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FOREWORD 

On September 1, 1965 the Texas Water C m i s s i o n  (formerly, before February 
1962, the S ta te  Board of Water ~ngineers )  experienced a far-reaching realign- 
ment of functions and personnel, directed toward the increased emphasis needed 
for planning and developing Texas' water resources and for administering water 
r ights .  

Realigned and concentrated i n  the Texas Water Development Board were the 
investigative, planning, development, research, financing, and supporting func- 
tions, including the reports review and publication functions. The name Texas 
Water Commission was changed to Texas Water Rights Conrmission, and responsibil-  
i t y  for  functions re la t ing t o  water-rights administration was vested therein. 

For the reader's convenience, references i n  t h i s  report  have been altered,  
where necessary, t o  r e f l e c t  the current (post September 1, 1965) assignment of 
responsibi l i ty  for  the function mentioned. I n  other words c red i t  for a func- 
t ion performed by the Texas Water Commission before the September 1, 1965 
rea l igwent  generally w i l l  be given i n  t h i s  report  e i ther  t o  the Water Develop- 
ment Board or t o  the Water Rights Commission, depending on which agency now has 
responsibi l i ty  for that  function. 

Texas Water Deve opment Board 

wJ& 
//chief Engineer 
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H Y D R O L O G I C  S T U D I E S  O F  S M A L L  W A T E R S H E D S  

M U K E W A T E R  C R E E K ,  C O L O R A D O  R I V E R  B A S I N  

T E X A S ,  1 9 5 2 - 6 0  

ABSTRACT 

This r epor t  presents  da t a  and analyses of hydrologic inves t iga t ions  made 
on a 70.0-square-mile small  watershed study a rea  p r i o r  t o  watershed development. 
Average annual r a i n f a l l  f o r  t h i s  a rea  i s  about  26.5 inches.  During the  period 
of i nves t iga t ion ,  weighted-mean annual r a i n f a l l  was 22.05 inches and average 
annual runoff was 2.77 inches.  

Rain-gage d e n s i t y  analyses i n d i c a t e  t h a t  t h e  number of r a i n  gages i n  t h e  
watershed could be reduced by about one-half and t h e  computed average r a i n f a l l  
would, f o r  one s tandard dev ia t ion  confidence l i m i t s ,  be w i t h i n  *3 percent  of 
t h e  average computed by us ing  a l l  19 r a i n  gages. Analyses show t h a t  l a r g e r  
reduct ions y i e ld  l a r g e r  standard e r r o r s .  

The derived flood-frequency curve f o r  t h e  watershed i n d i c a t e s  s l i g h t l y  
h igher  peak va lues  than a corresponding curve based on a reg ional  flood- 
frequency a n a l y s i s .  The mean annual flood f o r  t h e  stream-gaging s t a t i o n  on 
Mukewater Creek a t  Trickham was computed t o  be 2,200 c f s  (cubic f e e t  per  
second), which compares wi th  1,650 c f s  from t h e  reg ional  a n a l y s i s .  

A u n i t  hydrograph a n a l y s i s  did not  y i e ld  a r e l i a b l e  u n i t  hydrograph f o r  
use i n  t h i s  watershed. 

Using t h e  r a i n f a l l - r u n o f f  r e l a t i o n  developed f o r  t h i s  study, t o t a l  runoff 
f o r  t h e  7 water  years  1954-60 was est imated w i t h i n  2 percent  of t h a t  gaged; 
however, i nd iv idua l  storm runoff gene ra l ly  could be est imated only wi th in  
*15 percent .  Considerat ion of t h e  a r e a l  d i s t r i b u t i o n  of r a i n f a l l  d i d  not  
improve the  r e s u l t s .  





H Y D R O L O G I C  S T U D I E S  O F  S M A L L  W A T E R S H E D S  

M U K E W A T E R  C R E E K ,  C O L O R A D O  R I V E R  B A S I N  

T E X A S ,  1 9 5 2 - 6 0  

INTRODUCTION 

Interest has been expressed by numerous water resources planning agencies 
concerning the effect of floodwater-retarding structures on the quantity and 
mode of occurrence of surface-water runoff downstream from developed watersheds. 
Also, hydrologists recognize the opportunity afforded by these developments to 
obtain hydrologic data from small watersheds, as the lack of these data is 
presently critical in the overall hydrologic picture. 

History and Objectives of the Statewide Small Watershed Proiect 

The U.S. Soil Conservation Service is actively engaged in the installation 
of flood and soil erosion reducing measures in Texas under the authority of 
'The Flood Control Acts of 1936 and 1944" and 'Watershed Protection and Flood 
Prevention Act" (Public Law 566), as amended. 

Part of the plan of the U.S. Soil Conservation Service for the reduction 
of floods and soil erosion in a watershed is the construction of a series of 
upstream floodwater-retarding structures. The structures are designed to 
release floodwater at a rate that will not normally exceed the downstream 
channel capacity immediately below the structures. 

As a result of the Flood Control Act of 1936 and subsequent legislation, 
the Soil Conservation Service of the U.S. Department of Agriculture is inves- 
tigating a large part of Texas. Each area investigated is subdivided into 
small watersheds usually consisting of one creek large enough to cause damaging 
floods and its tributaries. This creek is then investigated as to feasible 
methods to use to accomplish the objectives of the legislation. Many of the 
watersheds investigated require the building of floodwater-retarding structures. 
The function of a floodwater-retarding structure (Figure 1) is to help control 
floodflows from a small part of a watershed. 

As of September 30, 1963, approximately 763 floodwater-retarding struc- 
tures had been built in Texas. These partly control flow from an area of about 
3,170 square miles. According to reports of the U.S. Study Conmission-Texas 
(1962) and the U.S. Soil Conservation Service (1963), a total of 3,438 sites 
have been found physically and economically feasible for 'installation of struc- 
tures in Texas. Only about 22 percent of feasible structures had been built at 
the end of the water year 1963. 





This watershed-development program w i l l  have vary ing  but  important e f f e c t s  
on t h e  n a t u r a l  sur face-  and ground-water resources of r i v e r  i a s i n s ,  e s p e c i a l l y  
where a  l a rge  number of t h e  f loodwater-retarding s t r u c t u r e s  d:e b u i l t .  There- 
fo re ,  a  need e x i s t s  f o r  b a s i c  hydrologic da ta  of  small  watersheds t h a t  may be 
used t o  compare t h e  hydrology under n a t u r a l  condi t ions  with the  hydrology under 
developed condi t ions  a f t e r  t h e  f loodwater-retarding s t r u c t u r e s  a r e  b u i l t .  
S p e c i f i c a l l y ,  hydrologic s t u d i e s  a r e  e s s e n t i a l  t o  determine t h e  ex ten t  t o  which 
f loodwater-retarding s t r u c t u r e s  a f f e c t  the  y i e l d  and mode of occurrence of 
n a t u r a l  water  supp l i e s .  

Hydrologic inves t iga t ions  of small  watersheds were s t a r t e d  i n  Texas i n  
1951, and a r e  now being made on 11 a reas  i n  t h e  S t a t e  t o  provide needed da ta  
and analyses (Figure 2 ) .  The U.S. S o i l  Conservation Service,  Texas Water 
Development Board, San Antonio River Authori ty,  c i t y  of Dal las ,  and the  
Tarrant  County Water Control  and Improvement D i s t r i c t  No. 1 a r e  cooperat ing 
wi th  the  U.S. Geological Survey i n  these  i n v e s t i g a t i o n s .  The 11 study a reas  
were chosen on a  s ta tewide  b a s i s  t o  sample watersheds having d i f f e r e n t  condi- 
t i o n s  of r a i n f a l l ,  topography, geology, and s o i l s .  On fou r  of t h e  s tudy a reas ,  
streamflow and r a i n f a l l  records a r e  being co l l ec t ed  p r i o r  t o  cons t ruc t ion  of 
t h e  f loodwater-retarding s t r u c t u r e s ,  thus a f fo rd ing  t h e  oppor tuni ty  f o r  analy-  
s e s  of t h e  condi t ions  "before and a f t e r "  development. A s u m r y  of t h e  develop- 
ment of f loodwater - re ta rd ing  s t r u c t u r e s  on each s tudy area  a s  of September 30,  
1962, i s  shown i n  Table 1. 

The broad purpose of the  s ta tewide  inves t iga t ions  i s  t o  c o l l e c t  s u f f i c i e n t  
da t a  t o  make a s  many hydrologic i n t e r p r e t a t i o n s  a s  poss ib le .  

S p e c i f i c  ob jec t ives  t o  which these  s t u d i e s  a r e  d i r e c t e d  a re :  

1. To o b t a i n  t h e  b a s i c  hydrologic da ta  on small  watersheds needed t o  
s a t i s f y  t h e  broad purpose. 

2. To o b t a i n  b a s i c  da t a  which w i l l  a i d  i n  determining the  n e t  e f f e c t  of 
f loodwater-retarding s t r u c t u r e s  on the  regimen of streamflow a t  downstream 
po in t s .  

3.  To determine t h e  e f f e c t  of  the  impoundments on t h e  underlying ground- 
water  r e s e r v o i r .  

4 .  To determine t h e  e f f e c t  of the  s t r u c t u r e s  on the sediment y i e l d  of t h e  
watershed and t o  determine the  t r a p  e f f i c i e n c y  of t h e  r e s e r v o i r s .  

5. To develop computation techniques t h a t  w i l l  give more accura t e  e s t i -  
mates of runoff r e s u l t i n g  from a  given amount of r a i n f a l l  on small  watersheds. 

6 .  To develop r e l a t i o n s h i p s  between maximum r a t e s  of runoff and r a i n f a l l  
i n  small  watersheds t h a t  w i l l  enable more accura t e  des ign  of small  storm- 
drainage s t r u c t u r e s  . 

7. To check t h e  a p p l i c a b i l i t y  of f lood-rout ing  procedures and techniques 
f o r  small  watersheds. 

8. To determine t h e  minimum ins t rumenta t ion  necessary f o r  making r e l i a b l e  
es t imates  of t o t a l  storm inflow t o  t h e  s t r u c t u r e s .  



Figure 2 

Map of Texas Showing the Location of Mukewater Creek 
and Other Study Areas 

U. S. Geological Survey in cooperation with the Texas Water Development Board 
ond the U.S. Soil Conservotion Service 



Table 1.--Small watershed s tudy a reas  i n  Texas a s  of  September 30, 1962 

* 8.31 sq  m i  above Dry Prong Deep Creek near  Mercury not  included. 
t 8.43 sq  m i  above Escondido Creek subwatershed No. 11 (Dry Escondido Creek) near Kenedy not  included. 

Watershed 

T r i n i t y  River  Basin 

North Creek near  Jacksboro 

E l m  Fork T r i n i t y  River  near  Muenster 

L i t t l e  E l m  Creek near Aubrey 

Honey Creek near  McKinney 

P in  Oak Creek near Hubbard 

Brazes River Basin 

Green Creek near Alexander 

Cow Bayou near  Mooreville 

Colorado River  Basin 

Deep Creek near  Mercury 

Mukewater Creek near  Trickham 

San Antonio River  Basin 

Calaveras Creek near Elmendorf 

Escondido Creek a t  Kenedy 

Drainage area 
above stream- 
gaging s t a t i o n  

(sq mi) 

21.6 

46.0 

75.5 

39 .0  

17.6 

45.5 

79.6 

4 3 . 9  

70.0 

77.2 

82.2t  

Date hydrologic 
d a t a  c o l l e c t i o n  

began 

Aug. 1956 

J u l y  1956 

June 1956 

J u l y  1951 

Sept.  1956 

Oct. 1954 

Sept.1954 

June 1951 

Aug. 1951 

Aug. 1954 

J u l y  1954 

Floodwater- 
r e  t a rd ing  
s t r u c t u r e s  

above stream- 
gaging s t a t i o n  

None 

11 

None 

12 

None 

8 

9 

6 

5 

9 

10 

Period t h e  
s t r u c t u r e s  
were b u i l t  

-- 
1954 -5 7 

-- 

1951-57 

-- 

1954-56 

1955-58 

1951-53 

1961 

1954-58 

1954-58 



9 .  To determine the  q u a l i t y  of the  water  a s  t o  i t s  s u i t a b i l i t y  f o r  
poss ib le  uses and i t s  f l o c c u l a t i n g  c h a r a c t e r i s t i c s  as  they a f f e c t  the sediment- 
t r a p  e f f i c i e n c y  of  the  pools .  

To provide adequate hydrologic sampling, per iodic  eva lua t ion  r e p o r t s  on 
t h e  hydrology of each s tudy area  a r e  e s s e n t i a l  t o  in su re  t h a t  the  program of 
bas ic-da ta  c o l l e c t i o n  i s  s u f f i c i e n t  t o  meet the  purposes of the  s ta tewide  
i n v e s t i g a t i o n .  This  r epor t  i s  one of the  per iodic  eva lua t ions .  

One o r  more i n t e r p r e t i v e  r e p o r t s  w i l l  be published covering the  inves t iga -  
t i o n s  on each of the 11 regional  small  watershed study a r e a s .  This s e r i e s  of 
r epor t s  w i l l  provide da ta  and i n t e r p r e t a t i o n s  i n  a d d i t i o n  t o  da ta  a v a i l a b l e  i n  
t h e  U.S. Geological Survey annual Water-Supply Papers.  

Thus f a r ,  t h ree  s tudy area  r e p o r t s  have been prepared: "Hydrologic 
S tudies  of  Small Watersheds, Honey Creek Basin, C o l l i n  and Grayson Counties,  
Texas, 1953-59"; "Hydrologic S tudies  of Small Watersheds, Deep Creek, Colorado 
River Bas in ,Texas ,  1951-61"; and "Hydrologic S tudies  of Small Watersheds, Elm 
Fork T r i n i t y  River Basin, Montague and Cooke Counties,  Texas, 1956-60." These 
t h r e e  r epor t s  cover hydrologic inves t iga t ions  i n  s tudy a reas  on which 
f loodwater-retarding s t r u c t u r e s  were constructed p r i o r  t o  o r  near  t h e  beginning 
of the  da ta -co l l ec t ion  program. 

I n  add i t ion  t o  t h e  11 small watershed study a reas  mentioned above, which 
a r e  located i n  r u r a l  a r eas ,  t h e  U.S. Geological Survey i s  c o l l e c t i n g  da ta  from 
small  urban watersheds: Waller Creek a t  Austin, and White Rock and T u r t l e  
Creeks a t  Dal las .  A r epor t  on Waller Creek i s  i n  p repa ra t ion .  

Purpose and Scope of This  Report 

The purpose of t h i s  r epor t  i s  t o  present  r e s u l t s  of hydrologic inves t iga -  
t i o n s  conducted i n  t h e  Wkewater Creek s tudy area  during the  period 1952-60, 
p r i o r  t o  the  bui ld ing  of f loodwater-retarding s t r u c t u r e s ,  a long with ana lyses  
r e l a t i v e  t o  the  following ob jec t ives :  

1. To ob ta in  b a s i c  hydrologic da ta  on small  watersheds.  

2 .  To ob ta in  b a s i c  da ta  which w i l l  a id  i n  determining t h e  ne t  e f f e c t  of 
proposed f loodwater-retarding s t r u c t u r e s  on the  regimen of streamflow a t  down- 
s tream p o i n t s .  

3 .  To develop computation techniques t h a t  w i l l  give more accura t e  e s t i -  
mates of  runoff r e s u l t i n g  from a  given amount of r a i n f a l l  on small  watersheds 

4 .  To determine t h e  minimum ins t rumenta t ion  necessary f o r  making r e l i a b l e  
es t imates  of  t o t a l  s t ream inflow t o  the proposed s t r u c t u r e s .  

This r epor t  concerns only the  period of record p r i o r  t o  the cons t ruc t ion  
of f loodwater - re ta rd ing  s t r u c t u r e s .  The S o i l  Conservation Serv ice ,  U.S. 
Department of Agr icul ture ,  began the  cons t ruc t ion  of a  system of seven 
f loodwater-retarding s t r u c t u r e s  on t h e  Mukewater Creek watershed i n  1961. 
Land-treatment measures were prac t iced  throughout t h e  r e p o r t  per iod .  

Hydrologic equipment w i l l  be i n s t a l l e d  and t h e  i n v e s t i g a t i o n s  expanded t o  
eva lua te  the  e f f e c t s  of f loodwater - re ta rd ing  s t r u c t u r e s  on t h e  watershed 



hydrology. A second i n t e r p r e t i v e  r e p o r t  w i l l  be re leased  when s u f f i c i e n t  da ta  
a r e  a v a i l a b l e  a f t e r  the  f loodwater-retarding s t r u c t u r e s  a r e  b u i l t .  
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WATERSHED FEATLRES 

Location and Physiography 

The headwaters of  Mukewater Creek a r e  near  the  towns of Santa Anna, i n  
Coleman County, and Bangs, i n  Brown County (Figure 3 ) .  The s tream flows i n  a 
sou theas t e r ly  d i r e c t i o n  through Coleman County f o r  a d i s t ance  of  approximately 
30 s tream miles ,  emptying i n t o  Home Creek approximately 2% miles above where i t  
e n t e r s  t h e  Colorado River .  This  r epor t  i s  concerned with only the  Mukewater 
Creek s tudy area ,  which i s  t h a t  70-square-mile por t ion  of t h e  watershed located 
above t h e  stream-gaging s t a t i o n ,  Mukewater Creek a t  Trickham. 

The topography i s  mi ld ly  r o l l i n g  i n  t h e  lower and e a s t e r n  p a r t  t o  s t e e p l y  
r o l l i n g  along t h e  western edge and i n  t h e  n o r t h e s t e r n  pa r t .  Divides wi th in  
t h e  watershed a r e  w e l l  defined.  The f lood p l a i n  of t h e  main channel i s  wide 
and r e l a t i v e l y  f l a t .  The s t e e p e s t  p a r t  of t h e  a r e a  i s  i n  t h e  northwest corner.  
I n  t h i s  a rea  two f la t - topped bu t t e s ,  wi th  very  s t e e p  s i d e  s lopes ,  r i s e  approx- 
imate ly  300 f e e t  above the  r o l l i n g  p l a ins .  These two b u t t e s  a r e  known l o c a l l y  
a s  t h e  Santa Anna Mountains and, according t o  l o c a l  legend, served a s  lookout 
poin ts  f o r  Indians.  

Although some upland p a r t s  of t h e  s tudy area  a r e  r e l a t i v e l y  f l a t ,  a recon- 
naissance of the  a rea  October 13-14, 1962, following a rainstorm, indica ted  
t h a t  a l l  a r e a s  cont r ibuted  t o  t h e  runoff .  Some ponding was noted, p a r t i c u l a r l y  
i n  f i e l d s  which were te r raced .  Although these  te r raced  a reas  d r a i n  r a t h e r  
slowly, they  a r e  considered a s  con t r ibu t ing  t o  the  runoff .  

Stream g rad ien t s  i n  t h e  s tudy a rea  a r e  r a t h e r  low, ranging from 0.0018 
f t / f t  i n  t h e  lower p a r t  of the  watershed t o  0.0090 f t / f t  near  t h e  headwaters. 
The weighted-mean s lope  of t h e  s tudy a rea  was computed us ing  a method pat terned 
a f t e r  Car t e r  (1961). Ca r t e r  computes weighted s lope  by use of t h e  formula 

where S i s  weightedlnean slope, 
Li i s  length of s t ream channel, and 
S i  i s  s lope  of stream channel. 
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Map of Mukewater Creek Study Area Showing Six 
Subareas Used for Determining Weighted-Mean Slope 
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Channel lengths and s lopes  were determined only f o r  well-defined channels .  
S and L and the  drainage area f o r  each of the  s i x  subareas used f o r  computing 
weighted-mean s lope  a r e  shown on Figure 3.  Using formula ( I ) ,  the  weighted- 
mean slope of the  s tudy area  was found t o  be 0.0029 f t / f t .  Stream g rad ien t s  
were based on e l eva t ions  determined by a l t i m e t e r .  An a l t i m e t e r  survey of 
s t ream channels i n  the  watershed was made by the  au thor  on October 13-14, 1962. 
Point  e l eva t ions  determined a r e  shown on Figure 4 .  Stream g rad ien t s  a r e  low 
but  i n  genera l  increase  very r ap id ly  near the  r i m  of the  watershed. 

Another hydrologic c h a r a c t e r i s t i c  of a watershed i s  the mean d i s t ance  of 
t r a v e l  of runoff w i th in  the  watershed, o f t en  r e fe r r ed  t o  a s  LC,. This charac- 
t e r i s t i c  i s  used a s  a measure of shape of the  drainage area and was found t o  be 
9 .1  miles  us ing  t h e  g r i d  method a s  out l ined  by Benson and Busby (1960). 

Rocks of Pennsylvanian age form t h e  su r face  of the  s tudy area  except  i n  a 
small  a rea  about 1 mile e a s t  of Santa Anna where Cretaceous rocks a r e  exposed 
i n  t h e  two steep-sided f la t - topped b u t t e s .  The Pennsylvanian rocks d i p  west- 
ward, and c o n s i s t  p r i n c i p a l l y  of s h a l e  and limestone wi th  some interbedded 
sandstone and conglomerate. The Cretaceous rocks r e s t  unconformably on t h e  
eroded su r face  of  Pennsylvanian rocks, and c o n s i s t  of a basa l  sand capped by a 
hard c r y s t a l l i n e  l imestone.  

Trees i n  t h e  s tudy area  a r e  gene ra l ly  sparse ,  except  along stream channels 
where shrubs,  grass ,  and t r e e s  a r e  more dense.  Cons t r i c t ions  i n  the  channel 
o f t e n  become clogged wi th  logs and debr i s  during flood periods.  The a rea  nor th  
of U.S. Highway 67 has a denser growth of t r e e s  than the remainder of the  a r e a .  
This a rea  a l s o  has a smal le r  percentage of land i n  c u l t i v a t i o n .  Photographs on 
Figure 5 i l l u s t r a t e  t h e  main channel c h a r a c t e r i s t i c s  of Mukewater Creek. 

The s tudy area  i s  e n t i r e l y  r u r a l .  Small towns near  the headwaters do not  
a f f e c t  the  runoff c h a r a c t e r i s t i c s  of t h e  s tudy a r e a .  Farmland treatment  and 
s tock  ponds comprise the  m j o r  man-made f ea tu res  t h a t  a f f e c t  t h e  runoff charac- 
t e r i s t i c s  of t h e  watershed. According t o  da ta  furnished by t h e  U.S. S o i l  
Conservation Service,  t he re  were 211 s t o c k  por~ds i n  the  s tudy area  wi th  a t o t a l  
capac i ty  of  709 a c r e - f e e t  and a t o t a l  drainage area of 14.0 square miles  i n  
March 1962. Figure 6 shows t h e  loca t ions  of the s tock  ponds. Approximately 
45 percent of t h e  s tudy area  i s  i n  c u l t i v a t i o n ,  55 percent  i s  i n  pas ture  and 
rangeland, and l e s s  than h a l f  of 1 percent  is  i n  roads and towns. Cul t iva ted  
land i s  predominant i n  t h e  va l l eys  near  t h e  s tream channels,  and the  drainage 
d iv ides  a r e  used pr imar i ly  f o r  pas ture  and rangeland. 

Climate 

The cl imate of  the  s tudy area i s  temperate and subhumid. Moderate win te r s  
w i th  sudden l a rge  changes i n  temperature a r e  common, a s  a r e  long s u m e r s  and 
comparatively low humidity. The average minimum temperature f o r  January i s  
about 34OF, and t h e  average maximum temperature f o r  August i s  about 96°F. 
Maximum and minimum recorded a r e  114°F and -6°F. The average growing season 
i s  232 days and extends from March 25 t o  November 12 .  F r o s t  has occurred as  
l a t e  a s  A p r i l  30 and a s  e a r l y  a s  October 19. 

The 68-year (1893-1960) average r a i n f a l l  a t  Brownwood (15 miles  nor theas t  
of t h e  s tudy a rea )  i s  27.55 inches.  The weighted-mean r a i n f a l l  on the  s tudy 
area  during the  9-year period, 1952-60, was 22.05 inches .  Ra in fa l l  i s  gener- 
a l l y  g r e a t e s t  during the  spr ing  and f a l l  months and l e a s t  during the  winter  
months. About 72 percent  of t h e  r a i n f a l l  occurs during t h e  f r o s t - f r e e  period.  



Figure 4 

Map o f  Mukewater Creek Study  Area Showing 

Point E levat ions o f  Stream Channels 

U.S. Geological Survey in cooparotion with the Taxor Water  Development Boord 
and the U S .  soil  Conservation Service 



View of nain  channel upstream from low-water View of main channel downstream from low- 
cross ing about 0.6 mile south and 0.9 mile water ~ r o s s i n g  about 0.6 m i l e  south and 0.9 
e a s t  of proposed s i t e  of floodwater-retarding mile  e a s t  of proposed s i t e  of floodwater- 
s t r u c t u r e  10A. r e t a rd ing  s t r u c t u r e  10A. 

J I 

View of marn channel laoklne downstream f r w  - 
bridge about 3.2 miles nor th  and 1.8 miles bridge about 2.3 miles north  and 1.3 x i l e s  
west of proposed s i t e  of floodwater-retarding west of proposed s i t e  of floodwater-retarding 
s t r u c t u r e  10A. s t r u c t u r e  lOA. 

View of main channel looking damstream f r m  
bridge on county road 0 .7  inile south of p r o -  
posed s i t e  of f loodwater-re tarding s t r u c t u r e  
10A. 

View of main channel looking upstream f r w  
br idge 700 f e e t  below stream-gaging s t a t ion .  
(Photograph taken July 10, 1962.) 

Figure 5 

Typical Views of Main Channel i n  Mukewater Creek 

( A l l  photographs taken October 14, 1962, except as  noted.) 
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A Stream-gaging station 

Figure 6 

Map of  Mukewater Creek Study Area Showing 

Location o f  Stock Ponds 
U.  S. Geoloqic~I  Survey in cooperation with the Texor Wofer Development Boord 

and the U.S. Soil Conservotion Service 



Annual r a i n f a l l  ranges from about 13 inches t o  about 45 inches,  a l a r g e  per- 
centage of which sometimes occurs i n  a s i n g l e  storm. I n  the  storm of A p r i l  30 
t o  May 1, 1956, 4.85 inches o r  38 percent  of the  annual r a i n f a l l  occurred i n  
5 hours.  

Proposed Developments 

A system of seven f loodwater-retarding s t r u c t u r e s  i s  planned f o r  t h i s  
watershed by t h e  U.S. S o i l  Conservation Serv ice .  The seven s t r u c t u r e s  w i l l  
p a r t l y  c o n t r o l  floodwater from approximately 33.7 of t h e  70.0 square miles  i n  
t h e  s tudy a r e a .  These seven s t r u c t u r e s  w i l l  have a combined capac i ty  a t  
emergency sp i l lway c r e s t  of 7,820 a c r e - f e e t ,  of which 6,770 a c r e - f e e t  i s  
f loodwater - re ta rd ing  capaci ty  and 1,050 a c r e - f e e t  i s  sediment-pool capaci ty .  
The above f i g u r e s  were taken from the  work p lan  f o r  Mukewater Creek watershed 
prepared by t h e  U.S. S o i l  Conservation Serv ice  i n  March 19553and revised  
information furnished by t h e  S t a t e  Conserva t ionis t ,  U.S. S o i l  Conservation 
Serv ice  ( w r i t t e n  c o m n i c a t i o n ,  H. N. Smith, December 12, 1963). Locations of 
the  proposed s t r u c t u r e s  a r e  shown on Figure  7. 

S t ruc tu res  5 and 5A a r e  designed t o  opera te  a s  a u n i t  and a r e  c l a s s i f i e d  
a s  one s t r u c t u r e  by t h e  U.S. S o i l  Conservation Serv ice .  The emergency sp i l lway 
of  s i t e  5A d ra ins  i n t o  s i t e  5 .  S i t e  5A has  a smal l  amount of floodwater- 
r e t a r d i n g  s to rage  which w i l l  d r a i n  pas t  s i t e  5 and, t he re fo re ,  i s  c l a s s i f i e d  
a s  a s epa ra t e  s t r u c t u r e  f o r  t h i s  r e p o r t .  

~ i l l ~ a t e Z / c o n c l u d e d  t h a t  seepage from t h e  proposed f loodwater - re ta rd ing  
pools would be n e g l i g i b l e  because t h e  sediments underlying t h e  pools a r e  sha le  
and dense limestone. Furthermore, no pools a r e  proposed i n  those  p a r t s  of the  
watershed where t h e  thin-bedded sandstone and conglomerate crop out .  

INSTRUMENTATION AND DATA COLLECTION 

Hydrologic da ta  f o r  t h i s  r epor t  c o n s i s t  of r a i n f a l l  records a t  19 loca-  
t i o n s  wi th in  t h e  s tudy a rea  and continuous records of  streamflow on Mukewater 
Creek (Figure 8 ) .  Nineteen r a i n  gages were i n s t a l l e d  i n  September 1953, and 
were located i n  accordance wi th  t h e  United S t a t e s  Weather Bureau (USWB) proce- 
dures t o  provide t h e  b e s t  geometric coverage of t h e  s tudy a rea .  Four of t h e  
19 a r e  USWB 8-inch recording r a i n  gages and 15 a r e  USWB 8-inch nonrecording 
r a i n  gages. Gages were serviced and r a i n f a l l  measured weekly by employees of 
t h e  U.S. S o i l  Conservation Service.  

I n  a d d i t i o n  t o  t h e  r a i n f a l l  records obtained from t h e  r a i n  gages i n s t a l l e d  
i n  September 1953, monthly and annual weighted-mean r a i n f a l l  f o r  the  1952 and 
1953 water  years  were computed us ing  USWB records f o r  Coleman, Brownwood, and 
Trickham. 

Y work Plan, Mukewater Creek Watershed, 1955, S o i l  Conservation Serv ice ,  
U.S. Department of Agr icul ture ,  Temple, Texas. S t ruc tu res  nos. 5, 5A, 6, 7, 
and 9 were b u i l t  dur ing  1961 and no. 10A dur ing  1965 water  years .  

? / M .  L .  Mil lgate ,  geo log i s t ,  U.S. Geol. Survey: w r i t t e n  communication, 1961. 
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A continuous water-s tage recorder  i s  located a t  t h e  stream-gaging s t a t i o n ,  
Mukewater Creek a t  Trickham. Continuous records  of s t a g e  and discharge 
measurements a t  approximately monthly i n t e r v a l s  have been obtained s i n c e  
August 28, 1951. Figure 9 shows t y p i c a l  hydrologic instrument  i n s t a l l a t i o n s .  

A review of  t h e  da ta  c o l l e c t e d  during t h e  period 1951-60 i n d i c a t e s  t h a t  
da t a  a r e  of e x c e l l e n t  qua l i ty .  Recomendations f o r  changes and add i t ions  t o  
t h e  b a s i c  da t a  c o l l e c t i o n  program a r e  l i s t e d  near  t h e  end of t h i s  r e p o r t .  

Data a r e  presented i n  t h i s  r e p o r t  on the  bas i s  of a ''water year"  period.  
The water  yea r  begins October 1 and ends on September 30, and i s  designated by 
t h e  ca lendar  year  i n  which it ends. Thus, t h e  year  t h a t  ended September 30, 
1960, i s  denoted a s  the  1960 wa te r  year .  

Streamflow records c o l l e c t e d  from t h i s  s tudy a rea  a r e  published i n  t h e  
annual s e r i e s  of  U.S. Geological Survey Water-Supply Papers.  Table 12 i s  a 
summary of t h e  r a i n f a l l  da t a  c o l l e c t e d  i n  t h e  s tudy a r e a  f o r  t h e  period covered 
by t h i s  r epor t .  

RAIN GAGE NETWORK ANALYSES 

One purpose of t h i s  r e p o r t  i s  t o  determine t h e  minimum ins t rumenta t ion  
necessary f o r  making r e l i a b l e  e s t ima tes  of inf low t o  t h e  proposed s t r u c t u r e s .  
This s e c t i o n  w i l l  d e a l  wi th  t h e  ins t rumenta t ion  t o  measure r a i n f a l l  and con- 
s i s t s  p r imar i ly  of  rain-gage d e n s i t y  ana lyses .  

The rain-gage d e n s i t y  ana lyses  c o n s i s t  of comparing t h e  average (arithme- 
t i c  mean) storm r a i n f a l l  derived f o r  4, 7, and 10 gages, r e spec t ive ly ,  wi th  
WMR (weighted-mean r a i n f a l l )  a s  computed by t h e  Thiessen polygon weighting 
method us ing  a l l  19 r a i n  gages. Only those  storms wi th  a weighted-mean r a in -  
f a l l  of 0.40 inch  o r  g r e a t e r  were considered i n  these  ana lyses .  

For t h e  purpose of  t h i s  study, a s torm i s  def ined  a s  a period of r a i n f a l l  
separa ted  by a t  l e a s t  6 hours of  no r a i n f a l l .  When more than  one s torm occurs  
between s e r v i c i n g  of gages, i n d i v i d u a l  storm t o t a l s  f o r  nonrecording gages a r e  
based on t h e  n e a r e s t  recording gage. No c o r r e c t i o n s  a r e  made f o r  the  minor 
evapora t ion  a t  t h e  nonrecording gages. The d i s t r i b u t i o n  of i n d i v i d u a l  s torm 
t o t a l s  a t  nonrecording gages based on t h e  recording  gages a l s o  in t roduces  ran- 
dom e r r o r s  f o r  unevenly d i s t r i b u t e d  r a i n f a l l s .  E r ro r s  introduced by these  two 
f a c t o r s  a r e  considered i n s i g n i f i c a n t .  The weighted-mean r a i n f a l l  on t h e  s tudy 
a r e a  dur ing  t h e  7-year period 1954-60, used f o r  the  rain-gage network analyses ,  
was 23.39 inches ;  t h i s  compares wi th  t h e  68-year average of  27.55 inches a t  
Brownwood (15 miles  n o r t h e a s t  of  t h e  a r e a ) .  

There were 121 storms wi th  a weighted-mean r a i n f a l l  of  0.40 inch  o r  more. 
For each s e r i e s  of computations, t h e  r a i n  gages were s e l e c t e d  t o  provide t h e  
optimum a r e a l  geometric coverage f o r  t h e  s p e c i f i e d  number of gages. Date of 
storm, weighted-mean r a i n f a l l ,  and t h e  average r a i n f a l l  from 4, 7, and 10 
gages, r e spec t ive ly ,  a r e  shown i n  Table 2. F igures  10, 11, and 12 a r e  p l o t s  of 
weighted-mean storm r a i n f a l l  versus  average s torm r a i n f a l l  of 4, 7, and 10 
gages, r e spec t ive ly .  



Stream-gaging s t a t i o n  r e c o r d e r  i n  o p e r a t i o n .  T y p i c a l  r e c o r d i n g  r a i n  gage. This  photograph 
Photograph t a k e n  October 14, 1962. t aken  i n  N a l i e r  Creek wate rshed  i n  Aus t in ,  

Texas, October  16, 1962. Same t y p e  of 
r e c o r d i n g  r a i n  gage i s  used i n  Mukewater 
Creek s t u d y  a r e a .  

View from l e f t  bank shau ing  gage s t r u c t u r e  T y p i c a l  non- record ing  r a i n  gage i n s t a l i a t i o n .  
of s t ream-gaging s t a t i o n ,  Mukewater Creek T h i s  is  r a i n  gage 19-S i n  s t u d y  a r e a .  
a t  Trickham, Texas. Photograph t a k e n  J u l y  Photograph t a k e n  October  14, 1962. 
10, 1962. 

Figure 9 

Typical Hydrologic Instrument Installations 



Table 2.--Storm rainfall compuiea by weighted-mean r a i n f a  an6 average of 4 7 ana 10 rain gages for a n  storms vith 
weighted-man rainfall exceeaina 0.110 inti 
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Comparison of Concurrent Storm Rainfall, Average for 4 Gages 
and Weighted - Mean Rainfall for Mukewater Creek Study Area 

U.S.Geologicol  Survey in cooperofion with the  Texas Water  
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Figure II 

Comparison of Concurrent Storm Rainfall, Average for 7 Gages 
and Weighted - Mean Rainfall for Mukewater Creek Study Area 
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The fol lowing conclusions may be drawn from Table 2 and Figures 10, 11, 
and 1 2 :  

1. Using t h e  a r i t h m e t i c  average r a i n f a l l  of 4 gages, f o r  67 percent  con- 
f idence  l i m i t s  (67 percent  of t h e  storms),  storm r a i n f a l l  may be determined 
w i t h i n  +10 percent  and -9 percent  of t h e  weighted-mean r a i n f a l l  a s  determined 
from 19 r a i n  gages. 

2 .  Using t h e  a r i t h m e t i c  average r a i n f a l l  of 7 gages, f o r  67 percent  con- 
f idence  limits, storm r a i n f a l l  may be determined w i t h i n  f 6  percent  of the  
weighted-mean r a i n f a l l  a s  determined from 19 r a i n  gages. 

3. a .  Using t h e  a r i t h m e t i c  average r a i n f a l l  of 10 gages, f o r  67 percent  
confidence l i m i t s ,  s torm r a i n f a l l  may be determined wi th in  1 3  percent  o f  t h e  
weighted-mean r a i n f a l l  a s  determined from 19 r a i n  gages. 

b .  Using t h e  a r i t h m e t i c  average r a i n f a l l  of 10 gages, fox 95 percent  
confidence l i m i t s ,  storm r a i n f a l l  may be determined w i t h i n  +14 percent  and 
-12 percent  of  the  weighted-mean r a i n f a l l  a s  determined from 19 r a i n  gages. 

4 .  The s c a t t e r  o r  dev ia t ion  from the  l i n e  of  equal  r a i n f a l l  above 1.5 
inches i s  ve ry  small ,  p a r t i c u l a r l y  f o r  t h e  average of 7 and 10 gages. 

5 .  Maximum dev ia t ions  occurred when weighted-mean r a i n f a l l  was l e s s  than 
1 inch.  This would be expected owing t o  the  uneven d i s t r i b u t i o n  o f  r a i n f a l l  
from small thunderstorms which occur  i n  t h i s  a rea .  

6. The p r i n c i p a l  conclusion from t h e  ana lyses  i s  t h a t  f o r  computation of  
t o t a l  r a i n f a l l  on t h e  watershed t h e  number of r a i n  gages i n  t h i s  watershed 
could be reduced considerably,  provided t h a t  an occas ional  l a r g e  e r r o r  i n  s torm 
r a i n f a l l  f o r  minor storms would n o t  be s e r i o u s  f o r  t h e  purpose of t h e  d a t a .  
For long-term r a i n f a l l ,  Table 2 shows t h a t  t h e  7-year t o t a l s  computed by t h e  
four  methods a r e  p r a c t i c a l l y  i d e n t i c a l .  

7. For determinat ion of r a i n f a l l  on t h e  sepa ra t e  dra inage  a r e a s  of t h e  
proposed f loodwater - re ta rd ing  s t r u c t u r e s  and f o r  de terminat ion  of p r e c i p i t a t i o n  
on t h e  pools c rea t ed  by t h e  s t r u c t u r e s ,  a l l  19 gages w i l l  be necessary.  This 
i s  only one example of t h e  need f o r  many r a i n  gages where r a i n f a l l  d i s t r i b u t i o n  
r a t h e r  than  t o t a l  r a i n f a l l  i s  des i r ed .  

FUJOD-FREQUENCY ANALYSES 

Avai lab le  da t a  concerning t h e  magnitude and frequency of  f loods  i n  t h e  
s tudy  a r e a  a r e  presented i n  t h i s  s e c t i o n .  Avai lab le  f o r  s tudy  a r e  9 years  
(1952-60) of continuous streamflow record, one h i s t o r i c a l  peak s t a g e ,  and t h e  
annual maximum peak d ischarge  f o r  t h e  1951 water  year .  The peak s t a g e  i n  1927 
i s  repor ted  t o  be t h e  h ighes t  s i n c e  a t  l e a s t  1919. A s  no o t h e r  f loods  approach- 
i n g  t h e  magnitude of t h e  1927 f lood were repor ted  by l o c a l  r e s i d e n t s ,  i t  was 
assumed t h a t  t h e  f lood of May 1, 1956, was the  second h ighes t  s i n c e  1919. 

To determine a flood-frequency curve f o r  t h e  Mukewater Creek s tudy a r e a ,  
p l o t t i n g  pos i t i ons  f o r  f loods  were determined us ing  t h e  U.S. Geological Survey 
method a s  ou t l ined  by Dalrymple (1960). The formula used i s  



n i l  T =-, 
m 

where T i s  recurrence i n t e r v a l ,  i n  years ,  
n  i s  number of years  of record, and 
m i s  magnitude of flood, t h e  h ighes t  being 1. 

The p l o t t i n g  pos i t i ons  f o r  the  two h ighes t  f loods were determined us ing  
n = 42. For a l l  f loods  occurr ing dur ing  t h e  period of streamflow record, 
except f o r  t h e  May 1, 1956 flood, n = 10 f o r  t h e  annual s e r i e s  and n = 9 f o r  
t h e  p a r t i a l - d u r a t i o n  s e r i e s .  Table 3 l i s t s  a l l  f loods  above 600 c f s  (cubic 
f e e t  per  second). 

Figure 13  i s  a  p l o t  of  annual f lood da ta  and the  r e s u l t i n g  flood-frequency 
curve. Also shown on Figure 13  i s  a  flood-frequency curve f o r  the  s tudy area  
based on a  r eg iona l  flood-frequency a n a l y s i s  by Pa t t e r son  (1963). A r eg iona l  
flood-frequency a n a l y s i s  c o n s i s t s  pr imar i ly  of a  determinat ion of the  f lood- 
frequency c h a r a c t e r i s t i c s  of a  hydrologica l ly  homogeneous reg ion .  These char-  
a c t e r i s t i c s  a r e  expressed a s  curves i n  terms of t h e  discharge r a t i o  of a  given 
f lood t o  the  mean annual flood and recurrence i n t e r v a l ;  and, mean annual f loods 
expressed a s  a  funct ion  of t h e  drainage a r e a .  

Figure 14 i s  a p l o t  of the  p a r t i a l - d u r a t i o n  s e r i e s  da ta  f o r  t h e  s tudy a r e a .  
Also shown i s  the  flood-frequency curve based on t h e  r eg iona l  ana lys i s .  

A s tudy by Benson (1952) shows t h a t  12 years  of record a r e  requi red  t o  
de f ine  the  mean annual  flood w i t h i n  25 percent  i f  c o r r e c t  r e s u l t s  a r e  expected 
95 percent  of t h e  time. With 10 years  of annual flood da ta  and 42 years  of 
h i s t o r i c a l  record, the  flood-frequency curve f o r  the  s tudy a rea  i s  reasonably 
w e l l  def ined .  The curve based on a c t u a l  da ta  i n d i c a t e s  somewhat h igher  d i s -  
charges f o r  a  given recurrence i n t e r v a l  than does t h e  curve based on regional  
ana lyses .  The r eg iona l  curve i s  not  we l l  defined by data  from watersheds which 
have l e s s  than 100 square miles .  The r eg iona l  curve ind ica t e s  a  mean annual 
flood (2.33 years  recurrence i n t e r v a l )  of 1,650 c f s  compared t o  2,200 c f s  from 
the  bas ic-da ta  curve. This comparison would i n d i c a t e  t h a t  the  r eg iona l  curve 
should be used wi th  caut ion  on watersheds wi th  l e s s  than 100 square mi les .  

UNIT HYDROGRAPH ANALYSES 

A study was made of u n i t  hydrographs of storms i n  the  Mukewater Creek 
s tudy area  before development wi th  the  a n t i c i p a t i o n  of comparing themwith  
hydrographs a f t e r  t h e  watershed has been developed. One such comparison would 
be t o  compare the r a i n f a l l - r u n o f f  r e l a t i o n s h i p  p r i o r  t o  and a f t e r  the  construc-  
t i o n  of f loodwater - re ta rd ing  s t r u c t u r e s .  This comparison can be made by f i r s t  
es t imat ing  t h e  probable runoff from a storm by use of t h e  coax ia l  r a i n f a l l -  
runoff r e l a t i o n s h i p  a s  developed l a t e r  i n  t h i s  r epor t .  A s y n t h e t i c  hydrograph 
could then  be constructed by us ing  t h e  est imated runoff and a  pre-development 
u n i t  hydrograph. This s y n t h e t i c  hydrograph could then be compared with the  
a c t u a l  hydrograph a t  the  stream-gaging s t a t i o n .  This and o t h e r  comparisons 
should enable a  b e t t e r  determinat ion of t h e  e f f e c t s  of watershed development. 

The u n i t  hydrograph i s  the hydrograph of d i r e c t  runoff r e s u l t i n g  from 
1 inch of p r e c i p i t a t i o n e x c e s s  occurr ing dur ing  a  u n i t  time. Since the  presen- 
t a t i o n  of the  u n i t  hydrograph concept by L. K .  Sherman (1932), i t  has gained 



Table 3.--Flood data for  Mukewater Creek a t  Trickham, Texas 

Drainage area 7 0 . 0  square mi l e s .  Period of  record 1951-60. 
Flood data for  momentary peak discharges greater than 600 c f s .  

REMARKS 

*From information by l o c a l  res idents .  
tEstimated. 



Figure 13 

Flood-Frequency Curve for Mukewater Creek a t  

Trickham, Texas, Based on Annual Floods 
U.S. Gaoiagical Survey in cooperation with t h e  Taxtlr Water Development Board 

ond the U.S. Soil  Conservation Servica 
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wide acceptance i n  hydrologic c i r c l e s  as  a va luable  t o o l  i n  eva lua t ing  a few of 
the  hydrologic c h a r a c t e r i s t i c s  of a watershed. The p r i n c i p l e s  involved i n  t h e  
u n i t  hydrograph r e l a t i o n s h i p  a r e  c l e a r l y  s t a t e d  i n  U.S. Geological Survey 
Water-Supply Paper 772. 

As Mitchel l  (1948) pointed out ,  the  u n i t  hydrograph should not  be used t o  
p red ic t  the p r e c i p i t a t i o n  excess (storm runoff )  from a given r a i n f a l l ;  it i s  
simply a means of determining the  time d i s t r i b u t i o n  of p r e c i p i t a t i o n  excess .  
The u n i t  hydrograph and t h e  r a in fa l l - runof f  (volume of runoff)  r e l a t i o n s h i p  a r e  
a r r ived  a t  by two e n t i r e l y  d i f f e r e n t  a n a l y t i c a l  processes.  The u n i t  hydrograph 
f o r  a watershed i s  determined by reducing se l ec t ed  hydrographs t o  u n i t  hydro- 
graphs. The r a in fa l l - runof f  r e l a t i o n  f o r  a watershed i s  determined by r e l a t i n g  
r a i n f a l l  and o t h e r  f a c t o r s  (antecedent condi t ions ,  i n t e n s i t y  of r a i n f a l l ,  
vege ta l  cover) t o  volume of runoff .  I f  both of these  hydrologic c h a r a c t e r i s -  
t i c s  a r e  known f o r  a watershed, t h e  storm hydrograph f o r  any storm can be 
reproduced. 

Only those storms wi th  runoff of  0.25 inch o r  more were inves t iga ted  f o r  
t h e  u n i t  hydrograph of t h i s  s tudy a r e a .  Of these  inf requent  storms, some were 
not used because of uneven d i s t r i b u t i o n  of r a i n f a l l  o r  nonuniformly shaped 
hydrographs. Judgment must be used i n  determining what c o n s t i t u t e s  a uniformly 
d i s t r i b u t e d  storm. By most c r i t e r i a ,  no t r u l y  uniform storm occurred during 
the  7-year period of record;  never the less ,  11 storms were se l ec t ed  which met 
the  c r i t e r i a  of  reasonably uniform hydrographs and r a i n f a l l .  Storm hydrographs 
f o r  these  were reduced t o  u n i t  hydrographs. The u n i t  hydrographs were p lo t t ed  
t o  determine whether o r  not  t he re  was a c o r r e l a t i o n  between dura t ion  of ra in-  
f a l l ,  time of r i s e ,  and u n i t  hydrograph peak. Time of r i s e  i s  defined a s  the  
time i n t e r v a l  on the  r i s i n g  limb between the  minimum and maximum u n i t  hydro- 
graph discharge.  The p l o t  of  the  11 u n i t  hydrographs showed no r e l i a b l e  cor re-  
l a t i o n  between these  f a c t o r s .  Of the  11 u n i t  hydrographs, the  s i x  shown on 
Figure 15 were se l ec t ed  a s  being r ep resen ta t ive  of the  e n t i r e  group i n v e s t i -  
gated.  Table 4 l i s t s  s e v e r a l  important parameters f o r  each of the se l ec t ed  s i x  
storms. 

Table 4.--Parameters f o r  s i x  storms se l ec t ed  f o r  u n i t  hydrograph study 

Date of storm 

Oct.  3-4, 1953 

June 14-15, 1955 

Apr. 30-May 1, 1956 

May 11, 1957 

May 23, 1957 

June 3-4, 1959 

Duration of 
r a i n f a l l  
(hours) 

12.5 

.25 

5 .O 

2 .O 

1.25 

2 .O 

Weighted-mean 
r a i n f a l l  
( inches)  

3.94 

1.16 

4.85 

1.51 

1.11 

2.42 

Di rec t  
runoff  

(inches) 

0.49 

.40 

2.16 

.71 

.32 

1.20 

Peak of u n i t  
hydrograph 

( c f s )  

3,290 

5,180 

6,950 

3,630 

4,560 

4,750 

Time of 
r i s e  

(hours) 

14.5 

7.0 

6.5 

11.0 

11.5 

7 .O 
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Selected Unit Hydrographs o f  the Study Area 
(Mukewoter Creek at Trickham,Texas) 

U S .  Geological Survey i n  coopcrdion with the Tcxos Water Development Board 
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Brater  (1940), i n  a s tudy on very small  watersheds ranging from 4.24 t o  
1,876.7 ac res ,  concluded t h a t  any s t o r m w i t h  s u f f i c i e n t  i n t e n s i t y  t o  produce 
su r face  runoff would produce a cons i s t en t  u n i t  hydrograph provided t h a t  the  
du ra t ion  of r a i n f a l l  was equal  t o  o r  l e s s  than the  time of  r i s e .  Subsequent 
d iscuss ions  of  B r a t e r ' s  paper by Frankl in  F. Snyder and L. K. Sherman ind i -  
cated t h e i r  disagreement wi th  B r a t e r ' s  conclusion.  They bel ieved t h a t  time of 
r i s e  of the  u n i t  hydrograph was not  independent of dura t ion  of r a i n f a l l ,  even 
though the  du ra t ion  did not  exceed the time of  r i s e .  

Table 4 and Figure 15 show t h a t  t h e  storms of  May 11, 1957, and June 3-4, 
1959, both having a du ra t ion  of r a i n f a l l  of 2 hours,  produced markedly d i f f e r -  
e n t  u n i t  hydrographs. The two storms l i s t e d  t h a t  occurred i n  1957 appear t o  be 
o u t  of cha rac te r  wi th  the  remainder of  t h e  s torms;  however, o the r  storms with 
t h e  same c h a r a c t e r i s t i c s  were found. The storm of October 3-4, 1953 should 
l o g i c a l l y  have a longer time of r i s e  and lower u n i t  hydrograph peak s i n c e  the  
s torm dura t ion  was q u i t e  long. The u n i t  hydrograph of t h i s  s torm bears  out  
t h i s  reasoning. 

It i s  a l s o  of i n t e r e s t  t o  note t h a t  the  storm of A p r i l  30-May 1, 1956 
produced a u n i t  hydrograph peak cons iderably  g r e a t e r  than  any of the  o the r  
storms. This storm produced t h e  maximum peak discharge dur ing  the  period of  
record and t h e  second h ighes t  peak s ince  a t  l e a s t  1919. Hydrologists  gene ra l ly  
agree  t h a t  extreme f loods w i l l  produce somewhat h igher  u n i t  hydrograph peaks 
than those produced by ord inary  storms. According t o  Snyder (1938)) extreme 
ca re  must be exerc ised  i n  applying u n i t  hydrographs derived from ordinary 
storms t o  extreme storms. Hydrologists should a l s o  be caut ious  i n  a t tempt ing  
t o  apply u n i t  hydrographs t o  storms wi th  nonuniform r a i n f a l l  i n t e n s i t y  on a 
drainage a rea  the  s i z e  of the  Mukewater Creek watershed. A small  drainage a r e a  
is  more l i k e l y  t o  r e f l e c t  v a r i a b l e  r a i n f a l l  i n t e n s i t i e s  i n  t h e  hydrograph than 
would a l a r g e r  drainage a r e a .  

Generally the  time base used i n  u n i t  hydrograph s t u d i e s  i s  t h e  durat ion.  of 
r a i n f a l l  excess ( runof f ) .  I n  o rde r  t o  determine a du ra t ion  of runoff ,  i t  i s  
necessary t o  have a corresponding i n f i l t r a t i o n  capaci ty  curve.  This i n  i t s e l f  
presents  a d i f f i c u l t  problem. For t h i s  u n i t  hydrograph study,  du ra t ion  of 
r a i n f a l l  was used a s  a time base. 

It i s  probable t h a t  f u r t h e r  a n a l y s i s  of the  hydrographs f o r  t h e  s tudy a rea  
tak ing  i n t o  cons idera t ion  o the r  f a c t o r s  would produce uniform u n i t  hydrographs. 
It would seem l o g i c a l  t o  i n v e s t i g a t e  the  r e l a t i o n s h i p  between the  u n i t  hydro- 
graph and vary ing  condi t ions  of antecedent  s o i l  moisture,  vege ta l  cover,  
n a t u r a l  depress ion  s torage ,  and r a i n f a l l  i n t e n s i t y .  An a n a l y s i s  such as  t h i s  
i s  beyond t h e  scope of t h i s  r e p o r t ;  however, i t  seems t o  be an e x c e l l e n t  prob- 
lem f o r  f u r t h e r  i nves t iga t ion .  

RELATING RAINFALL AND RUNOFF 

Discussion of Methods 

Rainfa l l - runoff  r e l a t i o n s h i p s  f o r  small  drainage a reas  a r e  important t o  
agencies concerned with t h e  des ign  of highway br idges ,  c u l v e r t s ,  storm sewers, 
urban planning, water-supply systems, and o the r  water-use and water -cont ro l  
p ro jec t s .  Information on such r e l a t i o n s h i p s  i s  not  a s  a v a i l a b l e  f o r  small  
watersheds a s  f o r  l a r g e  watersheds. For some p ro jec t s ,  only extremes a r e  



important,  whereas f o r  water-supply p r o j e c t s ,  the  e n t i r e  y i e l d  of  a  watershed 
i s  necessary.  The purpose of t h i s  s e c t i o n  i s  t o  analyze and i n t e r p r e t  the  
var ious  f a c t o r s  a f f e c t i n g  t h e  r a i n f a l l - r u n o f f  r e l a t i o n s h i p  f o r  the Mukewater 
Creek s tudy a r e a .  

This  r a i n f a l l - r u n o f f  r e l a t i o n s h i p  may be used l a t e r  i n  eva lua t ing  t h e  
e f f e c t  of  t h e  f loodwater - re ta rd ing  s t r u c t u r e s  b u i l t  dur ing  1961 water  year  and 
l a t e r  on the  hydrologic c h a r a c t e r i s t i c s  of the  watershed. This  can be accom- 
p l i shed ,  when s u f f i c i e n t  hydrologic da ta  have been obtained,  by comparing run- 
o f f  a f t e r  s t r u c t u r e s  a r e  b u i l t  w i th  runoff est imated from the  r a in fa l l - runof f  
r e l a t i o n s h i p  derived i n  t h i s  r e p o r t .  

The r e l a t i o n s h i p  between r a i n f a l l  and r e s u l t i n g  runoff i s  a  problem which 
thus f a r  d e f i e s  exac t  mathematical s o l u t i o n .  Numerous methods of  e s t ima t ing  
t h e  runoff r e s u l t i n g  from r a i n f a l l  have been devised.  Among t h e  more popular 
ones a r e  t h e  r a t i o n a l  formula, r eg res s  ion  a n a l y s i s ,  simple r a i n f a l l  versus  run- 
off  p lo t s ,  and mul t ip le  c o r r e l a t i o n  a n a l y s i s .  

Probably t h e  most widely used method i s  t h e  r a t i o n a l  formula, 

Q = CIA, 

where Q i s  peak flow i n  c f s ,  
C i s  a  cons tan t  dependent upon drainage-area c h a r a c t e r i s t i c s  

(pr imar i ly  imperviousness of underlying ma te r i a l ) ,  
I is i n t e n s i t y  of  r a i n f a l l  i n  inches per  hour, and 
A i s  drainage a rea  i n  a c r e s .  

This  formula i s  r e s t r i c t i v e  i n  t h a t  i t  is  used only t o  p r e d i c t  peak d ischarge ,  
not  t h e  t o t a l  y i e ld .  It i s  a l s o  important t o  r e a l i z e  t h e  b a s i c  premise of t h i s  
formula i s  t h a t  t h e  e n t i r e  watershed i s  con t r ibu t ing  and t h a t  t h e  r a t e  of  run- 
o f f  equals  a  percentage C of t h e  r a i n f a l l  i n t e n s i t y  (Rouse, 1950). This would 
r equ i re  t h a t  the  s torm dura t ion  exceed t h e  "time of concent ra t ion  of t h e  water-  
shed." The time of concent ra t ion  of t h e  watershed i s  gene ra l ly  defined a s  t h e  
t i m e  requi red  f o r  a  p a r t i c l e  of water  t o  t r a v e l  from t h e  most remote po r t ion  of 
the  watershed t o  the  o u t l e t .  Storms wi th  du ra t ions  exceeding t h e  t i m e  of con- 
c e n t r a t i o n  a r e  r a r e  i n  the  Mukewater Creek watershed. Use of t h i s  formula i s  
p r a c t i c a l  only on ve ry  small  watersheds, and i t  i s  pr imar i ly  app l i cab le  t o  
urban a r e a s  where t h e  cover on the  watershed does not  change m a t e r i a l l y  because 
of seasonal  e f f e c t s .  This  method i s  considered t o  be imprac t i ca l  f o r  use on 
r u r a l  watersheds such a s  t h e  Mukewater Creek s tudy  a rea .  

Regression techniques and simple r a i n f a l l - r u n o f f  p l o t s  f a i l  t o  take  i n t o  
cons idera t ion  enough of  t h e  v a r i a b l e s  which a f f e c t  t h e  r a i n f a l l - r u n o f f  r e l a t i o n  
i n  t h i s  s tudy a r e a .  

Of the  s e v e r a l  methods advanced by hydro log i s t s ,  i t  appears t h a t  t h e  
mul t ip l e -co r re l a t ion  method a s  ou t l ined  by Kohler and Lins ley  i n  U.S. Weather 
Bureau Research Paper 34 (1951) i s  most s u i t a b l e  f o r  determining the  r e l a t i o n -  
s h i p  between r a i n f a l l  and runoff .  Therefore, i t  was used i n  t h i s  r e p o r t .  

Mul t ip le-Corre la t ion  Analyses 

The amount of  su r face  o r  s torm runoff r e s u l t i n g  from a  given r a i n f a l l  i s  
dependent upon numerous f a c t o r s  which include:  i n t e n s i t y ,  dura t ion ,  



d i s t r i b u t i o n ,  and t o t a l  amount of r a i n f a l l ;  antecedent  s o i l  moisture cond i t ions ;  
su r face  and subsurface geology; topography; v e g e t a l  cover;  land-management 
p r a c t i c e s ;  and seasonal  e f f e c t s .  For a  p a r t i c u l a r  watershed, topography and 
su r face  and subsurface geology remain e s s e n t i a l l y  cons tant .  Var ia t ions  i n  land- 
management p r a c t i c e s  during t h e  period of record did not  produce de tec t ab le  
v a r i a t i o n s  i n  the  runoff c h a r a c t e r i s t i c s  of the  s tudy a r e a .  Vegetal cover 
v a r i e s  and cannot be evaluated f o r  each storm wi th  a v a i l a b l e  d a t a ;  however, 
p a r t  of  t h e  v a r i a t i o n  w i l l  be compensated f o r  by a d j u s t i n g  f o r  the  seasonal  
e f f e c t s .  This  leaves i n t e n s i t y ,  dura t ion ,  and a r e a l  d i s t r i b u t i o n  of r a i n f a l l ;  
t o t a l  storm r a i n f a l l ;  antecedent  s o i l  moisture cond i t ions ;  and seasonal  e f f e c t s  
a s  v a r i a b l e s  t h a t  could be analyzed i n  a r r i v i n g  a t  a  genera l  r a in fa l l - runof f  
r e l a t i o n s h i p .  

The procedure used f o r  t h i s  r epor t  was t o  formulate a  genera l  s o l u t i o n  
us ing  antecedent  condit ions,  seasonal  e f f e c t s ,  dura t ion ,  and t o t a l  storm ra in -  
f a l l  f o r  storms which had uniform a r e a l  d i s t r i b u t i o n s .  

Nonuniform a r e a l  d i s t r i b u t i o n  of  r a i n f a l l  was accounted f o r  by d iv id ing  
the  s tudy area  i n t o  subareas and computing the  con t r ibu t ion  of each subarea t o  
the  t o t a l  runoff hydrograph. Duration and t o t a l  storm r a i n f a l l  were used a s  
v a r i a b l e s ,  thereby i n d i r e c t l y  making r a i n f a l l  i n t e n s i t y  a l s o  a  v a r i a b l e .  
Storms which were reasonably uniform over the  s tudy area both i n  t o t a l  r a i n f a l l '  
and i n  time and a r e a l  d i s t r i b u t i o n ,  and f o r  which hydrographs could be i so l a t ed ,  
were used t o  cons t ruc t  a  mul t ip l e -co r re l a t ion  diagram. A t o t a l  of 30 storms of 
t h i s  na ture  were used. A storm which is t r u l y  uniform throughout t h e  a rea  both 
i n  time and r a i n f a l l  depth was found t o  be a  r a r e  occurrence.  Judgment must be 
used i n  determining what c o n s t i t u t e s  a  "reasonably uniform" storm. Table 12 
shows the  wide v a r i a t i o n  i n  ind iv idua l  rain-gage ca t ch  f o r  a  s i n g l e  storm. 

The v a r i a b l e s  t h a t  represent  t h e  antecedent  condit ions a r e  labeled the  
antecedent  p r e c i p i t a t i o n  index (API). Because the  amount and r a t e  of i n f i l t r a -  
t i o n  l a r g e l y  depends on t h i s  f a c t o r ,  a  measurement of  s o i l  moisture condi t ions  
p r i o r  t o  each storm would be d e s i r a b l e .  The API pr imar i ly  r e f l e c t s  t h e  an te-  
cedent s o i l  moisture condi t ions .  I n  computing the  API, the s o i l  moisture was 
assumed t o  be depleted a t  an exponential  r a t e  during periods of no p r e c i p i t a -  
t i o n .  The formula used f o r  computing t h e  API a t  any time i s  

where APIo i s  i n i t i a l  antecedent  p r e c i p i t a t i o n  index, 
APIt i s  antecedent  p r e c i p i t a t i o n  index t days a f t e r  t h e  APIo 

determination, and 
K i s  a  r ecess ion  f a c t o r  depending upon watershed c h a r a c t e r i s t i c s .  

S tudies  by M. A .  ~ a t i o n s a  on a  watershed near  t h i s  s tudy area  found a value f o r  
'X" of 0.80. Because t h i s  s tudy area  i s  i n  a  subhumid region, p o t e n t i a l  evapo- 
t r a n s p i r a t i o n  would be l a r g e ;  t he re fo re ,  i t  seems t h a t  0.80 i s  a  reasonable 
va lue  and i t  was used. 

Because t h e  K va lue  i s  l a r g e l y  a  r e f l e c t i o n  of the  p o t e n t i a l  evapotranspi-  
r a t i o n ,  and evapot ranspi ra t ion  i s  pr imar i ly  a  seasonal  funct ion,  API and month 

a ~ a t i o n s ,  M.  A., 1959, Mult iple  c o r r e l a t i o n  of r a i n f a l l  and o t h e r  f a c t o r s  t o  
runoff:  Unpublished Master 's Thesis ,  The Univers i ty  of  Texas, Austin, Texas. 



of t h e  year  a r e  grouped together  i n  t h e  c o r r e l a t i o n  diagram (Figure 16) .  This 
appears t o  be a  l o g i c a l  grouping of  v a r i a b l e s  a s  t h e  month of the  year  would 
a l s o  r e f l e c t  farming p r a c t i c e s  and vege ta l  cover.  

The va lue  of API, was computed by s t a r t i n g  wi th  t h e  f i r s t  storm used f o r  
a n a l y s i s  and going back i n  time t o  t h a t  s torm which would have no e f f e c t  on 
API, . The formula f o r  computing APG i s  

where P  i s  t h e  p r e c i p i t a t i o n  occurr ing  on t h e  s p e c i f i e d  da te .  P r e c i p i t a t i o n  f o r  
t h e  30-day period p r i o r  t o  i n s t a l l a t i o n  of r a i n  gages i n  t h e  s tudy a rea  was can- 
puted on t h e  bas i s  of r a i n f a l l  at  s tandard  U.S. Weather Bureau gages a t  Trickham, 
Coleman, and Brownwood. For an exac t ing  API computation, runoff  should be sub- 
t r a c t e d  from the  p r e c i p i t a t i o n  because it does n o t  add t o  t h e  r e s i d u a l  s o i l  mois- 
ture .  However, t h e  minor improvements gained do n o t  j u s t i f y  the  added computa- 
t i o n s  (Kohler, t i n s  ley, and Paulhus, 1958) ; t he re f  ore, t o t a l  p r e c i p i t a t i o n  was 
used f o r  API computations. 

Durat ion of a  s torm is defined a s  t h a t  period i n  which a t  l e a s t  80 percent  
of the  r a i n f a l l  occurred.  This  d e f i n i t i o n  i s  used because r a i n f a l l  f r equen t ly  
begins slowly o r  t ape r s  o f f  near  t h e  end of the  storm. I f  t h e  t o t a l  time of 
r a i n f a l l  f o r  such storms was used, i t  would not  accu ra t e ly  r e f l e c t  t h e  du ra t ion  
of the  runoff-producing por t ion  of t h e  storm. For storms which exhib i ted  a  
r e l a t i v e l y  cons tant  i n t e n s i t y ,  the  t o t a l  time of r a i n f a l l  was used f o r  du ra t ion .  

To ta l  storm r a i n f a l l  was computed by applying t h e  Thiessen polygon weight- 
i ng  technique.  Storm runoff ,  i n  inches, was computed from t h e  t o t a l  discharge 
f o r  each storm a s  determined a t  t h e  stream-gaging s t a t i o n ,  Mukewater Creek a t  
Trickham. Normally, t h e r e  i s  no base flow i n  t h i s  s tudy a r e a ;  therefore ,  the  
problem of  sepa ra t ing  base flow from storm runoff a t  t h e  stream-gaging s t a t i o n  
was v i r t u a l l y  nonexis ten t .  When small  flows were present  preceding t h e  storm 
analyzed, they  were subt rac ted  from t h e  s t o m  runoff .  

A g raph ica l  coax ia l  r a i n f a l l - r u n o f f  r e l a t i o n  was cons t ruc ted  us ing  da ta  
shown f o r  t h e  30 storms i n  Table 5.  The r e s u l t s  of  t h i s  r e l a t i o n  a r e  shown on 
Figure  16. Any g raph ica l  c o r r e l a t i o n  wi th  f i v e  v a r i a b l e s  r equ i re s  considerable 
t r i a l  and e r r o r  work f o r  a  s o l u t i o n .  The s o l u t i o n  shown on Figure  16 i s  by no 
means unique. A d i f f e r e n t  shape f o r  any one s e t  of curves would r equ i re  a  
change i n  shape of the  o t h e r  curves involved. The s o l u t i o n  shown i s  the  one 
which b e s t  f i t s  the da ta  obtained f o r  t h e  30 storms. Once t h e  r a in fa l l - runof f  
r e l a t i o n  has been e s t ab l i shed ,  i t  i s  comparatively simple t o  es t imate  storm 
runoff  from r a i n f a l l .  I n  order  t o  use t h i s  r a in fa l l - runof f  r e l a t i o n ,  i t  i s  
necessary t o  determine four  f a c t o r s  f o r  the  storm i n  quest ion:  API, month of  
year ,  du ra t ion  of r a i n f a l l ,  and storm r a i n f a l l .  

E f fec t s  of R a i n f a l l  D i s t r i b u t i o n  

Runoff Estimates Considering D i s t r i b u t i o n  

R a i n f a l l  t o t a l s  a t  d i f f e r e n t  gages o f t e n  show l a rge  v a r i a t i o n s  f o r  i n d i -  
v idua l  storms. For t h i s  reason, it is d e s i r a b l e  t o  account f o r  a r e a l  and time 
d i s t r i b u t i o n  of r a i n f a l l  f o r  i nd iv idua l  storms. A 2-inch s torm on one-half of 



Figure 16 

Coaxial Rainfall-Runoff Relation for Mukewoter Creek Study 

Area, Including Plot of Estimated Versus Observed Storm 

Runoff for 30 Storms Used for Correlation 

u S Geological Survey in  coap.ration with the Tciar Water Dsvslopmcnt Board 
and the US.  Soil Conservation Service 



Table 5.--Stom parameters used in constructing coaxial ra infa l l -  
runoff re la t ion  

1954 Water Year: 
Oct. 3-4 
~ p r .  12 
A p r .  27 
A p r .  30 
MBY 11 

1955 Water Year: 
May 10-11 
May 11 
June 4 
Sept. 22 

1956 Water Year: 
Apr  . 30-May 1 

1957 Water Year: 
Mar. 20 
A p r .  18-19 
Apr. 22-23 
Apr. 26 
May 11 
May 23 
June 1 
June 12 

Date of storm 

1958 Water Year: 
Feb. 22 
May 13 
June 21 
Aug. 23-24 

Duration 
of storm 

(hours) 
MI* 

(inches) 

0.21 
.01 
.39 
.52 
.38 

.14 
, 2.69 

.11 

.03 

.95 

-18 
.06 
.97 

1.19 
.81 
.87 
.50 
.21 

1959 Water Year: 
June 3-4 
J U ~ Y  21 

.70 

.22 

. lo 

.04 

1960 Water Y e a r :  
Oct. 3-4 
Dec. 31 
Jan. 4-5 
Jan. 13 
Feb. 2-3 

Storm 
WMRt 

(inches) 

12.5 
1.0 

.50 
2.0 
4.0 

1.5 
.25 

1.0 
6.0 

5 .o 

.50 
4.0 
4.0 
4.0 
1.25 
1.25 
. 50 
.40 

2.71 
2.24 

. 
Storm 
runoff 

(inches) 

14.0 
3 .O 
1.5 
5 .O 

*Antecedent precipi ta t ion index 
tweighted-mean r a i n f a l l  

.67 

.07 

.47 

.62 

.02 

3.94 
1.17 

.63 

.57 
1.12 

2.55 
.58 
.98 

2.82 

4.85 

1.02 
1.84 
1.18 
3-19 
1-51 
1.11 

.63 

.96 

2.0 
5.0 

0.49 
.11 
.07 
.08 
.16 

.70 

.26 

.17 

.46 

2.16 

.08 

.20 

.21 
1.45 

- 71 
.32 
.09 
-05 

1.58 
1.22 
2 .oo 
2.33 

24.0 
5 .o 

14.0 
2.5 
2.5 

.I5 

.O4 

.06 

.10 

2.42 
3.36 

1.20 
1.60 

4.18 
1.08 
1.31 

.86 

.89 

- 52 
.03 
.16 
-13 
.04 



a watershed along with a 6-inch storm on t h e  o t h e r  one-half of a watershed 
usua l ly  w i l l  produce a d i f f e r e n t  runoff than a 4-inch storm over the e n t i r e  
watershed, although each storm averages 4 inches.  

To evalua te  the  e f f e c t s  on runoff of  a r e a l  d i s t r i b u t i o n  of r a i n f a l l ,  the  
s tudy a rea  was divided i n t o  s i x  subareas a s  shown on Figure 3 .  Four of t h e  
subareas coincide approximately with the  drainage a reas  of f loodwater - re ta rd ing  
s t r u c t u r e s  a s  o r i g i n a l l y  proposed. Subareas 5 and 6 w i l l  be t h e  uncontrol led 
por t ion  of t h e  s tudy a rea  a f t e r  it is  developed. Plans f o r  s i t e  10A were 
revised a f t e r  computations f o r  t h i s  r epor t  were complete. According t o  revised 
plans, approximately 2.6 square miles of subarea 2 w i l l  a l s o  be uncont ro l led .  
The coax ia l  r a i n f a l l - r u n o f f  r e l a t i o n  a s  previous ly  developed us ing  uniform 
storms was assumed t o  be app l i cab le  t o  smal le r  watersheds. 

An a r i t h m e t i c  average r a i n f a l l  was computed f o r  each subarea f o r  a l l  
storms which showed a s  much a s  0.4 inch r a i n f a l l  a t  any one of t h e  subareas.  
Duration of  t h e  s tormwas  determined us ing  t h e  nea res t  recording gage o r  gages. 
Rain gages which appeared t o  be most r ep resen ta t ive  of r a i n f a l l  on each sub- 
a rea  were se l ec t ed .  

The API f o r  each subarea was assumed t o  be t h e  same a s  t h a t  f o r  t h e  e n t i r e  
watershed. Table 6 shows computations of API f o r  a l l  storms occurr ing  dur ing  
t h e  7 water  years  1954-60. Using these  da ta  and Figure 16, s torm runoff  was 
est imated f o r  each subarea f o r  each qua l i fy ing  storm during t h e  7-year period.  
Estimated t o t a l  storm runoff  was computed by s u m i n g  the  con t r ibu t ion  from each 
subarea.  Table 7 summarizes the  runoff es t imates  from each of the  s i x  subareas 
and the  est imated t o t a l  runoff f o r  t h e  water  years  1954-60. 

To check t h e  accuracy of  the  est imated runoff ,  monthly and annual runoff  
va lues  were compiled from Table 7 and compared t o  runoff a s  observed a t  the  
stream-gaging s t a t i o n .  Table 8 shows t h i s  comparison f o r  the  7-year period 
s tud ied .  Dif ferences  a r e  computed us ing  observed runoff a s  t h e  base.  The 
monthly and annual va lues  of observed runoff i n  Table 8 do not  necessa r i ly  
coincide wi th  t h e  comparable t o t a l s  a s  published i n  the  annual U.S. Geological 
Survey Water-Supply Papers.  The reason f o r  t h i s  i s  t h a t  a t  t imes hydrographs 
generated by a storm i n  one month end i n  t h e  next  month; t he re fo re ,  runoff  
t o t a l s  a r e  separa ted  i n  t h i s  r epor t ,  based on t h e  month i n  which runoff  was 
generated.  This  procedure provides a more meaningful comparison of concurrent  
runoff .  

Runoff Est imates Neglecting D i s t r i b u t i o n  

Because i t  seems t h a t  a r e a l  d i s t r i b u t i o n  of r a i n f a l l  would be an important 
f a c t o r  i n  the  r a i n f a l l - r u n o f f  r e l a t i o n ,  a s tudy was made t o  determine whether 
t h e  inc lus ion  of t h e  a r e a l  d i s t r i b u t i o n  v a r i a b l e  would produce r e s u l t s  which 
were s i g n i f i c a n t l y  more accura t e  than est imated runoff obtained by neg lec t ing  
t h i s  v a r i a b l e .  I f  t h e  a r e a l  d i s t r i b u t i o n  is neglected,  runoff may be est imated 
by us ing  weighted-mean r a i n f a l l  f o r  t h e  e n t i r e  s tudy a rea  and an average dura- 
t i o n  based on a l l  recording r a i n  gages wi th in  the  s tudy a r e a .  Runoff was e s t i -  
mated from Figure 16 f o r  t h e  e n t i r e  period of record fol lowing t h i s  procedure. 

Storms used i n  t h i s  s tudy were the same a s  those used f o r  the  es t imates  
made considering r a i n f a l l  d i s t r i b u t i o n  on s i x  subareas.  Table 9 shows the 
est imated runoff from each storm neglec t ing  r a i n f a l l  d i s t r i b u t i o n .  Table 10 



Table 6.--Antecedent precipitation index (=I) computatione 

I I I I I I I I I M I  
+ + 

Date of stam. WM3 t Kt API -WMR Date of storm L W  t K~ API hWX 
(inches) (days) ( i n c ~ e s )  (inches) 







Table 7.--Runoff estimates f o r  a t u d ~  area using s i x  subarea8 f o r  all s t o m a  where avcrogc m l n f a l l  on srly subsrrs exceeded 0 . 4 ~  inch 

1954 WATEU YEBR 

1955 WATER YFAF 

Total  
(sc-rk) 

Dxte 
or  

slonm 
&PI* 
(in) 

1454 
Oct.  5 

27 
Nov. 14 

1955 
Jan. 9 
~ e b .  4 
Mer 13 

18 
A p r .  11 
May 1 0 - u  

11 
16-17 

1 1  
18-19 

June 4 
6 
8 

14-15 
July 1 5  

16-r7 
17-18 

RUE. 9 
18 
30 

Cept.10-11 
22 
24 

*Antecedent 

subarea 1 1 ~ubsrca 2 ~ubarca 6 
nva. nurs- b~t imt<:( i  ~ u g .  Dura- ~ a t l m a t e d  L xs,,inah, 

9 6  
1.10 
1 .15 

-52 
.85 
-56 
.03 
.81 

1.33 
.41 
. c n  

1'16 
7 4  

1.12 
.78 
,136 

1.47 
.24 

1 . 8 1  
1.43 

.14 

.23 

.55 

.42 
2.67 

-45 
precipi ta t ion  

.05 

.Ol 

.07 

0 3  
.07 

0 
. I0  
1 2  
1 4  

2 69 
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Table 7.--Runoff rest1msti.s for atudy nrca unlng S I X  aubnreao f o r  all itormB vhcrc average r a i n f n l l  on any auhsrea axcrsdid 0.40 inch--Continued 

subarea 1 
Dete A v r .  Dura- Estimated Avg. Dura- E:aiiniated 
of ~ 2 1 %  r a i n  t l o n  runole 
;tor. (in) (in) (hr) (in) lac-rt 

1916 
Oct .  1 5  . O 1  7 2 .  0 0 6 7  2.5 0 0 .73 2.5 0 .74 2.5 0 

18 .36 .8li .50 .05 26 1.02 .50 .11 93 .93 .50 .@I 1:. .79 . 5 C  
30 .o!, 6 3  2.0 0 0 .01  2 . 0  0 0 .66 2.0 0 0 .99 2.0 

NO". 2 ,411 .I:. 1 . 0  0 0 .24 1 . 0  0 0 .22 1.25 0 0 .35 .5C 
11 ,118 .79 1 . 5  . l o  52 .67 2.0 .04 34 .76 2.0 .07 15 .55 2.5 

~ ~ ~ . 1 8 - 1 9  . 0 1  .9c l36 .0  o 0 .97 36.0 0 0 1 .02  36.0 0 0 1.12 36.0 

1957 
rrb. 16 . i 4  1.53 8.0 0 0 .48 8.0 0 0 .56 8.0 0 0 .60 8.0 
Mhr 10 .01  .42 1 . 5  0 0 .b9 1.5 0 0 .40 1.5 0 0 .45 1.5 

20 .18 .77 .50 .14 73 .98 .50 .22 187 .74 .50 .14 30 .74 .5C 
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1 9 7  WATER YEAR.--Continued 
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0 

0.50 
1 . 5  
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0 
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0 
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0 
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.57 

0.75 
1 . 5  

.40 
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 able 8.--Comparison of estiroated ard obserTe3 rmoff, i n  inckes,for study area. Esticated runoff kasei 
or. six 5110areas 

1954 Water year 
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1956 Gihter Year 

m y  Oct. 
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Sept.  Feb. 

1937 Wetter Year 

Water 
gear 3un.e Nov. 

0 
0 
0 

4.35 
L.39 
-.24 

July Mar. 
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1.12 
t .04  

.48 

.JO 
-.02 

2.21 
2.28 
-.07 
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Apr.  Dec. 

0.12 
. l7  
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0.13 
-17 

-.04 
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Difference 

.04 

.o6 
-.02 

Jan. 

0.02 * 
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0.04 
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.01 
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Obsewed 
Difference 

0 
0 
0 
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0 
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. O 1  
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0 
0 

* 
.05 
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* 
x 
* 

0 
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Observed 
Difference 
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.12 
0 

7-Year Totals 

.02 
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0 
0 
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.2g 

.23 
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. O 1  4.62 

.01 4.23 
0 +.34 

0 
0 
0 

0 
0 
0 

.OY 

.07 
+.02 

.C3 

.04 
-.01 

* 
* 
* 

* Less than 0.01 inch. 
Note.--Eifference based on observed runoff 
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. o i  
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t .04 

.25 
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2.96 
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t . 0 4  
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0 
c 
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.01 
+.a1 

.56 

. j4 
t.02 

.22 

.17 
+.05 

4 ,  W 
4.97 
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Estimeted 
Observed 
Difference 

3 
0 
0 

.o@ 

. l 7  
-.a9 

9 
0 
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.01 
0 
+.01 

. 0 j  
. O i  

-.02 

4.03 
3.48 
+.55 

.03 

.03 
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0 
o 
0 

. O 1  

4.01 

1.26 
1.23 
t .03  

c 
0 
0 

11 
.12 

1 

0 
+ 

* 
.03 
.03 

0 

.25 

.36 
-.I1 

.08 

.14 
-.06 

.24 

.O? 
+.1j 

.47 

.1g 
+.28- 

.O3 

.04 
-.ol 

.16 

.27 
-.il 

.29 

.ll 
+.la 

.kg 

.41 
+.OE 

4.95 
L.87 
+.08 

.36 

.07 
+.29 

0 
0 
0 

.15 

.10 
+.05 

* 
0 
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1.17 
.77 
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Table 9.--Runoif estimates for rtvdy area ba.ed on mighted-an rainfall  



Table 10.--Comparison of est<mated m.d o5served r,moff, in  inches, for  stuay ire?.. Runoff estimates 
based on weightedarean r a i n f a l l  

~ ~ - ~ - 

1955 Water Year 

1gJk Water Year 

Oct. 

1956 ijater Year 

Aug. 

0 1.12 
C 1.12 
0 0 

f s t L a t e d  
Observed 
J i f ference 

No*. Sept.  

1557 ijater Year 

0.49 
.5C 

-.01 

.50 

. j0  
0 

Estimated 
observed 
Difference 

Estimated 
Observed 
Difference 

Dec. 

4.43 
4.59 
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0 
* 
* 

~ ~ t i - t ~ d  
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.g0 

.92 
0 

3 0 
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3 0 
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0 
3 
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0 
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.oe 
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t . 0 2  
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4.28 
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0 2.12 
.01 2.28 

- .GI -.16 

0 
0 
0 

0 1.11: 
0 .77 
0 +.37 

.12 

.12 
o 

* Less than 0.01 inch. 
Note.--Difference based on observed r m o f f .  
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2.01 
t.01 

Sstinated 
Observed 
Difference 
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7-Year Totals 
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3 
0 
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0 

. O 1  
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.09 
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.04 
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.43 
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+.24 
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2.0L 
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* 
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.01 
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* 
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0 
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i s  a  comparison of the  est imated runoff and observed runoff f o r  the  7-year 
period. Dif ferences  were computed using observed runoff a s  the base.  

Comparison of Rainfall-Runoff Est imates 

I n  order  t h a t  the est imated runoff by t h e  above two procedures and the  
observed runoff may be compared, the  r e s u l t s  a r e  presented g raph ica l ly  on Fig-  
ure  17.  The f i g u r e  shows t h a t  the est imated runoff by e i t h e r  procedure gener- 
a l l y  shows a  f a i r  degree of c o r r e l a t i o n  on a  monthly b a s i s .  Tables 8  and 10 
show good agreement on an annual b a s i s  and e x c e l l e n t  agreement f o r  the  7-year 
t o t a l  runoff .  To ta l  runoff f o r  t h e  7-year period was est imated wi th in  1 per- 
cent  and 3  percent ,  r e spec t ive ly ,  by t h e  WMR and s i x  subarea methods. No s i g -  
n i f i c a n t  improvement i n  r e s u l t s  was noted when a r e a l  d i s t r i b u t i o n  was con- 
s idered ,  i n d i c a t i n g  t h a t  t h i s  f a c t o r  i s  n o t  a s  s i g n i f i c a n t  f o r  t h i s  s tudy a rea  
a s  i t  was thought t o  be. Some improvement was noted f o r  small ,  very  unevenly 
d i s t r i b u t e d  storms when perhaps only a  small  po r t ion  of t h e  s tudy area  cont r ib-  
uted runoff .  For storms of  t h i s  na ture ,  WMR would i n d i c a t e  no runoff .  How- 
ever ,  storms of t h i s  na ture  genera l ly  con t r ibu te  small  amounts of  runoff ,  
u sua l ly  l e s s  than 0.02 inch.  

WATER BUDGET OF THE STLmY AREA 

Proper watershed planning n e c e s s i t a t e s  the  determinat ion of f a c t o r s  which 
comprise t h e  water  budget of  the  watershed over  a  r ep resen ta t ive  c l i m a t i c  cyc le  
t h a t  inc ludes  a n  extended drought,  extreme flood flows, and periods of ord inary  
runoff .  A water  budget i s  an accounting f o r  the  water  which e n t e r s  and leaves 
a  watershed. The s tudy a rea  water  budget used i s  of the  form 

where C i s  s tudy-area conslnnption 
R i s  weighted-mean r a i n f a l l  over t h e  s tudy area,  and 
Q i s  flow of water out  of t h e  watershed. 

I n  t h i s  s tudy a rea ,  t he re  i s  no base flow; therefore ,  Q i s  runoff a t  the  stream- 
gaging s t a t i o n .  Equation 6  may be r ewr i t t en  a s  

where Qs i s  su r face  runoff  a s  recorded a t  t h e  stream-gaging s t a t i o n .  

With a  rain-gage dens i ty  of  one gage per 3.7 square miles  and continuous 
record of streamflow o u t  of t h e  s tudy a r e a ,  the  f a c t o r s  R and Qs can be d e t e r -  
mined with a  high degree of accuracy. Consumption encompasses many f a c t o r s  
inc luding  evaporat ion,  t r a n s p i r a t i o n ,  i n f i l t r a t i o n ,  and ground-water flow out  
of  the  s tudy a rea .  For t h i s  s tudy,  consumption (C) i s  defined a s  the  d i f f e r -  
ence between r a i n f a l l  and runoff and no a t tempt  was made t o  sepa ra t e  the 
var ious  f a c t o r s .  

Table 11 shows the  s tudy area  water  budget f o r  the  period October 1951 to  
September 1960. Table 11 shows t h a t  average consumption f o r  the  9  water  years ,  
1952-60, was 177.33 inches o r  89.3 percent  of the  198.47 inches of r a i n f a l l .  
However, t h i s  9-year average consumption may not be r ep resen ta t ive  of the  long- 
term average consumption a s  t h e  period 1952-56 was a  period of r e l a t i v e  drought.  





T ~ ~ I ~  I I . - - w s ~ ~ ~  budget for meuarer Creek study area 

1952 water year 1956 water rear.--continued 



Figure 18 is a g raph ica l  p re sen ta t ion  of t h e  water  budget wi th  t h e  d i f f e r -  
ence between monthly r a i n f a l l  and runoff being t h e  monthly consmption.  

For t h e  9 water  years ,  1952-60, annual consumption expressed a s  a percent-  
age of annual r a i n f a l l  ranged from a minimum of 82.0 percent  i n  1957, t o  a max- 
imum of 97.3 percent  i n  1958. It is i n t e r e s t i n g  t o  note  t h a t  f o r  these  2 years  
the  t o t a l  annual r a i n f a l l  was almost i d e n t i c a l ,  d i f f e r i n g  by l e s s  than 1 per- 
cen t .  Also of  i n t e r e s t  i s  the  f a c t  t h a t  during 1956, the  d r i e s t  year  of t h i s  
record,  the  consumption was 82.2 percent ,  very near  t h e  minimum, whereas the  
maximm percentage consumption occurred dur ing  one of t h e  w e t t e s t  of t h e  9 
years .  Phenomena such a s  these  a r e  qu i t e  conanon i n  t h e  western p a r t  of  Texas 
and c l e a r l y  i l l u s t r a t e  t h e  f a c t  t h a t  the  percentage of runoff  i n  t h i s  a rea  i s  
heav i ly  dependent upon t h e  d i s t r i b u t i o n  of r a i n f a l l  throughout each year  r a t h e r  
than upon annual t o t a l s .  

SUMMARY AM) CoNCLUsIONS 

The rain-gage d e n s i t y  ana lyses  i n d i c a t e  t h a t  approximately t h e  same ra in -  
f a l l  t o t a l s  f o r  the  70-square-mile a rea  could be obtained wi th  considerably 
fewer gages; however, i t  i s  necessary t o  maintain t h e  present  rain-gage network 
f o r  d e t a i l e d  s t u d i e s  of  t h e  watershed. 

The flood-frequency a n a l y s i s  f o r  t h i s  s tudy compares reasonably w e l l  wi th  
t h e  r eg iona l  flood-frequency a n a l y s i s .  The d i f f e r e n c e  i n  the  curves may be 
a t t r i b u t e d  t o  two f a c t o r s ;  namely, t h a t  t h e  period of record f o r  the  Kukewater 
Creek s tudy a rea  i s  too s h o r t  f o r  an adequate a n a l y s i s ,  and t h e  r eg iona l  f r e -  
quency curve i s  l a r g e l y  based on a n  ex t r apo la t ion  of da t a  from l a r g e r  water- 
sheds. 

No d e f i n i t e  conclusions can be drawn from t h e  ana lyses  of the u n i t  hydro- 
graphs f o r  t h i s  a rea ,  probably because of i n s u f f i c i e n t  da ta  and low runoff 
during t h e  period of record.  High runoff storms, which a r e  des i r ab le '  f o r  u n i t  
hydrograph s t u d i e s ,  a r e  inf requent  i n  t h i s  a rea .  

The r a in fa l l - runof f  r e l a t i o n  derived i n  t h i s  r e p o r t  i n d i c a t e s  t h a t  m n t h l y  
and annual runoff may be r e l a t e d  t o  r a i n f a l l  and o t h e r  f a c t o r s  wi th  a high 
degree of confidence f o r  watersheds of t h i s  s i z e .  The est imated runoff ana- 
lyzed f o r  t h e  7 water  years ,  1954-60, compared very  c l o s e l y  wi th  t h e  a c t u a l  
runoff .  The runoff est imated by the  two methods was wi th in  1 percent  and 3 per- 
cen t  of the  7-year t o t a l ,  i n d i c a t i n g  t h a t  runoff over a longer  time period may 
be est imated with cons iderable  confidence,  The inc lus ion  of a r e a l  d i s t r i b u -  
t i o n  of  r a i n f a l l  a s  a f a c t o r  inf luencing  the  runoff does not  increase  the  
accuracy of runoff  es t imates  except f o r  a few storms wi th  i n s i g n i f i c a n t  runoff .  

The water-budget s tudy showed t h a t  during t h e  9 water  years ,  1952-60, con- 
sumption was 89.3 percent  of r a i n f a l l .  The s tudy a l s o  showed conclus ive ly  t h a t  
percentage of runoff is  heav i ly  dependent upon time d i s t r i b u t i o n  of r a i n f a l l  
r a t h e r  than  annual t o t a l s .  





RECOMMENDATIONS AND COMMENTS 

Recomnendations regarding t h i s  and o t h e r  small  watershed inves t iga t ions  
a r e  a s  follows: 

1. The da ta -co l l ec t ion  program f o r  t h e  period was adequate and the  pro- 
j e c t  was w e l l  managed. However, i n  using t h e  r a i n f a l l  records f o r  r a i n f a l l -  
runoff ana lyses ,  t h e  time d i s t r i b u t i o n ,  both i n t e n s i t y  and storm period, a r e  
q u i t e  important.  Records from recording  gages a r e  t h e  bas i s  f o r  s epa ra t ing  
s torm t o t a l s  f o r  nonrecording gages. The rain-gage d e n s i t y  ana lyses  i n  t h i s  
r epor t  pointed o u t  t h a t  approximately the  same t o t a l  r a i n f a l l  could be obtained 
from fewer gages. I n  t h i s  watershed, it i s  necessary t o  maintain the  present  
network because t h e  s tudy a rea  w i l l  be subdivided i n t o  smal le r  subareas i n  
f u t u r e  s t u d i e s  a f t e r  the  cons t ruc t ion  of f loodwater - re ta rd ing  s t r u c t u r e s .  

I n  view of the  importance of time d i s t r i b u t i o n  and the r e s u l t s  of the  
rain-gage dens i ty  ana lyses ,  it i s  recommended t h a t  i n  f u t u r e  s t u d i e s  of small  
watersheds where no a d d i t i o n a l  development by bu i ld ing  f loodwater - re ta rd ing  
s t r u c t u r e s  i s  planned t h e  number o r  dens i ty  of recording r a i n  gages be 
increased and the  t o t a l  rain-gage dens i ty  be decreased.  

2 .  There should be adequate provision f o r  ins t rumenta t ion  of proposed 
f loodwater - re ta rd ing  s t r u c t u r e s  i n  order  t o  determine evapo t ransp i r a t ion  and 
seepage l o s s e s .  S tudies  of t h i s  type r equ i re  both adequate ins t rumenta t ion  
and accura t e  a rea-capaci ty  curves and outflow r a t i n g s  f o r  t h e  s t r u c t u r e s .  

3. Data c o l l e c t i o n  should be continued f o r  a  s u f f i c i e n t  period of time 
a f t e r  watershed development t o  in su re  t h a t  the  e f f e c t s  of watershed development 
may be evaluated throughout a n  extended c l i m a t i c  cyc le  t h a t  inc ludes  a n  
extended drought, a  major flood and runoff year ,  and a  group of years  where 
ord inary  runoff occurs .  

4 .  A f t e r  s u f f i c i e n t  da ta  have been co l l ec t ed  i n  a  post-development s t age  
of t h e  s tudy area ,  a  r e p o r t  should be prepared eva lua t ing  the  e f f e c t s  of water- 
shed development. The r a i n f a l l - r u n o f f  r e l a t i o n  i n  t h i s  r epor t  should be used 
a s  an a i d  i n  t h i s  s tudy.  

5.  The p o s s i b i l i t y  of  determining a  r a i n f a l l - r u n o f f  r e l a t i o n  such a s  the 
one i n  t h i s  r e p o r t  should be inves t iga t ed  f o r  o t h e r  watersheds on which r a i n -  
f a l l  and runoff records a r e  a v a i l a b l e .  I f  t h e  r a i n f a l l - r u n o f f  r e l a t i o n  could 
be determined a s  a  r eg iona l  c h a r a c t e r i s t i c ,  i t  would be a  va luable  t o o l  i n  
e s t ima t ing  runoff from ungaged a r e a s  where only r a i n f a l l  da ta  a r e  a v a i l a b l e .  

6.  Fu r the r  i nves t iga t ions  should be i n i t i a t e d  t o  determine a  cha rac te r -  
i s t i c  u n i t  hydrograph f o r  t h e  s tudy a r e a .  This would r equ i re  a  more r igorous  
a n a l y s i s  than t h a t  included i n  t h i s  r e p o r t .  
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Rein gases ins ta l l ed  i n  September 1953 

Table 12.--Sumary of r a in fa l l ,  i n  inches, fo r  Mukewater Creek study area, October 1953 t o  septemher 1960 

 ate of storm 

1953 
Oct. 3 

3-11 
23 
29 

Monthly Totals 

No". 4 
19 

SLorm 

0.20 
3.94 

.12 

.35 

4.61 

. 1 4  

.18 

Gage Number 

VI 
m 

Fch. 2 

1-8 

Mar. 4 
5 

24 

MonthlyTotals 

Apr. 12 
12 

22-23 
27 
30 

ManthlyTotals 

0.21 
3.74 

. lo  

.20 

4.25 

.12 

.26 

0.21 
3.42 

.09 

.20 

3.92 

.26 

.21 

.04 

.05 

.90 

0.99 

1.17 
.OR 
. O l  
.63 
.57 

3.26 

2-5 

0.16 
3.46 
.11 
.28 

4.01 

.15 

.37 

4-8 3-5 

0.25 
4.05 

.06 

.24 

4.60 

.23 

.18 

0.20 
3.54 

.24 

.26 

4.24 

.14 

.32 

.12 

.13 

.25 

0.50 

1.25 
.12 

1.68 
.55 
.57 

4.17 

>-R 

0.32 
5.12 

.OY 

.38 

5.91 

.17 

.18 

0 
0 

.21 

0.21 

1.00 
t race 

.66 

.50 

.31 

2.47 

6-S 

0.15 
3.53 

. l o  

.30 

4.08 

.18 

.24 

.03 

.02 

.64 

0.69 

1.35 
.17 

1.17 
.72 
.'70 

4.11 

7-S 

0.26 
4.29 

. l o  

.41 

5.06 

.12 

.17 

.01 

.01 

.50 

0.52 

1.27 
trace 

1.60 
.7> 
.60 

4.22 

8-5 

.10 

. 1 5  

.g9 

1.24 

2.00 
.15 
.go 
.'70 
.66 

4.41 

0.18 
3.82 

.a7 

.25 

4.32 

.08 

.25 

9-R 

0.26 
4.23 

. lo  

.40 

4.99 

.14 

.14 

.04 

.05 

.82 

0 .91 

1.12 
.18 
.50 
.47 
.53 

2 . a  

0.15 
3.50 

.08 

.35 

4.00 

. LL 

.15 

10-9 

0.17 
4.08 

. lo  

.34 

4.69 

.LO 

. l9  

0.17 
4.09 

.14 

.44 

4.04 

.12 

.17 

. O 1  

.01 

.74 

0.76 

.95 
trace 

.47 

.64 

.69 

2.75 

11-R  

0.18 
4.11 

.18 

.41 

4.88 

. l2  

.12 

.02 

.03 

.82 

0 .W 

6 
trace 

.53 

.69 

.73 

3.60 

1 2 4  

.13 

.12 

.95 

1.20 

1.14 
.18 
.YO 
.80 

1 . 0  

4.07 

0.16 
3.77 

.12 

.38 

11.113 

.13 

.12 

13-5 

0.17 
3.98 
.u 
.44 

4.70 

.12 

. l o  

0.19 
4.35 

.22 

.44 

5.20 

.13 

.ll 

.03 

.04 

.97 

1.04 

.99 

.14 

.61 

.47 

.ge 

2.79 

14-5 

0.17 
3.89 

. lo  

.44 

4.60 

.12 

.12 

.13 

. 2 1  
1.13 

1.47 

1.40 
.03 
.60 
.62 

1.05 

3.70 

0.19 
4.39 

.12 

.50 

5.20 

.14 

. l l  

15-3 

.O1 

.01 

.73 

0.75 

.88 

.05 

.54 

.55 

.66 

2.68 

16-5 

.02 

.04 
1.12 

1.18 

1.02 
.18 
.61 
.40 
.68 

2.89 

17-5 

. O l  

.02 

.80 

0.83 

1.21 
.07 
.s7 
.51 
.38 

2.74 

18-5 

. O l  

.01 

.74 

0.76 

.76 

.07 
,55 
-56 
.30 

2.24 

19-S 

.03 

.04 
1.53 

1.60 

.87 

.06 

.54 

.53 

.32 

2.32 

.O1 

.01 
1.39 

1 1  

1.35 
.06 
.62 
.'79 
.45 

3.27 

0 
0 
1.45 

1.45 

.64 

.05 
1.22 
1.08 

.22 

3.21 

.01 

.02 
1.67 

1.70 

.90 

.06 

.81 

.77 

.30 

2.84 



Table 12.--Summary af rainfall, in inches, far Mukewater Creek study area, October 1953 to September 1960--Continued 
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Table 12.--Summary of' r a in fa l l ,  in inches, for Mukewater Creek study area, October 1953 t o  September 1960--Continued 

I 

VI 
m 
I 

Monthly To.tals 6.67 1.5-1 6.33 6.19 5 .  8.04 6.66 .1.63 '1.80 6.44 5.27 7.55 7.89 6.03 6.23 '7.22 5.75 6.93 7.02 6 .71 



Table 12.--Sumnary of ra in fa l l ,  in inches, Por Mukewater Creek stuiiy area, October 1953 t o  September 1960--Continued, 

Dateofstorm 

1955 
June 4 

5 
6 
8 
9 

14-15 
1 5  
29 

Monthly Totals 

July 12 
15 

16-17 
17-18 
18 
23 

MonthlyTotals 

Aug. 9 
10 
11 
12 
18 
21 
28 
30 

Storm 

0.98 
.08 
.76 
.67 
.16 

1.16 
.14 
.02 

3.97 

.06 

.31 
2.16 
1.44 

.14 

.04 

4.15 

.14 

.05 

.03 

.07 

.35 

. I 5  

.13 

.71 

Oct. 5 
6 

Monthly Totals 

1-R 

1.05 
0 

.35 

.70 

.o8 
1.10 

.10 

.05 

3.63 

.08 

.10 
1.36 
1.55 

.35 

. l o  

3.54 

0 
.27 
. l l  
.94 
.12 
. I5  

0 
.34 

*No"-recording r a i n  gaRc a t  s i t e  17 exchanged with recordFng rain gage a t  s i t e  l y ,  June 29, 1955. 

.03 

.01 

0.04 

2-S 

1.34 
0 

.21 

.?0 

.07 
1.55 

.10 
0 

4.17 

.01 

.14 
2.17 
1.49 

.14 
trace 

3.95 

.49 

.20 
0 
0 

.63 
0 
0 
1.50 

trace 
trace 

t race 

3-8 

0.85 
0 
1.03 

.88 

. l o  
1.74 

.13 
1 

4.811 

0 
.52 

2.65 
1.12 

.06 

.03 

4.38 

.42 
0 

.08 
0 

.42 

.10 
0 

.69 

trace 
0 

trace 

4-8 

1.45 
0 

.76 
1.00 

.11 
1.58 

.09 

.05 

5.04 

0 
.10 

1.41 
1.61 

.36 

.02 

3.50 

o 
0 
0 
0 

.16 

.21 
0 

.62 

. O 1  
0 

0.01 

5-R 

1.50 
0 

.23 
1.03 

.OR 
1.76 

.10 
t race 

4.70 

.15 

.10 
1.60 
1.10 
.ll 
.16 

3.22 

.12 

.O5 
0 
0 

.36 
0 
0 

.50 

.03 
0 

0.03 

6-5 

1.30 
0 

.20 

.82 

.07 
1.41 
.11 
.02 

3.93 

. l5  

.14 
2.20 
1.51 

.15 
0 

4.15 

.08 

.04 
0 
0 

.26 
0 
0 
1.09 

t race 
.12 

0.12 

7-8 

0.93 
0 
1.12 

.85 

.09 
1.67 

.05 
0 

4.71 

t race 
.56 

2.84 
1.20 

.OS 
0 

4.65 

.65 
0 

.12 
0 

.34 

.09 
0 

.20 

. O l  
0 

0.01 

8-S 

1.35 
0 

2 
.91 
.07 

1.56 
.08 

0 

4.18 

.05 

.13 
2.07 
1.42 

.I5 

.01 

3.83 

0 
0 
0 
0 

.34 
0 
0 

.38 

trace 
O 

trace 

Gage 

9-R 

0.95 
0 
1.15 

.70 

.07 
1.38 

.08 

.20 

4.53 

0 
.49 

2.50 
1.06 

.05 
t race 

4.10 

.55 
0 

.10 
0 

.40 

.10 
0 
0 

trace 
t r w e  

trace 

Number 

10-S 

1.46 
0 

.23 

.88 

.07 
1.51 

.17 
0 

4.32 

.42 

.15 
2.44 
1.68 

.16 
o 

4.85 

.07 

.03 
0 
0 
.U 

0 
0 
2.54 

trace 
o 

trace 

114 

0.84 
0 
1.01 

.58 

.06 
1.1 

.06 
0 

3.69 

.02 

.56 
2.86 
1.21 

.06 
0 

4.71 

.28 
0 

.05 
0 

.46 

.12 
0 

.17 

trace 
0 

t race 

12-5 

0.76 
0 

.93 

.44 

.04 

.87 

.12 
0 

3.16 

.02 

.56 
2.86 
1.21 

.06 

.01 

4.72 

.14 
0 

.02 
0 

.70 

.17 
0 

.13 

t r sce  
0 

t race 

1 3 4  

0.67 
.21 
.98 
:7l 
.38 

1.19 
.06 

0 

4.20 

.23 

.38 
2.30 
1.71 

.13 
0 

4.75 

0 
.08 

0 
0 

.14 

.O9 

.95 
2.50 

14-S 

0.58 
.18 
.85 
.57 
.30 
.94 

trace 
0 

3.42 

. o l  

.36 
2.16 
1.60 

1 2  
.10 

4.35 

0 
0 
0 
0 

.20 

.14 

.22 

.57 

t race 
0 

t race 

1 5 4  

0.82 
.25 

1.20 
.31 
.17 
.52 
.29 

0 

3.56 

0 
.35 

2.08 
1.54 

.12 
0 

4.09 

0 
0 
0 
0 

.74 

.50 

.02 

.05 

.Ol 
0 

0.01 

16-5 

0.56 
.17 
.82 
.51 
.27 
.85 
.L2 

0 

3.30 

. O l  

.40 
2.41 
1.78 

.14 
0 

4.74 

0 
0 
0 
0 

.26 

.17 

.51 
1.34 

. O 1  
0 

0.01 

*IT-s 

0.61 
. l g  
.go 
.31 
.17 
.52 
.36 

t race  

3.06 

0 
.40 

2.40 
1.78 

.14 

.16 

4.88 

0 
.08 

0 
0 

.31 

.21 

.22 

.58 

. O l  
trace 

0.01 

1 8 4  

0.78 
.24 

1.14 
.25 
.13 
.41 
.36 

0 

3.31 

0 
.23 

1.38 
1.03 

.08 
0 

2.72 

0 
0 
0 
0 

.72 

.50 

.08 

.22 

x19-R 

0.65 
.20 
.g5 
.15 
.08 
.25 
.40 

0 

2.68 

.06 

.40 
2.40 
1.78 

.14 

.20 

4.98 

0 
.14 

0 
0 

.PO 

.13 

.25 

.67 

.10 
0 

0.10 

.15 
trace 

0.15 

.13 
0 

0.13 

.08 
0 

0.08 





Table 12.--Su-aryof r a i n f a l l ,  i n  inches, f o r  Mukewater Creek study area, October 1953 t o  September 1960--Continued 

Dec. 6 
15-19 

Monthly Totals 

1957 
Jan. 3 

23 
25 
30 
31 

MonthlyTotals 

.20 
1.06 

1.26 

.12 

.ll 

.11 

.04 

.30 

0.68 

.49 
1.15 

1.64 

.12 

.08 

.10 

.05 

.39 

0.74 

.35 
1.05 

1.40 

.LO 

.10 

.09 

.06 

.LO 

0.75 

.25 

.82 

1.07 

.10 

.09 

.09 

.05 

.38 

0.71 

.41 

.98 

1.39 

. lo  

.09 

.11 

.05 

.41 

0.76 

.10 
1.13 

1.23 

.13 

.10 

.10 

.04 

.27 

0.64 

.36 
1.17 

1.53 

.ll 

.10 

.09 

.05 

.33 

0.68 

.25 
1.07 

1.32 

.12 

.09 

.08 

.05 

.36 

0.70 

.22 
1.18 

1.40 

.13 

.11 

.10 

.05 

.36 

0.79 

.16 

.94 

1.10 

.12 

.08 

.08 

.04 

.31 

0.63 

.15 
1.08 

1.23 

.15 

.11 

.11 

.04 

.29 

0.70 

.11 

.95 

1.06 

.10 

.10 

.09 

.04 

.30 

0.63 

.17 

.92 

1.09 1 

.11 

.14 

.13 

.04 

.31 

0.73 

.17 
1.15 

1.32 

.15 

.14 

.13 

.04 

.29 

0.75 

.24 
1 .13 

1.37 

.12 

.13 

.12 

.04 

.27 

0.68 

.12 

.99 

1.11 

.12 

.12 

.11 

.03 

.26 

0.64 

.03 
1.09 

1.12 

1 7  
.13 
.13 
.03 
.20 

0.66 

.05 
1.05 

1.10 

.12 

.12 

.12 

.02 

.15 

0.53 

.07 
1.06 

1.13 

.12 

.14 

.13 

.03 

.23 

0.65 

.03 
1.05 

1.08 

.13 

.14 

.13 

.o2 

.17 

0.59 



Table 12.--Summary of ruini'all, in incilcs, i'ar MukcwilLer Crcclc study erea, October 19',3 Lo Scptcmbcr 1960--Continued 

Storm 
nnteofstarm WMR 1-R 2-8 3-5 4-5 2-R 6-S '(-5 

Mar. 10 . j1 .42 .39 .40 .43 .47 .46 .3B 
17 .01 0 c .01 .Ol o .01 trace 
20 .12 .oj .15 .lo .04 .14 .21 .LO 
20 1.02 .89 .67 .'73 .68 .65 .96 .71 
31 2 .09 .20 .25 .2G .20 .19 .22 

Apr. 3 
12-13 
18-19 
22-23 
24 
211 
28-29 
29 
30 

Gaee Number 



Date aE storm 

1957 
June I 

Monthly T o t a l a  

Ju ly  9 
2 1  
22 
23 
26 

Monthly T o t a l s  

A"&. 2 
5 

I Monthly T o t a l s  

m 
W s e p t .  3 

7 
I 11 

2 1  
25 

Monthly Tota le  

1917 WAWR 
YEAR TOTALS 

o c t .  8 
13 . 
1 4  
1 5  

21-22 
22 

Monthly T o t a l s  

Table 1 2 . - - S m a r y  of rainfall, i n  inches, fo r  Mukewater Creek s tudy  area, October 1953 t o  September 1960--continued 
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Table  12.--Sumnary of r a i n f a l l ,  i n  inches, fo r  Mulewater Creek study area, October 1953 t o  September 1960--Continued 

D a t e o f s t o r m  

1958 
Mar. 1 

4 
5 
6 
8 

12 
18 
22 
25 
28 

MonthlyTotals 

Storm 
WMR 

0.31 
.17 
.12 
.67 
.16 
.48 
.06 
.30 
.20 
.02 

2.49 

July 6 
20 
22 

M o n t l ~ l ~ T o t a l s  

Gage Number 

1-R 

0.30 
.13 
.40 
.20 
.05 
.17 
.30 
.50 
.06 

0 

2.08 

.12 

.10 

.38 

0.60 

22S 

0.33 
.27 
.06 
.5h 
.09 
.42 
. 1 4  
.60 
.06 
.02 

2.53 

.04 

.2> 

.22 

0 .51  

3 4  

0.27 
.09 
.23 
.44 
.14 
.36 

0 
.66 
.15 
.02 

2.36 

.06 
0 

.33 

0.39 

4-5 

0.29 
.13 
.38 
.40 
. lo  
.35 
.29 
.48 
.06 

t race 

2.48 

. I8  

.24 

.17 

0.59 

5-R 

0.30 
.25 
.05 
.55 
.09 
.28 
.10 
.44 
.05 

0 

2.11 

.06 

.30 

.27 

0.63 

6-5 

0.29 
.24 
.05 
.76 
.12 
.54 
.06 
.28 
.04 

0 

2.38 

.05 
0 

.36 

0.41 

7-S 

0.31 
.10 
.26 
.60 
.20 
.51 

0 
.62 
.14 
.02 

2.76 

. 2 1  
0 

9 

0.70 

8-8 

0.33 
.27 
.05 
.81 
.13 
.58 
.09 
.41 
.05 
.05 

2.77 

.04 

.18 

.13 

0.35 

9-R 

0.25 
.08 
.21 
;60 
.20 
.45 

0 
.45 
.lo 

0 

2.34 

.10 
0 

.42 

0.52 

10-S 

0.27 
.23 
.04 

1.02 
.17 
.56 
.09 
.40 
.04 
.03 

2.85 

.05 
2 5  
.18 

0.48 

11S 

0.25 
.08 
.22 
.87 
.29 
.53 

0 
. 50 
.11 
.04 

2.89 

.25 
0 

.59 

0.84 

12-8 

0.24 
.08 
.19 
.91 
.30 
.52 

0 
.45 
. lo  
.03 

2.82 

.02 

.26 

.10 

0.46 

13-S 

0.36 
.20 

0 
.84 
.19 
.57 

0 
0 

.44 

.03 

2.63 

.05 

.50 

.36 

0 .91 

14-S 

0.35 
. l 9  

0 
.80 
.18 
.57 

0 
o 

.46 

.04 

2.59 

.31 
0 

.40 

0.71 

15-5 

0.38 
.20 

0 
.61 
.14 
.56 

0 
o 

.43 

.03 

2.35 

.30 
0 

.28 

0.58 

16-S 

0.36 
.19 

0 
.71 
.16 
.63 

0 
0 

.33 

.02 

2.40 

.05 
0 

.95 

1.00 

17-8 

0.30 
.16 

0 
.80 
.18 
.52 

0 
o 

.35 
0 

2.31 

.28 
0 

.44 

0.72 

18-S 

0.33 
.17 

0 
.76 
.17 
.61 

0 
o 

.45 

.02 

2.51 

.06 
0 

.25 

0 .31 

19-8 

0.36 
.20 

0 
.83 
. lg  
.60 

0 
0 

.33 

.01 

2.52 

.05 
0 

.77 

0.82 

.04 
0 

.38 

0.42 





June 

Table 12.--Summary of ra in ra l l ,  in inches, fo r  M*evater Creek atudy area, October 1953 to September 1960--Continued 

Mar. 4 
28 

Monthly Totals 

Apr. 8 
10 
17 
18 
29 

MonthlyTotals 

m May 1-2 
4 5 

10 
I 15 

16 
22 
25 

ManthlyTotals 

1.59 
.44 

1.62 
2.61 
0 

.05 

.02 

.42 
1.68 

.22 

.03 

0.25 

.39 

.72 

.09 

.34 

.17 

1.71 

.35 

.26 

.34 
1.52 

.07 

.74 

.03 

3.31 

1.74 
.48 

1.78 
2.57 
0 

t race 
.02 
.73 

1.18 

1.48 
.42 
.65 

2.50 
0 
0 
0 

.47 
2.50 

.87 

.25 

.38 
2.41 
0 
trace 
trace 

.63 
3.37 

1.76 
.48 

1.80 
2.75 
0 

.04 
trace 

.59 
2.36 

I I I I I I I I I I I I I I I I I I I I 
Monthly T o t a l s  I 9.20 1 9.45 1 9.16 1 8.43 1 8.50 1 8.02 / '7.71 1 9.78 1 8.15 110.46 1 8.46 1 9.07 110.32 1 9.79 1 10.27 1 7.67 110.23 1 9.81 1 7.59 1 9.56 

.49 
trace 

0.47 

.49 

.80 

.15 
1.72 

.24 

3.40 

.SO 

.60 

.13 
1.33 
0 

.74 

. O 1  

3.31 

1.21 
.34 
.54 

2.17 
.16 
.34 

t race  
.59 

3.11 

1.58 
.45 
.69 

2.46 
0 

trace 
t race 

.47 
2.50 

.25 
trace 

0.25 

.52 

.75 

.39 

.56 

.20 

2.42 

.37 

.30 

.37 
1.24 

.15 

.71 

.13 

3.27 

2.13 
.59 

2.18 
3.06 
0 
0 
0 

.50 
2.00 

1.64 
.45 

1.68 
2.60 
0 

t race 
trace 

.54 
2.16 

1.88 
.52 

1.92 
2.55 

.17 

.36 
trace 

.58 
2.34 

.22 
t race 

0.22 

.40 

.75 

.30 

.61 

.22 

2.28 

.41 

.35 

.25 
1.10 

. lo  

.78 

.03 

3.22 

.27 

.02 

0.29 

.P6 

.85 

.10 
1.16 

.25 

2.72 

.38 

.45 

.16 
1.17 
0 

.80 

.01 

2.77 

.18 

.02 

0.20 

.46 

.68 

.18 

.26 

.10 

1.68 

.35 

.29 

.35 
1.20 

.14 

.50 

.09 

2.92 

.23 

.04 

0.27 

.57 

.68 

.07 

.09 

.14 

1.55 

.25 

.21 

.43 
1.34 

.16 

.69 

.13 

3.21 

.22 

.02 

0.24 

.40 

.70 

.13 

.27 

.23 

1.73 

.42 

.35 

.23 
1.50 

.14 

.58 

.02 

3.24 

.20 

.06 

0.26 

.56 

.73 

.08 
1 
.17 

1.65 

.32 

.27 

.25 
1.30 

.15 

.48 

.09 

2.86 

.10 

.03 

0.13 

.34 

.65 

.15 

.30 

.18 

1.62 

.b 

.34 

.21 
1.61 

.15 

.99 

.03 

3.73 

.21 

.06 

0.27 

.29 

.63 

.02 

.04 

.14 

1.12 

.26 

.22 

.41 
1.27 

.15 

.71 

.13 

3.15 

.23 

.02 

0.25 

.50 

.TO 

.06 

.12 

.20 

1.58 

.36 

.31 

.12 
1.30 

.12 

.49 

.01 

2.71 

.23 

.02 

0.25 

.36 

.69 

.02 

.05 

.19 

1.31 

.34 

.29 

.07 
1.49 

.14 

.65 

.02 

3.00 

.27 

.04 

0.31 

.26 

.64 
0 

.04 

.14 

1.08 

.35 

.13 

.63 
1.58 
0 

.75 
0 

3.44 

.25 

.04 

0.29 

.27 

.64 
0 

.06 

.13 

1.10 

.31 

.11 

.43 
1.74 
0 

.56 
0 

3.15 

.20 

.03 

0.23 

.29 

.TO 
0 
.E 
.15 

6 

.36 

.13 

.15 
1.84 
0 

.88 
0 

3.36 

.16 

.06 

0.22 

.22 

.75 
0 

.og 

.11 

1.17 

.27 

.10 

.90 
1.88 
0 

.78 
0 

3.93 

.13 

.02 

0 .  

.3L 

.76 
0 

. l o  

.10 

1.27 

.25 

.09 

.74 
2.27 
0 

.95 
0 

4.30 

.07 

.03 

0.10 

.42 

.74 
0 

.15 

.14 

1.45 

.35 

.12 

.14 
1.90 
0 
1.08 
0 

3.59 

.06 

.04 

0.10 

.45 

.81 
0 

.02 

.11 

1.39 

,252 
.10 
.60 

1.88 
0 
1.07 
0 

3.94 



T a b l e  12.--Sumnary of r a i n f a l l ,  i n  inches ,  fo r  MukrwRter Creck study area, October 1953 t o  September 1960--continued 

D a t e o f s t o r m  

1959 
~ u l y  2 

9 
15 
18 
19 
20 
2 1  

Monthly Totals 

Aue. 8 
24 
28 
30 
31 

Storm 

0.26 
.09 
.23 
.37 

1.85 
.98 

3.36 

7.14 

.46 

.11 

.05 

.07 

.73 

m 
00 

Gage Nwriber 

1959 WATER 
YEARTOTALS 

Oct. 3-4 
13 

MonthlyTatals 

No". 1 
3 

14 
15 

MonthlyTota18 

Ilcc. 11 
14-15 

16 
16-17 

31 

MontillyTotals 

1-R 

0.48 
0 

.15 

.25 
1 7 5  

.80 
2.97 

6.45 

.05 

.57 
0 
0 

.62 

28.37 

4.18 
.8Y 

9.07 

. I  9 

.57 
. O H  
. l 9  
- 

1.03 

.17 

.64 

.GI 

.39 
1.08 

2.09 

2-5 

0.02 
0 
0 

.05 
2.04 
1 .13 
3 .51 

6.75 

.18 

.60 
0 
0 

.68 

32.55 

1.53 
5 3  

4.06 

.25 

.87 

.05 

. l o  

1.27 

.LO 

.4'( 

.G5 

.42 
1.10 

2.74 

7-5 

0.63 
.07 
.61 
.72 

2.36 
.70 

3.49 

8 .58 

.25 

.16 
0 
0 

.62 

3-5 

0 .71 
0 

.57 

.GO 
2.22 

.66 
3.29 

8.13 

.18 
1 

0 
0 

.86 

29.22 

3.99 
.77 

4.76 

. l 9  

.74 
0 

.24 

1.17 

.13 

.71. 

. I 4  

.41 

.?8 

2 

4-5 

0.93 
3 

.18 

.29 
2.03 

.93 
3.49 

7.85 

,720 
.17 

0 
0 

5 

8-6 

0 
0 
0 

.03 
1 .43 

.79 
2.48 

4.73 

.28 

.03 
0 
0 

.70 

29.47 

4.15 
.78 

4.93 

.27 

.65 
0 

.26 

1 .18 

.15 

.68 

.64 

.36 
1.10 

2.93 

10-S 

0 
0 
0 

.05 
2.20 
1 .21  
3.79 

7.25 

.38 
trace 
0 
0 
1.10 

9-R 

1.06 
.05 
.54 
.64 

2.09 
.62 

3.09 

8.09 

.08 

.04 
0 
0 

.83 

5-R 

o 
0 
0 

.a5 
2.10 
1 .16 
3.62 

6.93 

.76 

.12 
0 
0 

.68 

30.02 

4.25 
.80 

5.05 

.25 

.79 

.09 

.19 

1.32 

.16 

.72 

.65 

.42 
1.15 

3.10 

6-5 

0 
0 
0 

.05 
2.10 
1 .16 
3.63 

6.94 

.54 

.14 
0 
0 

.83 

l l -S  

0.08 
.30 
.58 
.69 

2.24 
.66 

3.29 

7.04 

.38 
0 
0 
0 

.yo 

26.19 

4.02 
.76 

4.78 

.13 

.54 
0 

.20 

0.87 

.10 

.53 

.63 

.3'1 
1.05 

2.66 

12-5 

0.10 
t r ace  

.5L 

.60 
1.96 

.58 
2.89 

6.64 

.41 
0 
3 
0 

.57 

25.82 

4.41 
.85 

5.26 

.I1 

.42 
0 

.25 
~ ~ p p p ~ ~ p p  

0.78 

.12 

.6" 

.G4 

.36 
1.12 

2.86 

13-5 

0 
0 

.19 

.I42 
1 .46 
1.08 
3.23 

6.38 

.18 
0 

.15 

.22 

.83 

30.28 

3.95 
.86 

4.81 

.18 

.68 
0 

.29 

1.15 

.12 

.53 

.70 

.39 
1.08 

2.82 

14-5 

0 
.04 
.19 
.43 

1.49 
1 .11 
3.34 

6.60 

.54 
0 
.11 
.L6 
.58 

23.63 

4.80 
.92 

5.72 

1 
.51 

0 
.26 

0.92 

. I3  

.6R 

.73 

.40 
1.17 

3.11 

15-5 

0.24 
.05 
.21 
.48 

1 .66 
1.23 
3.77 

7.64 

.96 
0 

.12 

.ll 
,611 

31.16 

4.35 
.80 

5.15 

.20 

.51 
0 

.22 

0.93 

.10 

.46 

.60 

.34 
1.09 

2.59 

1.6-s 

0 
.40 
.20 
.45 

1.54 
1.14 
3.41 

'7.14 

. i 2  
0 
.11 
1 
.62 

25.85 

4.71 
.92 

5.63 

.ll 

.55 
0 

.28 

0.94 

.18 

.96 

.6R 

.37 
1.08 

3.27 

17-R 

0 
.12 
.20 
.45 

1 .  
1.15 
3.45 

6.92 

.80 
0 

.10 

.15 

.55 

27.90 

4.00 
.90 

4.90 

.17 

.58 
0 

.28 

1 .03 

.12 

.53 

.68 

.3Y 
1.04 

2.76 

18-5 

0.77 
.10 
.23 
.52 

1.80 
1.34 
4.03 

8.79 

1.20 
0 
1 
.23 
.Hb 

~ 9 - 8  

0 

.65 

.18 

.40 
1.37 
1.01 
3.04 

6.65 

.yo 
0 

.10 

.LS 

.>7 

27.73 

3.88 
.98 

4.86 

.22 
8 

0 
.28 

1 .08 

.16 

.'73 

.62 

.35 
1.06 

2.92 

27.40 

b.29 
.93 

5.22 

.20 

.58 

.19 

.14 

1 .11  

.28 

.84 

.52 

.42 
1 .06 

3.12 

27.68 

4.10 
.97 

5.07 

.20 

.60 

.19 

.14 

1 .13 

.25 

.'75 

.54 

.43 
1.07 

3.04 

29.22 

4.28 
1.07 

5.35 

.25 

.62 

.1'7 

.12 
p-ppp--- 

1.16 

.23 

.69 

.56 

.44 
1.10 

3.02 

28.49 

3.85 
1.02 

4.87 

.18 

.38 

.19 
,111 

0.89 

.22 
,611 
.50 
.40 

1 .02 

2.82 

28.44 

4.29 
1.07 

5.36 

.13 

.36 

.20 

.14 

0.83 

.20 

.Go 

.50 

.hO 

.98 

2.68 

28.89 

4.37 
1 .li 

5.52 

.22 

.35 

.19 

.14 

0.90 

.19 

.56 

.48 

.39 
1 .09 

2.71 

28.13 

11.70 
1.08 

5.78 

.17 

.27 

.20 

.14 

0.78 

.20 

.Go 

.50 

.40 
1.12 

2.82 



Table 12.--Summary of rainfall, in inchee, f o r  Mukeweter Creek study area, October 1953 t o  September 1960--Continued 

Apr. 13 
24 
25 
26 
27 
29 

Monthly Tatsls 

May 4 
17 
18 
19 
27 
30 

Monthly Totals 

June 7 
11 
15 
25 

Mont,hlyTotals 

.05 

.82 

.69 

.39 

.27 

.56 

2.78 

.03 

.OY 

.35 

.33 

.49 

.32 

1.61 

1 
.08 
.14 
.25 

0.5R 

.06 

.34 

.50 

.22 

.22 

.18 

1.52 

.05 

.05 

.62 

.30 
1.40 

.36 

2.78 

.55 

.10 

.16 

.05 

0.86 

.03 
2.44 
1.30 

.4'7 

.36 

.29 

4.89 

0 
.10 
.70 
.42 
.69 
.30 

2.21 

.08 
0 

.I8 

.12 

0.38 

.05 

.35 

.88 

.48 

.68 

.53 

3.17 

t r ace  
.04 
.91 
.39 
.96 
.52 

2.82 

.30 
0 

.19 
1 0  

0.59 

.04 

.37 

.55 

.48 

.48 

.39 

2.31 

0 
.07 
.87 
.37 

1.29 
.33 

2.93 

.42 
t race 

.14 

.08 

0.64 

.10 
1.50 

.80 

.42 

.32 

.26 

3.40 

.10 

.06 

.42 

.39 

.52 

.23 

1.72 

trace 
.05 
.25 
.12 

0.42 

.06 
1.30 

.70 

.57 

.44 

.35 

3.42 

.03 

.05 

.36 

.36 

.42 

.19 

1.41 

t race 
0 

.12 

.23 

0.35 

.04 

.60 

.96 

.47 

.66 

.52 

3.25 

.02 

.03 

.65 

.48 

.41 

.26 

1.91 

.25 
0 
.12 
.13 

0.50 

.07 
1.17 

.63 

.52 

.40 

.33 

3.12 

.07 

.05 

.35 

.46 

.33 

.14 

1.40 

.03 
0 

.07 

.23 

0.33 

.05 

.65 
1.04 

.37 

.52 

.40 

3.03 

.02 

.03 

.77 

.3Q 

.71 

.38 

2.29 

.05 

.02 

.07 

.14 

0.28 

.03 
1.61 

.86 

.74 

.57 

.46 

4.27 

.03 

.05 

.38 

.30 

.47 

.21 

1.44 

.07 

.35 

.12 

.29 

0.83 

.03 

.44 

.71 
,527 
.38 
.30 

2.13 

.02 

.02 

.41 

.31 

.45 

.24 

1.45 

.08 
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