 9  9.99 10 .08  10.18 

1 8 - 5 7  10.66 lU.76 10.86 10.96 1 1 . 0 5  1 1 . 1 5  

1 1 - 5 4  1 1 . 6 4  1 1 . 7 3  1 1 . 8 3  11 .93  12.03  12.12 

16 .34  16.44 16 .54  10 .64  16 .73  16.83 1 6 . 9 3  17 .03  

1 CURVE 

I 79 RUNOFF FOR INCHES OF RAINFALL 

. 
0.2 I 0.3 I 0.4 I 0.5 I 0.6 I 0.7 I 0.8 I 0.9 0 .o 0.1 

0 
1 0.07 

0 . 5 2  

C. 1 0  
- 

2 
3 

0.58  

1.26 
-. 

1.19  
.- 

2.04  
~- 

4 
5 

i .96 

2 .80  2 . e9  
. .. ... -. . .. 

3 . 7 7  

4.67 

3-66 

4 .58  
. - . -. . . 

8 
9 

5.51  

6 . 4 4  

5.60 

6 - 5 4  
- .  

10 7.39  7.49 

8.44 
- .... 

11 8.35  

9.31 12 
13 

9.41  
- - 

l C - 3 7  
_ -  

11.34  

l O o Z I 1  
.- _. . -. . . -. . . . . 

14 1 1 . 2 s  
. - .  

12 .32  

13 .30  

1 5  1 2 . 2 2  

13 .20  16 
17 1 4 . 1 8  

15.16 

14.28  

15 .26  
~ ... 

18 
19 
20 

16.14 

17.13 

1 6 . 2 4  

17 .32  1 1 7 . 4 2  1 1 7 . 5 2  I 1 7 . 6 2  1 1 7 . 7 2  1 1 7 . 8 2  1 1 7 . 9 2  1 1 8 . 0 2  1 7 . 2 3  

NOTE: 

REFERENCE: 

Runoff value determined by equation Q = 
P+ 0.8 S 

National Engineering Handbook, Section 4 ,  HYDROLOGY 
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- -  

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

0 0.00 0.01 

1 0 .08  0.12 0.15 C.19 0 .24  0 .29  0 .34  0.39 

2 0.56 0.62 0.69 0.75 0 .e2  0.89 0 .96  1 - 0 3  

3 1 .25  1 .33  1 . 4 0  1 .48  1 . 5 6  1.64 1.72 1.8C 

4 2.04  2 . 1 2  2 .21 2.29 2 . 3 8  2.46 2 .55  ' 2.63 

5 2.89  2.98 3.07 3.16 3 . 2 4  3.33 3 .42  3.51 

6 3.78 3 .87  3.96 4.05 4 .14  4.24 4 .33  4.42 

CURVE d 
0.8 0.9 

c . 0 3  0.06 

0.44  0.5C 

1.10 1.li 

1.88 1.96 

2 .72  2 .81  - 
2 - 6 0  3.69 

4.51 4 . 6 ~  

RUNOFF FOR INCHES OF RAINFALL 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

I 

8.48 8 .58  8 - 6 7  8 - 7 7  e . e 7  8 - 9 6  9.06 9 - 1 6  9 . 2 5  9 . 3 5  

9.45  9.54 9 .64  9.74 Y . e 3  9.93 10.C3 10 .13  10 .22  10.32 

10 .42  10 .51  10 .61  10.71 1 0 . 8 1  10.90 11 .00  11.10 11 .20  11.29 

1 1 . 3 9  1 1 . 4 9  11 .59  1 1 . 6 8  1 1 . 7 8  l i . 8 8  1 1 . 9 8  12 .07  1 2 . 1 7  12 .27  

1 2 . 3 7  12 .47  12 .56  12 .66  1 2 . 7 6  12 .86  12 .94  13 .05  13 .15  1 3 . 2 5  

1 3 . 3 5  13 .45  13.54 13 .64  13 .74  13 .84  1 3 . 9 4  14 .03  14 .13  14 .23  

14 .33  14 .43  14 .53  14 .62  1 4 . 7 2  14 .82  1 4 . 9 2  15 .02  1 5 . 1 2  1 5 . 2 1  

1 5 . 3 1  15 .41  15 .51  1 5 - 6 1  1 5 . 7 1  15 .80  15 .90  16.00 16.10 16 .20  

16 .30  16 .40  16.49 16 .59  16 .69  16 .79  16 .89  16 .99  17 .09  17 .15  

17 .28  1 7 . 3 8  17.48 1 7 . 5 8  17 .62  17.78 17 .88  17 .98  18 .07  18 .17  

( P - 0 . 2  s ) 2  NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

7 

'7 

i 

7 
i 
-A 

. .' 

-7. 

i 

-? 

\ 

.i 

.. 

REFERENCE: National Engineering Handbook, Section 4 ,  HYDROLOGY 
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RUNOFF FOR INCHES OF RAINFALL 

. 

I. 

(P-0 .2  S ) *  NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

REFERENCE: National Engineering Handbook, Section 4,  HYDROLOGY 
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CURVE I 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

* o  G O O 0  0.01 0.02 

1 0.11 c . 1 5  0 .20  G . Z ~  0 .29  3 - 3 4  ' 0 . 4 3  0.46 

2 0.65 0 .71  0 .78  C.85 0 . 9 2  1.00 1 . 0 7  1 .15  

3 1 . 3 8  1 .46  1.54 1.62 1 . 7 0  1.78 1 .86  1.95 

4 2 . 2 0  2.29 2 - 3 7  2 .46  2 .55  2 - 6 3  2 . 7 2 '  2 . 8 1  

5 3.08 3.17  3 .26  3 . 3 5  3.44  3.53 3 .62  3 .71  

6 3.98 4.08 4.17 4.26 4 .35  4.45 4 .54  4 . 6 3  

7 4 .91  5 .01  5.10 5 .19  5 .29  5.38 5.48 5.57 

8 5.86  5 .95  6.05 6.14 6 . 2 4  6.33 6 . 4 3  6.52 

9 6 . 8 1  6 - 9 1  7.00 7.10 7 .19  7.29 7.39 7 .48  

10 7.77 7.87 7.96 8 .06  8 .16  g . 2 5  8 . 3 5  8 . 4 5  
I 

11 8 . 7 4  @ . e 4  1 8.93 9 .03  9 . 1 3  9.23 9 .32  9.42 

12 9 .71  9 .81  9.91 10 .00  10 .10  15.20 10 .30  10.3q 

13 10 .69  10 .79  10.88 10 .98  11.C8 11.18 1 1 . 2 d  11 .37  

14 l i . 6 7  11 .77  11 .86  11 .96  lZ.C6 12 .16  12 .26  1 2 . 3 5  

15 12 .65  12 .75  12 .85  12 .94  13.C4 13.14 1 3 . 2 4  13 .34  

16 1 3 . 6 3  1 3 . 7 3  13 .83  13 .93  14 .C3 14.13 14 .22  14 .32  

17 14.62  14 .72  14 .82  14 .91  1 5 . C l  i 5 . 1 1  1 5 . 2 1  1 5 . 3 1  

18 15.60 1 5 . 7 0  15 .80  15 .90  1C.CO 16.10 1 6 . 2 0  16.30 

19 16 .59  16 .69  16 .79  1 6 - 8 9  16.59 17.09 1 7 . 1 9  1 7 . 2 s  

20 17.58  1 7 . 6 8  17 .78  17 .88  17 .9d  l b . 0 8  18 . l r j  18 .28  

82 I 

0.8 0.9 

C.05 O.O@ 

c . 5 2  0.58 

1 .22  1.3C 

2 .03  2 . 1 2  

2 . 9 0  2.99 

3.80 3 . ~ 9  

--- 4 .73  4 .82  

5 .67  5.76 

6 .62  6 .71  

7 . 5 8  7.68 

8 .55  8.64 

9 .52  9 .61  

1C.49 10 .59  

1 1 . 4 7  11 .57  

1 2 . 4 5  12 .55  

13 .44  13.53 

14 .42  14 .52  

15 .41  1 5 . 5 1  

1 6 . 4 0  16 .49  

17 .38  17 .4e  

1 8 . 3 7  18.47 

RUNOFF FOR INCHES OF RAINFALL 

m (P-0 .2  S ) *  
NOTE: Runoff value determined by equation Q = 

P+ 0.8 s 

REFERENCE: National Engineering Handbook, Section 4 ,  HYDROLOGY 
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- -  

..- - ~ 

RUNOFF FOR INCHES OF RAINFALL 

C U R V E  

83 

D 

(P-0.2 S ) *  NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

REFERENCE: National Engineering Handbook, Section 4,  HYDROLOGY 
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3 R V E  

84 

7 
8 
9 
10 
1 1  
12 
l3 
14 
15 
16 
17 
18 
19 

20 

RUNOFF FOR INCHES OF RAINFALL 

5.14  5.24 5.33 5.43 5 .52  5.62 5.72 5 . 8 1  5 .91  6.0C 

6 .10  6.2C 6 .29  6 .39  b . 4 &  6.58 6.6e 6 .77  6 .87  6.97 

7.06 7.16 7.26 7.35 7.45 7.55 7 .64  7.74 7.84 7.94 

8.03 8 . 1 3  8 .23  8.33 8 .42  8.52 8.62 8 .72  e . 8 1  8.91 

9 .01  9.11 9.20 9 .30  9 - 4 0  Y.50 9 .60  9.6Y 9 . 7 9  9.89 

9 .99  1C.09 10.18 10.28 13 .38  10.48 1 0 . 5 8  10 .67  10 .77  10 .87  

10 .97  11 .07  11 .17  11.26 11 .36  1 1 - 4 6  1 1 . 5 6  1 1 . 6 6  1 1 . 7 6  11 .85  

11 .95  12 .05  12 .15  12 .25  i 2 . 3 5  1 ~ ~ 4 5  1 2 . 5 4  1 2 . 6 4  12 .74  12 .84  

1 2 . 9 4  13 .04  13 .14  13 .23  1 3 . 3 3  i 3 . 4 3  1 3 . 5 3  1 3 . 6 ?  13.73  13.83  

1 3 . 9 3  1 4 . 0 2  14 .12  14 .22  14 .32  14.42 14 .52  14 .62  1 4 . 7 2  14.82 

1 4 . 9 1  15 .01  1 5 . 1 1  15 .21  1 5 . 3 1  15 .41  1 5 . 5 1  1 5 . 6 1  1 5 . 7 1  1 5 . 8 1  

1 5 . 9 0  16.00 16.10 16 .20  1 6 . 3 0  io .40  1 6 . 5 0  16.6C 16.70 16.8C 

16 .90  17 .00  17 .09  1 7 . 1 9  1 7 . 2 9  17 .39  17.4‘1 1 7 . 5 9  1 7 . 6 9  17 .79  

17 .89  17 .99  18 .09  18 .19  18 .28  1 6 - 3 8  1 8 . 4 9  18.58 18 .68  18.78 

(P-0.2 s ?  NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

i 

-? 

3 

3 

-- 7 
J 

- 7  

J 

- 7  

J 

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY 
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RUNOFF FOR INCHES OF RAINFALL 

_ -  . _ ~  
I E35 

(P-0.2 S)* NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

REFERENCE: National Engineering Handbook, Section 4 ,  HYDROLOGY 
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CURVE 4 RUNOFF FOR INCHES OF RAINFALL 

.- 

i 

(P-0.2 S)* NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

-7 

7 

J 

, 

REFERENCE: National Engineering Handbook, Section 4 ,  HYDROLOGY 
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RUNOFF FOR INCHES OF RAINFALL I 89 

01 
... 

1 
2 
3 
4 
5 
6 
7 
8 
9 

0 0 2 2  

0.91  

1 . 7 4 ,  

2 - 6 4  

3 . 5 7  

4 . 5 2  

5-48 

0.1 1 0.2 I 0.3 I 0.4 

8 - 5 1  8 0 6 1  8 - 7 1  8 e e C  

(P-0.2 SI2 NOTE: Runoff value determined by equation Q = 
P+ 0.8 S 

0.5 I 0.6 1 0.7 I 0.8 I 0.9 
~ ~~ ~. 

L e 0 2  0.05 0.89 c . 1 3  0.17 

2.19 2 e Z e  2 . 3 7  2.46 2.55 

5.00 5.10 5,19 5 . 2 9  593s 

5 - 9 7  6 - 0 6  6016 6.26 6.36 

13 .84  13 .94  14 .04  1 4 . 1 4  1 4 . 2 4  

1 4 - 8 4  14 .94  15004  15 .14  1 5 - 2 2  

1 5 - 8 3  15 .93  16.03 16.13 16 .23  

L6.82 16.92 17 .02  17 .12  1 7 . 2 2  

1 7 - 8 2  17 .92  1 8 - 0 2  l e e 1 2  1 8 . 2 2  

l k . 8 1  1 8 . 9 1  1 9 . 0 1  1 9 - 1 1  1 9 - 2 1  

REFERENCE: National Engineering Handbook, Section 4, HYDROLOGY 
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C U R V E  

88 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

0 0.00 0.C1 C O O 3  0.03 0.1'3 C.15 

1 0.25 0.31 0 .38  0.44 0 . 5 1  '3.58 9.66 0 .72  0 . 8 1  

2 0.97 1 - 0 5  1 . 1 3  1 - 2 1  1 . 3 0  1 .38  1 . 4 7  1 .56  1 . 6 4  

3 1.82  1 .91  2.00 2 .09  2 . 1 8  i . 2 7  2 . 3 5  2 .45  2 .55  
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PREFACE 

This technical  release was prepared by hydraulic engineers from the mi- 
neering and Watershed Planning Unit 
Central Technical Unit, Hyattsvil le,  h4d. Valuable contributions were re- 
ceived from the Engineering Division, Washington, D.C., UWP Units a t  - 
Lincoln, Nebr., Portlani,  Oreg., and Fort Worth, Tex., and from s t a t e  
hydrologists and engineers. 

(E&WP), Upper Darby, Pa., and the .  

This technical  release i s  presented as a guide fo r  f i e l d  personnel i n  
estimating the e f f ec t s  of land use changes and s t ruc tu ra l  measures on 
hydraulic and hydrologic parameters, runoff volume, and peak ra tes  of 
discharge. Field engineers should recognize tha t  some of the proposed 
methods are i n  the formative stage and thus have not been f u l l y  tes ted .  
The r e su l t s  should be compared with other available methods, and engi- 
neering judgment should be used i n  arr iving a t  a f i n a l  estimate. Careful 
consideration should be given t o  the scope and importance of the job 
when deciding on a par t icu lar  procedure. It is not intended t h a t  a l l  
procedures fit a l l  s i tua t ions  tha t  a r i se .  

As more data become available procedures described i n  th i s  technical re- 
lease w i l l  be revised. 
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CHAPTER 1 

EFFECTS OF URBANIZATION ON RUNOFF VOLUME 
AND PEAK RaTES OF DISCHARGE 

Introduction 
* 

This technical  re lease analyzes the  e f f ec t s  of: urbanization i n  a water- 
shed on hydraulic and hydrologic parameters and presents methods of 
estimating runoff volume and peak r a t e s  of discharge. Obtaining basic 
data  on runoff volume and peak r a t e s  of discharge is d i f f i c u l t  because 
conditions a re  constantly changing during the t r ans i t i on  from r u r a l  t o  . 
urban land use. A t  t h i s  time only general empirical re la t ionships  be- 
tween the parameters t h a t  a f f e c t  runoff and peak r a t e s  of discharge can 
be developed. Much research is being undertaken t o  b e t t e r  analyze the 
e f f ec t s  of urbanization through col lect ion of runoff data and study of 
watershed models. Reports of progress i n  t h i s  f i e l d  are  being made con- _, 

t inual ly .  For addi t ional  information see the bibliography i n  appendix A. - '  

As population density and land values increase, the e f f ec t s  of uncon- 
t r o l l e d  runoff became an economic burden and a serious th rea t  t o  the 
heal th  and well-being of a community and i ts  c i t izens .  Emphasis must be 
placed on providing solutions t o  the  water problems caused by rad ica l  
changes i n  land use. Estimating the magnitude and frequency of future 
flood events makes possible systematic planning and in s t a l l a t ion  of 
s t r u c t u r a l  and n o n s t r u c t u a l  measures t o  reduce hazards t o  acceptable 
levels  

Mmagement of runoff from even minor storms is rapidly becoming an engi- 
neering requirement of l oca l  and s t a t e  governments t o  help reduce flood- 
ing and stream erosion. Rapid deter iorat ion of s t r e &  channels caused by 
increased storm runoff has had a detrimental impact on communities. Coun- 
t i e s  and s t a t e s  are adopting pol ic ies  which l imi t  the  e f f ec t s  t h a t  
changes i n  land use max have on the stream regimen within a developmznt 
or  watershed. These pol ic ies  cover such areas as (1) ass i s t ing  i n  the 
planned management of water resources, including storm drainage, through- 
out the watershed; ( 2 )  promoting and encouraging the inclusion of flood 
storage i n  a l l  planned reservoirs;  and ( 3 )  encouraging and ass i s t ing  i n  
planning fo r  onsi te  re tent ion of runoff through the use of temporary 
storage s t ructures  and i n f i l t r a t i o n  devices. 

There is  a need fo r  thorough understanding of the problems associated 
with the rapid conversion of land use and fo r  adequate technical pro- 
cedures t o  a s s i s t  l oca l  comani t ies ,  municipali t ies,  and planning groups 
i n  assessing the e f f ec t s  of changed land use on streaaflow. 

Effects of Urban Development 

An urban or urbanizing watershed can be defined as an area i n  which a l l  
or Fart  of the watershed w i l l  be covered by impervious s t ruc tures ,  such 
as roads, sidewalks, parking l o t s ,  and houses. Urban stream channels may 
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Same rainfall is retained on the surface a?d by vegetation before runoff 
begins. Interception is rainfall that is caught by foliage, twigs, 
branches, leaves, etc. This rainfall is lost to evaporation and thus 
never reaches the ground surface. Increasing the vegetal cover increases 
the amount of interception. 

Surface depression storage begins when precipitation exceeds infiltration. 
Overland flow starts when the surface depressions are full. The water in 
depression storage is not available as direct runoff. 

Initial abstraction is the sum of interception, depression storage, and 
infiltration before runoff begins. It occurs on all types of cover, 
from pasture in good condition to concrete pavement. However, the amount 
of initial abstraction is less on concrete pavement than on pasture. 

Time Parameters 

Slope 
Urbanization can change the effective slope of a watershed if flow paths 
are altered by channelization and by terracing areas for building lots, 
parking lots, mads, and diversion ditches. The slopes of storm sewers, 
street gutters, roads, and overland flow areas as well as stream chan- 
nels are significant in determining travel times through urban water- 
sheds. 

Flow lenath 
Flow length may be reduced if natural meandering streams are changed to 
straight channels. It may be increased if overland flows are diverted 
through diversions, storm sewers, or street gutters to larger collection 
systems. 

Surface roughness 
Flow velocity normally 
changed from flow over 
channels to sheet flow 
storm sewers, gutters, 

Methodolorn 

Procedures outlined in 

increases significantly when the flow path is 
rough surfaces of woodland, grassland, and natural 
over smooth surfaces of parking lots, diversions, 
and lined channels. 

SCS National mineering Handbook, Section 4 ,  m- 
drology (NEH-4), are adequate for determining volumes, peak rates, and 
hydrographs of runoff from urban areas. The increase in the volume of run- 
off due to urbanization depends more on the percentage of impervious area 
than on any of the other watershed constants. Changes in the time-area 
relationship (lag time! can be estimated by hydraulic analysis of overland 
velocities and storage. Changes in channel routing can be estimated by 
hydraulic analysis of channel velocities and storage. 

The soil-cover complex and associated runoff curve number procedure out- 
lined in NEH-4 can be used to measure the change in runoff volume caused 
by urbanization. Runoff curve numbers for land use and treatment practices , 
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fo r  hydrologic s o i l  groups were developed fron da i ly  r a i n f a l l  records 
fro= small ag r i cu l tu ra l  watersheds. By using land use pat terns  found i n  
an urban area and accounting f o r  impervious areas,  a composite weighted 
curve number representing runoff po ten t i a l  from the watershed can be 
determined. 

Special  a t ten t ion  should be given t o  the  computation of t i m e  of concen- 
t r a t i o n  and t r a v e l  time. Once storm drains  are  in s t a l l ed ,  the flow pat-  
t e rn  may be changed so s ign i f i can t ly  t h a t  f1o.N retardance cannot be 
represented by fac tors  based.03 runoff curve numbers o r  overland flow. 
Velocit ies of flow through culver ts  and channels shoald be computed 
using hydraulic procedures t h a t  take i n t o  consideration the  character is-  - 
t i c s  of the flow paths. 

When urbanization is proposed i n  only pa r t  of a watershed and peak d i s -  
charges a re  desired downstream of the develo?ment, consideration should 
be given t o  subdividing the watershed i n t o  areas of s imi la r  land  use. 
The hydrographs from these areas a re  combined and routed t o  the ou t l e t .  

Msthods of determining peak r a t e s  of runoff are  oxtlined i n  chapter 16 
of NEH-4. Examples 1 and 2 i n  chapter 16 of NEH-4 show the development 
of the t o t a l  hydrograph. Hydrographs are  used when timing e f f ec t s  of 
t r i bu ta r i e s  must be analyzed o r  hydrographs must be routed. Example 4 
i n  chapter 16 of NEH-4 describes a procedure fo r  computing'only the peak 
r a t e  of discharge. This approach can be used when runoff charac te r i s t ics  
within a watershed are  homogeneous and routing i s  not required. 

Examples i n  t h i s  technical  re lease  i l l u s t r a t e  the e f f ec t s  of urbanization 
on volumes and peak r a t e s  of runoff using procedures outlined i n  chapter 
16 of NEH-4. Chapter 2 i n  t h i s  technical  re lease discusses runoff volume 
from urban areas and presents m2thods of develo7ing runoff curve numbers 
for  urban areas.  Chapter 3 discusses time of concentration and t r a v e l  
time as they are  affected by urbanization and presents examples of the 
com?utation of these parameters. Chapters 4 ,  5 ,  and 6 present mzthods of 
computing peak r a t e s  of discharge using standard charts  applicable t o  
small drainage areas,  char ts  fo r  preliminary planning and evaluation, 
and SCS-TR-20 procedures fo r  dealing with more complicated watershed 
conditions. Chapter 7 reviews methods of surface and subsurface storage 
used t o  reduce peak discharges caused by urbanization. 

A s  more information is  gathered and analyzed, b e t t e r  procedures may be 
developed t o  analyze the e f f ec t s  of urbanization. 'Procedures presented 
i n  t h i s  technical  re lease w i l l  be revised per iodical ly  t o  incorporate 
r e su l t s  of future  research. 
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CHAPTER 2 

ESTIMATING RUNOFF FROM URBAN AREAS 

Pnt roduc t i on 

Effective r a i n f a l l  i s  t h a t  port ion of prec ip i ta t ion  t h a t  produces d i r e c t  
runoff, which is water t h a t  en te r s  the stream channels during a storm or  
soon a f t e r  and forms a runoff hydrograph. losses  or abstract ions a r e ' t h a t  
portion of p rec ip i t a t ion  t h a t  does not  contribute t o  d i r e c t  runoff. 
Losses occurring on urban watersheds a re  s imi la r  t o  those occurring on 
na tura l  watersheds. The amount of runoff from a storm event la rge ly  de- - 
pends on detention, i n f i l t r a t i o n ,  evapotranspiration, e t c . ,  and is  re-  
la ted  t o  s o i l  type,  type of vegetation, and amount of impervious cover. 

With proper modifications and assumptions, the soil-Cover-complex method 
described i n  NEH-4 can be used t o  estimate runoff from urban areas.  The 
var iables  used i n  th i s  method apply t o  runoff from both ag r i cu l tu ra l  
and urban watersheds. A combination of a hydrologic s o i l  group ( s o i l )  
and a land use and treatment c l a s s  (cover) is  used t o  determine the hy- 
drologic soil-cover complex. The e f f e c t  of the hydrologic soil-cover 
complex on the  amount of r a i n f a l l  t h a t  runs off  i s  represented by a 
runoff curve number, re fe r red  t o  as  CN.  Chapters 7, 8, 9, and 10 of 
NEH-4 discuss  the  development of soil-cover complexes including s o i l s ,  
cover, treatment prac t ices  f o r  ag r i cu l tu ra l  areas,  and resu l t ing  runoff. 

. 
-- 

I n  a n  urban watershed, the cover usually consis ts  of both pervious and 
impervious surfaces. Impervious surfaces,  such as roofs,  s t r e e t s ,  s ide-  
walks, driveways, and parking l o t s ,  have some i n i t i a l  abstract ion before \ 

runoff occurs. However, during an intense pa r t  of a storm event, nearly 
100 percent of the  r a i n f a l l  may run o f f .  Both i n i t i a l  abstract ion and 
i n f i l t r a t i o n  should be considered f o r  pervious surfaces such as lawns, 
parks, and playing f i e l d s .  

Runoff Equation 

Figure 2-1 shows schematic curves of accumulated storm r a i n f a l l  P ,  run- 
off  &, and i n f i l t r a t i o n  plus i n i t i a l  abs t rac t ion  (F t I a ) .  For conven- 
ience i n  estimating runoff,  i n i t i a l  abs t rac t ion  includes a l l  the  storm 
r a i n f a l l  occurring before surface runoff s t a r t s .  
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Accumulated 

Time, T 
T 4  

Figure 2-l.--Schematic curves of accumulated r a i n f a l l  
( P ) ,  runoff ( Q ) ,  and i n f i l t r a t i o n  plus i n i t i a l  ab- 
s t r ac t ion  ( F  t Ia) showing the r e l a t ion  expressed 
by equation 2-5. 

Assume 

where F is  the i n f i l t r a t i o n  occurring a f t e r  runoff begins i n  inches, S is 
the poten t ia l  abstract ion i n  inches, Q is the ac tua l  d i r e c t  runoff i n  
inches, and Pe is the po ten t i a l  runoff or  e f fec t ive  storm runoff (storm 
r a i n f a l l  minus the i n i t i a l  abstract ion)  i n  inches. 

With F = P, - Q, equation 2-1 can be wri t ten as 

2 
Q =p, 

Pe + s 
(Eq. 2-2) 

The i n i t i a l  abstract ion ( I a )  i n  inches, estimated from an empirical re- 
l a t i o n  based on data from small watersheds, is 

1, = 0.2s (Q* 2-31 

4 
3 

3 
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Thus 
P, = P - 1, = P - 0.2s 

where P is  the  t o t a l  storm r a i n f a l l  i n  inches. Subst i tut ing equation 2-4 
i n  equation 2-2, 

(P - 0.2SP ' = P+0.8S 

Potent ia l  abstract ion S is re la ted  t o  the s o i l  and cover conditions of a 
watershed. The runoff curve number, which is a l so  related t o  s o i l  and 
cover conditions, is related t o  poten t ia l  abstract ion S by 

(Eq. 2-6) 1,000 
s+  10 CN = 

from which 

The solut ion t o  equation 2-5 is  shown i n  tab le  2-1  f o r  a range of CM's 
and total .  r a i n f a l l  amounts. 

Table 2-l.--Runoff depth i n  inches f o r  selected CN's and r a i n f a l l  amounts 

0.32 -56 

0.61 .92 

0.93 1.29 

0.46 .74 

0.76 1.11 

0 79 
99 

1.18 
1.38 
1.58 

100 
1.2 
1.4 
1.6 
1.8 

(9 
3.0 
4.0 
5.0 

0 
0 
0 
0.01 
0.03 

0 
0 
0.02 
0.05 
0.09 a 
0.30 
0.51 
1.03 
1.65 

0 
0.03 
0.06 
0.11 
0.17 

0.03 
0.07 
0.13 
0.20 
.O. 29 

0.08 0.17 
0.15 0.28 
0.24 0.39 
0.34 0.52 
0.44 0.65 

0.06 

0.76 

0.17 
0.33 

1.30 

0.24 
0.46 
0.72 
1.33 
2.04 

0.38 

0.96 
0.65 

1.67 
2.45 

0.56 0.80 
0.89 1.18 
1.25 1.59 
2.04 2.46 
2.89 3.37 

1.09 1.48 
1.53 1.96 
1.98 2.45 
2.92 3.43 
3.88 4.42 

1- 77 
2.27 
2.78 
3.77 
4.76 

6.0 
7.0 
8.0 
9.0 
10.0 

1.92 
2.60 
3.33 
4.10 
4.90 

2.35 
3.10 
3.90 
4.72 
5.57 

2.80 
3.62 
4.47 
5.34 
6.23 

3.28 
4.15 
5.04 
5.95 
6.88 

3.78 4.31 
4.69 5*26 
5.62 6.22 
6.57 7.19 
7.52 8.16 

4.85 5 . 4 1  
5.82 6.41 
6.81 7.40 
7.79 8.40 
8.78 9.40 

5.76 
6.76 
7.76 
8.76 
9.76 

6.44 
7.32 * 

11.0 
12.0 

5-72  
6.56 

7.13 
.8.05 

7.82 
8.76 

8.48 9.14 
9.45 10.12 

9.77 10.39 
10.76 11.39 

10 a 76 
11.76 

To obtain runoff depths f o r  CN's and other r a i n f a l l  amounts not 
shown i n  t h i s  t ab le ,  use an ar i thmetic  in te rpols t ion .  
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Effect  of Urbanization on Runoff 

I n i t i a l  abs t rac t ion  cons is t s  of in te rcept ion ,  i n f i l t r a t i o n ,  and depres- 
s ion  s torage t h a t  m u s t  be satisfied before runoff begins. Urban i n i t i a l  
abs t rac t ion  has been found t o  be cor re la ted  with s lope of t h e  impervious 
area.  However, because of the  l imi t ed  scope of t h e  research data a v a i l -  
able ,  no attempt.has been made t o  r e v i s e  t h e  bas ic  runoff equation t o  
apply exclusively t o  urban areas .  

Invest igat ions have a l s o  shown t h a t  runoff from small (less than annual) 
r a i n f a l l  events comes pr imari ly  from t h e  impervious areas .  However, both 
the pervious and impervious areas  contr ibute  t o  runoff f o r  the  l a r g e r ,  - 
less-frequent  events. If the  pervious port ion of an urban area has a C N  
of 60 t o  65, approximately 2 inches of r a i n f a l l  i s  needed before runoff 
begins. Most 24-hour r a i n f a l l  values used i n  computing peak r a t e s  of 
flow are  over 2 inches. Therefore, f o r  urban ana lys i s  t h e  t o t a l  water- 
shed area ca? be assumed t o  contr ibute  t o  storm runoff .  

. __. 

- -.Urban Runoff Curve Numbers 

Several  fac tors  should be considered when computing t h e  an t ic ipa ted  fu- 
t u r e  C N  f o r  urban areas .  The amount of runoff can vary depending on 

. whether house gutter;  connect d i r e c t l y  t o  storm dra ins ,  o u t l e t  onto i m -  
pervious driveways, o r  o u t l e t  onto lawns o r  o ther  pervious areas where 
i n f i l t r a t i o n  can occur. Genera1,building p r a c t i c e s  o r  codes within a 
development may be he lpfu l  i n  determining runaff flow paths.  Some areas 
have zoning ordinances on how storm runoff from indiv idua l  houses m u s t  
be handled. 

In determining urban CN's, consideration should be given t o  whether 
heavy equipment compacted the  s o i l  s i g n i f i c a n t l y  more than n a t u r a l  c m -  
d i t i o n s ,  whether much of the pervious area i s  barren with l i t t l e  sod 
establ ished,  and whether grading has mixed the sur face  and subsurface 
s o i l s  causing a c o q l e t e l y  d i f f e r e n t  hydrologic condition. Any one of 
the above could cause a s o i l  n x m a l l y  i n  hydrologic group A o r  B t o  be 
c l a s s i f i e d  i n  grou? 9 o r  C ,  respect ively.  In many areas  of the  country, 
lawns a r e  heavily i r r i g a t e d .  This may s i g n i f i c a n t l y  increase the  mois- 
t u r e  content i n  the s o i l  over t h a t  under n a t u r a l  r a i n f a l l  conditions.  

Table 2-2 gives CN's f o r  a g r i c u l t u r a l ,  suburban, and urban land use 
c l a s s i f i c a t i o n s .  The suburban and urban C N ' s  a re  based on t y p i c a l  land 
use relat ionships  t h a t  e x i s t  i n  sone areas .  They should on ly  be used 
when it has been ditermined t h a t  the  area under study meets the c r i t e r i a  
f o r  which these C N ' s  were developed. 

There w i l l  be areas t o  which the  values i n  t a b l e  2-2 do not apply. The 
percentage of impervious area f o r  the various types of r e s i d e n t i a l  areas  
or  the l a n d  use condition f o r  the  pervious port ions may vary from t h e  
conditions assumed i n  t a b l e  2-2. A curve f o r  each pervious CN can be 
developed t o  determine the  composite C N  f o r  any dens i ty  of impervious 
area. Figure 2-2 has been developed assuming a CN of 98 f o r  the  imperviou 

.I '.- 

J 
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Table 2-2.--Runoff curve numbers for selected agricultural, suburban, and 
urban land use. (Antecedent moisture condition 11, and 1, = 0.25) 

LAND USE DESCRIPTION 

Cultivated landi f :  v i thout  conservation treatment 

: v i t h  conservation treatment 

Pasture o r  range land: poor condition 

good condition 
~~~ 

Meadov: good condition 

Wood or  Forest land: t h i n  stand, poor cover, no mulch 
good cover2/ 

Open Spaces, lawns, parks, golf  courses, cemeteries, e tc .  

good condition:.grass cover on 75% or more of the  area 

fair condition: g a s a  cover on 50% t o  75% of the  area 

Commerclal and business areas (85%. impervious) 

68 
39 - 
30 

15 
25 

- 

39 

b9 

89 

7 

I n d u s t r i a l  d i s t r i c t s  (72% impervious ) . 81 

Residential: 
b /  Average l o t  s i z e  Average % Impervious- 

118 acre o r  l e s s  65 77 
114 acre 38 61 
113 acre 30 57 
112 acre 25 54 
1 acre 20 51 

98 Paved parking l o t s .  roofs, driveways, e t c . i /  

S t r e e t s  end roads: 

paved v i t h  curbs and storm severs?/ 98 
gravel 76 

d i r t  72 

81 08 91 

71 78 81 

79 86 89 
61 7h 80 

58 71 78 

66 n 03 
55 70 77 

- 
88 
- 

85 

75 
72 
70 
68 - 
98 
- 

98 
85 
82 - 

~ 91 - 
I 

~ 

90 

83 
81 
80 

79 

1' For e more de ta i led  descr ipt ion of agr icu l tura l  land use curve numbers r e f e r  t o  
National Engineering Handbook. Section 4, Hydrology. Chapter 9, Aug. 1972. 
Good cover is protected from g a z i n g  and l i t t e r  and brush cover soil. 

a/ Curve numbers are computed assuming t h e  runoff from t h e  house and driveway 
is directed tovards t h e  street with a minbum of roof water directed t o  lawns 
where addi t iona l  i n f i l t r a t i o n  could occur. 
The remaining pervious areas (lawn) are  considered t o  be i n  good pasture condition 
for these curve numbers. 

11 In  same varmer climates of the  country a curve number of 95 may be used. 
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Figure 2-2.--Percentage of impervious areas vs .- composite C N ' s  ' for 

I 

~ pervious material. 

_- - _ _ .  _ _  given pervious area C N  's  . 
I ._ 

area. The curves i n  figure 2-2 can help i n  estimating the increase i n  
runoff as more and more land within a given area is covered with i m -  

There are a number of methods available f o r  computing the percentage of 
impervious area i n  a watershed. Some methods include using U.S. Geologi- 
c a l  Survey topographic maps, land use maps, a e r i a l  photographs, and 
f i e l d  reconnaissance. 
on such parameters as population density, s t r e e t  density, and age of the 
development as a means of determining the percentage of impervious area. 
The available data on runoff from urban areas are not yet suf f ic ien t  t o  
validate widespread use of these methods. 

Care must be exercised when using methods based 

I 

~ 

Example 2-1 
Compute the runoff from 5 inches of r a i n f a l l  for  a 1,000-acre watershed 
t o  be converted t o  a suburban development. A l l  the s o i l s  are i n  hydro- 
logic s o i l  group C .  The proposed land  use is 50 percent detached houses 
with l o t  s ize  1/4 acre; 10 percent townhouses with l o t  s i z e  1/8 acre; 
25 percent s t r ee t s  with curbs and gut te rs ,  schools, parking lo t s ,  plazas; 
and 15 percent open space, parks, schoolyards, etc., with good grass 
cover. 

-. 

1 
3 

I 1. Compute the weighted runoff curve number. 
J 

3 
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Land use 
_ _  - Detached houses with l o t  s i z e  1/4 acre _____ 
- _- . Townhouses with l o t  s i z e  1/8 acre 

I 

St ree t s  with curbs, plazas, e t c .  

Open space, parks, e tc .  
_ -  

Table 2-2 
curve 

Percent number Product 

50 83 4, E O  

3.0 90 900 

25 98 2,450 

15 74 1,110 

100 8,610 

- 

Thus 
= 86 - 8,610 

100 Weighted CN = 

2. From t ab le  2-1 using CN = 86 and P = 5 interpolate  t o  read 
Q = 3.47 inches. __ .. 

Example 2-2 
Compute the'runoff from 6.3 inches of r a i n f a l l  fo r  a 1,000-acre water- 
shed t o  be converted t o  a suburban development. The s o i l s  are  i n  hy- 
drologic s o i l  groug B. Forty percent of the development is  impervious 

sidered t o  be i n  good grass cover. 
1. From tab le  2-2 read pervious CN = 61. 
2. From figure 2-2 read CN = 76. 

3. From t ab le  2-1 using CN = 76 and P = 6.3 interpolate  t o  read 

- with a l l  impervious areas connected; 60 percent is pervious and con- 

Q = 3 -64 inches. 

Example 2-3 
Compute the runoff curve number fo r  a 1,000-acre watershed. The hydro- 
logic  s o i l  group i s  50 percent B and 50 percent C interspersed through- 
out the watershed. The land use is: 

40 percent r e s iden t i a l  area tha t  is 30 percent impervious 
12 percent r e s iden t i a l  area tha t  is 65 percent impervious 

8 percent paved roads with open ditches 
10 percent paved roads with curbs and storm sewers 
16 percent open land with 50 percent f a i r  cover and 50 percent good 

14 percent parking l o t s ,  plazas, schools, e tc .  
cover 

( a l l  impervious) 
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Using t a b l e  2-2 and figure.2-2,  display the  data  given and compute the 
runoff curve number. 7 

Land use 

, A  
Hydrologic s o i l  group - 

7 B C 

Pct.  CN 
Residential  (30 pct .  impervious) 20 72 

- -  

Residential  (65 pc?. impervious) 6 85 

Roads with open di tches  4 89 

Roads with curbs apd sewers 5 98 

&en land: 

Fair  cover 

Good cover 

Parking l o t s ,  

Thus 

4 69 

4 61  

7 98 plazas,  e t c .  - - 
50 

4,002 t 4,316 - - 
100 Weighted CN = 

Product Pct.  - -  C N  
1,440 23 81 

510 6 90 

356 4 92 
490 5 98 

276 4 79 

244 4 74 

7 98 686 - 
4,002 50 

83.18 (use 83) 

Product 
1,620 

540 

. 368 

4?0 - 

3 16 

296 
686 

4,316 

Example 2-4 
A 175-acre watershed is 30 percent ag r i cu l tu ra l  and 70 percent urban 
land. The agr icu l tura l  area is 40 percent cul t ivated land with conserva- 
t i o n  treatment, 35 percent meadow i n  good. condition, and 25 percent 
fo re s t  land with good cover. The urban area is  res ident ia l :  60 pereent 
is  1/3-acre l o t s ,  25 percent i s  1/4-acre l o t s ,  and 15 percent is s t r e e t s  
and roads with curbs and storm sewers. The en t i r e  watershed is  i n  B hy- 
drologic s o i l  group. 

Display the data given and compute the weighted composite runoff curve 
number using curve numbers f o r  the  given land use i n  tab le  2-2. 

Land use Axes  Curve Number Product 

Agricultural  : (52) 
2 1  71 1, 4\21 

Meadow (good cover) 18 58 1,044 

Cultivated land (conservation 
treatment) , 

Forest ( good cover ) 13 55 715 

1/3-acre l o t s  74 72 5,328 
1/4-acre l o t s  3 1  75 2,325 
S t r e e t s  and roads with curbs 

and storm sewers - 18 98 1,76A 

17 5 12,667 

Urban : ( 123 ) 

Thus 
Weighted C N  = 12'667 175 = 72.4 (use 72) 
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CHAPTER 3 

TIhE OF CONCENTRATION, TRAVEL TIME, AND LAG 

Introduction 

Urbanization commonly increases the veloci ty  a t  which water c a ~  flow 
from its point of impact on the watershed t o  the watershed out le t .  Time 
of concentration, t r a v e l  t i m e ,  and watershed 1% are three related 
watershed parameters d i r e c t l y  affected by the increased velocity.  These 
parameters are widely used i n  determining peak r a t e s  of runoff. 
Time of concentration is  the time it takes f o r  runoff t o  t r ave l  from 
the hydraulically most d i s t a n t  p a r t  of the watershed t o  the point of 
reference. It  is  usually computed by determining the water t r ave l  time 
through the watershed. In  hydrograph analysis it is the time from the 
end of excessive rainfall t o  the point of i n f l ec t ion  on the f a l l i n g  limb 
of the Wrograph.  Lag can be considered as a weighted time of concen- 
t r a t i o n  and i s  related t o  the physical properties of a Watershed, such 
as area, length, and slope. I n  simple hydrograph analysis, lag  is  the 
time from the center of mass of excessive rainfall t o  the peak r a t e  of 
runoff. The t i m e  of concentration determines the shape of the runoff 
hydrograph. Thus, changes i n  the time of concentration cause changes i n  
the resul t ing hydrograph. The extent  of urbanization and stream modi- 
f i c a t i o n  a f fec ts  the t r a v e l  time of water through the watershed, which 
changes the time of concentration. 
Two fac tors  can contribute t o  a decrease i n  t r a v e l  t i m e .  Urbanization 
generally decreases overland flow t r a v e l  time by decreasing flow re-  
tardance and by reducing the interflow distance because there a re  more 
points of interception by gutters and other conveyances. Channelization 
decreases t r ave l  time by increasing ve loc i t ies  i n  improved channels. 
The t r a v e l  path may be on the surface of the ground o r  below it (as  
subsurface flow) or  i n  a combination of both. Urban hydrology studies 
have shown that the response time of subsurface flow is s o  much longer 
than t h a t  of surface f l o w  tha t  only surface (including sewer) flow 
t r ave l  time is of significance when determining peak discharges. 

Computation of Travel Time 

Overland flow, storm sewer or road gu t t e r  flow, and channel flow are 
the three phases of d i r ec t  flow commonly used i n  computing t r a v e l  time. 

Overland flow 
The t r ave l  time f o r  overland flow i n  an urban area consists of the time 
It takes water t o  t r ave l  from the uppermost p a r t  of the watershed t o  a 
defined channel o r  i n l e t  of the storm sewer system. This type of flow 
is  s igni f icant  i n  very small watersheds because a high proportion of 
t r ave l  time is due t o  overland flow. The veloci ty  of overland flow can 
vary grea t ly  w i t h  the surface cover and t i l l a g e  as shown i n  figure 3-1. 
If the slope and land use of the overland flow segment are  known, the 
average flow velocity can be read from figure 3-1. The t r ave l  time i s  
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then computed by dividing the t o t a l  overland flow length-by the average 
veloci ty  . 

.2 ..l .5  1 2 5 5 10 20 .1 

V E ~ I T I  €N FEET PER SECONO 

so 

30 

20 

10 

5 

3 

2 

1 

. 5  

Figure 3-l.--Average ve loc i t ies  f o r  estimating t r ave l  time f o r  
overland flow. 

Storm sewer or road gut te r  flow 
Travel time through the storm sewer or  road gu t t e r  system t o  the main 
open channel is the sum of t r ave l  times i n  each individual component of 
the system between the uppermost i n l e t  and the out le t .  In most cases 
average veloci t ies  can be used without a s ignif icant  l o s s  of accuracy. 
During major storm events, the sewer system may be f u l l y  tax?d and ad- 
d i t i ona l  overland flow may occur, generally a t  a s ign i f icant ly  lower 
velocity than the flow i n  the storm sewers. By using average conduit 
s izes  and an average slope (excluding any v e r t i c a l  drops i n  the system), 
the average velocity can be estimated using Manning's formula. 

Since the hydraulic radius of a pipe flowing half f u l l  is  the same as  
when flowing f u l l ,  the respective veloci t ies  are  equal. Travel time may 

7 A . 
7 
4.1 

3 

7 
J 

7 
7 
J 

-1 
J 

7 
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. 

be based on the pipe flowing f u l l  o r  half f u l l .  The t r a v e l  t i m e  through 
the storm sewers is  computed by dividing the length of flow by the 
average velocity.  If flow is pr incipal ly  ill shallow road gut ters ,  the 
curve f o r  overland flow i n  paved areas shown i n  E i p e  3-1 can be used 
t o  d e t e r d n e  average velocity.  
Channel flow 
The t r a v e l  t i m e  f o r  flow in  an open channel from the storm sewer ou t l e t  
t o  the watershed ou t l e t  (o r  evaluation o r  design point)  can be deter-  
mined by using Manning's equation t o  compute average ve loc i t ies .  Bank- 
full veloc i t ies  should be used t o  qompute these averages. Channels may 
be i n  e i t h e r  na tura l  o r  improved condition. 

Example 3-1 
An urbanized watershed is  shown i n  f igure  3-2. Three types of flow con- 
d i t i ons  e x i s t  from the furthermost point of the watershed t o  the out le t .  
Compute the t r a v e l  time (Tt)  and time of concentration (T,) based on 
the following data: 

Reach . . Description of flow Slope Length 

Feet 
_p_ 

Percent 
A t o  B Overland ( fo re s t )  7 500 
B t o  C Overland (shallow gutter) 2 900 
C t o  D Storm dra in  w i t h  manhole 1.5 2 p 000 

covers, i n l e t s ,  e t c .  
(n=0.015; diameter 3 f e e t )  

zoidal ( b  =5; d =3; z =1.1; 
n =  0.019) 

D t o  E Open channel, gunite, tsape- 0.5 3,000 

Figure 3-2.--Urban watershed f o r  example 3-1. 



3-4 

1. Compute the overland flow t r ave l  time. 
Reach A t o  B ( fo re s t  cover). 
read v = 0.7 f t /sec.  

From f igure 3-1 f o r  a slope of 7 percent 

- length 500 f t  = 714 sec 
Tt - veloci ty  ='ft/sec 

Reach B t o  C ( s t r e e t  gu t t e r ) .  
read v = 2.e f t /sec.  

From f igure  3-1 f o r  a slope of 2 percent 

= 321 sec 
length - 900 f t  T =  t veloci ty  2.8 f t /sec 

2. Compute the storm drain flow t r ave l  time. 
Reach C t o  D. Use Manning's equation t o  compute p i p e f u l l  velocity.  

1.49 3 2/3 

0.015 4 v = -(-) (0.015)~'~ = 10 f t /sec 

3.  Compute the open channel flow t r ave l  time. 
Reach D t o  E. Use Manning's equation t o  compute bankfull velocity.  

1.49 r2/3 s l / Z  v = -  n 

n = 0.019 f o r  gunite channel 

s = 0.005 , 

2/ 3 1/2 v = -  I.*'' (1.78) (0.005) = 8.2 f t /sec 0.019 

- length 3 000 f t  = 366 sec 
Tt - velocity = 

J 

c 

7 
J 

7 
J 

7 
J 

-7 

.d 

... 
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4. sunnnary 

Reach 

A t o  B 
B t o  c 
C t o  D 
D t o  E 

Description Length Velocity Travel t i m e  
of flow (ft) ( f t / sec)  ( sec 1 

Overland 300 0.7 714 
Overland 900 2.8 321 
Storm drain 2,000 fO.0 280 

366 Open channel 3,000 8.2 

Total 1,601 

- 

Thus 
- 1,601 sec = 0.44 hr. Tc - (3,600 sec/hr) 

- Xoiirputation of L a g  
_- _- 

The time between a br ief  heavy rain and the m a x i m u m  runoff r a t e  is  called 
lag.  Lag is  a watershed parameter that i s  of ten related t o  time of con- 
centration. It can be estimated from h i s t o r i c a l  hydrographs or  it can be 
estimated from spec i f ic  watershed charac te r i s t ics ,  such as watershed 
length, slope, and flow retardance. Watershed lag is  used t o  compute peak 
discharges of the unit hydrograph in-equation 4-l in chapter 4. The same 
relat ionship is  used i n  a l l  SCS procedures outlined i n  chapters 4 ,  5 ,  
and 6. 

Hydroqraph method 
I n  hydrograph analysis,  l ag  is the time from the center of mass of excess -~ 

rainfall t o  the peak ra te  of runoff. The time difference between the 
center of excess r a i n f a l l  and the peak runoff can be determined by ana- 
lyzing hydrographs from Mstor icab  storm events. Based on s tudies  of many 
storm events f o r  a range of watershed conditions, the following empirical 
re la t ionship between lag  and time of concentration was derived: 

. L = 0.6 Tc (Eq. 3-1) 

This relat ionship i s  f o r  average na tura l  conditions and f o r  approximately 
uniform d i s t r ibu t ion  of runoff over the watershed. A limited study of 
urban hydrographs shows t h a t  th i s  re la t ionship does not d i f f e r  s i g n i f i -  
cant ly  i n  urbanized watershedso 

Modified curve number method 
In  small urban areas ( l e s s  than 2,000 ac res ) ,  the curve number method 
described i n  chapter 15 of N E H 4  can be used-to estimate the time of con- 
centrat ion from watershed lag. The curve number method, or ig ina l ly  devel- 
oped from agr icu l tura l  watershed data, was intended t a  span a broad s e t  
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of conditions ranging from steep t o  f l a t  and from heavily forested t o  
smooth. The equation f o r  watershed lag  is: 

where 

L = lag i n  hours 

P = hydraulic length of watershed i n  f e e t  

(Eq. 3-2) 

- 10 (where CN' is  the retardance fac tor  and i s  equivalent 1,000 
CN' 

s =  
t o  the runoff curve number) 

Y = average watershed land slope i n  percent. 

~ - -  - Figure 3-3 ;hows the solut ion t o  equation 3-2 i n  graph form. 

The CN' is a measure of the retardance of surface conditions on the ra te  
a t  which runoff concentrates a t  some point i n  question. Therefore, 
(S + 1)0*7 is a retardance f ac to r  based on the surface condition of the 
watershed. __ 

Data collected from small urban watersheds indicate tha t  the retardance 
fac tor  CN' generally does not adequately r e f l e c t  the increased ra te  a t  
which water can run off as a r e su l t  of the in s t a l l a t ion  of impervious 
areas, roads, gut ters ,  and storm drains. Where an area is  completely 
paved, such as a small parking l o t ,  equation 3-2 adequately represents 
lag. For composite land use areas where s t r e e t s ,  gu t te rs ,  or sewers 
provide a more e f f i c i en t  flow pat tern than lawns, fores t s ,  or other 
pervious areas, equation 3-2 overestimates lag.  

Two factors  cause the difference between h i s to r i ca l  measurements of lag 
and those computed by equation 3-2. The f i r s t  is  the extent t o  vhich a 
stream (usually the major watercourse i n  the watershed) has been changed 
over natural  conditions e i the r  by straightening or  by enlarging stream 
capacity and providing bank protection t o  allow higher flow veloci t ies  
than under natural  conditions. The second fac tor  i s  the increased amount 
of impervious area, which permits water from Gverland flow sources and 
side channels t o  reach the main channel a t  a much f a s t e r  ra te  than under 
natural  conditions. 

The weighted runoff curve number, i f  used as a retardance factor  i n  
equation 3-2, does not provide suf f ic ien t ly  f o r  the decrease i n  lag 
caused by changes i n  the main channel and increases i n  inpervious areas. 
Since urbanization can take place while the main channel i s  l e f t  i n  i t s  
natural  s t a t e ,  separate adjustments t o  the lag equation were derived to 
account for the e f fec t  or' each of the %wo factors  on iag. 
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Figure 3-3. --Curve number method fo r  estimating lag (L) for homogeneous 
watersheds under natural conditions up to 2,000 acres. 
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Figure 3-4 shows lag  f ac to r s  required t o  adjust  equation 3-2 f o r  water- 
sheds where the na tu ra l  condition of the main channel has been hydrau- 
l i c a l l y  improved. If the main channel has not been modified, the lag 
computed by equation 3-2 can be used. Not enough da ta  are  available,  nor 
Is equation 3-2 accurate enough, t o  d is t inguish  between the types of 
channel modification made. ?he adjustment f o r  channel improvement i s  
made as follows. If 50 percent of the channel has been modified from its 
na tura l  condition and the  future-condition curve number is  computed t o  
be 80, then the lag  computed by equation 3-2 ( o r  read from f igure  3-3) 
i s  multiplied by 0.7. . , 

100 

:a 75 

$ 2  q 50 

% c o  

5 9  25 a 
Y a, 

- .  0 
1 .9 .a .7  .6 

LAC FACIOR 
5 

Figure 3-4.--Factors f o r  adjusting l ag  from equation 3-2 or  f igure 3-3 
when the main channel has been hydraulically.improved. 

Figure 3-5 shows lag f ac to r s  f o r  adjusting equation 3-2 i f  par t  of the 
watershed is impervious. I f  the future-condition curve number is 100 or 
the impervious area is  zero, adjustments are  not necessary. When. a 
s ign i f icant  p a r t  of the watershed is  impervious, time of concentration 
is decreased because the flow paths  t o  the main channel are  more e f f i -  
c ient  than under na tura l  conditions. 

Since f igures  3-4 and 3-5 are  used only with future-condition curve 
numbers, the lag fac tors  cannot be used t o  d i r e c t l y  compute the decrease 
i n  lag ( o r  time of concentration) from present conditions. To determine 
the change i n  lag o r  time of concentration from present t o  future  con- 
d i t ions ,  compute the present value and then, using the future-condition 
curve number, compute the future  value. 

When only peak discharges from an urban watershed are  desired, lag does 
not have t o  be computed. Peak fac tors  i n  figures 4-1 and 4-2, discussed 
i n  the next chapter, are used i n  the same manner as the lag fac tors  when 
urban modifications t o  a watershed have occurred. If  other procedures 
are used t o  compute peaks, but a time of concentration f o r  future  con- 
d i t ions  is  desired without making a detai led survey t o  determine the 
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individual overland components of flow, figures 3-4 and 3-5 can be used. 
Figures 3-4 and 3-5 are approximations at best and have the same 
tations and uses as equation 3-2 and figure 3-3. 

100 

75 2 
a %  
Orn  
g 8  50 w n  u >  
G G  w w  
L 2  

I+ 25 

0 
1 e 7  .6 .5 

LAG FACTOR 

Figure 3-5.--Factors for adjusting lag from equation 3-2 or figure 3-3 
when impervious areas occur in the watershed. 

Example 3-2 
A watershed of 1,000 acres has a present-condition curve number of 75, 
average watershed slope of 4 percent, and hydraulic length of U,200 
feet. Urban developmsnt is expected to modify about 70 percent of the 
hydraulic length, increase the impervious area to 40 percent, and in- 
crease the runoff curve number to 80. Compute the present- and future- 
condition time of concentration using the curve number m2thod. 

1. Present-condition lag from equation 3-2 or figure 3-3 with CN = 75. 
0 0  7 

= 1.45 hr U,280) Oo8( 3.33 + 1) L = (  
1,900(4)~'~ 

2. Present-condition time of concentration from equation 3-1. 

T = 1.67(1.45) = 2.42 hr 
C 

3. Future-condition lag. 

a. Basic future-condition lag with CN = 80: 
0 0  8 0.7 

= 1.25 hr u ,200) (2.5 + 1) 
1,900(4) 0 * 5  

L = (  

b. Lag factor for modification of 70 percent of the hydraulic length 
from figure 3 4 :  hydraulic-length l a g  factor = 0.59 
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C. 

d. 

Lag factor for 40 percent impervious area from figure 3-5: 
impervious-area lag factor = 0.76 

Future-condition lag = 1.25(0.59)(0.76) = 0.56 hr 

4. Future-condition time of concentration from equation 3-1. 

T, = 1.67(.56) = 0.94 hr. 

..A 

7 
J 

1 
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CbIAPTER 4 

PEAK DISCHARGES (APPENDIX 

Introduction 

D CHARTS) 

A quick and r e l i a b l e  method of computing peak discharges from agricul-  
t u r a l  drainage areas 1 t o  2,000 acres i n  s i z e  i s  given i n  charts i n  
appendix D. The charts  were prepared f o r  the solut ion of the gener7.l re- 
la t ionships ,  a r e  based on type-I1 r a h f a l l  d i s t r ibu t ion ,  and are  

apply t o  par ts  of the Pacific Coast s t a t e s  t ha t  do not have type-I1 
r a i n f a l l  d i s t r ibu t ion ,  as shown on the map i n  appendix D. 

applicable t o  most agr icu l tura l  areas of the United S ta tes .  They do not . I  

This chapter presents a method of adjusting peak discharges obtained 
from the charts i n  appendix B t o  r e f l e c t  the increase i n  peak discharge 
due t o  urbanization. Additional methods f o r  interpolat ing or adjusting 
peak discharges f o r  conditions not found on the charts or not repre- 
sented by the general equations i n  this chapter a r e  given i n  appendix E. 

Modification of Peak Discharge Due t o  Urbanization 

Research i n  the area of urban hydrology i s  developing rapidly. Research 
t o  date has been s u f f i c i e n t - t o  ident i fy  the parameters t ha t  are  affected 
by urbanization and t o  derive limited empirical relationships between 
those parameters f o r  both ag r i cu l tu ra l  and urban watersheds. The time t o  
peak f o r  urban watersheds is affected by a decrease i n  lag or  t h e  of 
concentration as described i n  chapter 3 .  

Figures 4-1 and 4-2 give factors  f o r  adjusting peaks calculated from 
charts i n  appendix D based on the same parameters t ha t  a f fec t  watershed 
lag and time of concentration. The factors  are  applied t o  the peaks 
using future-condition runoff curve numbers as follows: 

%OD - - 8 [Flctorm] [ FactorHm] 

where . 
= modified discharge due t o  urbanization 

Q = discharge f o r  future CN from appendix D charts 

FactorIMp = adjustment factor  for  percent impervious areas 

Fact o r  = adjustment factor  for  percent of hydraulic length 
H I M  modified. 
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1.0 1.2 1.4 I. 6 1.8 
PFAK FACTOR 

Figure 4-1.-Factors fo r  adjusting peak discharges fo r  a given fUture- 
. condition runoff curve number based on the percentage of impervious 

area i n  the watershed. 

Figure 4-2.-Factors fo r  adjusting peak discharges fo r  a given future- 
condition runoff curve number based on the percentage of hydraulic 
length modified. 
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Example 4-1 
A 300-acre watershed i s  t o  be developed. 
proposed develo-ment i s  computed t o  be 8 
the hydraulic length w i l l  be modified by 

The runoff curve 
Approximately 

the i n h a l l a t i o n  

number fo r  the 
0 percent of 
of s t r e e t  

gu t te rs  and storm drains t o  the watershed ou t l e t ,  Approximately 30 per- 
cent of the watershed w i l l  be impervious. The average watershed slope is 
estimated to%e 4 percent. Compute +,he present-condition and anticipated 
future-condition peak discharge for  a 50-year %-hour storm event with 
5 inches of r a i n f a l l .  The present-condition runoff curve number is. 75. 

1. 

2. 

3. 

4 0  

5 .  

6. 

7.  

From table  2-1, the  runoff fo r  present condition i s  2.45 inches and 
f o r  future  condition is 2.89 inches. 

From the chart  for  moderate slope i n  appendix D ("CN = 751, the 
present condition peak discharge i s  120 c f s  (cubic 'feet per second) 
per inch of runoff. The peak discharge is  then 120 x 2.45 or 294 cfs .  

From the chart  f o r  moderate slope i n  appendix D ( C N  = 801, the future- 
condition base discharge f o r  CN = 80 i s  133 cfs  per inch of runoff. 
The base discharge is  then E33 x 2.89 o r  384 cfs .  

From f igure 4-1, with 30 percent impervious area and future runoff 
curve number of 80, read peak factor  = 1.16. 

From f igure 4-2, with 60 percent of the hydraulic length modified and 
future-condition curve number of 80, read peak factor  = 1.42. 

The future-condition peak discharge is: 

389 (1*16)(1.42) = 633 cfs  

The e f f ec t  of this proposed development is  t o  increase the peak 
discharge from 291 t o  633 cfs .  
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CHAPTER 5 

TABULAR AND GRAPHICAL METHODS OF DETERMINING PEAK DISCHARGES 

Introduction 

T h i s  chapter presents tabular  and graphical methods f o r  computing peak 
discharges from urban areas using time of concentration (T,) and t r a v e l  
time ( T t ) .  These methods a re  approxixiations of' the more detai led hydro- 
graph analysis,  SCS-TR-20 Womputer Program f o r  Project Formulation- 
Hydrology,I1 discussed i n  chapter 6. 

The tabular  method can be used t o  develop composite hydrographs a t  any 
point within a watershed by dividing the watershed i n t o  subareas 2nd 
computing the time of concentration f o r  each subarea and the t r ave l  time 
through each reach. The graphical method uses only- the time of concen- 
t r a t i o n  and is applicable t o  a watershed where runoff charac te r i s t ics  
a re  uniform and val ley routing is  not required. The factors  affect ing 
Seak discharge calculations discussed i n  e a r l i e r  chapters a l so  apply i n  
this chapter: 24-hour r a i n f a l l  amount, a given r a i n f a l l  d i s t r ibu t ion ,  
hydrologic soil-cover complexes (runoff curve numbers ) , time of concen- 
t r a t ion ,  t r ave l  t i m e ,  and drainage area. 

The tabular method can be used f o r  watersheds where hydrographs a re  
needed t o  measure nonhomogeneous runoff, i .e . ,  the watershed is  divided 
i n t o  subareas. I t  i s  especial ly  applicable for  measuring the e f fec ts  of 
changed land use i n  a par t  of a watershed. It can a l so  be used t o  de- 
termine the e f fec ts  of s t ructures  and combinations of s t ructures ,  
including channel modifications, a t  d i f fe ren t  locations i n  a watershed. 

Tabular Method of Determining Peak Discharge 

Table 5-3 shows the tabular discharge values fo r  the type-I1 r a i n f a l l  
d i s t r ibu t ion  used i n  t h i s  procedure. Tabular discharges, i n  terms of 
csm (cubic f e e t  per second per square mile) per inch of runoff, a re  
given f o r  a range of T c l s  from 0.1 t o  2 hours and T t l s  from 0 t o  4 
hours. For T c l s  up t o  12 hours and T t l s  up t o  30 hours, r e f e r  t o  TSC 
Technical Note ENGUD-20. Values fo r  other dis t r ibut ions a re  available.  
Table 5-3 was developed by computing hydrographs f o r  1 square mile of 
drainage area fo r  a range of times of concentration and routing them 
+,hrough stream reaches with a range of t r ave l  times. A constant runoff 
curve number of 75 and a r a i n f a l l  volume su f f i c i en t  t o  yield 3 inches of 
runoff were used. 

The tabular method should not be used when large changes i n  the curve 
number occur among subareas within a watershed and when runoff volumes 
a re  l e s s  than about 1.5 inches fo r  cu're numbers less  than 60. For most 
watershed conditions, however, this procedure is adequate t o  determine 
the e f fec ts  of urbanization on peak ra tes  of discharge fo r  subareas 
up t o  approximately 20, square miles i n  s i z e .  
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Table 5-l.--Basic data used i n  example 5-1 

. Drain- 
Sub- age Time of  R U O f f  
=ea Area Concentration Curve Number Runoffl/ Travel timef/ 

(hrs 1 (in) (hrs  1 pres. fit. Pres. mte B F s .  mto 
0 - 1.50 1.50 65 65 2.35 2.35 

2 0.2 1.25 1.25 70 70 2.80 2.80 - - 1 0.3 

3 0.1 0.50 0.50 75 

5 0.2 1.50 1.50 75 

75 3.28 3.28 0.25 0.25 

85 3.28 4.31 1.25 1.00 - 
- - 4 0.25 0.75 0.75 70 70 2.80 2.80 

- - 6 0.4 1.50 1.00 70 75 2.80 3.28 
7 0.2 1,25 0.75 75 90 3.28 4.85 0.75 0.50 

2. 

3 .  

From Table 2-1 f o r  P = 6'inches.  
21 Travel time through the reach f o r  the corresponding subarea. 

Develop a flood routing summary t ab le  s imi la r  t o  t ab le  5-2 fo r  
present and future conditions. The T t  f o r  each subarea is  the t o t a l  
t r a v e l  t ime-for  that  subarea through the watershed t o  the m i n t  of 
i n t e r e s t  (end of subarea 7 ) .  The hydrograph coordinates under time- 
hours fo r  each subarea a re  computed using the appropriate sheets 
fron tab le  5-3 and equation q = qp (DA) (Q) where : 

q = hydrograph coordinate discharge 
i n  c f s  (cubic f e e t  per second) 

qp = csm/in. (cubic f e e t  per second per square mile 
per inch of runoff) 

DA = drainage area i n  square miles 
Q = runoff i n  inches 

Using subarea 4 as an example, fo r  Tc = 0.75 hours use sheet 3 of 
tab le  5-3. For T t  = 2.00 hours ( the  t r a v e l  t i m e  through subareas 5 and 
7 )  the routed peak of subarea 4 appears a t  the ou t l e t  of subarea 7 a t  
14.0 hours and i s  251 csm/in. Therefore, the peak discharge is: 
q = 251(.25)(2.80) = 176 cfs .  

In  order t o  develop a composite hydrograph a t  the end of subares 7, 
a method of summing the hydrographs from each subarea is  used. T h i s  
method provides a means of adjusting the timing of each hydrograph t o  
allow fo r  the t r a v e l  time ( T t )  from the individual watershed t o  the 
point i n  question. Table 5-2 shows how the present and future d i s -  
charges are  estimated. The e f f ec t  of the urban development is  t o  in- 
crease the 100-year peak discharge from 752 t o  894 cfs .  Methods for  
preventing an increase i n  discharge a re  discussed i n  chapter 7. 



Table 5-2.--Discharge summary for  example 5-1 VI 
I 

Present conditions 

Sub - Drainage Rain- Run-  
area f a l l  CN off 12.5 13.0 13.2 13.5 14.0 14.5 15.0 

h r  h r  hr hr hr hr hr 
Tt area Tc 

- C f s  - C f s  - Cfs - Cfs - Cfs Cfs - Cfs In - In - M i L  - H r  - H r  - 
l1 1.50 2.25 0.30 6 65 2.35 4 7 10 19 55 105 136 
2 l  . 1.25 2.25 0.20 6 70 2.80 4 6 10 19 56 99 109 
3 0.50 ' 2.03 0.10 6 75 3.28 4 10 19 47 89 71 39 
4 0.75 2.00 0.25 6 70 2.80 8 16 27 68 176 165 107 
5 1.50 0.75 0.20 6 75 3.28 34 103 127 144 119 80 54 
6 1.50 0.75 0.40 6 70 2.80 58 176 217 245 204 137 92 
7 1.25 0.00 0.20 6 75 3.28 173 144 116 84 53 37 28 
Total (Composite hydrograph a t  end of subarea 7) 285 462 526 626 752 694 565 

Future conditions 

Sub- Drainage Rain- Run - 
area area f a l l  CN off 12.5 13.0 13.2 13.5 14.0 14.5 15.0 

h r  hr  hr hr  hr hr hr TC Tt ~ 

H r  - H r  - Mi * - In  - In - 
l1 1.50 1.75 0.30 6 65 2.35 
2l 1.25 1.75 0.20 6 70 2.80 
3 0.50 1.50 0.10 6 75 3.28 
4 0.75 1.50 0.25 6 70 2.80 
5 1.50 0.50 0.20 6 85 4.31 
6 1.00 0.50 0.40 6 75 3.28 
7 0.75 0.00 0.20 6 90 4.85 
Total (Composite hydrograph a t  end of subarea 7) 

- C f s  - Cfs - Cfs - Cfs 

7 17 27 53 
6 17 28 54 
8 42 70 97 

13 58 103 188 
81 176 193 184 

234 371 333 245 
315 138 104 73 
664 819 858 894 

Cfs 

107 
102 
73 

174 
I31 
138 
49 

774 

- Cfs Cfs - - 
137 122 
114 90 
38 21  

106 60 
85 59 
85 62 
38 32 

603 446 
'Discharges for  these areas are computed from interpolated csrn/in (cubic feet  per second per square mile 
per inch of runoff) values from table 5-3. 
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The land use (present and future) and hydrologic s o i l  groups are evenly 
distributed, i.e., runoff characteristics are uniform throughout the 
watershed. What w i l l  be the effect  of the planned developnent on runoff 
and peak discharge a t  the 100-year frequency? 

1. Present condition: 
Q = 3.78 inches for CN = 80 and P24 = 6.0 inches (table 2-1). 
From figure 5-2 for T c =  0.9 hours, qp = 345 csm per inch of runoff. 

q = qp A& = 345 ' ' - , 5 )  (3.78) = 1,956 cfs 

2. Future condition: 
Q = 4e31 inches for CN = 85 and P24 = 6.0 inches (table 2-1). 
From figure 5-2 for  Tc = 0.6 hours, qp = 460 csm per inch of runoff. 

q = qp A& = 460 (1.5) 4.31 = 2,974 c f s  

3. The proposed project w i l l  increase the t o t a l  volume of runoff by 
14 percent and decrease the time of concentration by 33 percent re- 
sult ing i n  an increase i n  peak discharge of 52 percent (from 1,956 
cfs t o  2,974 cfs ) .  

Methods described in chapter 7 can be used t o  determine the reservoir 
storage capacity required t o  reduce the peak from 2,974 t o  1,956 cfs. 
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Tt 
0 

0.25 

0.50 

0.75 

1.00 

1.50 
2.00 

2.50 

3.00 

3.50 

4.00 

TINE 01 (XUICSQTRATIOI 0.2 h o w  
I itydrogrmpb Time in Eauro 

Tt - 
0 

0.25 

0.50 

0.75 

1.00 

1.50 

2.00 

2.50 

3 .00  

3.50 
4.00 

Table 5-3. --Tabular discharges for t.ype-I1 storm distribution '(csm/in) Sheet 1 of 5 

TINE OP COICEEl'RATIOll 0.1 h o u r  
bdrograph Tinre in H w r  

11.0 11.5 11.7 11.8 u . 9  12.0 12.1 12.2 12.9 12.4 12.5 12.6 12.7 12.8 12.9 -13.0 13.2 13.5 14.0 14.5 15.0 16.0 18.0 20.0 

24 51 299 ggi 746 477 233 152 132 121 111 85 74 70 68 65 52 48 39 33 29 24 18 14 

M 38 66 140 327 626 686 546 364 236 169 137 117 97 83 75 66 52 41  35 30 24 18 14 

15 27 36 43 67 133 288 482 580 543 429 310 222 168 134 La0 81 63 47 38 32 26 19 15 

12 20 25 29 34 42 65 125 245 392 k96 515 452 360 273 206 127 80 53 42 35 27 19 15 

9 15 19 21 24 28 32 41 63 115 209 328 427 470 451 389 245 121 64 47 38 29 20 16 

6 i o  12 13 14 16 17 19 22 25 29 38 56 92 154 236 410 360 133 66 47 33 21 16 

3 6 7 8 9 i o  11 12 13 14 16 18 20 23 27 34 74 244 371 142 68 38 23 17 

1 2  2 3 3 4 4  4 5 5 6 7 7 8 9 1 0 1 2 1 7 5 0 2 3 9 3 2 1 7 h 2 9 2 0  

o i 1 1  1 2  2 2 3 3 4 4 4 5  6 6 7 1 0 1 7 5 9 3 0 4 1 5 9 3 3 2 1  

o o o o o 1 1  1 1  2 2 2 2 3 3 4 5 6 1 0 1 8 6 7 2 9 0 3 9 2 3  

2 b 4 5 5 6 7 7 8 9 10 ll 12 13 15 16 21 41 243 343 150 48 26 19 

11.0 11.5 11.7 11.8 11.9 12.0 12.1 12.2 12.3 12.4 12.5 12.6 12.7 12.8 12.9 13. 0 13.2 13.5 14.0 14 ,s  15.0 16.0 18.0 20.0 

23 47 208 509 796 641 424 245 170 138 ui 104 85 75 71 68 56 49 40 34 29 24 18 14  

14 24 32 37 50 87 181 341 490 545 497 397 296 219 167 133 92 67 49 39 33 26 19 15 
11 18 23 26 30 36 49 84 161 284 409 491 481 422 340 263 157 , 89 56 43 36 27 19 15 

9 1 4  18 20 22 25 29 35 4B 79 143 240 347 426 1152 427 299 147 69 49 39 29 20 16 
5 9 12 13 14  16 18 20 23 26 32 43 67 110 176 330 399 159 72 50 33 22 17 

3 6 7 7 8 9 10 11 12 13 15 16 18 21 24 29 56 192 363 168 75 40 24 18 

1 3 4 5 5 6 6 7 7 8 9 10 11 12 13 15 19 33 200 337 174 51 26 19 

0 2 2 2 3 3 4 4 5 5 6 6 T 8 8 9 1 1 1 5 4 0 2 0 3 3 1 6 8 2 2 9 2 0  

o o i 1 i 2 2 2 2 3 3 4 4 5 5 6 7 9 1 6 4 6 3 0 0 1 6 0 3 4 2 2  

o o o o o 1 1  1 1  1 2  2 2 3 3 3 4 6 9 1 6 5 3 2 8 6 4 1 2 1  

18 34 49 91 196 419 603 627 486 341 235 173 138 114 96 83 70 55 43 36 31 25 18 15 



Tt - 
0 

0.25 
0.50 

0.75 
1.00 
1.50 
2.00 
2.50 

3.00 

3.50 
4.00 

Tt - 
0 

0.25 
0.50 

0.75 
1-00 
1.50 
2.00 
2.50 
3.00 

3.50 
4.00 

I 

VI 
1 
a, Table 5-3. --Tabular discharges for type-I1 stom distribution (csm/in)--Continued Sheet 2 of 5 

11.0 11.5 11.7 11.8 11.9 12.0 12.1 12.2 12.3 12.4 12.5 12.6 12.7 12.8 12.9 13 .O 13.2 13.5 14.0 14.5 15. 0 16.0 18.0 20.0 

21 43 141 324 586 
17 31 43 67 134 
13 22 29 34 42 

10 17 21 24 27 
8 13 16 18 20 
5 8 io 11 12 

3 5 6 7 8  
1 3 4 4 5  
Q 1 2 2 3  
0 0 1 1 1  
0 0 0 0 0  

658 
279 
65 
32 
23 
13 
8 

5 
3 
1 
0 

535 372 251 184 

461 559 530 428 
124 238 378 479 
41 63 114 203 
26 31 40 60 
15 16 18 21 
9 10 11 12 
6 6 7 8  
3 4 4 5  
2 2 2 3  
1 1 1 1  

148 

318 
499 
316 
103 
24 
14 
8 
5 
3 
1 

124 102 86 77 71 61 51 41 34 30 24 18 14 

234 179 143 116 97 76 59 45 37 32 25 18 15 

447 363 281 216 168 U O  74 51 41 34 26 19 15 

413 457 443 389 319 198 105 60 45 37 28 20 15 

176 269 358 415 426 344 182 .f7 51 41 30 20 16 

28 36 52 82 132 272 382 192 81 52 34 22 17 

15 17 19 21 25 44 151 351 198 85 41 24 18 

9 10 11 12 14 17 28 162 328 200 54 27 19 

. 6 6 7 8 9 10 14 33 169 309 94 30 20 
3 4 4 5 5 6 9 14 38 172 294 35 22 
2 2 2 3 3 4 5 9 15 43 281 42 24 

11.0 11.5 11.7 11.8 11.9 12.0 12.1 12.2 12.3 12.4 12.5 12.6 12.7 12.1 12.9 13.0 13.2 13.5 f4 .0 14.5 15.0 16.0 18.0 20.0 

M 39 io3 224 419 558 575 451 331 247 190 155 127 105 90 80 66 53 42 35 30 24 18 14 

15 28 38 54 98 196 343 467 508 464 380 295 228 180 145 u 9  87 64 47 38 32 26 19 15 

12 20 26 30 37 53 92 172 286 395 462 453 402 332 266 211 137 84 54 42 35 27 19 15 

10 16 19 22 25 29 36 51 85 150 242 338 407 429 406 356 241 128 65 47 38 29 20 16 

8 12 15 17 19 21 24 28 34 49 78 132 208 292 362 403 368 , 220 88 55 42 30 21 16 

5 8 9 io 11 12 14 15 17 19 22 25 31 43 65 102 220 365 224 93 56 35 22 17 

3 5 6 6 7 8 9 9 io 11 13 14 16 17 20 23 37 119 338 225 99 43 24 18 
1 3 3 4 4 5 5 6 6 7 8 9 io 11 12 13 16 25 132 317 225 58 2-1 19 
0 1 2  2 2 3 3 3 4 4 5 5 6 7 7 8 1 0 i 3 2 8 i 4 0 3 0 o 1 0 7 3 1 2 1  
0 0 1 1  1 1  1 2  2 2 3 3 3 4 4 5 6 8 1 3 3 2 1 4 6 2 8 6 3 5 2 2  
0 0 0 0 0 0 0 1 1  1 1  1 2  2 2 3 3 5 8 1 4 S 2 7 5 I r C 2 4  

1 

. I  
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Table 5-3. --Tabular discharges for  type-I1 stom distribution (csm/in)--Continued Sheet 3 of 5 

I 

Tt - 
0 

0.25 
0.50 

0.75 
1.00 

1.50 

2.00 
2.50 

3.00 

3.50 
4.00 

11.0 11.5 n . 7  11.8 11.9 12.0 12.1 12.2 12.3 12.4 12.5 12.6 12.7 12.8 12.9 13.0 13.2 13.5 14.0 10.5 15.0 16.0 18.0 20.0 

18 36 80 166 301 433 496 474 395 309 242 194 158 130 log 94 75 57 43 36 31 25 18 15 

12 20 25 30 38 58 101 169 252 327 374 385 366 329 285 241 169 103 59 44 36 27 19 15 

9 15 19 22 25 3O 41 63 103 162 229 292 335 354 348 325 255 157 77 50 39 29 20 16 

7 12 15 17 19 21 25 31 L3 66 103 153 210 264 304 327 317 231 109 61 44 31 21 16 

5 8 9 10 11 12 14 15 17 20 24 31 43 63 92 129 214 295 224 115 65 36 23 17 

15 26 37 52 94 172 277 372 425 424 383 326 270 221 182 150 107 73 49 39 33 26 19 15 

3 5 6 6 7 8 9 io 11 12 13 14 16 19 23 30 58 143 271 216 120 46 25 18 

1 3 3 4 4 5 5 6 7 7 8 9 lo 11 12 14 18 39 150 253 209 71 28 19 

o 1 2  2 2 3 3 4 4 4 5 ’ 5  6 7 7 8 i 0 1 5 4 8 1 5 4 2 3 9 1 2 6  3 2 2 1  

o o 1 i 1 1  2 2 2 2 3 3 4 4 5 5 6 8 1 6 5 6 1 5 5 2 2 7 3 8 2 3  

o o o o 0 1 1  1 1  1 1  2 2 2 3 3 4 5 9 1 9 6 3 2 1 7 5 2 2 5  

TIXE OF mnmmumoII 0 0.75 bourr 
Qfydbograpb Tiu in Hourr 

15 29 57 98 163 248 329 375 388 369 325 276 232 195 165 142 107 76 51 39 33 26 19 15 

12 21 29 39 61 io0 158 227 291 336 355 348 321 285 247 212 156 103 62 44 36 27 19 15 

io 16 21 2h 29 41 63 loo 150 208 263 305 327 329 3 l b  288 226 147 79 52 40 29 20 16 

8 13 16 18 20 24 30 43 65 98 142 192 239 278 303 311 286, 208 107 63 45 Y 21 16 

6 io 13 14 15 17 20 24 31 44 65 95 134 i n  220 256 294 264 149 81 53 33 21 16 

h 6 8 9 10 11 12 13 14 16 19 23 31 42 60 83 147 269 248 152 85 40 23 17 

2 4 5 5 6 7 7 8 9 io 11 12 14 16 18 23 39 97 251 235 153 56 26 19 

1 2  3 3 4 4 4 5 5 6 7 7 8 9 1 o ~ p 1 5 2 8 1 0 7 2 1 8 2 3 6 9 1 2 9 2 0  

o 1 1  2 2 2 2 3 3 4 4 5 5 6 6 7 8 1 2 3 3 1 1 3 2 2 5 1 5 3 3 4 2 2  

0 o 0 o 0 0 0 1 1  1 1  1 1  2 2 2 3 4 7 1 5 4 5 2 0 7 6 3 2 6  
0 0 1 1  1 1  1 1  2 2 2 3 3 3 4 4 5 7 1 3 3 9 1 1 7 2 1 5 4 4 2 4  

. ,  
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Table 5-3. --Tabular discharges for type-I1 storm distribution (csm/in)--Continued Sheet 4 of 5 

Tt 

0 

11.0 l l . 5  11.7 U . 8  l l . 9  12.0 12.1 12.2 12.3 12.4 12.5 12.6 12.7 12.8 12.9 13.0 13.2 13.5 14.0 14 .5  15.0 16.0 18.0 20.0 

13 24 45 66 107 155 211 258 331 313 316 301 277 247 217 188 146 lo2 64 46 36 27 19 15 
0.25 

0.50 

0.75 

1.00 

1.50 

.2.00 

2.50 

3.00 

3.50 
4.00 

i o  18 24 32 45 68 102 146 193 238 272 293 299 293 275 252 200 139 81 54 4 1  29 20 16 
8 14 17 20 24 32 46 68 99 136 178 219 251 274 284 283 254 187 105 65 47 31 21 16 

7 u 13 15 17 20 25 33 46 67 94 128 165 202 233 256 273 236 140 82 55 33 21 16 

5 9 IJ 1.2 13 15 17 20 25 33 46 65 90 121 154 187 240 262 183 107 66 37 22 17 

3 5 7 7 8 9 i o  11 12 14 16 19 24 31 43 58 103 185 244 181 110 48 24 18 

2 3 4 4 5 6 6 7 8 8 9 10 11 13 15 . 18 29 69 182 230 178 70 27 19 

1 2  2 3 3 3 4 4 5 5 6 6 7 8 9 1 o l 2 2 1 7 7 1 7 8 2 1 9 1 1 4 3 1 2 1  

o 1 1  1 1  2 2 2 3 3 3 4 4 5 5 6 7 1 0 2 5 8 3 2 1 0 1 7 2 3 9 2 2  

o o 0 o 1 i 1 1  1 2  2 2 2 3 3 3 4 6 1 1 2 9 8 8 2 0 2 5 2 2 5  

o o o o o o o o 1 1  1 1  1 1  2 2 2 4 6 1 2 3 3 1 9 5 7 7 2 8  

TIME OF OOECEICTRATIOE - 1.25 h o w  
Eybdr0grqd-1 'Mne in Eourr 

Tt 11.0 1 1 . 5  l l . 7  U . 8  11.9 12.0 12.1 12.2 12.3 12.4 12.5 12.6 12.7 12.8 12.9 13 .O 13.2 13.5 14.0 14 .5  15.0 16.0 18.0 20.0 

0 

0.25 

0.50 

0.75 
1.00 

1.50 
2.00 

2.50 
3.00 

3.50 
4.00 

b 

11 21 37 51  79 107 147 187 219 249 264 271 267 256 241 219 177 128 81 56 42 29 20 16 

9 15 21 27 36 53 74 103 137 172 205 231 249 259 259 253 223 167 102 67 48 U 21 16 

7 12 15 17 21 3 37 51 72 98 128 160 190 216 235 247 251 209 130 82 56 34 21 16 

6 9 12 13 15 17 21 27 36 50 69 93 120 149 177 202 235 242 165 103 67 38 22 17 

4 7 9 io  11 1 3  14 17 21 27 36 49 66 88 113 139 190 , 236 200 130 83 43 23 17 

1 3 3 4 4 5 5 6 6 7 8 9 i o  11 13 15 24 52 143 212 189 86 29 20 

1 1  2 2 2 3 3 3 4 4 5 5 6 7 7 8 1 0 1 7 7 8 1 4 3 2 0 1 1 3 2 3 5 2 1  

o 1 1  1 1  1 2  2 2 2 3 3 3 4 4 5 6 9 2 0 6 4 1 4 3 1 9 6 4 5 2 3  

o o o o o 1 1  1 1  1 i 2 2 2 2 3 4 5 9 2 3 6 8 1 9 0 6 2 2 6  

0 0 0 0 0 0 0 0 0 0 1 1  1 1  1 1  2 3 5 1 0 2 6 1 8 4 9 1 3 3  

3 5 6 6 7 8 8 9 10 12 14 16 20 25 33 44 76 142 223 195 131 58 26 18 

! 
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Table 5-3. --Tabular discharges fo r  type-I1 storm distribution (csm/in)--Continued Sheet 5 of 5 

Tt - 
0 

0.25 

0.50 

0.75 

1.00 

1.50 

2.00 

2.50 

3.00 

3.50 

4.00 

TIME 0% COECENTRATIOA - 1 . 5  houre 
Hydrograph T b e  in Bourn 

11.0 E . 5  11.7 11.8 11.9 12.0 12.1 12.2 12.3 12.4 12.5 12.6 12.7 12.8 12.9 13.0 13.2 13.5 14.0 14.5 15.0 16.0 18.0 20.0 

io  18 3.l 42 57 81 105 133 164 192 209 227 235 236 236 225 201 153 99 68 50 32 20 16 

8 13 17 22 30 41 57 76 99 125 153 178 199 215 225 230 224 188 122 82 58 36 21 16 

6 i o  13 15 18 22 30 40 54 72 94 118 143 167 188 204 224 214 152 99 68 39 22 17 

4 6 8 g i o  11 12 14 17 22 29 38 50 66 84 105 148 198 214 150 100 50 24 18 

2 4 5 5 6 7 7 8 9 10 12 14 17 21 26 34 58 109 191 204 149 70 28 19 

1 2 3 3 4 4 4 5 5 6 7 8 8 10 11 13 19 40 112 184 197 102 33 20 

o 1 1  2 2 2 3 3 3 4 4 5 5 6 6 7 9 1 4 4 5 1 1 4 1 9 0 1 4 7 4 0 2 2  

o o o o o o 1 1  i 1 1  1 2  2 2 2 3 4 8 1 8 5 3 1 7 8 7 4 2 8  

5 8 10 11 13 15 18 22 29 39 52 69 89 111 134 157 194 219 182 122 82 44 23 17 

0 0 1 1  1 1  1 1  2 2 2 3 3 3 4 4 5 7 1 6 4 9 1 1 5 1 8 4 5 3 2 5  

0 0 0 0 0 0 0 0 0 0 0 1 1  1 1  1 2  2 4 8 2 1 1 7 4 1 0 5 3 4  

TIME OF COECRiTRATIOB - 2.0 hours 
Rydrogrnph The i n  Hours 

11.0 11.5  11.7 11.8 11.9 12.0 12.1 12.2 12.3 12.4 12.5 12.6 12.7 12.8 12.9 13.0 13.2 13.5 14.0 14.5 15.0 16.0 18.0 20.0 
I 

0 
0.25 

0.50 

0.75 

1.00 

1.50 

2.00 

2.50 

3.00 

3.50 
k.00 

7 1 4  22 30 38 49 64 Bo 95 114 133 152 165 175 184 192 190 

6 10 13 17 22 28 37 47 61 75 91 108 126 143 157 168 185 
5 8 10 11 13 17 21 27 35 45 57 71 86 103 119 135 162 

4 6 8 8 i o  11 13 16 21 26 34 ' 43 55 67 82 97 129 
3 5 6 7 7 8 9 11 13 16 20 26 33 42 52 64 92 

1 3  3 4 4 5 5 6 7 8 9 1 0 1 2 1 5 1 8 2 3 3 7  

1 1  2 2 3 3 3 4 4 5 5 6 6 7 . 8 1 0 1 4  

0 1 1 1 1 1 2 2 2 3 3 3 4 4 5 5 7  

0 0 0 0 1 1 1 1 1 1 2 2 2 2 3 3 4  

0 0 0 0 0 0 0 0 ' 1  1 1  1 1  1 1  2 2 

0 - . o  0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 

176 
189 

186 
,166 
136 

26 

11 

5 
3 
2 

68 

129 93 68 41 23 17 
153 109 79 46 24 a7 
172 129 92 52 26 18 

I& 167 127 68 29 19 

183 149 109 59 27 ' 18 

135 175 163 93 34 21 

71 133 170 127 42 23 

29 74 132 166 53 26 
12 32 76 162 71 30 

3 6 14 Bo 155 43 

6 13 35 158 95 35 
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CHAPTER 6 

SCS-TR-20 METHOD OF DETERMINING PEAK FLOW 

Introduct ion 

This chapter  presents  a genera l  d e s c r i p t i o n  of t h e  "Computer Program f o r  
Pro jec t  Formulation--Hydrology" d i s t r i b u t e d  by SCS through Technical Re- 
lease  No. 20 (SCS-TR-20). A detailed descr ip t ion  of the use of t h e  com- 
p u t e r  program is beyond t h e  scope of t h i s  chapter.  However, an awareness 
of i t s  p o t e n t i a l  use i n  urban hydrologic s t u d i e s  is important. The pra-  
gram was developed pr imar i ly  as an evaluat ion t o o l  f o r  watershed p r o j e c t .  
planning. It provides a procedure f o r  analyzing a l t e r n a t i v e  systems of 
s t r u c t u r a l  measures. SCS-TR-20 descr ibes  i n  de t a i l  t h e  preparat ion of in- 
put data. 

k e a s  of Application 

Under most conditions seen i n  t h e  f i e l d  t h e  hydrologic e f f e c t s  of urban- 
i z i n g  a watershed can be determined by using methods described i n  chap- 
ters 4 and 5.  However, considerat ion should be given t o  using t h e  com- 
puter  program when: 

1. Watersheds are l a r g e r  than 2,090 scres  

2. There a r e  many subareas with d i f f e r e n t  runoff c h a r a c t e r i s t i c s  

3 .  Large swamp areas  o r  r e s e r v o i r s  a r e  present  
4 .  H i s t o r i c a l  storm events need t o  be analyzed 

General Description 

The program was developed with s t r i c t  adherence t o  a po l icy  of having it 
(1) as f l e x i b l e  as possible  i n  the  use of i n p t  data; ( 2 )  provide f o r  the  
maximum use. of engineering judgment; ( 3 )  engineer-oriented r a t h e r  than 
machine-oriented; and ( 4 )  described i n  the  FORTRAN system t o  provide f o r  
ease i n  fu ture  extensions,  a l t e r a t i o n s ,  and recompilation f o r  other  corn- 
pu ter  models. 

The program computes surface runoff r e s u l t i n g  from any synthe t ic  o r  nat-  
u r a l  rainstorm. It takes  i n t o  account conditions a f f e c t i n g  runoff (CN, 
T,, e t c . ) ,  develops a hydrograph, and routes  t h e  hydrograph through 
s t r e a n  channels and r e s e r v o i r s .  The computer can combine the  routed hy- 
drograph with those from other  t r i b u t a r i e s . a n d  p r i n t  out the t o t a l  com- 
p o s i t e  hydrograph, peak discharges,  t i m e  of occurrence, and the  water 
sur face  e leva t ion  a t  each des i red  cross  s e c t i o 2  or  s t r u c t u r e .  Watersheds 
are analyzed under present  conditions and with various combinations of 
land treatment,  f loodwater-retarding s t r u c t u r e s ,  and channel improvement. 

Capabi l i t i es  and Limitations 

I n  general ,  i n  m y  on? cmtinuous operation, the computer prQgram can: 
1. Route through as many as 60 s t r u c t u r e s  and an unlimited number of 

var ia t ions  f o r  each s t r u c t u r e ,  including t h a t  of having no s t r u c t u r e .  
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2. Route through as many as  120 stream reaches and an unlimited number 
of channel modifications for  each reach. 

3. Cmpute up t o  300 ordinates of a hydrograph and p r in t  out the d i s -  
charge and elevation for  each. 

4 .  Make an unlimited number of routings through a watershed,' including 
variations i n  r a in fa l l  amounts, r a i n f a l l  duration, and antecedent 
moisture condition. 

5 .  Develop and route the runoff for  nine d i f fe ren t  storm dis t r ibut ions 
and for  an unlimited number of depths and durations fo r  any storm 
distribution. 

6. Combine hydrographs from an unlimited number of t r i bu ta r i e s  and 
reaches. 

Hydrologic and hydraulic parameters t ha t  a re  affected by urbanization 
can be varied and used as input t o  the computer program and the e f f ec t s  
can be analyzed. 

If it is desired t o  use the computer program for  urban hydrology studies,  
a copy of SCS-TR-20 can be obtained from any SCS s t a t e  off ice .  A copy of 
the source program can be obtained by SCS personnel through the SCS Man- 
agement Division, Washington, D.C.;  other users can obtain a copy through 
the National Technical Information Service: 

National Technical Information Service 
U.S. Department of Commerce 
P.O. Box 1553 
Springfield, Virginia 22151 
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CHAPTER 7 

ME%HOIE FOR CONTROLLING PEAX DISCHARGES FRCM URBANIZING AREAS 
z 

Introduction 

As r u r a l  areas urbanize, the increase i n  peak discharges due t o  more 
e f f i c i e n t  conveyance paths and increased impervious areas can hqve a 
s ign i f icant  adverse impact on downstream areas. There is a growing in- 
t e r e s t  on the part of planners, developers, and the public i n  protecting 
downstream areas from induced flood damages tha t  may accompany increased 
peaks and stages. Planning au thc r i t i e s  a re  proposing loca l  ordinances . 
that r e s t r i c t  the type of development permitted and the impact develop- 
ment can have on the watershed. One of the primary controls being im- 
posed is t h a t  future-condition discharges cannot exceed present-condi- 
t i o n  discharges a t  some predetermined frequency of-occurrence a t  speci- 
f ied points on the channel. 

m 

Earlier chapters discussed methods of determining changes i n  peak d i s -  
charges. This chapter discusses types of measures or construction tech- 
niques tha t  can be used t o  control peak discharges from urbanizing 
areas through planned runoff delay and increased i n f i l t r a t i o n  and pre- 
sen ts  a procedure fo r  estimating the amount of, storage required t o  
maintain peaks a t  some predetermined level.  

Methods of Reducing or  Delaying Urban Runoff 

Methods t o  control runoff i n  urbanizing areas reduce e i ther  the volme 
or the r a t e  of runoff. The effectiveness of any control method depends 
on the avai lable  storage, the outflow ra te ,  and the inflow rate .  Be- 
cause a great  va r i e ty  of methods can be used t o  control peak flows, each 
method proposed should be evaluated for  i t s  effectiveness i n  the given 
area. 

Table 7-1 lists measures fo r  reducing and delaying urban storm runoff. 
Table 7-2 lists some advantages and disadvantages of each measure. Both 
tab les  were adapted from tab les  prepared a t  Pennsylvania S ta te  Uni- 
ve r s i ty  under the d i rec t ion  of Gert Aron, associate professor of c i v i l  
engineering. Effective measures for  reducing peak ra tes  of runoff are, 
of course, not limited t o  those l i s t e d  i n  table  7-1. 

Effects of Reducing or Delaying Urban Runoff 

The d i r ec t  reduction of peak flows and volume of runoff through in- 
s t a l l a t i o n  of these measures is very' d i f f i c u l t  t o  determine. Measures 
t h a t  increase i n f i l t r a t i o n  a l so  reduce runoff. Therefore %he runoff 
curve number w i l l  be lower than it would be without the measures. Meas- 
ures that  delay runoff a l so  increase the time of concentration. The de- 
gree of change i n  curve number or  time of concentration over the water- 
shed depends on how extensively each measure is applied. 
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Table 7-l.--Measures fo r  reducing and delaying urban storm runoff 

Area Reducing runoff Delaying runoff 

Large f l a t  roof 1. 
2. 
3. 

4 .  

Cistern storage 1. Ponding on roof by 
Rooftop gardens constricted down- 

Sod roof cover roughness 

Pool storage or  spouts 
fountain storage ~ 2. Increasing roof 

a. Rippled roof 
b. Gravelled roof . 

Parking l o t s  1. Porous pavement 
a. Gravel parking 

b. Porous or  punc- 

2. Concrete vaul ts  and 
c i s te rns  beneath 
parking l o t s  i n  
high value areas 

3. Vegetated ponding 
areas around parking 
l o t s  . .  

l o t s  

tured asphalt 

4 .  Gravel trenches 

1. Grassy s t r i p s  on 
parking l o t s  

2. Grassed waterways 
draining parking 
l o t  

3.  Ponding and deten- 
t i o n  measures fo r  
impervious areas 
a. Rippled pave- 

b. Depressions 
c. Basins 

ment 

Residential 1. Cisterns for  i n d i -  
vidual homes or 
groups of homes 

2. Gravel driveways 
(porous) 

3.  Contoured landscape 
4. Ground-water recharge 

a. Perforated pipe 
b. Gravel (sand) 
c. Trench 
d. Porous pipe 
e.  Dry wells 

5 .  Vegetated depressions 

1. Reservoir or deten- 
t i o n  basin 

2. Planting a high de- 
laying grass (high 
roughness ) 

3.  Gravel driveways 
4.  Grassy gut ters  or  

5. Increased length of 
channels 

t r ave l  of runoff by 
means of gutters,  
diversions, e tc .  

General 
~~ 

1. Gravel a l leys  1. Gravel a l leys  
2. Porous sidewalks 
3.  Mulched planters 

-1 

-J 

1 
._J 

-1 

1 

-J 

. 

. J  

J 
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Table 7-2.--Advantages and disadvantages of measures f o r  reducing and 
delaying runoff 

Measure Advmt ages Disadvantages 

A. Cisterns and 1. Water may be used for:  
covered ponds a. Fire  protection 

b. Watering lawns 
c. Indus t r ia l  processes 
d. Cooling purposes 

2. Reduce runoff while 
only occupying small 
area 

3. Land or  space above 
c i s t e r n  may be used 
f o r  other purposes 

1. Expensive t o  i n s t a l l  
2. Cost required may 

be r e s t r i c t i v e  i f  
the c i s t e r n  must 
accept water from 
la rge  drainage 
areas 

3. Requires s l i g h t  
maintenance 

4 .  'Restricted access 
5. Reduced avai lable  

space i n  basements 
for  other uses 

B. Rooftop 
gardens 

1. Esthet ical ly  pleasing 1. Higher s t ruc tu ra l  
2. Runoff reduction loadings on roof 

and building 
3. Reduce noise leve ls  2. Expensive t o  i n s t a l l  
4 W i l d l i f  e enhancement and maintain 

C. Surface pond 1. 
storage 
(usual ly  res i -  2. 
dent ia l  areas) 3. 

4. 
5 .  

Controls large drainage 
areas with low release 

Esthet ical ly  pleasing 
Possible recreat ion 
benefi ts  
a. Boating 
b. Ice skating 
c. Fishing 
d. S w h i n g  

Aquatic l i f e  habi ta t  
Increases land  value of 
ad joining property 

1. Require large areas 
2. Possible pollution 

from storm water . 
and s i l t a t i o n  

3. Possible mosquito 
breeding areas 

4. May have adverse 
a lga l  blooms a s  a 
r e su l t  of eutro- 
phicat i  on 

5. Possible drowning 
6. Maintenance prob- 

lems 
D. Ponding on roof 1. Runoff delay 1. Higher s t ruc tura l  

by constricted 2. Cooling e f f ec t  for  loadings 
downspouts building 2. Clogging of con- 

a. Water on roof s t r i c t e d  i n l e t  re- 
b o  Circulation through quiring maintenance 

f i r e  protection for  
building (roof water 
may b e  tapped i n  ing 
case of f i r e )  

3 .  Roof ponding provides 3 .  Freezing during 
winter ( expansion) 

4. Waves and wave load- 

5. Leakage of roof 
water into building 
(water damage) 



Table 7-2.--Advantages and disadvantages of measures for reducing and 
delaying runoff--Continued 

Measure Advantages Disadvantages 

E. Increased roof 1. Runoff delay and 1. Somewhat higher struc- 
roughness some reduction tural loadings 
a. Rippled roof (detention in 
b. Gravel on ripples or 

roof gravel) 

F. Porous pavement 
(parking lots 
and alleys) 
a. Gravel park- 

. ing lot 
b. Holes in im- 

pervious 
pavements 
(1 /4 in. @) 
filled with 
sand 

1. Runoff .reduction 

2. Potential ground- 
(a  and b) 

water recharge 
(a and b) 

3. Gravel. pavements 
may be cheaper 
than asphalt or 
concrete (a) 

1. Clogging of holes or * 

2. Compaction of earth 
gravel pores (a and b) 

below pavement or 
gravel decreases perme- 
ability of soil (a and 
b) 

3.. Ground-water pollution 
from salt in winter 
(a and b) 

pervious pavement with 
holes (b) 

4. Frost heaving for im- 

5 .  Difficult to maintain 
6. Grass or weeds could 

grow in porous pave- 
ment (a and b) 

G. Grassed channels 1. Runoff delay 1. Sacrifice some land 
and vegetated 2. Some runoff re- area for vegetated 
strips duction (infil- strips 

tration re= 2. Grassed areas must be 
charge) mowed or cut periodi- 

3 .  Esthetically tally (maintenance 
pleasing costs) 

a. Flowers 
b. Trees 

H. Ponding and 
detent ion 
measures on 
impervious 
pavement 
a. Rippled 

b .  Basins 
c. Constricted 

inlets 

pavement 

1. Runoff delay 1. Somewhat restricted 

2 .  Runoff reduction 2.  Interferes with normal 
(a, b, and c) 

(a and b) 

movement of vehicle (a) 

use (b and c) 

ment during snow re- 
moval (a) 

dirt and debris (a, b, 
and c) 

3.  Damage to rippled pave- 

4.  Depressions collect 

-. 
.A 

-: 

.A 

__. 

-1 

.. 1 

- -  

..a 
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Table 7-2.--Advantages and disadvantages of measures f o r  reducing and 
delaying runoff--Continued 

1 
Advantages Hsadvantages 

- -  
1 
I I. Reservoir o r  1. Runoff delay 1. Considerable amount of 

detention 2. Recreation bene- land is necessary 
basin fits 2. Maintenance costs 

a. Ice  skating a. Mowing grass 
b. Baseball, b. Herbicides 

footbal l ,  e tc . ,  c. Cleaning periodi- . 
if land is pro- 
vided moval) 

tally (s i l t  re- 

3.  Esthet ical ly  pleas- 3. Mosquito breeding area 
ing 4. S i l t a t i o n  in  basin 

4.  Could control  
large drain- 
age areas with 
low re lease  

- -  - __ 
J.. Converted 1. Low i n s t a l l a t i o n  1. Requires periodic main- 

s ep t i c  tank costs  tenance ( s i l t  removal) 
fo r  storage 2. Runoff reduction 2. Possible heal th  hazard 
and ground- 
water re- and s torage)  . pump fo r  emptying 
charge 

a .  Fire  protection 
b. Watering lawns 

and gardens 
c. Ground-water re- 

charae 

( in f  i ltr a ti on 

3. Water may be used 

3 .  Sometimes requires a 

a f t e r  storm 
for:  

K. G r  ound-w a t  e r  1. 

a. Perforated 2. 

b. French drain 
c. Porous pipe 
d .  Dry well 3 .  

recharge 

pipe or hose 

4 .  

Runoff reduction 1. Clogging of pores or 

Ground-water re- 2. I n i t i a l  expense of in- 
( i n f i l t r a t i o n )  perforated pipe 

charge with s t a l l a t i o n  (materials ) 
r e l a t ive ly  clean 
water 

t o  garden or d r y  
areas 

L i t t l e  evaporation 
loss , 

May supply water 

. L e  High delay grass '  1. Runoff delay 1. More d i f f i c u l t  t o  mow 
(high rough- 2. Increased i n f i l -  
ness ) t r a t i o n  

over lawn 2. Increased i n f i l -  scour 
M. Routing flow 1. Runoff delay 1. Possible erosion or  

t r a  ti on 2. Standing water on lawn 
i n  depressions 

- 
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Preliminary s tudies  a t  Pennsylvania S ta t e  University' have shown t h a t  
f o r  one par t icu lar  s i t ua t ion  analyzed ( a  200-acre urban watershed) the 
potent ia l  peak flow was reduced by about 8 percent by gravel minidikes 
on s l igh t ly  slanted roofs. Also, installing grass-protected infiltra- 
t i o n  trenches t o  control runoff from parking l o t s  reduced the flood peak 
by about 5 percent. Various possible combinations of methods should be 
evaluated on their par t icu lar  merit f o r  the watershed under considera- 
tion. 

Methods f o r  E s t i m a t i n g  the Effect of Storage 

When a s t ructure  such as  a retarding dam or  holdir$ pond is installed, . 
hydraulic routing procedures can be used t o  determine the e f f ec t  on 
peak discharges. The SCS-TR-20 program referred t o  in chapter 6 provides 
an accurate method fo r  analyzing t h i s  s i tuat ion.  A less accurate method 
has been developed fo r  quickly analyzing e f f ec t s  of-s torage reservoirs  
on peak discharges. The method is based on average storage and routing 
e f f ec t s  fo r  many structures.  The storage indication method of routing 
was used. Figure 7-1 r e l a t e s  the volume of inflow t o  volume of required 
storage fo r  a range of peak release rates .  Figure 7-2 r e l a t e s  the peak 
outflow-inflow r a t i o  t o  the storage-runoff volume r a t i o  where a single- 
stage pipe spillway o r  weir is  used. Rnergency spillway flow is  not 
considered. 

The accuracy of the curves i n  figures 7-1 and 7-2 depends on the re- 
. la t ionship between the storage available, the inflow volume, and the 
shape of the inflow hydrograph. When only a small volume i s  available 
for  temporary storage, the shape of the outflow hydrograph is  very 
sensi t ive t o  the r a t e  of rise of the inflow hydrograph. Conversely, when 
a large volume i s  available fo r  storage, the shape of the inflow hydro- 
graph has l i t t l e  e f f ec t  on the outflow hydrograph which, i n  t h i s  case, 
is  controlled by the hydraulics of the s t ruc tura l  system. Therefore, 
parameters such as  runoff curve number and time of concentration, which 
a f fec t  the r a t e  of rise of a hydrograph, become signif icant  parameters 
i n  analyzing the ef fec ts  of s t ructures  when the peak outflow r a t e  ap- 
proaches the peak inflow rate .  
In  figure 7-1 the peak inflow r a t e  is not a factor  i n  determining s tor -  
age requirements. It can be seen tha t  the r a t i o  of volume of storage 
(Vs> t o  volume of runoff (Vr>  is r e l a t ive ly  high. Therefore, inflow 
peak is not a s ign i f icant  parameter. Figure 7-1 is usually accurate 
within 5 percent for  release rates under 100 csm (cubic f e e t  per second 
per square mile) and within 10 percent fo r  release ra tes  over 100 csm. 
Figure 7-2 re la tes  the r a t i o  of peaks t o  volumes. For this case the 
parameters affecting the shape of the hydrograph are important. In  
s i tuat ions where runoff curve numbers are less  than 65 i n  combination 
with short  Tc values, Vs/Vr values read from the curve w i l l  be up t o  
25 percent too high. Runoff curve numbers over 85 w i t h  long Tc values 
cause Vs/Vr values t o  be up t o  25 percent too low. 

lStudies of flood peak abatement i n  urban storm runoff conducted by 
Gert &on, assoc.prof. c i v i l  eng., Pennsylvania S ta te  Univ. 
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Figure 7-le--Approximate single-stage structure routing for weir flow 
structures up to 150 csm release rate and pipe flow structures up 
to 300 csm release rate. 

Figure 7-1 applies to pipe drop inlets of 0 to 300 csm release rate and 
weir flow structures of 0 to E O  csm release rate. Figure 7-2 applies to 
pipe drop inlets of over 300 csm release rate and weir flow structures 
of over 150 csm release rate. 

Extrapolation for points falling outside the limits of the curves could 
introduce a significant error. The steps necessary to use the procedure 
described in this chapter are: 

1. Determine the basic watershed parameters (DA, CN, Tc, etc. ) . 
2. Determine the volume of runoff and peak rate of flow from the water- 

shed. 



,.. . 

10 .15 .20 . 25  .30  .40 

RAT,o PEAK RATE OF OUTFLOW 
PEAK RATE OF INFLOW @ 

.so .60 .70 .80 

Figure 7-2.--~pproximate single-stage structure routing for weir flow structures over 150 csm release 
rate and pipe flow structures over 300 csm release rate. 



3. Set the desired rate of outflow from the structure. 

C .  

2’ 

C.L 

4 .  Determine the required volume of storage from the appropriate figure, 
7-1 or 7-2. 

5 .  Proportion %he storage structure so that the design outflow rate and 
maximum storage occur at the same stage. 

Note that in steps 3 and 4 ,  the storage volume could be set and the re- 
sulting rate of outflow,determined from figures 7-1 and 7-2. For struc- 
tures with drainage areas over 2,000 acres and for events of less than 
2-year frequency, the SCS-TR-20 program discussed in chapter 6 should b’e 
used. The following examples show how figures 7-1 and 7-2 are used. 
Examule 7-1 
A developer is attempting to secure a permit to install a 4.2-acre-ft 
detention reservoir at the outlet of a proposed 75-acre development for 
storm water management. Based on procedures described in chapter 4 ,  the 
present peak discharge of -the design storm is 180 cfs 
second), the future m o f f  is 3 . 4  inches, and the future peak discharge 
is 360 cfs. Using the stage-discharge and stage-storage curves shown in 
figure 7-3, determine whether the proposed structure will reduce the 
future-condition peak discharge to 180 cfs. 

(cubic feet per 

For this example, 180 cfs is the desired outflow Qo and 360 cfs is the 
future-condition discharge into the reservoir Qi. Inflow runoff V, is 
3 .4  inches. 

1. Select the proper figure to use in the shortcut routing method. 

= 180 cfs (present peak) 

= 180 cfs (640 acres/mi2) = 1,536 csrn 
7 5  acres 

Since &o is greater than 300 csm, use figure 7-2. 
Q 
Qi 

2. Compute (must be in same units). 

Q‘ 
Ql 360 cfs 

- 180 cfs = o.5 - -  

3 -  Determine Vs (volume storage). 

With = 0.5, enter figure 7-2 and find 5 =0.28. 
Qi Vr 
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4. 

5 .  

STORAGE IN ACRE FEET 

8 6 4 2 0 
106 106 

105 105 

104 104 

103 103 

102 102 

101 101 

100 100 
0 -  so ;- 100 150 200 . 250 

DISCHARGE IN CFS 

Figure 7-3.--Stage-disoharge and stage-storage relat ionship for 
st ructure  A i n  example 7-1. 

Since Vr = 3.4 inches, then 

Determine available storage. 
From figure 7-3  the elevation of the c re s t  of the emergency spillway 
must be 104.8 m s l  (mean sea l eve l )  t o  discharge 180 cfs .  A t  t h i s  
elevation the available storage is 4.2 acre-f t .  

Evaluate proposed s t ructure .  
The required storage of 5.9 acre-ft  
provided by the proposed structure.  The s t ructure  should be rede- 
signed t o  r a i se  the c re s t  of the emergency spillway t o  105.7 msl 
(5.9 acre-ft ), and the principal spillway should be modified so tha t  
it w i l l  discharge 180 c f s  a t  105.7 m s l .  

is greater than the 4.2 acre-ft 

Example 7-2 
Based on the conditions i n  example 5-1, determine the release r a t e  and 
the storage required a t  s t ructure  6A located near the out le t  of subarea 
6 t o  maintain the peak discharge a t  the existing r a t e  a t  the out le t  of 

. 
A 

"1 

. I  

I 

. A  

d\ 
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the watershed. Refer t o  f igure 5-1 and tables 5-1 and 5-2. Assume a 
pipe drop i n l e t  spillway fo r  the structure.  

1. From tab le  5-2, subtract  the future-condition flow contribution by 
subarea 6 from the f’uture composite hydrograph as follows: 

4 Hydrograph Time (hours) 
Pocat ion  13.0 l3.2 13.5 14.0 14.5 

Composite discharge 819 858 894 774 683 
(cfs)  

( c f s )  
Subarea 6 discharge 371 333 245 2 5  85 

Composite discharge U 8  525 649 636 5 18 
minus subarea 6 
(4 

- Note tha t  the p a r t i a l  composite hydrograph peak is 649 c f s  a t  the 
out le t  of the watershed. 

2. Since the present-condition maximum peak discharge a t  the o u t l e t  is  
752 cfs ,  the release rate of s t ruc ture  6A cannot exceed 752 c f s  minus 
the peak of the p a r t i a l  composite hydrograph. Therefore, 

maximum release--rate  = 752 - 649 = 103 c f s  

3. Determine peak outflow (Qo) i n  csm from proposed s t ruc ture  6A. 

4. A pipe drop i n l e t  with 258 csm maximum release r a t e  will be routed. 
Use f igure 7-1 since the release rate is  l e s s  than 300 csm. 

(future-conditian runoff fo r  subarea 6 ) .  Ehter f igure 7-1 and find 
5 .  Determine required storage (VS> With (& = 258 csm, Vr = 3.28 in. 

Vs = 1.55 i n  
- - 1.55 i n  (640 acres/mi2)(0.A mi2) =33.1 acre-f t  

12 in / f t  

Therefore, the storage required t o  maintain the peak discharge a t  the 
present r a t e  a t  the watershed ou t l e t  is 1.55 inches o r  33.1 acre-ft.  
The pipe spillway must be designed t o  provide 103 c f s  outflow a t  
33.1-acre-ft storage. 

Example 7-3 
Determine the release ra tes  and storage required t o  maintain present 
peaks fo r  two st ructures ,  one located a t  the ou t l e t  of subarea 4 ( s i t e  
4A) and one a t  the ou t l e t  of subarea 6 ( s i te  6A) as  shown i n  figure 5-1 
and example 5-1. Structure 4 A  w i l l  have a pipe drop i n l e t  spillway and 
s t ruc ture  6A w i l l  have a s t r a igh t  drop spillway. 
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1. 

2. 

3. 

4. 

The decision on the amount of reduction to be accomplished at each 
structure is more or less arbitrary. Several alternatives should be 
studied to find the optinnun design. This example will illustrate one 
trial calculation to show the procedure used. First subtract f’uture- 
condition outflows of subareas 4 and-6 from the f’uture composite hy- 
drograph as follows: 

Hydrograph 
location -- - - -  

Time (hours) 
l3eOO 13-20 .13.50 14.00 14.50 

Caposite discharge (cfs) 819 858 894 774 603 

Subarea 4 discharge (cfs) 58 103 188 174 106 

Subarea 6 discharge (cfs) 371 333 245 I38 85 

Composite discharge 390 422 461 462 412 
minus subareas 4 and 6 
(cfs) 

Note that the partial composite hydrograph peak discharge is 462 cfs. 

The combined release rates of the two structures can be 752 cfs 
(desired peak) less 462 cfs (partial composite peak). Therefore 
structure 4A release and structure 6A release equals 752 minus 462, 
or 290 cfs. 

It is now necessary to decide the distribution of the 290 cfs re- 
lease rate between the two structures. For a first trial assume 
structure 6A release is 200 cfs and structure 4A release is 90 cfs. 

Determine storage required in structure 6A. 

2oo cfz = 500 csm. 0.4 mi a. Qo = 200 cfs = 
Since is more than 300 csm, use figure 7-2. 

of subarea 6 must be determined. 
Eo not use 371 cfs or 245 cfs, because the discharges in table 
5-2 and in step 1 above are subarea contributions at the outlet 
of subarea 7 and not the peak inflow at subarea 6. 
mter table 5-3 for Tc = 1.00 hr (sheet 4 of 5 )  and Tt = 0 and 
find Qi = 316 csm per inch of runoff. 

b. Since figure 7-2 is to be used, the peak inflow (Qi) at the outlet 

Qi = 316 (V,) = 316 (3.28) = 1,036 csm 
c. Compute required storage (V,). 

With (& = 500 csm and Qi = 1,036 csm, 

.-J 

-1 

J 

-. 1 

- 3  

- -7 

- d  

i 

,- 

.A 



vs = 0.29 and with V r  = 3.28 in ( future-condition - runoff) figure 7-2y v, 

- 8.95 i n  (640 acres/mi2) (0.40 m i 2 )  = 20 acre-ft 
* - 

12 in/ft 
. -. .. - . 

5 .  Determine storage required in  structure 4A- 

a. 

b. 

C *  

Since Q = 360 csm ar-d the outflow structure is a pipe drop inlet ,  
use figure 7-2. 

Since figure 7-2 is t o  be used, the peak inflow (Qi) a t  the outlet 
of subarea 4 m u s t  be determined. Enter table 5-3 fo r  Tc 3: 0.75 and 
T t  = 0 and find Qi = 388 csm per inch of runoff. 

Qi = 388 ( V r )  = 388 (2.80) = 1,086 csm 

Compute required storage (V,) . 
With Q = 360 csm and Qi = 1,086 can, 

& = 360 ~0.33 
&i 1,086 

From figure 7-2 read &i = 0.41, and w i t h  vr = 2.80 in, 

Vs = 0.41 (2.80) = 1.1 in 
V r  

- - 1.1 i n  (GO acres/mi*)(0.25 m i 2 )  - - 15 acre-ft 
12 in/ft  

6. Summary 

Structure Drainage area a, Storage 

4A 
6A 

Total 

m i 2  
.25 
.40 

- 

--o 

C S m  - 
368 
500 
00- 

Other t r i a l  calculations can be made t o  determine the 
allocation of storage between the two structures that  
combined release rate  of 290 cfs.  

cfs  
90 
- acre - f t  

15 
200 - 20 - 
290 35 

most econamical 
s t i l l  maintains a 
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APPENDIX B 

SOIL SERIES AND HYDROLOGIC SOIL GROUPS 

This appendix provides soil names and their hydrologic classification 
used in determining soiP-ca%rer complexes h chapter 2 of this technical. 
release. The hydrologic parameter, A, B, C, or D, is an indicator of 
the minimum rate of infiltration obtained for a bare soil after pro- 
longed wetting. By using the hydrologic classification.and the asso- 
ciated land use, runoff curve numbers can be computed as shown in 
chapter 2. 

-*, ~ 

The hydrologic soil groups, as defined by SCS soil scientists, are: 

A. (Low runoff potential). Soils having a high infiltration rate even 
when thoroughly wetted and consisting chiefly of-deep, well to 
excessively drained sands or gravels. 

B. Soils having a moderate infiltration rate when thoroughly wetted and 
consisting chiefly of moderately deep to deep, moderately well to 
well drained soils with moderately fine to moderately coarse texture. 

C. Soils having a slow infiltration rate when thoroughly wetted and con- 
sisting chiefly of soils with a layer that impedes downward movement 
of water or soils with moderately fine to fine texture. 

D. (High runoff potential). Soils having a very slow infiltration rate 
when thoroughly wetted and consisting chiefly of clay soils with a 
high swelling potential, soils with a permanent high water table, 
soils-with a claypan or clay layer at or near the surface, and shal- 
low soils over nearly impervious material. 
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Table B.l--Soil names and hydrologic classifications 

A A S T A O  
A e A J O  
A B Y t 1 T 1  
A 8 I I J T T S T O Y N  
AdEGG 
A E f L A  
A B E L L  
A O E R O E L M  
AeES 
A 8 1 L E N F  
A E  I N C T m  
k 3 l O U A  
A B 0  
A B Y A  
A B A A H A P  
A R S A l U I F  C 
AdSC.JTA 
AESHF, 
A c 4 c I n  
A C A O E M V  
A C A O I A  
A C A Y l  
A C E  I 1 U N A S  
ACEL 
A C K E R  
A C K M E N  
A C * F  
ACIJ 
ACIJL I T A  
A C V V f  

E 
C 
0 
C 
E 
e 
U 
0 

n 
B I C  
8 
d 
A 
C 
C 
n 
n 
0 

c 
c 
C 
b 
0 
e 
d 
C 
I4 

0 
4 

N f l T F S  

8 
C 
C 
0 .  
A 
0 
C 
C 
0 
C 

C 
e 

C 

C 
C 
6 
0 
I 
H 
C 
0 

e 

I A M A U O R  

C A M A L U  
P A M A N A  
A A M A R G O S A  
8 A M A R I L L C  
A A M A S A  
C A M B C I S C N  
C AMECV 

e ADAGCN 

A M O U A Y  
A M t C E E  
A M E L I A  
A P E h l A  
AMtR ICUS 
A P f S  
ACHERST 
1 M I T V  
AMMON 
A U U L E  
W C P  

AM S T  t RJAM 
A M T C F T  
A P V  
A N A C A P A  
A h P * U A C  
A h A P l T E  
A N A P P A  
AhATONE 
A h  AWEROE 
A h C b G  
A A C H C R A G E  

AhCWUR P G l N  
A h C L C T L  
A h C C  
A N C E P S  
A h C E P S C h  
A h C E S  
ANCCR I N 1  A 
A h O O V E S  
A N C R E S  
L h C R E W S  
I h E C  
A N l T h  
A h G E L  I C 1  

bros 

AACUG~I err 
C 
e 
c 
C 
C 
E 
e 
c 
B 
d 
0 
c /o  
a m  
A 
I7 
C 
3 
I3 

C 
n 
P 
C 
I3 
L: 

A N G E L  I N 1  
L N G l E  
ARGLE 
A A G L E N  
A h C C L A  
A N G C S I U R A  
A N l b I  
AN I T A  
A N K E h V  
A h L A U F  
A N h A r ) E L  L A  
A h A A h O b L  L 
Ahh I>TCN 
AACNA 
A h C h f S  
A A  SEL V C  

0 A R B C I  E ATLEE C 
0 A R d U C K L E  d ATMOQE B I D  
0 A M C A T A  E A T O K A  C 
B A Y C H  E AfSION C 
0 A R C H A B A L  B ATTERBERRV E 

C A T T E Y A N  E ARCHER A 
E B A R C U l h  C A T T I C 1  

C A R C U L A  C A l W A T E Y  B 
C 
A 
B 
B 
A 
C 

* I C 0  E AnLEeoRo 

C 
C 
E 
C 
B 
C 
B 
0 
0 
E 
0 
0 
B 
0 
B 
C 
A 
0 

IT B 
C 
C 
C 

' E  
C 
C 
0 
L) 
C 
0 
A 
G 

C 
A 

C 

0 
0 
A 
C 
A 
C 
E 
A 
C 
A 

e m  

e 

n 

A K A K A  
A K A S K A  
AKELA 
A L A O O I M  
A L A E  
A L A E L O A  
A L A G A  
A L A R A I  
A L A M A  

0 A L A M A N C E  ARO 
C A L A M C  A Y O E N  
E A L A M G S A  ARb t h V O  I R  
C A L A P A H A  A M O I L L A  
E A L P P A 1  A R t O A L E  
C A L R A h  A R E N A  
8 A L C A N O  A R E h A L  t S  
C A L d A N V  
B A L 4 A 1 0 N  A R E N O S A  
0 A L l E E  A R E h Z V I L L E  
C A L B E U A R L E  A R G O N A U T  
C A L H F s ? T V I L L E  A R G U E L L O  
U b L R I A  ARGYLE 
U A L J I C N  AR I20 
H A L B d I G H l S  A R U A U U I L A  
0 A L C A L D E  ARKPCRT 
E A L C E S T E R  A P L A U C  
B A L C U A  AIL I N G  
C A L C O N A  ARL I L G T U N  
8 P L C U V A  A Y L O W A L  
n A L O A  A P P P C U  
C A L O A X  An? I h C T U N  
B A L U C N  ARMU 
B A L n E P  ARV(IbR 
8 A L O E P O A L E  ARMSTEY 
B A L U E d U U 0 0  A R ? S T Y C N G  

A A L C K N A G I K  A R N E G A h O  
m ALLX PRN)rAR T 

A L F X A N O R I A  AMhl iE IM 
C A L t X l S  A R h G  
0 A L F C l l O  A R N G L  0 
n ALLANSEE A Y N U T  
0 A L C I F l l I  ARUC 5 TOCK 
C A L G O V A  A S O S A  
A A L I C t  A R P  
A A L I C E L  AkY IhGTUN 
0 A L I C I A  A W Y C L I M E  
R A L l O A  A R S L N  
L ALII~HI A R Y C Y  
C A L I O  A b P L Y S M I T U  
A A L L A C A S H  A R T A  

A L L A P J  A R l C I S  
H A L L E C H t N V  A R V A C A  
C A L l E . * A N O S  A R V A h A  
0 A L L E N  A R V E S O N  
A / O  A L L t h O A L t  A W V I L L A  
I A L L E h S V l L L E  AbIIELL 
R A L L E L T I N E  A S A  
n A L L E L W O O  A S 8 U R V  
n A i i t v  A S C A L C N  
0 A L L I A h C E  A S C h U F F  
F A l L l G A l O R  ASCtRUFT 
e ALLIS 0 A h S O N  0 
C A L L I S C N  C A N l E L C P E  S P R l h G S  C A S H C A L E  8 B A l h V l L L E  C 

c rsnt  B O A l R O  WOLLOM C 0 A L L C U E Z  C A N T E R C  

A R E N O T S V I L L  

0 A L O I N 0  rwucnr t 

c 8 A I L E  8 Asnev 

C 

E 
C 
E 
C 
A 

E d  
A 
E 
0 
8 
E 

e 

A 
- c  

E 

C 
e 

A 

ATbELL C 
ATYCOO . E  
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LLPAh 
EL P E C O  
EL R A N C M  
L L R E D  
E L Y E O  
E L S  
E L l A n  
E L S I h B O R U  
ELSMfRE 
LLSO 
EL SCLVO 
E L S l O N  

ELTREE 
E L T S A C  
ELYI IA  

t L r a P i A  

F O G E L S V I L L E  
F D L A  
F O L E V  
F O N O A  
F O N C I S  
F O N T A L  
FON?P.EEN 
FOP I A N C  
F O R E € S  

F Q R O N E T  
F O R O V l  L L E  
F O R E  
F O R C L A N 0  
F O R E L L E  
F C R E S A A N  
F O R E S l O A L E  
F O R t S l E R  
FORGAT 
F O Q P A N  
F O R N E V  

'F OR R E  Sl 
F O R S E V  
F O R S G R E N  
F O R l  C O L L I N S  

F O R l  L V I l N  
F O R T  DEAD€ 
FORT D O 1 1  
F O R T  P I E R C E  
F O R Y  R O C K  
F O R Y U N A  
F O R  Y b I h C A l E  
F O R U A R O  
F a S r O P E  
F O S S U I I  
F O S T E R  
F O S T O R I A  
F O U N T A I N  

F O U R P I L E  
F O U R  S l A R  

F o a c  

F O R T  onurn 

m m o c  

FEDORA 
F E L O A  
F E L  I D A  

F E L T U h l  A 
F E N C E  
F E N O A L L  
F E N b U O D  
F E R O E L F O M O  
F t R O l G  
CERCUS 
F E R G U S O N  
F E A N  ANOC 
F E W N O A L E  
FERNLEV 
FERNOW 
F E k R P C I N I  

E L I  I N C A  
E M O O E N  
EMrJEhl  
E M f R  
E C F R A L D  
E C t  R S O N  
EMIOA 
E M  ( G U A N 1  
E P l C U A l l U N  
C * l L V  
E M L l h  
EUWA 
E M P t R T  
E p e e  1 
€ W I C K S  
ercfiv 
EMPF v 
E M P E V V I L L E  
E M P I R F :  

Eomrunj 
E E L  
E f F  I Nti TCN 
E F U U N  
E G A L  
E G A N  
t G l ) t * l  
EGE L b N 3  
EGGL c s  TCN 
t Gi nn 

F E R W E L O  

FERROh 
F t M l A L  I N €  
F E S l I h A  
F t l l  I C  

f m a  i s  

F I A N O t R  
F l B E A  
F I O A L G O  
F I U U L E T U W N  
F I O C V M E N I  
F I t C D I N G  

f [ c i s  
t I F O d l  

E M L I C K  
E h C E  

L K A H  
t K A L I I R b  
f L A M  
t L R F * l  
E L u U d N  
E L C D  
EL0 
EL3Clr 
E L ~ l t l t  U U L L C ' U  
CLOEYON 
L L l l u n  
EL L:CYAIIU 
E L D n  I i l G t  
E L t  P H A r t 1  

E L F N I U A  
f C I J 4 n  
FL I O A R  
E L I  
t L n A n i q  
+ C I C U F t R  
;LI n ( 1 L L c u  
F L  R h O P N  
F L I I N \  
E L K  I ' I S V I L L F  
C L U M ' I U N O  
E L K  P f U h l A l N  
k L I  IUN 
t L L A f l F l L t  
t L L E 0 u i  
+ L L < " V  
t L l  E l l  
t L I  I l l € *  

t~ r u ' i v  

F h C  I F R R C  
t N L l A A  
C N D t R S  
tNU I C U l l  
E N )  T 
C S F I E L O  
ENGLE 
FMGLFS I D F  
Wr;L EllflOll 
F N L L U N O  
E N N I S  
E h l l C H V l L L E  
t N l l L A  
ENrN 
EN115 

EhIIGN 
E N S L E V  
C h S l R O N  
l N l E R P R l  S E  
C N l l A l  
t N I I M C L  A N  
+ P l a R A l U  
k PliU A l l  
CP,IU6E 1 TE 
C P C l N G  

E N r s n u R t i  

F l E L O C h  
F I t  L D S U N  
F I F E  
F I F € #  
F l L L M O R E  
F I N C A S l L t  
FINGAL 
F I N L E V  
F I R  t S 1 t  E L  

F o u l s -  
FOX 
F O X C R E E K  

F I n G R E L I .  
F l * W A C t  
F l U C  
k 1 Y I h  
F I S H  C R E E K  
F I S H L l t S  
F ISH*CCK 
F I S H K  I L L  
F l l C C  
F I T C C V I L L E  
F I T L G E Y A L O  
F I l L h U G n  
F I V E  OUT 

F O X P C U N I  
F O X C L  
F G X P A R R  
F O X l O N  
F R A  I L E V  
F R A P  
F R A h C I S  
F R A N 1  
F R A N R F O R  I 
F R A N K I Y K  
F R A k K L I N  
F R A h K S T C Y N  
F R A h R I C Y N  
F R A N l V l L L E  
F R I I E R N I D A D  
F R A Z E R  
F R E D  
F R E C E N S B O R G  
F R E D t R l C K  
F R E O O N  
F R E D O M 1  A 

F R E f  B U R G  
F R E E C E  
F R E E h O L D  
F R E E L  
F R L E N A N  
F R E  L M A N V I L L E  
F R E E O N  
F R E L R  

F N t o i i c n s a N  

F A L L H R C C K  
F A L L L ' N  
F A L L  SRURC 

F I V t C I L C  
F I V E S  
F L A G C  

F A L L S I N G I O N  
F A h C H E R  + A h G  
F A h h l h  
F A h h i  
f  A h l l  
F A Y I C A V  
k A Y A L L C N E  
F A Y A b A V  
f A M C r  
f A l l  I S T A  
F A M I  ANC 
f A U C l k G 1 C N  
6 A l l h U f  

F L A G S T A F F  
F L A K  
F L A P l h b  

Ern* 
F R 6 F Y  
t Y l C  
t Y l 1  
F h I h  
CMNF 5 1  
C Y U A V U U S P E  
E SC A L  
F S L A L b N I E  
t SC A C R l A  
I S C U h l l l O O  

F L  AIm I h G n  
F L A N A G A N  
6 L A h C Y k  CU 
F L A  SI-f P 
F L A  I r t A 0  
F L A T  W I R N  

F L A I l C N  
+ L i A K  
f L E C C A U U  
f l t k l b C @ U  

~ L A I  ICP 

F L L  l a 1 1 1  
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FREESTONE 
FREEZENER 
FRF MON I 
FRENCH 
FRENCMIOYN 
FRENEAU 
F RE SUO 
F I I I A I I A  
F R I A N I  
F R I O L O  
F R I E J N A N  
F R I E S  
F R l U  
F R I Z Z E L L  
FROBCRG 
FROMMAN 
FRONMflFER 
FRONTON 
F R G S I  
F R U I T *  
F R U  I TL ANC 
FRVE 
FUEGO 
FUERA 
FULOA 
FUL L E Y  I O N  
FULMER 
F U S M E A R  
F U L T O N  
FUOUAV 
F U R N I S  
FURY 

C A A S T R A -  
GABALOON 
G A B I C A  
GAC E V 
GAOOES . 
GAOES 
GAOSOEN 
GAGE 
CACEBV 
GAGE TOYN 
GAUEE 
G A I N E S  
G A l N E S V l L L k  
G A L A I A  
GAL E 
G A L E N  
GALENA 
G A L E a P l  
GAL ESTOYN 
GAL EV 
GAL I S T E O  
GALLAGMER 
G A L L A T I N  
GALL.'GOS 
G A L L I N A  
GALL I O N  
CALVA 
CALVES TUN 
C A L V I N  
GAS8LEY 
CANNETT 
GANSNCR 
G A P 0  
GAPPMAVER 
GAYA 
C A R D E R  
GAYaUrT 
GAPCENO 
GARdENA 
G A I O I Y E R  
L A C O Y C W S  FCRK 
C A M O N E P V I L L E  
GAYCOhE 
G A R E V  
G A Y F  l E L 0  
C A R I I A  
CARLAhO 
G A ; r L E l  
G A * L C C I  
GARMUN 
GAUMJPE 
G A b l N t R  
G A R G  
G A R I  
G A R R A R O  
GARR FT (ON 
GARYE T T  
GARY I S J N  
G A I I U I N  

C 
B 
C 
C 
0 

C 
0 
0 
C 
B 
0 
B 
C 
0 
C 
C 
0 
0 
B 
8 
0 
C 
C 
C 
B 

GASCCNADE 
GAS CREFK 
GASKELL  
CASS 
GASSET 

C A I  E V  I EM 
GA T E MAY 
GA 1 E MOOD 
GAULOV 
C A V I N S  
G A V I O I A  
GAV 
GAVLORO 
GAVNOR 
GAVW I L L €  
GAZELLE 
C A Z O S  
GEARMART 

G A T E  seuitc 

GEARV 
GEE 
GEEBURG 

e/o GEMID 

n GENEVA 

e/o GENOLA 

C GEMSGN 
0 GENESEE 

B/O GFNOA 

C 
C 
0 
0 
C 
G 
0 

e 
C 
B 
C 
A 
0 
B 
B 
C 
C 
A 
B 
0 
B 
A 
B 
C 
B 
U 
A 
C 
A 
0 
0 
0 
B 
8 
R 
b 
C 
8 
A 
8 
0 
A 
C 
C 
C 
R 
A 
C 
C 
R 
0 
0 
0 
8 
H 

0 
C 

n 

GEORGEVILLE 
GEORGIA 
GERALD 

C E R I C  
G E Y I N G  
GEPLANO 
GFRMAN I A 
GFYMANT 

GERnEn 

G F S T R I N  
G E T T A  
G E T T V S  
GtVSFW 
C H E N I  
GIHBLER 
G l B 8 C N  
Glues 
G I B U S I O M N  
G I F F  I N  
G I F F C R O  
G I L A  
C l l 8 V  
G I  L C  h R  I SI 
G I L C R E S T  
G I l E A U  
G I C F S  
G I L F C R O  
G 1 LUCULV 
G I L  I S P I E  
G I L L I A M  
G I L L I G A N  
G I L L S  
GILMORE 
G l L P l N  
G l L R C V  
G I L S L I I  
G I L T  EOGE 
G I N A T  
GINGER 
G I N 1  
GlhSER 
G I L D  
G I V E N  
GLAOCEN 
GLAOSIUNE 
G L A O b I N  
G L A M I S  
G L A N h  
GLASCOU 
GLEAN 
GLEASON 
c L t  N 
G L f h 8 E Y G  
G L f  N J R U M  
G L f  NCOE 
GLENOALE 
GLLNOALE 
C L L  h 0 1  V t  
GLENOOPA 
S L E N E l G  

0 
C 
C 
0 
0 
A 
B 
C 
0 
B 
C 
0 
0 

C 

0 
B 
A 
8 
B 
C 
C 
A 

C 
C 
C 
B 
C 
0 
8 
e 
B 
0 
0 
B 
e 
C 

e 

e 

e 

n 
8 
C 
C 
0 
C 
C 
B 
0 
A 
C 
C 
C 
I 
B 
B 
C 
B 

B 
C 
C 
8 
C 
0 
C 
C 
B 
C 
0 
C 
B 
C 
A 
C 
A 
B 
A 
C 
I / C  
C 
H 
L 
B 
d 
0 
C 
d 
a 
e 
C 
0 

e/o 

GLEMF l f L O  
G L t N F O R O  
GLELWALL 
GLEhMAC 
GLEhMCRA 
G L E N h A L L E N  
GL E hOMA 
GLENRCSE 
C L E N S I E O  
GLEKTON 
G L E N V I E M  
G L E h V I L L E  
G L I O E  
GL 1 K O h  
C L C R I A  
G L C U C E S I E R  
GLOVER 
GLVhOCN 
C L V N h  
GCBLE 
GCCCARO 
GCOOE 
GOCECKE 
GCOFRCV 
G O C U I N  
GCEGL E I N 
GO€ SSEL 
GCFF 
GCGEBIC 
G G L B I N  
CCLCChOA 
CCLOENOALE 
GCLCF I t L 0  
GCLChlLL 
GCLUMAN 
GCLOR I O G E  
C O L C Y U h  

GOL OS TON 
W L C S T R E A *  
G C L C V A L t  
G C L U V E I N  
G C L I A O  

cousncnn 

GOLLAMER 
GCPEZ 
G C h V l C I  
GUCCh 
GCCCALE 
GCCOING 
GL iCCINGION 
GCC OL CY 
GOOCMAN 
GCCCR I C U  
CCCUSPO I N C S  
GEOSE CREEK 
GOGSE L A K E  
GCCSMUS 
GCRCO 
GLRE 
G C I C C N I C  
GCRCAC 
C C P l h  
G L Y  I h t  
G C R C A N '  
GCRbS 
COR 2 E L L  
G O S b E h  
C.CSUUTE 
GCSPCRT 
GCTUAW 
GCThARO 
G c r r i c  
GC 1 h C  
G C L L O l h G  
l i C V A h  
COVE 
GCbEh 
CaAeE 
GR AdL E 
GRACE C O N I  
CP.ACEVILLE 
GRACV 
l i R A F T C N  
C P  A h * *  
G R A I L  
G R A M  
GRANATM 
GRANBV 
C R b h O E  PCNOE 
CRAhOF I ELC 
G Y A h C V l  E M  
C U A h t R  

0 GRAhCER 
C G R A N C E V I L L E  
B G R A h I L E  
I GYAhC 
C G U A h I  
C G R A h l S S U n G  
I G I A N I S U A L C  
8 G Y A N V I L L E  
0 C R A P E V I N F  
8 GnASPEPE 
B G R A S S L A  
C G R A S S V  B U f l E  
I G R A T Z  
0 CYAVCEM 
C GRAVE 
A G R A V I T Y  
C/O GRAVCALM 
B 
C 
C 
8 
0 
0 
C 
0 
'C 
0 
C 
I 
C 
0 
B 

B 
C 
B 
A 
C 
C 
0 
C 
C 
C 
A 
B 

0 
C 
C 
C 
B 
B 
B 
0 
B 
C 
B 
C 
0 
A 

C 
C 
B 
A 
B 
L( 
0 
C 
A 
C 
C 
C 
0 
C 
B 

8 
8 
8 
Y 
0 
8 
0 
C 
B 
B 
A/O 
0 
B 
C 
C 

a 

e 

e 

e 

~ ~. 
GRAVFCYO 
G R A I L  IN6 
G R A V L O C I  
G R A V P O I N I  
G R A I S  
G R E A T  B E h O  
CREELEV 
G R E t h  R L U F F  
GREEh CANVUN 
GREEhCREEK 
GREEACALE 
G R t E h F I E L O  
GHELhMOMN 
CR E t  h L E A F  
GYE ENCUGM 
GAEEhPOR 1 

GREEhSUOdO 
G R t t h S O N  
GREEhTON 
G l4EENYAIEM GR E E h V  ILL  E 

C Y E E h Y I C M  
G M t E h b U C U  
GREED 
C Y t G C L V  
G R t L L  
GRENAOA 
G P E N V I L L E  
GRESHAM 
G I  E b 1 h GK 
GR t VeACK 
GREV8ULL  
G R E V C L I F  F 
G R I F F V  
GR I I  STON 
G R l P S T A C  
GOISMCLC 
G U l V E R  
GR I ZLLV 
GROGAN 
CYGSECLOSE 
G R G S S  
CRLTCN 
GROVE 
CYCVELANO 
GRUVER 
G Y C V t  T L N  
GRU8dS 
GRUCLA 
GRUUL I I 
GRUhCV 
C R U V t R  
G R V G L A  
G U A O A L U P I  
GUAJE 
G b A L A L A  
GUAMANI 
G U A N P J I  80 
GUAN I C A  
G U A V A I O  
C U A I A d O l A  
GUAVAPA 
GU8 E h 
GUCKE E h 
GUFCPU 
GUtNCC 

GREEN n i v c n  

Gut R h  S E I  
G U t R R E R C  
CUE 5 I 
Gblk 
G u L E n  
G U L I A h A  
G U M B i O T  
GUNBAACEL 

C CULM 
W C  G U N l E R  
B 
0 
B 
C 
A 
B 
C 

B 
A 
C 
C 
B 
C 
A 
U 
A 
8 
8 
U 

. a  
B 
B 
B 
e 

B 
0 
8 
C 

e 

e 

e 

C 
C 

A 
d 
C 
C 

C 
C 
B 
C 
C 
B 
C 
C 
8 
B 
8 
I 
C 
C 
B 
C 
C 
A 
A 
8 
d 
I 
0 
0 
C 
C 
C 
C 
B 
A 
0 
B 
C 
0 
8 
0 
0 
d 
C 
B 
C 
C 
C 
U 
A 
8 
r l '  
C 
4 

e 

1' 

GURABO 
l i U R L E V  
GUSTAVUS 
G U I I I N  
C U I  UR I E 
GUV1ON 
C M I N  
CY I N N E T l  
G V l € R  

WACCKE 
MAC I E N O A  
MACM 
HACKERS 
M A C K E l l S l O M h  
M A O L E V  
M A 0 0  
L A G E N  
W A G € h B A Y l M  
hACENER 
MACER 
MAGERM A N  
M A G E R S I C M N  
MAGGA 
k A l G  
U A I R U  
h A  I LMAN 
M A I M S  
MAIPE 
UALAMA 
UALCER 
UALE 
MAL € I YA 
MALEV 
H A L F  MOCN 
MALFORO 
MALFMAV 
U A L I l  
WAL 1 I M A  I L E  
MAL IS 
M A L L  
MALLECK 
M A L L  RAhCM 
M A L L V I L L E  
M A L S E V  
MAMAIUAPOKO 
MAMAN 
HAIIAR 
MACBLEN 
MAM8R l G M l  
MAM0URG 
M A M f L  
MAMERLV 
M A P I L T C N  
UACLEI 
h b M l l N  
UAMPOEN 
U A M P S h l R E  
U A I I P T C h  
M A M T A h  
M A N 1  
UANALE I 
h A N A L A U L U  
HAhCEV I L L €  
UAhO 
HAhOFCRO 
UANEV 
UAhGAARO 
UAhGEY 
h A N  IPOE 
h A N R l N S  
MANRS 
UANLV 
UANhA 
HANOVER 
UANS 
UANSEL 
UAhSKA 
h A N S O h  
UAN In0 
UANTZ 
HAP 
UAPGOOO 
CAPNEV 
M A R B C R O  
h A R 8 O U R l O M  
UARCO 
HARCEMAK 
U A P O t  S T Y  
h A n L l h G  . 
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B 
A 
0 
C 
I 
C 
0 
0 
0 
I 
C 

C 
C 
B 
8 

B 
I 
8 

A 
C 
E 
C 
I 
C 
I 
B 
u/c 
C 
I 
c .  
I 
I 
1) 
A 
0 
I 
B 
U 
e 

C 
e 
0 
0 
B 
8 
C 
0 
8 
C 
C 
A 
B 
E 

C 
C 
C 
A 
C 
A 
B 
8 
B 
B 
C 
B 
tl 
C 
U 
A 
t! 
C 
C 
C 
C 
A 
B 
U 
d 
U 
C 
8 

8 
0 
d 
0 

e 

e 

8 .  

e 

2 

c -. 
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T -. 
. ,  
- J  

. -  
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c 

.- 
MAOOSCRABBLE 
MAROV 
UARGRE &YE 
M A R K E Y S  
MARUEY 
M A L L A N  
MANLLM 
MARLESTON 
UAdL I N G E N  
UAllMEML 
MARMUNY 
M A l N C Y  
WARP( 1U 
WARPS 
HARPS 1 ER 
U d R P T  
MANoUA 
M A R 1 U A  
M A S R I E T  
UARR I M A N  
MAdN I S  
MARR I SBURG 
h A R R 1  SON 
MARR IS WILL E 
MAaSTEME 
M A R T  
M A & T  CAMP 
M A U  1fORO 
W A R 1  IC 
M N l l L A h 0  
MANTLE TON 
MANTL I N €  
MAD 1 SBURG 
MA; 1 SELL 5 
MAP TCUCRN 
MARVLNO 

MARVFV 
M A S K I L L  
M A S K I N S  
MASS ELL 
H A S 1  I h G S  
M A T  
HAT0ORC 
C A r C M  
M A l C M E d V  
U A l F  l f L 0  
UATMAbAV 
M A T T I E  
MATTON 
MAURS TAO 1 
MAVAYA 
MAWEY 
MAWELILY 
MAVf  dSCN 
H A V  I L L  AM 
HAV INGOON 
M A V I  c 
H A V d t L  CN 
HAM 
HAUF 5 
M A W 1  
MAUUEVF 
MAUN ;ELL 
H A U K S P R I N G S  
* A I  lU1 
n A V  BdUY h t 
U A V R i c n  
U A Y O t Y  
n A Y f  S 1 I I h  
H A V f  SV I L  L P 
U A V F  l G L 0  
H A Y F Q l l l  
MAYMONO 
MAVMC s 5 
H A Y %  I r 
H A V P d r  IS 
M A Y S P U N  
U r Y r E s  
M A V I l  
H A V l l l l l  I 
HAZEL 
H b L E L  A I U  
H A L C Y  
U A L L ~ n U L I S l  
h A l L t  104 
M € A O L f  I 
H c A U 2 t l A u  l E U S  
U t 4 R E  
H f  4 r U  
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K l N I C ? I  
K I b I E L  
K I C N A  
K I P L l h C  
K I P C  
K I P P E N  

JCUAIILI )  

J f , i O P C  
J E M  ICW 

KOSCOS 
K O S S E  
KOSTER 

C 
0 
C 

JERYV 
J E S J E L  
J t S S i  CAMP 
J F S T U P  
J C l l  
J I C i C  

J I  M W F  I 
J l W l C Y N  
J.19 
J C I S T  
JIJC I I V  
JUCL 
J n C S  
JOPN> 
J U h h \ P l l 6 C .  
J'1HhST.Y 
JJHhI l I lb 
JCiMhS C'J1l11 

K t h I W R  
K E l h A L L V  
K E h h A N  
K C h h E d E C  
K E h N t O V  
K E  h N F U I C K  
K C h h E V  
LLhhfV LAKE 
K E h C  
KELCMA 
E E 4 S A L  
I t h S P U *  
K f h l  

rasiTA 

K a v i c n  
K O U I S  

KOVEh 
K 0 V U K U K 
KRACE 
Kr l  A h /  BURG 
KRATKA 
KSACSE 
UREAMER 
K R E C L l h  
K R E h l Z  
KRESSOh 
KRUP 
Kr lUSE 
KRUZOF 
K U B L  
KUBLER 
K U n L  I 
KUCEPA 
KUCK 
K U H L  

n 
a 
C 
8 
d 
B 
B 
C 
A 

8 

C 
0 
8 

B 
C 
C 
B 
C 
0 

n 

a 

K I P S C h  
K I R K  
K I R K b A M  
K I d K L A W  
K I M K l C h  
K I R T L E V  
L l l l V l h  
K I S a l h l ;  
K I S  S I C K  
K I S l L E d  
K l l L h E L L  
K I I C h E h  CREEK 

KAPAPALA 
KAPCO 
KAPC.SlN 

K E h V G h  
KEC 
K t C L C A P  

KAPUI- I K A N  I 
K A Y A V I N  
K A h O E  
K Al l  HE E N 
K A R L A N  
K A Y L  I N  

K E C C I b  
K t C 1 A  
K E C b h S  
KEPCER 
K E P B V  
K t R C f L  

J n I C F  
J I A  l i l  
J I t N F i V I L L C  
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A bOUNTV 
$ A  U R l f R  

ACAt4AS 
$ A  CASA 
U A C l l A  
UACKAYANNA 
L I C O N A  
L A C f l l A  
L A C Y  
FA00 
LAUOER 
L A O E L L E  
L AOCCA 
L I O U E  
L AOV S I  I TH 
L A  FARCE 
L I F E  
L A  FOYDA 
L A F t l N l  
LACLOR I A  
LAGONOA 
L A  G*A.YOE 
LAMA I NA 
L A  HOGUE 
LAWONT AN 
L A l O l G  
L A I O L 4 -  
L A l R O S V l L L f  
L A I R E P  
L A  JAR. 
L A K E  
L A K t  C h A R L E S  
L A K F  CYEEK 
L A K E H E L F  N 
L A K E  HUMST 
L A K E  JANEE 
LAN EL A N 0  
L A K E  MOW T 
LAKEDOdT 
L A K E  <H!lRE 
L A K E S U L  
LAKCTON 
L A K E V I E Y  
L A K E Y I N  
L A K E r n J O  
LAK I 
LAK I N 
LAKOMA 
L A L A A U  
L A  LANOE 
LbLL I E  
L A* 
LA*LI( 
L A M A d T l N E  
LAUREl tT  
L A P H C l h  
L A R l  NCTON 
L A M 0  
L A M 0 h l  
LAMC;dT 
L A R O N f 4  
Lb*UURE 
L bHPH I E R  
L A U P S H I R F  
LA19SO:d 
1 A h b l l l  
L ANC A S  1 E l l  
LANCE 
L AN0 
LANOZF 
L A N O I S R U P G  
LANiILCm 
L A h O U S I Y  

A 
e 
e/c 

e 
e 

d 

C 
0 
0 
0 
0 
0 
8 
0 
0 

e 
C 
0 
C 
C 
C / O  
C 
C 
C 
C 
0 
0 

0 

C 
C 
0 
I 
0 
C 

e 

e 

e 
e 

e 
e 

e 

C 
C 

0 
C 

0 
0 
C 

0 

0 
b 
A 
A 
0 
0 
0 

b 
C 
A 
A 
L) 
A 
0 
I 
C 
0 
w o  
n 

n 

A 

e 

n 

B 

C 
0 
8 
0 
A 
0 
C 
H 
0 
0 
B 
e 
e 
U 
8 
C 
C 
0 

N O T E S  

L A * €  
L A N E V  
L A N G  
LANCF O R 0  
LANGUE1 
L A h G L E Y  
L A N C L O I S  
L A h G C L A  
L A N G P E L L  
L I N G S T O N  
L A N l E M  
L A N  I GER 
LAhKUUSW 
L A N M N  
L A h K T U E E  
LANOAK 
L ANSOAL E 
LANSOOUNE 
L A h S I N G  
L A N T I S  
L A N I O N  
L A h l C N l A  
L A N 1 2  
L A Y  
L A P I L M A  
LAPEER 
L A P I N E  
L A P L A l T A  
L L P O R T E  
L A  PCSTA 
L A  P R A I B I E  
L A R A B E E  
LAUCHMCUNT 
L A R O E L L  
L I R E 0 0  
L A R E S  
L A R G E N I  
LARGC 
L A R I M E R  
L A R K I N  
LARKSON 
L A  RCSE 
LAURV 
L A n S C N  
LARUE 
L A R V I E  
L I S  
L l r S  A N I M A S  
LASAUSSES 
L A S  F L O P E S  
L A S H L E Y  
L A S I L  
LAS LUCAS 
L I S  POSAS 
L A S S E N  
L A S l A N C E  
L I S  VEGAS 
L A T A H  
L A l A H C O  
L A l A h l E R  
L A l H A I 4  
L A T l N A  
L A l O M  
L A T C h l A  
L A l T Y  
L A U O E R O A L E  
LAUGENOUR 
LAUGHL I N  
L A I I M A I A  
L A U R t L  
LAURELHURST 
L A U R C L m 0 0 0  
LAUREN 
L A V A L L E E  
L l V E t N  
LAVELOO 
L A V F R K I N  
L A V l h A  
L A b A I  
L A b L E R  
LAWRENCE 
L l * R t N C E V I L L F  
Ls%h5.CN 
L A Y T H F R  
L A b l C N  
L A I  

L A Y T C N  
L E A  
LeAOER 
L E  A O P C l  NT 
L L A O V A L L  

LAVCCCK 

C L E b C V l L L E  

8LO L E A H Y  
e LEAF 

C 

C 
0 

e 

e 
e 

e 
C 

I 
I 
C 
C 
e 
e 
e e 
e 
C 

C 
0 
C 

A 
C 
C 
A 

e 

e 
e 
e 
e 
C 

C 
0 
C 

E 
C 

0 
0 
A 
0 
C 
C 
C 
0 

C 
C 
C 
0 

0 
C 
C 
0 
0 
0 
0 
8 
C 

810 
d 
L) 
C 
C 
8 
8 
8 
Ir 
0 
C 
C * 
C 
C 
U 
0 
C 
C 
8 
A 
C 

8 
C 

e 

e 

e 

n 

e 

L E A L  
L E A P S  
L E A T P A M  
L E A V E N U C A l H  
L t A V l T T  
L E A V  I T T V  I L L €  
L E B A h C N  

*LEBAR 
L E e E c  
i c e 0  
,LE e SACK 

L t o e t o E a  
L E C K  K I L L  

LEOGEFORK 
LEDGER 
LEORU 
L E C T  
L E E  
LEEOS 
L E E F  I E L O  
L E E L A L A U  
L E t P E W  
L t E S V I L L E  
L E E T C N  
L E E i c n i b  
L E F C R  
L E C L E Y  
L E C C h E  
L t n E u  
L E h l C H  
L€CCIANS 
L f h R  
LE I C B S T E R  
L E I L E C U A  
L t L b  

- L t L A h O  
L E R E T A  
LECPSlER 
L E K  
L E h A  
L E N A P A H  
L E h A Y E E  
LENNEP 
LENC I R  
L E h C X  
L E  hL 
L E C  
L E O N  
LECNARO 
LECLAPOO 
LEChbROTCLlN 
L E C N I O A S  
L E C T A  
L E P L E Y  
LEROAL 
L E R C V  
L E S h A R A  
L i s r c  
L E S L I E  
LESTER 
L t  SUEUR 
LET. 
L E T C h E R  
L k T W A  
L E T H E N 1  
L E I C R l  
L t T T E R B C X  
L E V A N  
LCVASV 
L E V E R E 1 1  
L E V I A T H A N  
L E V I S  
L E W I S  
L t b l  SUERRV 
LE b I S  nunc 
LEb I S l C N  
L E b l S W l L L E  
L E I  
L e a  I L C O ~ N  
L i n e  i t a  
L I B U V  
L I U E G  
L I B E Y A L  
L I L E R T V  
L l 8 C U Y  
L IeRAR.1 
L I 8bT TE 
L I C &  
L I C K  CREEK 

e 

e 
e 

e 
e 
e 

e 
e 

e 

0 

C 
C 

C 

C 
C 

U 
A 
0 
0 

0 
C 
C 
A 
0 

C 
C 

e/c 

e 
e 
e 
C 
C 
0 

C 

0 
0 
0 
t / v  
C 
A 
0 

0 
0 

e 

e 

e/o 

e 
e 
e 

e 

110 
C 

0 
8 
C 
0 
C 
e 
e 
C 
0 
U 

C 
U 
0 
C 

8 
A 
C 
C 

C 
0 

C 
C 
C 
U 

0 
8 
A 
0 
C 
A 
0 
0 
8 
0 

e 

e 

e 

e 

L I C R C A L E  0 
C L I C K  IhG 

L I C K S K I L L E T  0 
L I O O E L L  0 
L I E U E R P A N  C 
L l t N  0 

L 1 G H l N  I NG 0 
L I G l U M  C 
L I G G N  0 
L l H E h  A 

L I K E S  A 

L l C C t l  e 

L l H U E  e 

L I L A r l  A 
L I L L I U A U P  A 

L I M A N 1  e 

L I M E R I C K  C 
L I M O N  C 

L I N C C L N  A 
L I N C R C F T  . A 
L I N O L F V  C 
L 1 :82 S C  v 0 
L I N C S I O E  C 

L I N O V  C 
L I N E V I L L E  C 

L I R A  e 
L I H B A R  e 

L I RGhE S e 

L I N O S T R O M  e 

L l h C A N G R E  e 
L I N K E R  e 
L l N K V l L L E  I 
L I N N E  C 
L l N h E l  0 
L I N N E U S  
L I N f l  
L l N S L A l  

e 
C 
0 

L I N T  e 
L I N V  I L L €  e 
L I N Y C h  8 

L INMCOO A/O 
L I P A N  0 
L I P P l h C O T T  

L I R B E T  0 

L I S A C  0 

L ISMAS 0 
L 1 SUCRE 8 
L l T C H F l E L O  A 
L I T H C O Y  C 

e/ o 
L I R I C S  e 

L I S A O E  e 
L I S B C h  e 

L I T T L E F l f C O  
L I T T L E  PCCE 
L I T T L E  1CN 
L I T T L E  boCU 
L I T Z  
L I V E Y M O Y E  
L I V  I hGSTON 
L I V C h A  
L I Z €  
L I L Z A N l  
LORUELL 
L U U E L V I L L E  
L C b t R G  
L U B E R l  

LOCEY 
LOCHSA 
LCCKE 
LCCKEYBV 
LGCUHAdO 

Lceiros 

LOCKHAY1 
L C C K P C N I  
LCCl lY0 r .D  
LOCUST 
L O O 1 8  
LOCEPA 
L O C I  
LOOC 
LCFFYU> 
L O F l C h  
LOGAh 
L C b G E R l  
L C G I  
LCHLE(I  
L O H L I L L t U  
LCHNES 

C 
C 
0 
A 
0 
0 
8 
8 
C 
A 
0 
A 
C 
d 
C 
C 
U 

C 
C 

8 
C 

n 

e 

e 
e 
0 
8 
C 
0 
A 
C 
0 
C 
0 
C 
A 

C 
L 
A 

e 

L O L b U  
L O L  A L l  TA 
L O L E K A A  
L O L E T A  
L O L C  
L O L C M  
LOHA 
L O P A L T A  
L O P I X  
LOCIIRA, 
LONOC 
L O h E P I N E  
L O N E R 1  OGE 
LGNE ROCK 
LOWETREE 
LONGFORO 
L O N C L O I S  
LONGMARE 
LONGMONT 
LONGR I E 
LONGVAL 
LONG V A L L E Y  
L O N G V I  E* 
LONCKE 
L o t 4 1 1  
Looaour 
LOON 
LOPCR 
L O P E Z  
LOUAOALC 
LORAIW 
LOROSTOUN 
L O R E L L A  

L O R E 1 1 0  
LOR I N G  
L O S  A L A M S  
L O S  BANDS 
LOSEE 
COS GATOS 

L o a E n z o  

L O S  GUINEOS 
L O S  osos 
LCS ROBLES 
L O S  TANOS 
L O S T  CREEK 
LOST n i u s  
L O S  T R A K O S  
L O S T M E L L S  
L O T H A I R  
L O T U S  
LOUOOW 
L O U C E N V I L L E  
L O U I E  
L O U  I SA 
L o u i s e u n G  
LOUP 
LOUROES 
L O U V I E R S  
L O V E J O V  
LOVELANO 
L O V E L L  
LOVELOCK 

LOUR* 
L O W V I L L E  
L O Y A L  
LOVALTON 
L O V S V I L L E  
LOZANO 
LCZ l e a  
LUALUALE I 
LUUBOCK 
L U B R E C H I  
LUCAS 

L o m E u  

LUCE 
LUCEOALE 
LUCERNE 
LUC I E N  
LUC I L E  
L U C I L E T O N  
LUCKY 
LUCKY S T A R  
LUCV 
LUOOEN 
LUOLOU 
L U F I I I N  
LUHCN 
L U J A N E  
LUK I N  
L U L A  
L u n s E E  
L U M M I  

0 
8 
10 
c /o  
A 
A 
C 
0 
e 
e 

e 

C 
C 

A 
8 
c .  
e 
e 

e 

C 
C 

8 
C 
I 
C 
C 
e 
e 
0 
C 
C f  0 
C 
0 
A 
e 
C 
C 
C 

8 
C c .. . 
I 

e 

e 
e 

e 

C 
0 

C 
8 
C 
C 
C 

8 
0 
C 
C 
C 
C 
C 
C I C  
C 

8 

0 
U 

0 
0 
C 
C 
C 
C 
U 
8 
C 

e 

e 
e 

n 

e 
e 
e 
e 
A 
0 
C 
0 

C 
C 
8 
0 
8 / C  

e 
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L UN 
L U N A  
L U N C H  
L U N O I M O  
L U N O V  
LUNl  
L U P T O N  
L U U A  
L U R A V  
L U T E  
L U T H  
L U l H E R  
L U T I E  
L U T O N  
L U V E R N E  
L U X O R  
L U Z E N A  
L V C A N  
L Y C O M  ING 
L V O I C K  
L Y F O R O  
L V L E S  
LVNA.l 
L Y N C H  
L Y N C H B U R G  
LYNIIEN 
L V N N U V L  
L Y N N  M A V E N  
L V 3 N V I L L E  
L Y N X  
L V U N M A N '  
L V J N S  
L V U N S V I L L E  
L Y S I N E  , 

L V S  1 A I R .' 
L Y I E L L  

M A B E N  
M A 8 1  
N A 0 W A V  
M A C A V  
MACEOON I A 
N A C H E T E  
N A C H I A S  
MACK 
M A C K t N  
MACK I N A C  
MACK SUUY G 
MACOMU 
MACOMHER 
MACON 
MACY 
M A 0 A L  IN 
M A O A Y A S K A  
M A O W C K  
MADOOX 
M A O E L  L A  
MAOEL INE 
RAOERA 
M A 0  I SON 
MA 0 0 N N A 
M A O R A S  
MAOR IO 
M A U U U E Z  
M A G A L L C N  
MAGENS 
MAG INN I S  
MAGNA 
M A G N O L I A  
M L G N U S  
M A G U A V I I  
M A H A F F V  
M A H A L A  
M A H A L A S V I L L E  
M A H A N A  
M A I I A S K  A 
M A H E Y  

N A H U K O N A  
M A I O E N  
M A I L E  
N A J A J A  
M A K A A L A E  
M A L  AL A PA 
P A K A P  I L  I 
M A Y A d A f l  
M A K A Y E L  1 
MAK E N A  
M A K I K I  
M A Y 0 1  I 
MAL 
M U  A 

M A n n n t N c  

C 
C 
C 
C 
0 
C 
0 
0 
c/o 
0 
C 
B 
B 
0 
C 
C 
0 
B 
C 
B 
C 
B 
c/o 
0 
B I O  
A 
A 
010 
C 
R 
c 
0 
B 
0 .  

B 

C 
0 
0 
0 
C 
C 
0 
C 
0 

n 

n 
n 
B 
B 
B 
0 
0 
8 
A 

C 
0 
0 

C 
C 
B 
0 
0 
B 
C 
O 
B 
C 
0 
c /o  
C 
0 /0  
H 
B 
C 
0 
0 
0 
A 
B 
0 
0 
A 
8 

I( 

0 
C 
B 
0 

n 

n 

M A L A B A R  
M A L A B O N  
M A L A C H V  
M A L A G A  
C A L A M A  
M A L A Y A  
C A L C C L M  
MALE7.A 
M A L I B U  
M A L I N  
C A L J A M A R  
M A L L C T  
M A L M  
M A L C  
M A L O N E  
M A L C T E R R E  
M A L P A I S  
M A L P C S A  
C A L V t R l l  
N A N A L A  
MAMOU 
MANAHAA 
M A N A L A P A N  
C A N A N A  
MANASSA 
M A N A S S A S  
MANA S T A S H  
M A N A T E E  
MANANA 
M A N C E L O N A  
M A N C H E S T E R  
P A N O A N  
M A h O E R F I E L O  
R A N O E V I L L E  
M A W  PEO 
MANGUM 
M A N M A l l A N  
MANME I M 
M A N 1  
M A h  I L A  
M A N 1  STEE 
M A N I T O U  
C A N L E V  
M A N L  I U S  
C A N L C V E  
C A N N I N G  
M A h O R  
C A N S F  I E L O  
M A N S I C  
M A N S K E R  
M A N l A C H l E  
M A N l E O  
M A N l E R  
MANlON 
MAN11 
MANU 
M A N V E L  
CANYCOO 
M A N I  ANI T I  
M A N I A N O  
C A N Z A N O L A  
N A P E S  
M A P L E  MT. 
C A P L E T O N  

M A R B L E  
MAN 81 E M O U N I  
M AMCFT T I  
MARCUN 
MAMCbS 
MAUCY 
M A Y O E M  
MAKO I h 
CARENGO 
MAR E SUA 
CAPG E R U M  
MARGUEY I T E  
CAR I A 
MAN I ANA 
MAP I AS 
MAR I C A O  
P A P  I C O P A  
M A Y  I ETTA 
MAN I L L A  
P A C  I N A  
M A R  I O N  
CAR I POSA 
MAY 1551. 
C A R I E S  
M A Y K E Y  
M A P K H A M  
P A Z K L  AN0 

~ A R A ~ H O N  

w o  
C 
B 
B 
& 
0 

B 
0 
c/o 
A 
A 
C 
0 
B 
0 
C 
C 
C 
0 
C 
C 

C 
C 
8 
C 
H I 0  
C 
A 
A 

B 

C 
0 
A 
C 
C 
C 
0 
C 
B 
C 
B 
0 

e 

n 

a 

a 

e 
n 
C 
c/o 
tl 
8 

C 
C 
0 
C 
C 
C 
C 
B 
c / o  
0 
A 
0 
A 
B 
C 
0 
C 
C 
c /o  
B 
B 
8 
a/ C 
C 
0 
8 

C 
C 
A 
c 
C 
C 
0 
0 
C 
C 

n 

n 

V A R K S B C O C  
M A R L A  
M A R L B C R C  
M A R L E A N  
M A R L E T T E  
M A R L E V  
M A R L I N  
M A R L C I  
M A R L T C N  
MARCARTH 
C A R h A  
M A R P A  
C A R C U C T T E  
MARR 
M A R 1  1011 
C A R S O E N  
MAR S E L L  
M A R S H A L L  
M A R S H A N  
C A R S h C A L E  
C A R S H F I E L O  
CARSING 
MART 
U A Y I E L L A  
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APPENDIX e 

RBIWAU MAPS OF CONTEFMINOUS UNITED STATES FOR 24-HOUR 
M W r n  Morns 

Tixis appendix contabs maps of the conterminous United States showing 
24-hour rainfall. mounts up to 100-yew frequency for  areas east of 105' 
longitude. For areas west of lO5O longitude, use the detailed precipita- 
tion maps provided f o r  each state. ,These may-be obtained from the -_ West 
Technical Service Center, SCS, Portland, -0reg. 1 
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APPENDIX D 

PEAK RATE3 OF DISCHARGE FOR SMALIL WATERSHEDS 
r 

This appendix contains charts for estimating peak sates of sunoff from 
small watersheds for' use w5th procedures in chapter 4 of this technical 
release. They provide a basic peak discharge rate for a %-hour dura- 
tion storm associated with a watershed in a natural condition. To use 
these charts to determine peak rates of runoff in urban areas, the peaks 
must be modified for the amount of urbanization according to factors 
discussed in chapter 4 and for other factors discusded in appendix E. 

Figure D-1 shows the storm distribution regions for the Pacific Coast 
states. For all other states SCS uses only type-I1 storm distribution. 
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APPENDIX E 

ADJiiSSTMENT 

Introduction 

This appendix 
fo r  ranges of 

FACTORS FOR PEAXS DETERMINED USING C W S  I N  APPENDIX D 

describes methods for  adjusting peak r a t e s  of discharge 
f l a t ,  moderate, and s teep slopes; fo r  conditions where 

swamps or  ponding areas ex is t ;  and for  conditions wher’e the watershed 
shape faetor  (P/w) varies  s ign i f icant ly  from that used in  the develop- 
ment of appendix D charts.  . .  

Slope Interpolation 

Table E-1 provides interpolat ion fac tors  t o  be used i n  determining peak 
ra tes  of discharge fo r  spec i f ic  slopes within ranges of f l a t ,  moderate, 
and s teep slopes for  a range of drainage areas.  Appendix D charts f o r  
FLAT slope a re  based on I-percent slope, for  MODERATE slope on 4-percent 
slope, and for  STEEP slope on 16-percent slope. For slopes other than 
I, 4 ,  and 16 percent, use the fac tors  shown i n  tab le  E-1 t o  modify the 
peak discharges. 

Example E-1 
Compute the peak discharge fo r  a 1,000-acre watershed with an average 
watershed slope of 7 percent and a- runoff curve number ( C N )  of 80 fo r  
4 inches of r a i n f a l l .  
1. 

2. 

3 .  

ktermine  the peak discharge for  a watershed with a moderate slope 
( 4  percent).  From appendix D, read a peak discharge of 295 c f s  per 
inch of runoff for  1,000 acres  and a CN of 80. From table 2-1, f ind 
2.04 inches of runoff for  4 inches of r a i n f a l l  and a CN of 80. The 
peak discharge is then 295 x 2.04 o r  602 c fs  (cubic f ee t  per second). 
Determine the interpolat ion factor.  From tab le  E-1 find 7-percent 
slope under MODERATE heading and read an interpofation factor  of P.23 
for  a drainage area of 1,000 acres. (The peak from a 1,000-acre 
watershed with a watershed slope of 7 percent is 1.23 times greater  
than f o r  an average watershed slope of 4 percent.) 
Determine the peak discharge f o r  7-percent slope. 

q = (602) (1 .23)  = 740 cfs  
Example E-2 
Compute the peak discharge fo r  a 15-acre watershed with an average slope 
of 
1. 

0.5 percent and a runoff curve number of 80 for  4 inches of r a i n f a l l .  
Determine the peak discharge fo r  a watershed with a f l a t  slope (1 per- 
cen t ) .  From appendix D read a peak discharge of 11.2 c fs  per inch of 
runoff fo r  15 acres and a CN of 80. From table  2-1, f ind 2.04 inches 
of runoff for  4 inches of r a i n f a l l  and a C N  of 80. The peak discharge 
is  then 11.2 x 2.04 or 23 cfs.  
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Table E-1.-Slope adjustment factors by drainage areas 

l -  .. . . FLAT SLOPES 
~ ~~ 

Slope 
(per- 10 20 50 100 200 500 1,000 2,000 
cent 1 acres acres acres acres acres acres acres acres 

0.1 
0.2 
0.3 
0,4 
0.5 
0.7 
1.0 
1.5 
2.0 

0.49 
.61 
.69 
.76 
.82 
.90 

1.00 
1.13 
1.21 

0.47 0.44 3.43 0.42 0.41 0.41 
.59 .56 .55 .54 .53 .53 
.67 .65 .64 .63 .62 .62 
.74 .72 .71 .70 .69 .69 
.80 .78 .77 .77 .76 .76 
.89 .88 .87 .87 -87 .87 

1.00 1.00 1.00 1.00 1.00 1.00 
1.14 1.14 1.15 1.16 1.17 1.17 
1.24 1.26 1.28 1.29 1.30 1.31 

0.40 
.52 
.61 . 
.69 
.76 
.87 

1.00 
1.17 
1.31 

MODERATE SMPES 
~~ 

.93 .92 .91 .90 .90 .90 .89 .89 

1.04. 1.05 1.07 1.08 1.08 1.08 1.09 1.09 
1.07 1.10 1.12 1.14 1.15 1.16 1.17 1.17 
1.09 1.13 1.18 1.21 1.22 . 1.23 1.23 1.24 

1.00 1;OO 1.00 1.00 1.00 1.00 1.00 1.00 

STEEP SLOPES 

8 
9 

10 
11 
12 
13 
14 
15 
16 
20 
25 
30 
40 
50 

.92 

.94 

.96 

.96 

.97 

.97 

.98 

.99 
1.00 
1.03 
1.06 
1.09 
1.12 
1.17 

.88 

.90 

.92 

.94 

.95 

.97 

.98 

.99 
1.00 
1.04 
1.08 
1.11 
1.16 
1.21 

.84 

.86 

.88 

.91 

.93 

.95 

.97 

.99 
1.00 
1.05 
1.12 
1.14 
1.20 
1.25 

.81 

.84 

.87 

.90 

.92 

.94 

.96 

.98 
1.00 
1.06 
1.14 
1.17 
1.24 
1.29 

.80 

.83 

.86 

.89 

.91 

.94 

.96 

.98 
1.00 
1.07 
1.15 
1.20 
1.29 
1.34 

.78 

.82 

.85 

.88 

.90 

.93 

.96 

.98 
1.00 
1.08 
1.16 
1.22 
1.31 
1.37 

.78 

.81 

.84 

.87 

.90 

.93 

.95 

.98 
1.00 
1.09 
1.17 
1.23 
1.33 
1.40 

.77 

.81 

.84 

.87 

.90 

.92 

.95 

.98 
1.00 
1.10 
1.19 
1.24 
1.35 
1.43 

7 

J 
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Ratio of drainage Percentage of Storm frequency (years)  area t o  ponding ponding and 
and swampy area swampy area 2 5 10 25 50 100 

2. Determine the  in te rpola t ion  fac tor .  From t a b l e  E-1 f ind 0.5-percent 
slope under FIAT heading. Read a slope in te rpola t ion  f ac to r  of 0.81 
interpolated between the values f o r  10 acres  and 20 acres.  

3. Determine the peak discharge f o r  0.5-percent slope. 

Adjustment Factors f o r  Swampy and Ponding Areas 

Peak flows determined from appendix D assume t h a t  the  topography is  such 
t h a t  surface flow i n t o  di tches ,  drains,  and streams i s  approximately 
uniform. On very f l a t  areas  and where ponding o r  swampy areas occur in  
t h e  watershed, a considerable amount of the  surface runoff may be re-  
ta ined i n  temporary storage.  The peak r a t e  of runoff should be reduced 
t o  r e f l e c t  t h i s  condition. Tables E-2, E-3, and E-4 provide adjustment 
f ac to r s  t o  determine t h i s  reduction based on the  r a t i o  of the  ponding 
o r  swampy area t o  the t o t a l  watershed area f o r  a range of storm frequen- 
c i e s .  

Table E-2 contains adjustment fac tors  t o  be used when the ponding o r  
swampy areas  a re  located i n  the  path of flow i n  the  v i c i n i t y  of t he  
design point. Table E-3 contains adjustment f ac to r s  t o  be used when a 
s ign i f i can t  amount of the flow from the t o t a l  watershed passes through 
pohding o r  swampy areas  and these areas  a re  spread throughout the water- 
shed. Table E-4 contains adjustment fac tors  t o  be used when a s i g n i f i -  
cant amount of the flow passes through ponding o r  swampy areas t h a t  a re  
located only i n  the upper reaches of the watershed. 

Table E-2.--Adjustment fac tors  where ponding and swampy areas occur a t  
the  design point 

1 
I 

Ja 
500 
200 
100 
50 
40 
30 
20 
15 
10 

5 

0 .2  
.5 

1 .0  
2.0 
2.5 
3 . 3  
5 .O 
6.7 

10.0 
20.0 

0.92 0.94 0.95 0.96 0.97 0.98 
.86 .87 .88 .90 .92 .93 
.80 .81 .83 .85 .87 .89 
.74 .75 .76 .79 .82 .86 
.69 .70 .72 .75 -78 .82 
.€A .65 -67 .7l  .75 .78 
-59 .6P -63 .67 .71 .75 
.57 .58 .60 .64 .67 .71 
.53 .54 , .56 .60 .63 .68 
.48 .49 .51 .55 .59 .64 
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Table E-3.--Adjustment fac tors  where ponding and swampy areas a re  spread 
throughout the watershed o r  occur i n  cen t r a l  par t s  of the  watershed 

Ratio of drainage Percentage of 
area t o  ponding ponding and 
and swampy area swampy area 

Storm frequency (years ) 
2 5 10 25 50 100 

500 
200 
100 
50 
40 
30 
20 
15 
10 
5 
4 

0.2 
.5 
1.0 
2.0 
2.5 
3.3 
5.0 
6.7 

10.0 
20.0 
25.0 

0.94 
.88 
e 83 '. 78 
.73 
.69 
65 
.62 
.58 
.53 
.50 

0.95 
.89 
.84 
.79 
.74 
.70 
.66 
.63 
.59 
* 54 
.51 

0.96 
.90 
86 
.81 
.76 
.71 
.68 
.65 
.-6 1 
.56 
.53 

0.97 0.98 0.99 
.91- .92 .94 
.87 .88 .90 
.83 .85 .87 
.78 .81 .84. 
074 .77 .81 
.72 .75 .78 
.69 .72 .75 
.65 .68 .71 
.60 .63 .68 
.57 -.61 .66 

Table E-4.--Adjustment fac tors  where ponding and swampy areas a re  lo- 
cated only i n  upper reaches of the watershed 

Ratio of drainage Percentage of 
area t o  ponding ponding and 
and-swampy area swampy area 

Storm frequency (years) 
2 5 10 25 50 100 - 

500 
200 
100 
50 
40 
30 
20 
15 
10 
5 

0.2 
-5 
1.0 
2.0 
2.5 
3.3 
5.0 
6.7 

10.0 
20.0 

0.96 
.93 
.90 
.87 
.85 
.82 
.80 
.78 
.77 
.74 

0.97 0.98 
.94 .94 
.91 .92 
.88 .88 
.85 .86 
.83 .% 
.81 .82 
.79 .80 
.77 .78 
.75 .76 

0.98 0.99 0.99 
.95 .96 .97 
.93 .94 .95 
.90 .91 .93 
.88 .89 .91 
.86 .88 .89 
.84 .86 .88 
.82 .84 .86 
.80 .82 .84 
.78 .80 .82 

These conditions may occur i n  a proposed or  ex is t ing  urban or  suburban 
area and the adjustment fac tors  from tables  E-2, E-3, o r  E-4 should be 
applied a f t e r  the peaks have been adjusted f o r  the e f f ec t s  of urbaniza- 
t ion as described i n  chapter 4. 
Example E-3 
A 5-acre pond is located a t  the downstream end of a 100-acre watershed 
i n  which a housing development is proposed. The average watershed slope 
is  4 percent and the present-condition curve number is 75. After the in- 
s t a l l a t i o n  of the housing development, 30 percent of the watershed w i l l  
be impervious and 50 percent of the hydraulic length w i l l  be modified. 
The future-condition curve number is estimated t o  be 80. For a r a i n f a l l  
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- 1  
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of 6 inches (100-year frequency event)  determine the  present-condition 
and future-condition peak discharges downstream of the  pond. 

1. 

2. 

3. 

4. 

5 .  

6. 

7 .  

Determine the  present-condition peak discharge assuming the  pond i s  
not i n  place. From appendix D, f ind  the  peak discharge t o  be 59 c f s  
per  inch of Punoff. From t a b l e  2-1, f ind  the  runoff t o  be 3.28 
inches. The peak discharge is  then 59 x 3.28 OF 194 cfs .  

Determine the ponding adjustment fac tor .  Since the  pond is  a t  t he  
lower end of the watershed, use t a b l e  E-2. The r a t i o  of the  drainage 
area t o  pond area is 100/5 or 20. For a 100-year frequency event the  I 
adjustment f ac to r  i s  0.75. 

Compute the  present-condition peak discharge. 

q =  0.75(194) = 146 c f s  

Compute the  basic  future-condition peak discharge. From appendix D, 
f ind  the peak discharge t o  be 65 c f s  per  inch of runoff. From t ab le  
2-1, f ind   the runoff t o  be 3.78 inches. The peak discharge is  then 
65 x 3.78 or 246 c f s .  

Determine the modification f ac to r s  f o r  proposed urbanization. From 
chapter 4 and f igures  4-1 and 4-2 f o r  a curve number of 80: impervious 
f a c t o r  = 1.16; hydraulic length f a c t o r  = 1.31; urbanization f ac to r  = 
(le16)(1.3l) = 1.52. 

Compute the  future-condition peak discharge. 

q = 1.52(246) = 374 c f s  

Compute the  future-condition peak below the  pond. From s tep  2 the 
ponding f ac to r  i s  0.75. 

q = 0.75(374) = 280 c f s  

Adjustment f o r  Watershed Shape Factor 

.. 

The equation used i n  computing peak discharges from appendix D was based 
i n  par t  on a re la t ionship  between the hydraulic length and the watershed 
area from Agricultural  Research Serv ice’s  small experimental watersheds. 
Figure E - 1  shows the  bes t  f i t  l i n e  r e l a t ing  length t o  drainage area’. The 
equation of the  l i n e  is  P = 2 0 9 ~ ~ ’ ~ .  A watershed shape fac tor ,  Q / w  
(where w i s  the  average width of the watershed), i s  then fixed f o r  any 
given drainage area. For example, f o r  drainage areas  of 10, 100, and 
1,000 acres the  watershed shape f ac to r  i s  1.58, 2.51, and 3.98, re -  
spectively.  
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There a re  watersheds t h a t  deviate ,  considerably from these relat ionships .  
The peaks can be modified f o r  o ther  shape factors . ,  The procedure i s  a s  
follows : 

1. Determine t h e  hydraulic length of the  watershed and compute an "equiv- 
a l en t "  drainage area using P = 209a006 o r  f igure  E-P. 

2.  Determine the  lfequivalent" peak flow f r o m  t he  cha r t s  f o r  the "equiva- 
l e n t "  drainage area.  

3. Compute the  "actual" peak discharge for the  watershed by multiplying 
the  equivalent peak discharge by the  r a t i o  of ac tua l  drainage area . 
t o  the equivalent drainage area.  

The f a c t o r s  f o r  modifying t h e  peak f o r  urbanization following procedures 
i n  chapter 4 can then be applied t o  the  revised peak discharge. 

Example E 4  
From a topographic map t h e  hydraulic length of a 100-acre watershed with 
moderate slopes and a CN of 75 was measured t o  be 2,200 feet .  Determine 
the  peak discharge f o r  a 6-inch 24-hour r a i n f a l l .  

1. 

2. 

3 .  

4 .  

Determine the  "equivalent" drainage area f o r  a watershed with a hy- 
d rau l i c  length of 2,200 f e e t .  From f igu re  E - 1  read 51  acres.  (Note 
t h a t  f o r  a 100-acre watershed the  hydraulic length would be 3,300 
feet  from f igu re  E-1. ) 

Determine the  "equivalent" peak flow from appendix D f o r  a drainage 
area of 51 acres  and a CN of 75. Read 37 c f s  per inch of runoff. 
From t a b l e  2-1, f ind  the  runoff t o  be 3.28 inches. The peak discharge 
i s  then 37 x 3.28 o r  121 c f s .  

Compute the  ac tua l  peak discharge f o r  100 acres.  

) 
ac tua l  drainage area 

equivalent drainage area = equivalent discharge ( discharge 

The peak discharge for  the  100-acre watershed with a hydraulic length 
of 2,200 f e e t  i s  237 c f s  (versus 194 c f s  f o r  a "normal" 100-acre water- 
shed).  Adjustments t o  t h i s  peak discharge fo r  urbanization can be made 
using f ac to r s  discussed i n  chapter 4 0  

The procedure i n  s teps  1, 2, and 3 can be used t o  determine peak d i s -  
charges when the  ac tua l  hydraulic length is  longer than t h a t  shown on 
f igure  E-1. For example, i f  t he  ac tua l  length were 4,500 f e e t  instead 
of 3,300 f e e t ,  the equivalent area would be 170 acres ,  a s  shown i n  
f igure E-1. 




