
HYDROLOGIC EFFECTS OF 

OPEN-FILE REPORT 

US. DEPARTMENT OF THE INTERIOR 
GEOUIGICAL SURVEY 
Water Resources Division 
Menlo Park, California, 1969 



UNITED STATES 
DEPARTMENT Or THE 1NTCP.IOR 

GEOLOGICAL SURVEY 
Water Resources Division 

HYDROLOGIC EFFECTS OF SUBURBAN DEVELOPMENT 

NEAR PAL0 ALTO, CALIFORNIA 

BY 

0. Waananen 

OPEN-FILE REPORT 

Men lo Park. California 
January 23, 1969 



CONTENTS 

Page 

Trends i n  p o p u l a t i o n  and urban development in the vicinity 
I 

I n s t m e n t a t i o n  and project operations----------------------- 1 2  

Climate----------------------- ------ ------------ ----- - ------ 13 

Hydrologic budget of the s tudy area under  natural conditions----- 31 

Computation of the budget------------------------------------ 31 

Hydrologic processes as r e l a t e d  t o  the climatic regime------ 36 

Gpound-water conditions---------------------c------------------- 4 1  

Surface water-ground water relation------------------------- 45 

Land use in the s tudy  region------------------------------------ 48 

Physiography and development i n  t h e  study basins---------------- 51 

Changes i n  the hydro log i c  regime-------------------------------- 68 



- fege 

. - 
I r , f i l t r a t i c r .  a r t  r-r.cff 2cring a susta i ref i  srcr------------ - - . - 

Effec t  of <evelopre?: on ?'-.e grcunC water------------------- 
- - 

Increase i n  y i e l d  assoc ia te6  with change from ephe-era2 t o  

- - perennial  flow-------------------------------------------- 

. . Effect  on t he  u n i t  hyemgraph------------------------------- - - - . 
- - 

Effec t  of development on frequency of f lood peaks----------- - . - 

- - Increase in storm runoff------------------------------------ . 2 - - 

- - 
Changes i n  r a t e  of sediment transport----------------------- - - - . 

Chemical q u a l i t y  of t he  water and increase  i n  t ranspor t  of 

dissolved minerals-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - =  
-. - 

Increase i n  streambed and channel vegetation---------------- -- - - 
- . -  --- Postula ted changes not observed i n  t h i s  study-------------------- I - 



ILLUSTRATIONS 

Page 

F i g u x  1. Sketch map and p r o f i l e  showing l o c a t i o n  of 

2. Topographic map showing t h e  s tudy  basins------------- 11 

3-7. Graphs showing-- 

3 .  Frequency d i s t r i b u t i o n  of annual  p r e c i p i t a t i o n  

a t  Palo A l t o  1911-60----------------------- 15 

4. Mean monthly p r e c i p i t a t i o n  a t  P a l o  Al to ,  

5 .  Cumulative p r o b a b i l i t y  curve  o f  d a i l y  

p r e c i p i t a t i o n  a t  Palo  Al to ,  1911-60--------- 1 8  

6. P r o b a b i l i t y  o f  d a i l y  p r e c i p i t a t i o n  o f  more 

than  1 inch  a t  Pa lo  Al to ,  1911-60----------- 1 9  

7. Est imated frequency,  i n t e n s i t y ,  and d u r a t i o n  

of  p r e c i p i t a t i o n  in t h e  study basins-------- 71 

8. Geologic map o f  t h e  s tudy  area------------------------ 74 

9. Map showing d i s t r i b u t i o n  o f  s o i l  types---------------- 28 

10. Graph showing t y p i c a l  r a t e s  o f  p o t e n t i a l  and a c t u a l  

e v a p o t r a n s p i r a t i o n  i n  t h e  s tudy area---------------- 3 3  

11. Graph showing water  con ten t  and access-hole  l o g s  a t  

t h r e e  s i t e s  i n  t h e  Los Trancos Creek t r i b u t a r y  b a s i n  

dur ing  water  y e a r s  1962 and 1963-------------------- 39 



Figure 12. 

13. 

14. 

15-17. 

- rage 
Hydrogra?hs of water levels in re~rcser.rative wells 

in the project baslr,s, "arch 1959-Se;te??ser 1SE5--- -- 

Generalized basic section in6icating relation cf 

geology to grounz-water conditions----------------- -?  

Aerial photograph showing pmject basins in 

- - September lgUE------------------------------------- - -  

Photographs showing-- 
- - - .  15. Sharon Creek basin prior to development------ - -  

16. Los Trancos Cmek tributary basin------------ 5- 

. . - - 17. San Francisquito Creek tributaxy basin------- - -  
- - 

Sketch map of Sharon Creek basin showing development- := 

Aerial photograph showing development in 

- - - - Sharon Creek basin as of September 1967------------ - -  

Sketch map of San Francisquito Creek tributary basin 

showing development----------------------------- E2 

Aerial photograph showing San Francisquito Creek 

tributary basin in September 1967------------------ 63  

Graphs showing-- 

22. Cumulative precipitation and runoff, natural 

and developed basins during storm of 

January-February 1963---------------------- 71 

23. Precipitation, in inches, and rmnoff, as per- 

centage of precipitation, Sharon Creek and 

Los Trancos Creek tributary basins--------- 79  

V I  



Page 

Figure  24. Graph showing d u r a t i o n  of d a i l y  flow from s tudy  

basins--------------------------------------------- 83 

25. Average 15-minute u n i t  hydrographs o f  Sharon Creek--- 87 

26-28. Graphs showing-- 

26. Hypothet ica l  flood-frequency curves  for a 

small bas in  be fo re  and a f t e r  development--- 93 

27. P r i n c i p a l  c o n s t i t u e n t s  of d i s s o l v e d  s o l i d s  

in study streams--------------------------- 108 

28. Rela t ion  between annual  out f low o f  d i s s o l v e d  

s o l i d s  and annual  s torm p r e c i p i t a t i o n ,  

Sharon Creek (1959-61) and Los Trancos 

Creek t r i b u t a r y  (1959-65)------------------ 112 

VII 



Table 1. Estimate< population an2 area of developet land, 

San Kateo an? Santa Clara Counties, 1960-2020------- 

Selected c h a r a c t e r i s t i c s  o f  t h e  study basin*---------- 

S t a t i s t i c s  of p rec ip i t a t i on  of storm events recor ted 

in Sharon Creek basin------------------------------- 

Dis t r ibut ion of geologic formations and s o i l  types 

i n  study basins ,  by parcent------------------------- 

Water budget o f  Los Trancos Creek t r i bu ta ry  basin ,  

July 1961-0ctober 1965------------------------------ 

Summary of annual p rec ip i t a t i on  and runoff ,  i n  inches- 

Contribution of  imported water t o  Sharon Creek 

discharge, in cfs-days------------------------------ 

Summary of peak flows i n  excess of 0.01 c f s  per  acre ,  

i n  developed and undeveloped basins----------------- 

Storm-associated p rec ip i t a t i on  and runoff i n  study 

basins---------------------------------------------- 

Sediment-load da ta  from Sharon Creek------------------ 

Sediment-load data  from Los Trancos Creek tr ibutary---  

Sediment-load data  from San Francisquito Creek 

tributary------------------------------------------- 

Annual input and outflow of  dissolved s o l i d s ,  

Sharon Creek and Los Trancos C ~ e e k  t r i b u t a r y .  

1959-65--------------------------------------------- 



APPENDIX: SUMMARY OF DATA 

Page 

Discharge: 

Sharon Creek------------------------------------------------ 

Los Trances Creek tributary--------------------------------- 

Sari FFancisquito Creek tributary---------------------------- 

Prec ip i ta t ion :  

Sharon Creek------------------------------------------------ 

Los Trances Creek tributary--------------------------------- 

Sari Francisquito Creek tributary---------------------------- 

Par t ic le -s ize  d i s t r i bu t ion  of suspended sediment----------------- 

Results of chemical analyses of water: 

Sharon Creek------------------------------------------------ 

Los Trances Creek tributary--------------------------------- 

Sari Francisquito Creek tributary---------------------------- 

Specif ic  conductance and pH of  water: 

Sharon Creek------------------------------------------------ 

Los Trances Creek tributary--------------------------------- 

Sari Francisquito Creek tributary---------------------------- 

Selected hydrographs of study streams: 

February 1 6  1959------------------------------------------- 

Januam 30, 1963-------------------------------------------- 

Dry-season flow i n  Sharon Creek a f t e r  development----------- 



.. -- .-,=..=,-. HYDROLOGIC: i:FFECTS OF SU!!U':IAY VDCVE30PP!!<7 ::SAT PALC 6,. , -s.-.--. -.---i. 

By J. K. Crippen and A. 0. Faaxanen 

.. . . - - . . - - - - Data we= gathered f o r  7 yesrs  Ln ? 3.3-1 3aSi?.5 5: r:f? ZCC-:"-= 

west of San francisco Bay near Fa10 Alrc, C r l i f . ,  ic !elect chaxgez 

in t h e  hydrologic regime caused by suk-r'ra:. eeireloc-en~. C3e t5sl: 

(Los Trancos Creek t r i b u t a r y )  reinaines Ir. .- aa?cra: s race  tb~.cugtoxt  

t he  study period while another (Sharon Cree>:) -~+ir.eC reTural  f c r  r:e 

f i r s t  3 years,  then suburban homes, o f f i c e s ,  and a golf course were 

es tabl ished.during t h e  four th  year ;  the  Sasir? remained r e l a t i v e l y  s t z t l e  

f o r  t he  following 3 years .  The t h i r d  basin (San Francisquito Creek 

t r i b u t a r y )  was unchanged f o r  the  f i r s t  4 years of the  study, but  from 

then on construct ion a c t i v i t y  was continuous and no s t ab l e  r e l a t i o n  

ex is ted  between basin  parameters and hydrologic cha rac t e r i s t i c s .  



Streanflow i n  Sharon Creek :>.acg& fm e p m r a l  t c  

perennial  because of t h e  in t roduct ion  of irporteC u a t e r  ar.t e. 

assoc ia ted  r i s e  i n  t h e  ground-water t zk le .  3uzzcff 5r.c-aset -% 

5 o r  10 percent  of annual p r e c i p i t a t i o n  t o  more tkar. 3: ?er=er.r. 

Flow peaks of  magnitudes t h a t  occurre6 only once o r  twice a vear 

under n a t u r a l  condi t ions occurred with much g r e a t e r  f r e q u e ~ c v  a f t e r  

development, while t h e  frequency of peaks of g r e a t e r  magnitude 

increased t o  a l e s s e r  degree. Sediment production was na rke t ly  

increased during times of cons t ruc t ion  a c t i v i t y ,  but re turne? rc 

predevelopment magnitude a f t e r  t h e  developed a rea  became s t a t l e .  

Downstream f r o m  t h e  developed area brush and weeds became es tab l i ske '  

i n  the  channel and on the streambanks and formed a dense, l u sh  zone 

of  vegetat ion where only seasonal  g ra s ses  and herbage had ex i s t ed  

previously.  There was an increase i n  concentrat ions of dissolved 

s o l i d s ,  and t h e  t o t a l  load borne by t h e  stream increased about tenfo ld .  

San Francisqui to  Creek t r i b u t a r y  experienced marked changes i n  

its regimen of  streamflow, with peaks becoming higher  and more frequent  

and flow becoming perennial .  However, these  changes could not  be 

r e l a t e d  t o  any set of s t a b l e  condi t ions i n  t h e  bas in  and therefore  no 

ana lys i s  was attempted. 



INTRODUCTION 

The p a s t  50 y e a r s  have seen r a p i d  popula t ion  growth throughout 

t h e  Nation, and even more r a p i d  i n c r e a s e  i n  t h e  popula t ion  of  urban 

regions .  Each met ropo l i t an  core  a r e a  has  become surrounded by many 

square  miles o f  suburbs.  Transpor ta t ion  o f  people and goods has  become 

f a s t e r  and more f l e x i b l e ,  a l lowing d i spe r sed ,  o u t l y i n g  c e n t e r s  of 

commerce and l i g h t  i n d u s t r y  t o  a r i s e ;  t h e s e  new c e n t e r s ,  i n  t u r n ,  

have spawned i n i t i a l l y  s c a t t e r e d  new r e s i d e n t i a l  developments which 

even tua l ly  tend t o  merge. This  t r e n d  por tends  an i n c r e a s e  i n  problems 

concerning water supply. waste d i sposa l .  and storm-drainage f a c i l i t i e s .  

Pub l i c  l e a d e r s ,  engineers ,  e c o l o g i s t s ,  and c o n s e r v a t i o n i s t s  are inc reas -  

ing ly  aware of t h e  need f o r  c a r e f u l  planning,  The development of  

s o l u t i o n s  f o r  t h e  problems of  t h e  f u t u r e  must proceed wi th in  t h e  context  

of  a changing environment i n  each urban region.  Hydrologic d a t a  on t h e  

e f f e c t s  of u rban iza t ion  are scarce, and some a v a i l a b l e  d a t a  have no t  

been f u l l y  eva lua ted .  A s  a r e s u l t ,  des igners  and p lanners  have had 

o n l y  rule-of-thumb c r i t e r i a  with which t o  d e a l  wi th  t h o s e  problems. 

To o b t a i n  i n f o v a t i o n  on t h e  c h a r a c t e r  and magnitude of some ~f 

t h e  hydrologic  changes t h a t  occur  as l ands  are converted from r u r a l  t o  

u r b a n - r e s i d e n t i a l  use, t h e  San Franc i squ i to  p r o j e c t  was begun i n  1958. 

The p r o j e c t  inc luded two smal l  b a s i n s  t r i b u t a r y  t o  San Franc i squ i to  

Creek (San Franc i squ i to  Creek t r i b u t a r y  and LOS Trancos Creek t r i b u t a r y )  

and t h e  ad jacen t  small b a s i n  o f  Sharon Creek, a l l  about  3 m i l e s  

southwest of Pa lo  Alto. A t  t h a t  t i m e  t h e  bas ins  o f  San Franc i squ i to  

Creek t r i b u t a r y  and Sharon Creek were scheduled f o r  suburban-type development 

3 



probler  sir.:;~iczs may i n t e r a c t .  

. .  . These t r ends  e x i s r  in can Mateo and Santa Clara  Ccuz:1~5, x:.:::. c::.::i:. 

- - t h e  study a rea ,  and t h e i r  f u t u r e  course can be v i s u a l i z e t  2 ;  -. . - - - - . - - . . 

of t ab le  1. Although t h e  pro jec ted  population growth ( ~ 2 ; : s  1) -%:- s e e -  

l a r g e ,  es t imates  f o r  1970 and 1980 by t h e  Ca l i fo rn i a  De?arr-t:: :< 

Finance (1965) a r e  about 50 percent  g r e a t e r  than those c i ~ e f .  



. - Table 1.--Estimated population an? w e e  zf tevelcze? :a=:,  :a-. ?ST=: 

and Santa Clara Counties, 136:-::;I 

[From the 1960 census and from pro~ectio~s af l a - ?  m e  5r.i 2~~:s:::- 

by the U.S. Departmerr of Cm3er:e (If?:): 

1960 1,087 1 C i  - - - - - 
1970 1,280 i3E % c  - - 
1980 1,730 2% 5 :  

1990 2,260 367 C i  

2000 2,960 Ir46 
- 
I .  

2010 3,780 563 $11 

2020 4,700 647 $6 

Total land area. 1,759 sq mi 

Year 
Population 
(thousands) 

. .  . 
' .re2 C C  ievcl:;e: 2 - : s  

( 5 :  - 1 )  

Residearia: I -..A , c - - !  - -  
- ._ _ = -  

an2 cemexiai ! 



Purpose an2 Scope 

The purpose of the  San Francisquito pro jec t  was t o  de tec t  changes 

i n  t he  hydrologic regime a s  lands were converted from r u r a l  t o  urban- 

r e s i d e n t i a l  use,  t o  document hydrologic parameters before,  during,  and 

a f t e r  suburban development, t o  define the changes caused by development. 

and t o  r e l a t e  t h e  nature  and degree of changes t o  t h e i r  causes,  i f  possible .  

P r io r  t o ,  and f o r  a shor t  time during the  study, a l l  t h r ee  basins  

were i n  a s t a t e  of  r e l a t i v e  hydrologic equil ibrium, with runoff ,  ground 

water, and p l a n t l i f e  foliowing a ~ c g i m e  es tab l i shed  by the na tu ra l  

environment. Indicat ions  i n  1958 were t h a t  two of t he  basins  would 

become suburban, w i t h  broad s t r e e t s ,  individual  homes, and small 

reservat ions  of park land. The t h i r d  basin was t o  be reserved fro? 

development and was therefore  chosen a s  a cont ro l  a rea .  

The t imetable of  development was r a t h e r  uncertain.  This -8 

recognized i n  planning the hydrologic study and the  program of study 

was therefore  f l ex ib l e .  A t  t h i s  time (1966) t he  cont ro l  basin  

(Los Trances Creek t r i b u t a r y )  remains unchanged. Sharon Creek basin 

has been developed over much of i t s ' a r e a ,  and the  degree of development 

remained almost s t a b l e  f o r  more than 3 years.  However, add i t i ona l  

development has s t a r t e d  i n  t h i s  basin ,  and drainage f a c i l i t i e s  a r e  being 

a l t e r e d  i n  a way t h a t  w i l l  make continued study of t he  hydrologic regime 

of doubtful  value. The basin of San Francisquito Creek t r i b u t a r y  is 

being p a r t l y  developed f o r  l i g h t  industry .  This repor t  presents  a 

descr ipt ion of the  hydrologic, physiographic, and c l imat ic  environment, 

and summaries of data  co l lec ted  i n  t he  t h r e e  basins through September 1965. 

Emphasis is  on ana lys i s  o f  t h e  data  f r o m  t h e  Sharon Creek basin during 

the 3 years  of r e l a t i v e  s t a b i l i t y  following i t s  development. Selected 

basic  data a r e  presented i n  an appendix. 

6 
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THE SAN FRANCISQUIT0 PROJECT 

Physiography 

The San Francisquito pro jec t  a rea  is  on the  inland s lopes  of 

t he  San Francisco Peninsula ( f i g s .  1 and 2 ) ,  about 12 miles from the  

Pac i f i c  Ocean. The basins a r e  t r i bu t a ry  t o  San Francisco Bay near i t s  

southern end, a t  a dis tance of about 5 miles.  A r idge of low mountains 

forming the backbone of t he  San Francisco Peninsula l i e s  between t h e  

study area and the Pac i f ic ,  with a l t i t u d e s  as  high a s  2,500 f e e t .  The 

basins themselves a r e  i n  a gent ly  r o l l i n g  f o o t h i l l  region, and t h e i r  

a l t i t u d e s  range from 145 t o  532 f e e t .  Some of t he  physical  

c h a r a c t e r i s t i c s  of t h e  basins a r e  l i s t e d  i n  t a b l e  2. 

The San Andreas R i f t  zone l i e s  2 o r  3 miles southwest of t he  study 

basins.  The area was violentJ-y shaken during the  g rea t  San Francisco 

earthquake of  1906, but only minor tremors have been experienced s ince 

t h a t  t&e. ~arr&%ms a& d~d i , ?a~e  patterns i.G 2 % ~  TP~~D??  haPe 3 

predominantly northwest t o  southeast  t rend ,  r e f l ec t ing  the  importance 

of large-scale  u p l i f t  along f a u l t  zones pa ra l l e l i ng  the  San Andreas R i f t  

i n  es tab l i sh ing  present-day topography. 



Table 2.--Selected c h a r a p t e r i s t i c s  of t h e  s tudy b a s i n s  

I BASIN 

90-pe rcen t i l e  320 

h i g h e s t  p o i n t  375 

FEATURF 

Area, a c r e s  

A l t i t u d e ,  f e e t ,  

mean 

lowest  p o i n t  

1 0 - p e r c e n t i l e  1 

C i r c u l a r i t y  r a t i o  (Rc) 0.585 I 0.568 I 0.703 

Creek 

245 

255 

145 

195 

Longest dimension, f e e t  

Basin pe r ime te r ,  miles 

Coordinates  o f  c e n t e r  
o f  a r e a  o f  bas in3  

L a t i t u d e :  37O + 

l ~ o r  example, 10  pe rcen t  of t h e  l a n d  s u r f a c e  i n  t h e  Sharon Creek 
bas in  is lower than  195 f t .  

Los Trancos 
Creek t r i b u t a r y  

3 02 

395 

270 

310 

Longitude: 1220 + 

*RC = ( a r e a  o f  b a s i n )  / ( a r e a  o f  c i r c l e  w i t h  same p e r i m e t e r ) .  

'one second o f  l a t i t u d e  is  about  10L f t ;  one second o f  l o n g i t u d e  
is about  80 f t .  

9 

San F r a n c i s q u i t o  
Creek t r i b u t a r y  

17 0  

280 

175 

225 

4,500 

2.87 

25' 30" 

12 '  46" 

4,250 

3.23 

24' 07" 

3,100 

2.18 

2k' 25" 

10 '  44" 12 '  12" 



LOChTION 

Cross-section A-A' , 

I 
0 

I I 
19 

I 
15 

I 
5 2c 

>tiles 

FIGURE 1.--Sketch map and p r o f i l e  showing l o c a t i o n  of s tudy basins. 
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FIGURE 2.--Topographic map showing the study basins. 



I n s t m e n t a t i o n  and Project  Operations 

The study basins were equipped with standard streamflow- 

measurement s t a t i o n s  a t  o r  near the  o u t l e t s  of t he  basins;  recording 

r a in  gages, hygmthermographs and anemometers a t  a weather s t a t i o n  

i n  each basin t o  record humidity and the  temperature and movement of 

a i r ;  a pyrheliograph i n  t h e  c e n t r a l  basin t o  measure incoming s o l a r  

rad ia t ion ;  networks of small precipi ta t ion-s torage gages around the  

basin per ipher ies ;  and ground-water observation wells. 

The operating program f o r  t h e  p ro j ec t ,  i n  addi t ion t o  t he  

maintenance of the  recording instruments and gaging s t a t i o n s ,  included 

weekly obsemrations of water l e v e l s  i n  wel ls ,  prompt inspection of 

p rec ip i t a t i on  gages following r a in s ,  and soil-moisture observations 

a t  i n t e rva l s  of a month o r  l e s s .  Water samples were co l lec ted  from 

the streams a t  various i n t e rva l s ,  and were analyzed f o r  chemical 

qua l i t y  and sediment content. Test borings were made i n  March 1959 

t o  determine depth t o  water and obtain  subsurface data .  In  June 1959  

the  s o i l s  i n  t he  study a reas  were mapped, t he  vegetation was surveyed, 

and inf i l t rometer  s tud ie s  were made. 



The c l i m a t e  i n  t h e  s tudy  a r e a  is  Mediterranean. Winters a r e  

warm and mois t ,  and summers a r e  mostly c o o l  and dry .  

Long-term weather  d a t a  d e s c r i b i n g  c o n d i t i o n s  i n  t h e  s tudy  area 

have been assembled from o f f i c i a l  and u n o f f i c i a l  weather  r e c o r d s  a t  

Pa lo  Al to ,  3 miles east of t h e  s t u d y  area. Average monthly values 

f m  37 y e a r s  of tempera ture  and 50 y e a r s  of p r e c i p i t a t i o n  r e c o r d s  

a t  P a l o  Al to  are summarized in t h e  fo l lowing t a b l e .  The s tudy 

b a s i n s  a m  200 t o  400 feet h i g h e r  t h a n  t h e  P a l o  Alto s t a t i o n  and a n  

free o f  t h e  moderating in f luence  o f  t h e  c i t y ;  tempera tures  t h e r e f o r e  

average about  two degrees  lower than  t h o s e  of Pa10 Alto. E a r l y  morning 

frosts occur  perhaps 15  o r  20 times a y e a r  i n  December, January ,  

and February. On r a r e  occas ions  t h e  tempera ture  may drop t o  -7OC ( 2 0 ' ~ )  

o r  s l i g h t l y  lower, and i n  t h e  summer months t h e  maximum o c c a s i o n a l l y  

exceeds 40°C (104OF). Daily mean tempera tures  a r e  seldom below 

OOC ( 3 2 O ~ )  o r  above 30°C (86'F). The d i u r n a l  tempera ture  range  is 

least i n  midwinter and g r e a t e s t  i n  midsummer--the maximum ranges  

l i k e l y  t o  be  encountered dur ing  t h e  two seasons  are about  17O and 

3 1 ' ~  (30' and 5S°F). 

Month 

( P r e c i p i . t a t i o n  d a t a  from r e c o r d s  1911-60; tempera ture  d a t a  from 
records  1923-60). 

J u l y  0. 01 36.6 65.8 
August .02 36.2 65.2 
September .26 35 .8  64.5 
October .65 33.4 60.1 
November 1 .41  29.7 53.5 
December 3.21 26.9 48.4 

P r e c i p i t a t i o n  
( i nches )  

J a n r ~ a r y  3.38 26.2 47.2 
February 2.89 28.0 50.4 
March 2.04 29.6 53.2 
A p r i l  1.07 31.2 56.3 

May .49 33.4 60.1 
June .11 35.6 64.1 

Tenperature 
( O C ) l  (OF) 

Month 
P r e c i p i t a t i o n  Temperature - 

( i n c h e s )  ( O C )  1 ( O F j  



The general  pa t t e rn  of prec:>it~=icr,  ir. K?G ST.:?.- x r f c  csr. Sest  be 

described by a review of U.S. Wearher Bsrec: 5s:: srt ::?tr r c c z r i s  

co l lec ted  a t  Palo Alto. The s t a t i o r  l o c ~ r i s r .  t a s  Sts: =?.cr;eC - st-:ers1 

- . . 
times, but a l l  s i t e s  have been wir?,in a 5 - 2 1  are? sc-E 2 :: -. . eEst 

of t he  Sharon Creek basin and a t  e l t i t u 2 e s  from 2G :c 1:: <sf: elc7;e rean 

. . 
sea  l eve l .  Because of t he  changes i n  l o c a ~ i c : ~ ,  s:. z:c-zz=e z:.+-:-s:s $5 

- - . -. 
time t rends  i n  p rec ip i t a t i on  i s  not  l o s s i b l e .  Ecwistr, :tf fz:: c s r l r e  the  

-. - - - - - - =  - :--- general  c h a r a c t e r i s t i c s  of p rec ip i t a t i on  i n  t he  reg:::. . --- 
- -. . . . . . 

record cons is t s  of data  on da i ly  p rec ip i t a t i on  s ince - z _ _ ,  5'c r.r:r-y :Eta 

. . - . - - - . 
f o r  a shor te r  period.  The 50-year record f o r  t h e  per icc  -=---r- :cs Yeen 

s tudied t o  provide estimates of  t he  long-term pa t t e rn  c f  sr.r.:+l, S E ~ S Z T . ~ ~ ,  

and da i ly  p rec ip i t a t i on .  The information on hourly raTes sr >Ic :.i::, 

- -  . 
data  from t h e  study a rea ,  and analyses by the  Weather Euret: +:'e +-- =€en 

used t o  define short-period i n t e n s i t y  and frequency charac~eris : fcs .  

Almost a l l  p r ec ip i t a t i on  within t he  pro jec t  basins occurs 2s r i r .  

L Some years ,  snow may whiten the  ground f o r  a few minutes. ?e-L=:z :xc ?? 

. . 
t h r ee  times during the  50 years snow cover of a s  much a s  2 inches,  re-clnlng 

f o r  a day o r  so, has been observed. Such small ,  infrequent arncuzrs +re  

negl ig ib le  i n  t he  hydrologic regime, and a l l  p r ec ip i t a t i on  data  c z .  >e 

t r e a t e d  a s  r a i n f a l l .  The ground surface is never frozen. Frequency er.6 

magnitude of annual p rec ip i t a t i on  f o r  t h e  period 1911-60 a re  shown ic 

f i gu re  3. The annual average a t  Palo Alto f o r  t he  period was 15.2 inches.  

The extreme high and low annual p rec ip i t a t i on  amounts were 26.6 and 7 . 1  inches. 



PERCENT O F  YEARS I N  WHICH P R E C I P I T A T I O N  WAS 
L E S S  THAN MORE: THAN 

THE I N D I C A T E D  AMOUNT 

F I G U R E  3.--Frequency distribution of annual precipitation 
at Palo Alto, 1911-60. 



The 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  is h igh ly  s e a s o n a l ,  as shown i n  

f i g u r e  4 .  About 75 pe rcen t  of  t h e  p r e c i p i t a t i o n ,  inc luding most o f  

t h e  major s torms,  occurs  during t h e  k-month pe r iod  December through 

March. However, t h e r e  have been except ions  t o  t h i s  r u l e .  In  

September 1959 an e a r l y  winter - type  s t o m  produced 2.25 inches  o f r a i n  i n  

- - -..=--.. c:€e:z), 27.5 1-55., TE::.::~: =: =s 2: ------ 1 day i n  Palo  Al to  (3 .21  i:cL 

more than 1 inch has occurred  i n  May. M i d s m e r  is i n v a r i a t l y  d ry ;  

dur ing  t h e  50-year pe r iod  only  8 days i n  J u l y  ha2 measurable ~ r e c i ~ i ? a t i o n .  

There a r e  u s u a l l y  s e v e r a l  days wi th  more than 1 inch c f  r a i n f a l l  

du r ing  t h e  4 months of  h e a v i e s t  p r e c i p i t a t i o n .  The curve cf f i g u r c  5  

i l l u s t r a t e s  t h e  percentage  o f  days i n  t h e  e n t i r e  50-year p e r i o l  Curine 

which p r e c i p i t a t i o n  equaled o r  exceeded observed values .  O f  course ,  

t h e  number o f  days wi th in  a given range o f  i n t e n s i t y ,  p a r t i c u i a r l y  ??.e 

number of  days o f  r e l a t i v e l y  heavy r a i n f a l l ,  v a r i e s   fro^ year  t o  year .  

F igure  6 shows t h e  number o f  days o f  more than  1 inch o f  r a f n f a l l  a d  

t h e  percentage  of y e a r s  dur ing  which they  occurred .  The bar  graph i n  

f i g u r e  6 r e p r e s e n t s  cumulative frequency;  f o r  example, 38 p e r c e r t  of 

y e a r s  had 2 o r  more days o f  p r e c i p i t a t i o n  i n  excess  o f  1 in&.  



FIGURE 4.--Mean monthly p r e c i p i t a t i o n  a t  Palo Al to ,  
1911-60. Narrow v e r t i c a l  b a r s  extend from t h e  
25 t o  t h e  75 p e r c e n t i l e  p o i n t s  and thereby show 
t h c  range wi th in  which p r e c i p i t a t i o n  occurred 
dur ing 50 percent  of  wet-season months. 





" 
L L t 7 8 

NUMBER OF DAYS WITH PRECIPITATION OF 
MORE THAN 1 INCH 

FIGURE 6.--Probability of daily precipitation of 
more than 1 inch at Palo Alto, 1911-60. 
Example: During 38 percent of years there were 
2 days of precipitation in excess of 1 inch. 



Most winter storm periods a r e  from 2 6ays t o  cs  ~ L C ? .  as ;_ xeek i n  

duration.  During unusually wet years ,  one rain-prc?:r-irg si:.:zri-n rnay 

. . 
follow another so c lose ly  t h a t  t he re  is no c l e a r l y  ?e?i:s? l r s c <  zerween 

storms, and r a i n  may f a l l  almost every day for  3 :r - irse:<s c r  ere:, 

longer.  The storm centers  a r e  usually character ize? :y relar'vely heavy 

r a i n f a l l  and high winds. The combinaticr, of tcy;:gr;:-.y c r t  z i r  movement 

produces sho r t  f luc tua t ions  i n  i n t e n s i ~ y  ukic?. c+r  36 Yes: c t ~ r a c t e r i z e d  

as  a  s e r i e s  of storm c e l l s  following cne inotfier 5s 2 s  r c  zrc5uce  he 

heavy p rec ip i t a t i on  f o r  periods of 5-15 minutes wit:; 1~11% Ze:i;eer.. 

Very few thunderstorms occur i n  t he  regior. an6 ir.:er.se, S?.ZT: :crsts 

of p rec ip i t a t i on  such a s  a r e  experienced i n  most o ther  T z T s  sf :ts sa t ion  

. - -. 
a r e  almost unknown. The U.S. Weather Bureau has p r e p z r e  rz:r=c-- 

intensity-duration-frequency curves f o r  s t a t i o n s  throughs~: :::: tc-zrrry 

(U.S. Department of Commerce, 19551, and inspect ion 05 rtese c-r-.-ss reveals 

t h a t  a l l  Pac i f i c  Coast loca t ions ,  from S e a t t l e  t o  San 3ieg;, kc-~e loss 

in tense  p rec ip i t a t i on  than do most o the r  regions.  Figure 7 ; r f s s r r s  

intensity-duration-frequency curves f o r  t h e  San FrancisccLtc ;r:fez: s r ea ,  

. . 
derived from the  Weather Bureau ana lys i s  and l o c a l  data.  Zzi?: * .  :ret:;~- 

t a t i o n  data  f o r  t he  study basins a r e  tabulated i n  t he  appe;.lix. 

Selected s t a t i s t i c s  r e l a t i n g  t o  observed storms i n  the  s ~ u *  Zrsa 

a r e  shown i n  t ab l e  3 .  





~ ~ b l ~  ?..--Statistics of prec ip i ta t ion  of storm events recorded i n  Sharon 

Cra& b u i n  

M i m u m  DrrCiDitation 
(inches) : 

1 hour 0.45 0.32 0.27 0.43 0.42 0.41 0.32 

2 consecutive houm .90 .55 .47 .59 .65 .70 .51 

4 coruecutive houra 1.63 .78 .87 .98 .97 1.23 .91 

12 ccmaecutive hours 3.13 1.20 1.51 1.61 2.22 1.60 1.08 

Year endine Septenber 30 

24 consecutive hours 3.22 1.26 1.52 1.62 3.73 1.99 1.75 

195g1 

2 consecutive days 3.22 1.57 1.55 2.30 4.22 2.45 2.62 

5 consecutive days 3.45 2.47 1.57 2.91 4.68 3.01 3.79 

15 consecutive days 3.84 3.90 2.37 6.42 6.48 3.34 6.22 

Nlrmber of: 

Storm evmts2 4 4 3 5 7 2 5 

Storm days3 12 15 7 23 15 7 3 1 

Precipi ta t ion:  

Tota l  (inches) 10.3 8.3 4.0 13.0 16.5 4.9 15.1 

Percent of annual 83 7 1 39 82 7 8 44 8 2 

1960 

1. Rewrd start. D e d e r  12,1958. No noteworthy storm occurred 
from October 1 t o  December 12. 

2. Storm events a r b i t r a r i l y  defined by amount of prec ip i ta t ion  
during separate periods of consecutive o r  c losely spaced days, with a t  
l e a s t  1 inch of p rec ip i t a t ion  during each event. 

1961 

3. Days having 0.10 inch o r  more of p rec ip i t a t ion  during storm eventa. 

1962 1963 ( 1 9 6 4  1965 



. - ,  Geologic format ions  ir, 7:-= 5:-izy zzszrs E r t  s:7>:. rr :i:-:re - !. 
. - . - . - - 

The area i s  i n  t h e  C a l i f o r n i a  Coest i?a-=e s e c r i c -  c f  r r .E  :%::::c 1-r:er 

. - 
physiographic  province ,  and has keen t e s c r i k ?  >7 Ze?.rs-z (1>?1, ;-. - )  

as " P a r a l l e l  ranges  and v a l l e y s  cr. folCe?, fc:l?e? EZC -~:%-cc::cse? 

s t r a t a ;  wi th  rounded c r e s t s  o f  subequal  keigi.:." 

. . 
The p r o j e c t  a r e a  c o n s i s t s  of Zhrce l isr : rc? C r a i z a ~ e  -as;r.s, 

. . 
enclosed  by low d i v i d e s .  Sach k a s i n  see-s tc have tee: tevelo-ec 2y 

headward e r o s i o n  of an i n t e r , i t t e n :  stre;-. >dc cf rte > a s i n s  have 

been formed by t h e  development 05 Zrl5z:aries +c Sar. F r a r c i s q u i t c  an? 

L o s  Trancos Creeks,  while  t h e  Shamr. Cree? >asir. ?as >eez developed by 

e r o s i o n  of a  s m a l l  s t ream system ?ha t  5rair .s  r c  t k e  r.crrhwest. No 

evidence sugges t s  t h a t  c o n t r o l  has beer. l z r c s e 8  t h e  under ly ing  rocks  

except  f o r  t h e  dominant d i r e c t i o n a l  +?en? > a r a l l e l  Yo t h e  San Andreas 

f a u l t ,  i n  common with many dra inage  pat:err.s ir. c o a s t a l  r e g i o n s  of 

c e n t r a l  C a l i f o r n i a .  

Seven formations have been i i e n t l f i e t  cr d he g e n e r a l  a r e a  and a r e  

shown i n  f i g u r e  8.  However, on1.y s i x  crc; cuz in t h e  p r o j e c t  a r e a .  

Table 4 shows t h e  percentage  d i s t r i h u t i c n  c5 g e c l o g i c a l  format ions  i n  

each o f  t h e  t h r e e  s tudy b a s i n s .  





Table 4.--Distribution of geologic formations and soil types in 

study basins, by percent 

Formations: (symbols in parentheses refe~ 
to fig. 8 )  

Holocene alluvium (Qal ) - - 
Pliocene and Pleistocene sand and gravel (QTS) - 27 
Pliocene siltstone and sandstone (Tss) - 3 
Miocene sandstone (Ts) 5 69 
Miocene volcanic rocks (Tv) 1 - 1 
Paleocene and Eocene sandstone and shale (Te) 95 - 

San Francisquito 
Creek tributary 

Soil types derived from individual formations: 

Qal: Sandy alluvium 

QTS: Sand 
Sandy loam 
Silty clay 
Silty clay loam 
Sandy alluvium 
Gravel, sand, loam 

TSS: Sandy loam 

Ts: Sandy loam 
Silty clay 
Silty loam 
Silty clay loam 
Sand 
Gravel, sand, loam 

Tv: Sandy loam 

Te: Sand 
Sandy loam 
Silty loam 
Silty clay loam 
Silty clay 

Trances 
Creek 

tributary 
Formation or soil type 

Soil types, without regard for origin: 

Creek 

Sandy loam (SL) 9 82 48 
Sand (S) 2 9 1 15 
Silty loam (SiL) - - 9 
Silty clay (Sic) 48 17 4 
Silty clay loam (SiCL) 14 - 3 
Gravel, sand, loam (GrSL) - - 11 
Sandy alluvium (SAl) - - 5 
Alluvium (All - - 5 



The geologic map ( f ig .  8 )  shows an a n t i c l i n a l  a x i s  i n  t he  c e n t r a l  

p a r t  of t h e  Sharon Creek basin. In te rsec t ing  f a u l t s  near t he  western 

edge of t h a t  basin bring a block of Miocene sandstone opposite beds of 

Paleocene and Eocene age. Other f a u l t s  occur throughout t he  general  

a rea  but have not been mapped i n  t he  pro jec t  basins.  

The San Francisquito Creek t r i b u t a r y  basin l ies along the northeastern 

flank of an a n t i c l i n e  whose beds d ip  northeastward i n t o  a syncline.  The 

Los Trancos Creek t r i b u t a r y  basin,  f u r t h e r  t o  t he  southeast ,  is on the  

eas te rn  flank of t he  same syncline.  There t he  westward-dipping beds on 

the  flank of the syncl ine fonn the  western f lank of an a n t i c l i n e  which 

l i e s  e a s t  of t he  study areas .  

The most pronounced e f f e c t  of s t r u c t u r e  is  i ts  influence over t he  

exposure of formations. Flat - lying beds usually a r e  uniform over a 

whole area ,  therefore  t he  s o i l  tends t o  be uniform. Where formations 

a r e  e levated,  depressed, o r  t i l t e d  by folding o r  f a u l t l r g ,  various beds 

may be exposed, thus  y ie ld ing  a g rea t e r  va r i e ty  of s o i l  types.  

The s t ruc tu re  does not  seem t o  have bar! g rea t  insluer.ce on t h e  

drainage pa t t e rn ,  a s  t he  p r inc ipa l  streams have CUT across  t he  s t ruc tu re s  

r a t h c r  than conforming t o  t he  s t r u c t u r a l  trends.  It is l i k e l y ,  however, 

t h a t  t he  s lopes  a t  which formations now l i e  and the cayxre of formations 

exposed t o  erosion have influenced channel and h i l l s i d e  slopes t o  some 

extenr .  The in t e rp l ay  of  eroding forces  and t h e  r e s i s t i n g  qua1i:ies of 

t he  various formations is extremely complex. Analysis of these fea tures  

of landscape morphology is beyond t h e  scope of t h i s  r epo r t .  



The geology of  t h e  basins very l i k e l y  exe r t s  some influence upon 

t h e  chemistry of t h e  water t h a t  comes i n t o  contact with the  s o i l  o r  

mcks.  This conclusion is supported by the  f a c t  t h a t  water from the  

Shamn Creek basin, which is  ch ie f ly  underlain by geological formations 

d i f f e r ing  f r o m  those predominant i n  the  o ther  two basins,  had chemical 

cha rac t e r i s t i c s  t h a t  d i f f e red  from those of the  o ther  basins before 

development occurred. After  development, the chemical cha rac t e r i s t i c s  

of water from t h e  Sharon basin appeared t o  become more s i m i l i a r  t o  those 

of water from t h e  o ther  basins.  The reason f o r  t h i s  is not  apparent,  

but it may be associated with t h e  disrupt ion,  during development, of the 

na tu ra l  placement of substances i n  the  upper s o i l  horizons. 

The S o i l  Mantle 

Regions such a s  t h e  study area  having a complex pa t te rn  of outcrops 

usually possess a complex pat tern of s o i l  types,  and hecause of s o i l  

movement the  locat ions of t h e  s o i l s  may not bear a c lose r e l a t i o n  t o  

the  locat ion of t h e  parent rock. The d i s t r ibu t ion  of s o i l s  i n  the  

study basins is shown i n  f igure  9. Comparison of  t h e  outcrop areas  

shown i n  f igure  8 with the locat ions of  s o i l  types i n  f igu re  9 does 

not reveal  any obvious r e l a t ion .  

So i l  depths range from l e s s  than 1 foot  on some of the  exposed 

c re s t  areas  t o  more than 10 f e e t  i n  swales and val ley bottoms. The 

contact between s o i l s  and the  underlying rock is  of ten  i n d i s t i n c t ,  a s  

the zone of weathering may penetrate  r a t h e r  deeply where s t r u c t u r a l  

f rac tures  occur. Deep-rooted vegetation may a l s o  c rea t e  l o c a l  a reas  

of deep weathering. 

The proportions of s o i l s  and formation outcrops lying in  the  

three  basins a r e  shown i n  t a b l e  4.  

27 





Vegetation 

The study basins  of t h e  San Francisquito pro jec t  were used 

pr inc ipa l ly  f o r  grazing when the pro jec t  invest igat ions were s t a r t ed .  

Annual grasses  and sca t t e red  deciduous and l i v e  oaks formed the  

pr inc ipa l  vegetative cover. The basins of the  Los Trancos and 

San Francisquito Creek t r i b u t a r i e s  were almost completely open grasslands.  

and woody p lan ts  covered less than 10 percent of  the  area.  Woody plants ,  

both nat ive and exot ic ,  covered about 30 percent of  the surface i n  the  

Sharon Creek  basin. 

Branson, i n  a survey of vegetation i n  t h e  study basins i n  1959 (Branson, 

Miller and McQueen, 1961). found differences i n  t h e  abundance and kind of 

p lan ts  growing on d i f f e ren t  s o i l s .  The s o i l s  i n  the  basins a r e  pr inc ipa l ly  

sandy o r  clayey ( t a b l e  4 and f i g .  91, general ly  with sharp boundaries 

between types, and medium-textured s o i l s  occur only i n  small areas. The 

species more abundant on clayey than on sandy s o i l s  included wild oat, 

I t a l i a n  ryegrass,  be l la rd ia ,  tarweed and bur clover.  Purple s t a r  t h i s t l e  

occum-ed on clayey s o i l  only. The sandy s o i l s  supported g r e a t e r  amounts 

of vegetation and a g rea t e r  var ie ty  of p lan t  species;  s o f t  chess and red- 

stem f i l a r e e  were more abundant on sandy than on clayey s o i l s .  Species 

found only on the  sandy s o i l s  were r ipgut  brome, Cal i fornia  oa tgrass ,  

f o x t a i l  fescue, mouse bar ley,  needlegrass,  agoser is ,  bindweed, Spanish 

clover,  two species  of lupine,  Cal i fornia  poppy, and f i d d l e  dock. 



Branson found t h a t  the  percent moisture a t  s e t u a t i o r .  and a t  f i e l d  

capacity were considerably g rea t e r  i n  the  clayey s o i l  than i n  sandy 

s o i l .  He estimated t h a t  the f i e l d  capacity i n  the clayey s o i l  was 

approximately double t h a t  of t h e  sandy s o i l  i n  t h e  u-,per 2 f e e t  of the  

two s o i l s ,  and t h a t  l i n e a l  shrinkage was nearly four  t i -es  g rea t e r  i n  

the clayey s o i l s  than i n  the  sandy s o i l s .  Re conclu?e? t h a t  i n  the 

study basins,  one of the  chief  determinants of  t h e  kinds and amounts 

of vegetation found is the  quant i ty  of water s tored  i n  t h e  s o i l  and 

ava i lab le  f o r  plant  growth during the  gmwing season. 

Valley oak, blue oak and coast l i v e  oak wem the  pr inc ipa l  

t r e e s  common t o  the  three a reas ,  and these did co t  appear t o  be 

a f fec ted  by t h e  d i f f e ren t  so i l  textures .  In t h e  Sharon Creek bas in  

about 50 percent of the  woody vegetation consisted of small p lan ta t ions  of 

i n t d u c e d  species  such a s  eucalyptus, pine, a pear orchard, o l ive  

t r e e s  and miscellaneous small t r ees .  A part  of the  woody vegetation 

i n  the  Sharon Cmek basin was removed as a r e s u l t  of construction and 

development. 



HYDROLOGIC BUDGET OF THE STUDY AREA UNDER NATURAL CONDITIONS 

Computation of t he  Budget 

The long-term hydrologic budget of an undeveloped small  basin i n  

t he  study a rea  can be described by ana lys i s  of four  processes:  An input 

of p rec ip i t a t i on ,  and outputs  of evapotranspiration,  streamflow, and 

deep percolation.  A s  here defined, t h e  basin is l imi ted  by topographic 

drainage divides  on the  surface,  and a t  depth by t h e  regional  water 

t ab le .  Therefore t he  r e l a t i v e l y  small amount of water t h a t  percolates  

t o  t h e  zone of  s a tu ra t ion  (deep percolat ion)  is considered t o  have l e f t  

t h e  hydrologic system being s tudied.  The amount of ground water moving 

i n  o r  ou t  of t he  basin  by underflow is considered negl ig ib le .  If the  

budget is t o  be evaluated over a period of severa l  days o r  weeks, o r  

by the year ,  t he  amount of water i n  s torage i n  t h e  basin  must a l so  

be considered. Open-water surface s torage is  neg l ig ib l e  and changes 

i n  s torage i n  the  perched ground-water bodies i n  t h e  study basins  a r e  

small; however, storage i n  t h e  upper s o i l  horizons must be considered 

because accret ions  from p rec ip i t a t i on  and deplet ions  by evapotranspi- 

r a t i on  and deep seepage cause r e l a t i v e l y  rapid changes. Accordingly, 

provision was made i n  1960 f o r  t h e  co l lec t ion  of soil-moisture data 

using a neutron-scattering probe i n  access tubes.  

The magnitudes of components of t h e  hydrologic budget of t he  

Los Trancos Creek t r i b u t a r y  basin  have been estimated from information 

accumulated f o r  t he  period Ju ly  1961 to  October 1965 from p rec ip i t a t i on  

records, streamflow records,  and per iodic  measurements of s o i l  moisture. 
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Data on evapotranspiration and deep percolation are not available; 

however, computed rates of potential evapotranspiration together with 

precipitation data provide limits within which actual transpiration 

must lie. Air-temperature and solar-radiation data from San Francisco 

and San Jose have been used to canpute potential evapotranspiration ra tes ,  

as suggested by Lane (1964). The r a t e s  a r e  shown i n  f igure  10, and are  

consistent with evaporation data fmm standard pans at Burlingame, 

12 to 14 miles northwest of the study area, and at Stanford University. 

The pan data at both locations, when adjusted by a coefficient of 0.78 

in accord with findings of the U.S. Weather Bureau, indicate daily 

evaporation of about 0.04 inch in late December and 0.25 inch in 

late June. 





Periodic changes in the moisture content of the uppermost 33 inches 

of the soil, as shown by measurements at three selected access tubes in 

the Los Trancos Creek tributary watershed, were computed. These changes 

were considered to be an index of basin-wide changes in soil moisture 

with time. The quantities of rainfall and streamflow for each period 

between soil-moisture measurements were determined; as were the estimated 

losses by evapotranspiration, limited by potential evapotranspiration as 

show1 on figure 10 and by the available soil moisture. By trial and 

error, an empirical constant multiplier for the changes in soil moisture 

was found that produced a set of input and output values that were 

almost balanced for the entire period July 19, 1961 to October 18, 1965, 

except for small residuals immediately after periods of heavy precipitation. 

These residuals (totaling 5.9 inches while precipitation totaled 61.3 inches 

and evapotranspiration 50.11 inches) were cansidered to represent deep 

percolation. The data are shown in table 5 and constitute the estimated 

water budget for the basin of Los Trancos Creek tributary for the period. 

The summary (table 5) shows that during the water years 1962-65 

annual precipitation averaged slightly more than 15 inches. Streamflow 

averaged 10 percent of precipitation, percolation to the deep regional 

ground-water table, where the water is lost to the study basin, also 

averaged 10 percent, and evapotranspiration averaged 80 percent of 

precipitation. All values are expressed as depth of water over a unit 

area. Annual precipitation ranged from 11.0 to 20.6 inches. Evapotrans- 

piration ranged from 79 to 81 percent of precipitation except during the 

driest year, when it was 91 percent. Streamflow and deep percolation 

each ranged from 3 to 15 percent of precipitation. 
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Table 5.--Water budnet of Loa Trencos creek trlbut.ry basin. Julv 1961-October 1965 

(By periods between soil-moisture readings) 

(Waterbudget data expressed es depth of water over a un i t  area) 

July  19, 1961-kg. 31 
Sent. 1-Nov. 7 

I n p t  

P ~ f i p i t a t i o n  
(inches) 

N&. 8-Dee. 5 
Des. 5 J e n .  4, 1962 
Jan. 5-fib. 20 
f ib .  21-Mar. 14 
War. 15-Apr. 18 
Apr. 19-May 21 
May 22-June 20 
J- Pl-July 27 
Ju ly  28-Sept. 7 
sept. 0-0ct. 4 
oc t .  5-0ct. 15 
Oet. 1 6 - ~ w .  2 
Nov. 3-Dee. 5 

Change i n  
storage 

Decrease In  
soil wisture 

(inches) 

kc. 6-Jan. 7, 1963 
'Jan.  8-Peb. 6 
Peb. 7-Mar. 7 
Mar. 8-Apr. 11 
Apr. 12-May 14 
May 15-Jum I& 

Sept. 13-Nov. 13 
Nov. 14-Nova 22 
Nov. 23-Dec. 11 
Dee. 12-Jan. 6, 1964 
Jan. 7-Jan. 29 
Jan. 30-Peb. 18 
Pab. 19-war. 12 
Mar. 13-Apr. 3 
Apr. 4-Apr. 25 
Apr. 26-Way 28 
b y  29-July 1 
July  Z-July 27 
Ju ly  28-Sept. 3 
sept. 4-0ct. 1 
Oct. 2-Nav. 6 
N w .  7-Nov+ 19 
Nov. m - k c .  11 
k c .  124s". 12, 1965 
Jan. 13-fib. 24 
Peb. 25-Mar. 19 
Mar. 20-Apr. 12 
ADr. 13&y 13  
m y  14-June 10 
June 11-July 20 
Ju ly  21-Sept. 11 
Sept. 11-Oct. 18 

Outplt, i n  inches 

By water years 

Stremflar 

Percentage distribution 

Evapotran- 
s ~ i r a t i o n  

*Estimated; f au l t y  data. 
**In the long tern chi= vmlur would be zero, end output would equal inpvt 
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Deep 
percolation 

80.3 (Long term) 9.6 0.0 100.0 10.1 



Hydrologic P ~ o c e s s e s  as Ib la ted  t o  the  Climatic Regime 

In the  c l imat ic  environment of t h i s  study, t h e  period between heavy 

r a i n f a l l  events is usually s u f f i c i e n t l y  long to  allow the  uppermost 

layers  of t h e  s o i l  t o  dry and thus mcover  i n f i l t r a t i o n  capacity; i n  t h i s  

manner surface runoff is l imited t o  those feu periods when antecedent 

conditions have primed the  upper horizons. The l o s s  of s o i l  moisture 

is i n  two d i rec t ions ,  upward by evapotranspiration and downward by 

percolation. Movements i n  both d i rec t ions  a r e  con tml l ed  by physical 

l imi ta t ions  having a t t r i b u t e s  t h a t  a r e  beyond the  scope of t h i s  study. 

However, a few of t h e  more obvious ones may be mentioned. Downward 

percolation is l imited by the  s i z e  and number of  ava i lab le  pore spaces 

within t h e  s o i l ,  although t h e  long drying pmcess  during summer and ea r ly  

f a l l  modifies t h i s  l imi t a t ion  by introducing l a rge ,  deep, shrinkage 

cracks in  t h e  heavier c lays  and c lay  loams. Therefore most overland 

flow from unusually ear ly  and heavy r a i n f a l l  soon en te r s  the cracks, 

some of which may be a s  much a s  4 inches wide a t  t h e  surface and more 

than 2 f e e t  deep. A s  t h e  clay becomes sa tura ted ,  it swells  and the 

cracks disappear u n t i l  t h e  next dry season. 



Transpiration l o s s  is l imited by po ten t i a l  evapotranspiration, so 

t h a t  water a r r iv ing  a s  heavy o r  sustained prec ip i ta t ion  during t h e  months 

November t o  February, when t h e  demands by evapotranspiration a r e  l e a s t ,  

is retained i n  t h e  s o i l ,  leaves the  basin a s  streamflow, o r  percolates  

t o  t h e  regional water tab le .  During t h e  4 years covered by t a b l e  5, 40 

of t h e  61 inches of prec ip i ta t ion  f e l l  during the  combined November- 

February periods,  while 5.4 of t h e  6.2  inches of streamflow and 5.6 of 

the  5.9 inches of deep percolation o c c u r ~ e d  during the  months December- 

February. About 24 inches of t h e  t o t a l  of 50 inches of evapotranspiration 

was i n  March, April ,  and May, although only 13 inches of prec ip i ta t ion  

f e l l  during those months. The difference,  as wel l  a s  t h e  4.8 inches of 

evapotranspiration during the  almost r a in l e s s  months June t o  September, 

was withdrawn fmm soil-moisture storage.  



The d i s t r ibu t ion  of s o i l  m i s t u n  and t h e  var ia t ions  i n  water content 

of t h e  s o i l s  i n  the  Los Trancos Creek t r i b u t a r y  basin a m  demonstrated by 

the se lec ted  p m f i l e s  f o r  t h e  1962 and 1963 water yeam shcun i n  fi- 11. 

These p ro f i l e s  i l l u s t r a t e  the  mom s i g n i f i c m t  changes t h a t  occurred during the  

two seasons.  Data a r e  p resen ted  f o r  t h r e e  sites, r e p r e s e n t i n g  cond i t ions  a t  

t h e  h i l l t o p  along the northeastern drainage divide (elevation. 515 f e e t ) ,  

a t  t h e  weather s t a t i o n  a t  mid-basin (elevat ion.  354 f e e t ) ,  and on t h e  

val ley f l o o r  near  mid-basin (elevat ion,  326 f e e t ) .  These s i t e s  ident i fy  

conditions in  m p n s e n t a t i v a  s o i l  types and t h e  va l ley  data  a l s o  demonstrate 

t h e  m l a t i o n  when the s o i l  rnate~ials a r e  a t  o r  near f u l l  saturat ion.  

S o i l  moisture at  t h e  va l ley  site was observed i n  an open-bottm access  tube 

t h a t  was also used as a ground-water observation well ,  s o  t h e  depth of 

t h e  p r o f i l e  sampled was l imited by the  depth t o  water. Lithologic logs 

of t h e  access  ho les  are shown i n  f i g u r e  11 t o  i d e n t i f y  t h e  s o i l  t y p e s  a t  

t h e  sites.  

The water  con ten t  of t h e  s o i l s  v a r i e s  dur ing  t h e  y e a r  i n  response  

t o  i n f i l t r a t i o n  f r o m  r a i n  and subsequent withdrawal by evapo t ransp i ra t ion  

and p e r c o l a t i o n  downward and,  a t  many sites, by l a t e r a l  t r a n s l o c a t i o n .  

The p r o f i l e s  shown i n  f i g u r e  11 i l l u s t r a t e  t h e  normal seasona l  range. I n  

most y e a r s  t h e  mois tu re  l e v e l s  i n  t h e  autumn d e c l i n e  t o  c o n s i s t e n t l y  low 

va lues ,  but  i n  wet y e a r s  such as 1963, t h e  heav ie r  s o i l s  may r e t a i n  more 

mois ture  a t  t h e  end of t h e  summer than  a f t e r  d ry  y e a r s ;  t h i s  is demonstrated 

by comparison of t h e  p r o f i l e s  For September 12 ,  1963, wi th  t h o s e  f o r  

October 4,  1962. 



5 HILLTOP (Revation, ,535 feet) 

1962 WATER YEAR 1963 

FIGURE 11.--Water content and access-hole logs at three sites in the 
Los Trancos Creek tributary basin during water years 1962 and 1963. 



The increases i n  s o i l  moisture a t  t h e  h i l l t o p  and mid-basin s i t e s  

were caused by i n f i l t r a t i o n  from d i n c t  p ~ e c i p i t a t i o n  only, but the  

increases  a t  the va l ley  s i t e  include i n f i l t r a t i o n  f r o m  overland flow 

and possibly some interflow t h a t  reaches the  val ley f loo r .  The ground 

water a t  the  va l ley  s i t e  normally was lower than t h e  bottom of the  s o i l -  

moisture access tubes,  but l a t e  each winter, the  water t a b l e  rose t o  the  

depths shown i n  f igu re  11. The valley f l o o r  a rea  cons t i t u t e s  only about 

5 percent of t h e  t o t a l  basin a rea ,  and t h e  average changes i n  water 

content of t h e  s o i l  throughout the baain a r e  more nearly approximated 

from the  data  obtained a t  o ther  locat ions.  

Soil-moisture da ta  obtained i n  the Sharon Cmek and San h a n c i s q u i t o  

Creek t r ibu ta ry  basins  showed comparable var ia t ions  i n  the  a n a l  and 

seasonal d i s t r ibu t ion  of water content i n  t h e  s o i l s .  



GROUND-WATER CONDITIONS 

The ground-water conditions in  the  study areas  and t h e  nearby 

f o o t h i l l  a reas  a r e  deduced on the  bas i s  of data  from observation wells 

and water-supply wel ls ,  and fmm borehole data .  Ground water occurs 

i n  alluvium along the  perennial  streams and i n  t r i bu ta ry  val leys ,  i n  

bedrock, and i n  t e r r ace  deposits.  Water is ava i lab le  t o  wells 

generally i n  the val leys  of San Francisquito Creek and its pr inc ipa l  

t r i b u t a r i e s  t h a t  have perennial  flow, such a s  Los Trancos Creek. 

In t h e  f o o t h i l l  a reas  and i n  smaller t r i bu ta ry  basins the  ground- 

water l eve l s  i n  the  dry season may average about 40 f e e t  below t h e  

land surface on the higher h i l l s ,  20 t o  25 f e e t  on the  lower s lopes,  

and 5 t o  15 f e e t  i n  the  val leys  and ravines. Only small quan t i t i e s  

of water can be obtained from wells i n  t h e s e  latter areas .  

Small perched bodies of ground water e x i s t  hem and the re  i n  the  

study basins,  but i n  general  t h e  sediments a r e  t i g h t  and except f o r  very 

sho r t  periods a f t e r  heavy r a i n  a l l  ground-water outflow becomes surface 

flow and t h e  unmeasured ground-water outflow is s l i g h t .  For t h i s  

reason, l a t e r a l  outflow of ground water was not segregated a s  a separate  

component of the  hydrologic budget. 



In  t he  Sharon Crcek basin auger holes  d r i l l e d . l n  1959 indicated 

the probable zone of moisture penetrat ion (del ineated by t h e  co lo r  

change i n  t he  c lays  and sandstones from tan and brown t o  gray) t o  be 

about 40 f e e t  below t h e  surface on the  per ipheral  h i l l s  but only about 

11 f e e t  below t h e  surface i n  t he  val ley area.  However, t he  quant i ty  of 

water was so  s l i g h t ,  and its movement so slow, t h a t  an observation w e l l  

15  f e e t  deep near t he  gaging s t a t i o n  a t  the  o u t l e t  o f  t he  basin remained 

dry f o r  several  years.  

Boreholes i n  the  San f ranc isqui te  Creek t r i b u t a r y  basin indicated 

s imi l a r  depths t o  t he  zone of sa tura t ion  i n  t he  h i l l  and val ley areas.  

Many l a rge  boreholes and smal ler  d r i l l e d  holes along the  Stanford Linear 

Accelerator s i t e ,  crossing t h e  upper p a r t  o f  t he  basin,  penetrated 

the  sa tura ted  zone; water accumulated i n  most of those holes and rose 

t o  l e v e l s  t h a t  ranged f r o m  20 t o  30 f e e t  below t h e  land surface.  I n  

t he  lower p a r t  o f  t he  basin a 47-foot augered hole on the  f lood p l a in  

about 360 f e e t  f r o m  t h e  stream channel indicated s i l t  and c lay  s o i l s ,  and 

sand and gravel  overlying gray weathered s i l t s t o n e  t o  a depth of 

19 fee t .  The water t a b l e  i n  t h i s  f lood p l a in  was above the  s i l t s t o n e .  

Hand-augered holes  i n  t he  Los Trancos Creek t r i b u t a r y  basin near 

t he  gaging s t a t i o n ,  indicated loam, c l ay ,  sand and some s tones  overlying 

sandstone t o  depths of  6 t o  7 f e e t ,  and showed t h a t  dry-season water 

l e v e l s  were below t h e  upper surface of t he  sandstone. Upstream i n  t he  

basin t h e  overlying mater ia l s  on the  val ley f loop a r e t h i c k e r , a n d  water 

l e v e l s  a r e  a s  much a s  10 f e e t  below the  land surface during the  dry 

season. 



Water l e v e l s  observed i n  selected wel ls  i n  t h e  t h r e e  basins  

f o r  t h e  period March 1959-September 1965 a r e  shown i n  f igure  12. 

These wells were es tabl ished on the  flood p l a ins  near t h e  o u t l e t s  

of each of t h e  study basins. I n f i l t r a t i o n  and percolat ion of water 

from p rec ip i t a t i on  provides t h e  p r inc ipa l  na tu ra l  recharge of t h e  

ground water. The underlying bedrock is general ly  impervious and 

most of t he  ground-water movement i s  through f r ac tu re s .  Low 

permeabi l i t ies  i n  t h e  sandstones along t h e  l i n e a r  acce le ra tor  

were indicated by slow recoveries of water l e v e l s  a f t e r  ba i l i ng  

of boreholes. Low t r a n s m i s s i b i l i t i e s  i n  t he  va l l ey  alluvium were 

a l s o  indicated by t e s t s  i n  small observation wells. The values 

obtained ranged from about 0.4 gal lons  per day per foo t  width of 

aqui fe r  i n  t he  heavy clays  and c lay  loams i n  t he  Sharon Creek basin  

t o  2.1 t o  28 gal lons  per  day per  foo t  i n  t h e  Los Trancos Creek 

t r i b u t a r y  basin. The t e s t s  a r e  crude but a r e  ind ica t ive  of t h e  

r e l a t i v e  r a t e s ,  and i l l u s t r a t e  t he  very low t r a n s m i s s i b i l i t i e s  i n  

the  alluvium i n  t h e  val leys .  



FIGURE 12.--Hydrographs of water levels in reprcsmtative wclls in the project basins, 
March 1959-September 1965. 



Surface Water-Ground Water Relation 

Flow i n  the streams i n  t he  t h ree  study basins under na tu ra l  

conditions is  ephemeral. Early season p rec ip i t a t i on  is  almost 

completely re ta ined  a s  s o i l  moisture, although on r a r e  occasions 

e a r l y  storms a r e  heavy enough t o  s a t u r a t e  the  upper layers  of the  

s o i l  p m f i l e  and cause overland flow and runoff f o r  shor t  periods. 

Storms t h a t  occur a f t e r  soil-moisture def ic ienc ies  have been s a t i s f i e d  

r a i s e  t he  l e v e l  of ground water by percolat ion,  interflow,and seepage 

fmm the  stream channels. In  a l l  except extreme drought years  t h e  

water t a b l e s  occasionally r i s e  t o  l e v e l s  t h a t  cause flow i n  t he  

San Francisquito Creek r r ibu ta ry  and Los Trancos Creek t r i b u t a r y ,  and 

e f f luent  ground water may continue t o  drain  out a s  streamflow f o r  

periods of severa l  weeks a f t e r  storms and a t  t he  end of t h e  runoff 

season. However, t he  volume of runoff t h a t  en t e r s  t he  stream by these 

subsurface rou tes  is usual ly  very small compared t o  t h e  volume of 

s t o m  runoff. A s implif ied sect ion of a t r i b u t a r y  val ley such as t h a t  

of the  Los Trancos Creek t r i bu ta ry  is shown i n  f i gu re  13. The t y p i c a l  

r e l a t i o n s  among the  land surface,  sandstone horizon, zone of s a tu ra t ion ,  

and water-table surface i n  wet and dry seasons a r e  indicated.  

After  winter storms have ceased, i n  t he  spr ing,  the  ground- 

water l e v e l s  decl ine and streamclow ceases.  Perennial  ground-water 

seepage occurs i n  t h e  San Francisquito Creek t r i b u t a r y  basin ,  a s  is  

indicated by v i s i b l e  t r i c k l e s  over the  sandstone i n t o  which the  

receiving channels a r e  inc i sed ,  and the  presence of damp spo t s  i n  the  

otherwise dry streambed. 
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Under the natural regime in the Sharon Creek basin, however, the 

clays and clay loans were of sufficient thickness that the full depth 

of the materials overlying the sandstones did not become completely 

saturated, and runoff occurred only when precipitation rates exceeded 

the infiltration rates of the upper layers of soil. The runoff was 

sometimes heavy and was comparable in peak rates to that from other 

S a t ~ ~ t e d  areas or from nearly impervious surfaces, but the streamflow 

was sustained only for a short period after precipitation ended. 

Hydrographs from selected periods showing typical streamflow 

patterns are shown in the appendix. 



LAND USE I N  THE STUDY REGION 

The study region remained wild and l i t t l e  known u n t i l  the  middle 

of the  19th century. The c i t y  of San Francisco, about 25 miles t o  

t h e  northwest, developed very slowly after the  establishment of t h e  

ea r ly  Spanish Mission of S t .  Francis i n  1776 u n t i l  t h e  "gold rush" 

days of  1849. A s  t h e  c i t y  grew a f t e r  t h a t  period, sett lements were 

establ ished along the  peninsula and there  was logging i n  t h e  h i l l s  

lying west of present-day Pa10 Alto. The first meaningful invasion 

of t h e  study area was the  establishment i n  the  middle of  the  

19th century of a logging road mughly pa ra l l e l ing  San Francisquito 

Creek. 

Although there  was a stage road along t h e  western shore of 

San Francisco Bay s ince perhaps t h e  1820ts,  t r a v e l  was slow and arduous 

and only sca t te red  ranches exis ted i n  t h e  Palo Alto (then Mayfield) 

region. In  t h e  1860ts ,  however, a r a i l road  w a s  b u i l t  connecting 

San Francisco with San Jose,  about 15 miles southeast  of t h e  study area.  

"The Peninsula," a s  t h e  region is  loca l ly  ca l led ,  became a des i rab le  

r e s i d e n t i a l  region. The improved t ransportat ion a l s o  caused a mild 

boom in  farming a c t i v i t y  and t h e  population of t h e  Palo Alto region 

increased moderately from t h a t  time t o  t h e  1940's. Stanford University 

was establ ished in  1885, and was deeded severa l  thousand acres  of  land, 

which included two of t h e  study basins.  Use of t h e  basins a s  pasture- 

land probably began not  e a r l i e r  than the  18701s, and small l e v e l  a reas  

have been plowed and planted from time t o  time. However, crop farming 

i n  any large pa r t  of the  study basins has never been continuous o r  

intensive.  
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During and a f t e r  World War 11, t h e  need f o r  land f o r  l i g h t  

industry  coupled with t h e  improved highway network caused a rap id ly  

mounting inf lux  of population and industry  i n t o  the e n t i r e  San Francisco 

Bay region, and espec ia l ly  along the  Peninsula. By 1960 the re  were 

few breaks i n  a band of i n d u s t r i a l ,  commercial, and r e s i d e n t i a l  

development extending from San Francisco t o  San Jose. The l e v e l  

a l l u v i a l  p la ins  between the bayside lowlands and t h e  f o o t h i l l s  were 

t h e  f i r s t  t o  be occupied, but as congestion increased on t h e  l e v e l  

ground, construction of sca t te red  housesbegan i n  t h e  h i l l s  

t o  t he  west. The development recorded i n  t h i s  study r e f l e c t s  t h i s  

recent  trend. The general  population increase and movement t o  urban 

a reas  ind ica tes  t h a t  the  sett lement of these f o o t h i l l  regions w i l l  

l i k e l y  acce le ra te .  

The thickly s e t t l e d  region l i e s  between the f o o t h i l l s  and t h e  

undevelopee bayside lowlands. I t  includes small c i t i e s  ~ a n g i n g  in  

population from 24,000 t o  58,000, with population dens i t i e s  averaging 

about 5,000 per  square mile. Densit ies range from about 24,000 per  

square mile i n  apartment areas  t o  l e s s  than 1,000 per  square mile 

where there  a r e  suburban-type e s t a t e s .  This urban-suburban region 

is character ized by a f a i r l y  regular  g r i d  of s t r e e t s ,  with shopping 

centers ,  business a r eas ,  schools, small parks, and l i g h t  i n d u s t r i a l  

p lan ts .  



The rural-suburban region is mostly i n  t h e  f o o t h i l l s ,  and t h e  

population density is l e s s ,  averaging about 650 pe r  square mile. 

S t r e e t s  generally msemble countzy roads, although they form a f a i r l y  

c lose ne t  i n  some areas. In much of t h e  rural-suburban ragion, l i t t l e  

provision is made f o r  stom drainage, and domestic sewage is l ed  

t o  s e p t i c  tanks and dra in  f i e lds .  Vacant a reas  of many acres  may 

a l t e r n a t e  with other  regions having perhaps two o r  th ree  houses pe r  acre .  

The unset t led r u r a l  areas  a m  of th ree  types: Footh i l l  ragiana 

suscept ible  t o  development butwithheldthus f a r ;  s t eep  f o o t h i l l  and 

mountain areas  not su i t ab le  f o r  large-scale development under present 

circumstances; and the  bayside lowlands. These lowlands range i n  a l t i t u d e  

from sea  level, a t  the  edge of t i d a l  f l a t s  and evaporation ponds, t o  

about 10 f e e t ,  and on them a r e  sca t te red  i n d u s t r i a l  f a c i l i t i e s .  

Pressure has recent ly  a r i s en  t o  make more use of the  lowlands, with 

some favoring r a t h e r  dense i n d u s t r i a l  and apartment development, and 

other  advocating puhlic ownership with la rge  a reas  preserved i n  t h e i r  

na tura l  s t a t e .  



PHYSIOGRAPHY AND DEVELOPMENT I N  THE STUDY BASINS 

The bas in  lands  f i r s t  came i n t o  p r i v a t e  ownership a t  t h e  t i m e  of  

t h e  Mexican issuance  of  land g r a n t s  during t h e  per iod 1830-45. The bas ins  

remained unoccupied u n t i l  about 1910, when t h e  Sharon Creek bas in  became 

p a r t  of  t h e  l a r g e  Sharon e s t a t e .  The o t h e r  two b a s i n s  remained unoccupied 

u n t i l  t h e  development observed during t h i s  s tudy,  and s t i l l  remain i n  

t h e  possession o f  Stanford  Univers i ty .  Figures 14-17 a r e  views o f  t h e  

bas ins  i n  t h e i r  undeveloped s t a t e .  

In  1958, when d a t a  c o l l e c t i o n  s t a r t e d ,  t h e  b a s i n s  o f  Los Trancos 

Creek t r i b u t a r y  and San Franc i squ i to  Creek t r i b u t a r y  were v i r t u a l l y  

i n  t h e i r  n a t u r a l  s t a t e .  There may have been s l i g h t  changes caused by 

s e v e r a l  decades of i n t e r m i t t e n t  l i g h t  c a t t l e  g raz ing ,  and inspec t ion  

of  enlarged a e r i a l  photographs ind ica ted  t h a t  small patches  may have 

been c u l t i v a t e d  at  some e a r l i e r  t i m e .  The Sharon Creek bas in  had a 

ha l f -ac re  unused pond, an orchard  of  a few a c r e s ,  a few nonna.tive 

decora t ive  t r e e s ,  4,000 o r  5,000 f e e t  of unpaved l a n e s ,  and about 

1,000 f e e t  o f  paved highway (Sand H i l l  Road) a c r o s s  t h e  sou theas t  

co rner  o f  t h e  basin.  These modif ica t ions  a r e  bel ieved t o  have been 

n e g l i g i b l e  i n  t h e i r  e f f e c t  on t h e  hydrology of t h e  bas in .  
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FIGURE 15.--Sharon Creek basin  p r i o r  te develspment showing 
(A) characrer of land and vegetative cover in t h e  middle 
of the basin  and (3) infrec;i;en-t flow, grassy c h a m e l ,  a ~ d  
head cuts cipstrear. frm t h e  gaging s t a t  ion. 



FJZURE 15.--Los Trancos Creek t r i b u r a r y  b a s i n  showing 
(A) cond i t ions  nea r  t h e  gaging s t a t i o n  ( l e f t  foreground) 
ir, Kay 1959 an2 ( 3 )  obl ique  a e r i a l  view of t h e  b a s i n  i n  
Seuiember 1965. Gaging s t a t i o n  among t r e e s  i n  lower 
l e f t  c e n t e r .  



FIGLIFE 1 ' 7 .  --San F'r-accis~ulto Zrezk t r i hz t a ry  
basin, l o o k i n g  up c h a n n e l  from flood-plaiz 
a r e a  - e a r  g a g i n g  s t a t i o n .  F:-.otog~.apl; t a k e n  
Xarch 29 ,  19Gii, ~ r ' i o r  t~ developzec:: i n  t h e  
b a s i n .  



The first recent  work i n  the  Sharon Creek basin began i n  1957-58. 

when a sec t ion  of Sharon Park Drive was b u i l t  f o r  a dis tance of about 

1.000 f ee t  along the eastern end of the  northeast  basin boundary. 

S igni f icant  development within the  basin began i n  May 1961. A t  t h a t  t i m e  

large-scale landscaping s t a r t e d ,  and by the  fa l l  of 1962 development had 

reached a s tage  a t  which it remained m l a t i v e l y  s t a b l e  u n t i l  the  f a l l  

of 1965. Land use during t h i s  p e ~ i o d  of s t a b i l i t y  is shown i n  f igure  18. 

About 14 acres  w a s  occupied by single-family ns idences .  12 acres  by 

o f f i c e s  and two apartment buildings,and 85 acres, including t h e  a rea  

immediately upstream f r o m  the  gaging s t a t i o n ,  was a golf  course. In  

addi t ion t o  these 111 acres ,  t he re  were about 84 acres  of  streets and 

roads. Within t h e  a rea  devoted t o  the  golf  course, o f f i c e s ,  apartments, 

and residences t h e  t o t a l  a r ea  covered by m f s ,  dr ives ,  m d  pa t ios  w a s  

about 16% acres. One hundred and twenty-five acres ,  about ha l f  of the  

basin,  remained unchanged. The s t a t e  of development ex i s t ing  i n  September 

1967 is shown i n  fig- 19. 

Plans f o r  t h e  addi t iona l  development of  t h e  Sharon Creek basin 

indicate  t h a t  more commercial-type buildings,  with l a r g e  parking l o t s ,  

may be erected along Sand H i l l  Road, and construction of  addi t iona l  

s t r e e t s  and houses along t h e  h i l l s i d e  fanning t h e  northeast  s ide  of 

t h e  basin s t a r t e d  i n  t h e  ea r ly  spr ing of 1966. An a rea  of about 11 acres  

a t  the  eastern end of t h e  basin,  including the  old Sharon Es ta te  pond, 

is reserved f o r  a publ ic  park. Dwelling u n i t s  i n  the  basin to t a l ed  

about 110 i n  the  autumn of 1965, and o thers  w i l l  be b u i l t  eventuallv.  

Thus, the development w i l l  be a version of the  c l u s t e r  type,  with an 

average population densi ty  of  s l i g h t l y  more than 1,000 persons pe r  

square mile i n  pleasant ,  open surroundings. Such density can be 

ca l led  rural-suburban. 
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Sharon Creek, before intensive development s t a r t e d  i n  the  basin, 

had formed a channel which was l i t t l e  more than a grass-covered trough 

( f ig .  15) ,  with t r i bu ta ry  flow concentrated i n  wide, s loping,  grass- 

covered valleys.  The stream had only two o r  th ree  shor t  reaches 

of incised channel, which had s teep,  raw-earth s ides .  The stream is 

now conducted beneath the  gol f  course f o r  about 2,200 f e e t  i n  a 2-foot 

diameter concrete pipe,  and several  s ide  dra ins  e n t e r  it. The stream 

leaves the pipe about 530 f e e t  upstream from the  gage and flows f o r  about 

250 f e e t  i n  a s t r a i g h t  channel 6 f e e t  wide, incised about 3 f e e t  

at its upper end, with v e r t i c a l  s ides  of raw ear th .  The channel is 

almost l eve l  i n  t h i s  reach, while the  val ley f loo r  slopes downward so  

t h a t  t h e  banks fade out. For perhaps another 150 f e e t ,  t h e  channel 

has incised i t s e l f  very s l i g h t l y  i n t o  the  val ley f loo r ,  then it drops 

i n t o  a channel 6 o r  8 f e e t  deep. The gaging s t a t i o n  was establ ished 

about 100 f e e t  downstream f r o m  the point  where t h i s  deeper channel 

begins. Sharon Creek continues f o r  about 600 f e e t  downstream from the  

gage, then joins t h e  Atherton drainage channel. 



~ X P L A N A T I  ON- 
UNCHANGED AREA 

n 
DEVELOPED AREAS AS OF JULY 1,1965 

Golf course 
EBl IEd 

Residential and Commerdal Stnets and Roads 

FIGUW: 18.--Sketch map of Sharon Creek basin showing development. 
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The bas in  of  Los Trancos Creek t r i b u t a r y  ( f i g . 1 6  ) has  t h r e e  well-  

def ined channels. The main channel  is f a i r l y  s t r a i g h t .  t r e n d s  t o  t h e  

northwest.  and is p a r a l l e l  t o  and only  a few hundred feet f r o m  t h e  south- 

western bas in  boundary. Two s u b t r i b u t a r i e s  d r a i n  much of t h e  nor theas te rn  

s i d e  o f  t h e  watershed. The n o r t h e m m a t  t r i b u t a r y .  with a c o n t r i b u t i n g  area 

of about 83 a c n s ,  jo ins  t h e  main channel 1,200 f e e t  u p s t n m  from 

the  gage and t h e  o t h e r ,  d ra in ing  about 74 acres, j o i n s  t h e  main channel  

about 1,200 f e e t  f u r t h e r  upstream. These two t r i b u t a r i e s  t h u s  d r a i n  

about one-half t h e  t o t a l  a r e a  c o n t r i b u t i n g  t o  flow p a s t  t h e  gage, 

and t h e i r  dra inage c o l l e c t s  t h e  runoff  fram almost a l l  o f  t h e  r e l a t i v e l y  

high and s t e e p  nor theas te rn  s i d e  o f  t h e  bas in .  

Aerial photographs of t h e  Lo8 i r a n c o s  Creak t r i b u t a r y  b a s i n  show 

evidence of p a s t  c u l t i v a t i o n  o f  a small area n e a r  t h e  southwest corner .  

A 50-foot d iameter  r a d i o  t e l e s c o p e  and access road had been cons t ruc ted  

on a h i l l t o p  at t h e  s o u t h e a s t  c o m e r  o f  t h e  bas in .  N o  o t h e r  uses ,  except  

g raz ing ,  were ev iden t  p r i o r  t o  t h e  e r e c t i o n  of  p o l e s  suppor t ing antenna 

systems used i n  r a d a r  and radioas t ranony s t u d i e s  by Stanford  Univers i ty  

and Stanford Research I n s t i t u t e  personnel .  I n  1960-61 an a r e a  o f  about 

one a c r e ,  p a r t i a l l y  wi th in  t h e  bas in ,  a t o p  a h i l l  a t  t h e  nor thern  corner  

of t h e  basin.  was paved and a 150-foot diameter  s t e e r a b l e  r a d i o  t e l escope  

mounted. A s m a l l e r  r a d i o  t e l e s c o p e  was e r e c t e d  and about 800 feet o f  

s i n g l e - l a n e  pavement p laced a long t h e  nor theas te rn  r i d g e  a t  about t h e  same 

time. No change i n  streamflow w a s  apparent  as a r e s u l t  o f  t h i s  work, and 

t h e  bas in  was considered t o  be i n  its n a t u r a l  state through t h e  win te r  

o f  1963-64. 
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During the  l a t e  summer and f a l l  of 1964 another small  rad io  

telescope was erected downslope from the  large telescope, i n  the  

head of a small  na tu ra l  trough leading i n t o  the  main channel jus t  

upstream from the gage. The pavement (roadway, parking, and working 

areas)  t o t a l s  about one-half acre  i n  extent.  The s i t e  is about 2,300 f e e t  

from the gage and about 200 f e e t  higher. During the  heavy storms of 

December 1964-January 1965 and December 1965, flow from t h i s  paved area  

entered Los Trancos Creek t r ibu ta ry  near  the gage, bringing with it 

much sand ca r r i ed  from the  fresh cu ts  l e f t  by construction. Flow of t h i s  

type had not resu l ted  from e a r l i e r  storms during the study period, and 

it occurred only a f t e r  sustained p r i o r  prec ip i ta t ion  had saturated 

the  upper s o i l  horizon. Maximum inflow from t h i s  source is  estimated 

t o  be l e s s  than 5 percent of  the  flow from the remainder of t h e  basin,  

and the  flow was not included in  the  Los Trancos Creek t r ibu ta ry  data  

used t o  define t h e  na tu ra l  regime. 

Construction of a six-lane freeway w i t h  a cen ter  mall, following t h e  

alinement of  Los Trancos Creek t r ibu ta ry  f o r  2,000 f e e t  o r  more within 

the  study basin,  i s  scheduled t o  begin i n  1967. 

San Francisquito Creek t r ibu ta ry  has two well defined subt r ibu tar ies .  

One dra ins  the  northeastern corner of the basin,  and another the  western 

s ide .  The two t r i b u t a r i e s  drain areas  of  roughly 66 acres and 52 acres  

respectively (about 70 percent of  the  basin above the  gage) and uni te  

about 1,000 f e e t  upstream from t h e  gage ( f ig s .  20 and 21). 



o fax, 2000 FEET - - -i 

I / 
\ 
\ 
\ /.--- , <n-' \-- Bas 

\ / B o u n d a r y  
b 

XPLANATION 
UNCHANGED AREA 

DEVELOPED AREAS AS OF JULY 1,1965 

m 
I Paved a reas  Buildings S t r e e t s  and roads 

o ther  than 
s t r e e t s  and I 

FIGURE 20.--Sketch map of San Francisquito Creek t r i b u t a r y  basin  
showing development. 



FIGURE 21.--Aerial view of San Francisquito Creek tributary basin in 
September 1967. Development shown consists of administrative offices 
and facilities of the Stanford Linear Accelerator Center including 
east (target) end of the accel- -rator. 



The northeastern t r i bu ta ry  has no wel l  defined channel u n t i l  it 

reaches a point  about 600 f e e t  upstream f r o m  its junction w i t h  t h e  

western channel, where the re  is a v e r t i c a l  headwall dropping i n t o  a 

narrow, steep-walled, f a i r l y  s t r a i g h t  channel which continues downstream 

almost t o  t h e  gage ( f i g .  17). In many places . . this channel has cut 

below t h e  s o i l  mantle and i n t o  t he  underlying sandstone. 

The western t r i bu ta ry  has no c l e a r l y  defined channel u n t i l  it 

reaches a point  about 1,000 f e e t  upstream from t h e  junction, where 

it drops over a headwall i n t o  a narrow V-shaped channel from 

6 t o  10 f e e t  deep and about 500 f e e t  long. The channel cu t  

then becomes bmader,  shallower, and is grass  covered f o r  another 

500 f e e t ,  where it meets the  northeastern t r ibu tary .  This lower 

500-foot reach of  t h e  western channel proceeds downward i n  s t eps  

with v e r t i c a l  scarps  o r  haadwallsof 1 t o  2 f e e t  i n  height  forming 

t h e  r i s e r s .  During flow ~ e c e s s i o p ,  water has been seen enter ing 

gopher holes 5 t o  10 f e e t  upstream f r o m  these headwalls and spouting 

out  from the  faces  of  t h e  walls. The scarps tend to  move upstream 

by means of  erosion. 



Below the  junction, the  stream flows southeastward f o r  about 1,000 f e e t  

before passing under an unpaved farm m a d ,  then about 220 f e e t  f a r the r  

t o  t he  gaging s t a t i o n .  The s lope of  t he  inc i sed  channel fmm the  

junction t o  t he  road is  about 100 f e e t  per  mile. Downstream f r o m  t he  

road the stream has eroded t o  bedrock, and the  channel is shallower, 

broader, and descends a t  about 240 f e e t  per  mile u n t i l  it debouches 

i n t o  t he  channel o f  San Francisquito Creek about 150 f e e t  southeast  

of the  gage. 

The only in te r fe rence  i n  t he  na tu ra l  regime of t he  basin of 

San Francisquito Creek t r i h u t a ~ y  known to have occurred p r i o r  to 

t he  study period was the use of a small area  n e a r s a n d H i l l  Road f o r  

mi l i t a ry  t r a in ing  during World War I. Remains OF a small network of 

underground trenches were revealed during acce le ra tor  construction.  

The land was otherwise unused except f o r  grazing u n t i l  March 1961, 

when a f i e l d  t h a t  included about two-thirds of an acre  i n  t he  west 

s ide  of the  basin was prepared f o r  t he  r a i s ing  of  garden crops. During 

and a f t e r  the  summer of 1961 a moderate amount o f  i r r i g a t i o n  water 

was applied t o  t h i s  f i e l d  as  d i c t a t ed  by crop requirements, but 

evapotranspiration from t h e  f i e l d  i t s e l f  probably consumed almost 

a l l  t he  imported water; t he  hydrologic regime of t he  basin a s  a 

whole was unaffected. 



I n  December 1961 a t rench  was c u t  a long t h e  al inement s e l e c t e d  f o r  

t h e  Stanford Linear  Accelera tor .  L i t t l e  more was done u n t i l  heavy 

equipment s t a r t e d  l a rge -sca le  earthmoving opera t ions  i n  J u l y  1962. 

L i t t l e  o r  no change occurred i n  t h e  low-flow regime u n t i l  t h e  l a t e  

sp r ing  o f  1964, when s u b s t a n t i a l  q u a n t i t i e s  o f  water  were imported, 

c h i e f l y  f o r  use  i n  cur ing  l a r g e  masses of concre te .  Since May 1, 1964, 

outf low o f  imported water  has been almost continuous with d a i l y  amounts 

ranging f r o m  0.01 t o  0.5 c f s .  Peak f lows appeared t o  be a f f e c t e d  by 

cons t ruc t ion  a t  t imes during t h e  win te r  storms o f  1962-63 and 1963-64 

( s e e  hydrograph i n  appendix),  and were markedly changed i n  1964-65, 

bu t  channel modi f i ca t ions ,  t o p s o i l  s t r i p p i n g ,  and paving opera t ions  

were changing from day t o  day. Thus, no two runoff  pe r iods  provided 

d a t a  r e l a t i n g  t o  t h e  same changes, t h e r e f o r e  no q u a n t i t a t i v e  comparison 

o f  hydrographs has been at tempted.  



The Stanford Linear Accelerator runs from e a s t  t o  west across t h e  

northern end of the  basin and separa tes  about 43 acres  of the western 

and northeastern t r i bu ta ry  drainage areas  from the  lower pa r t  of the 

basin. The acce lera tor  s t ruc tu re  a c t s  a s  an impervious b a r r i e r  based 

i n  sandstone. Runoff, interflow, and the  s l i g h t  ground-water outflow 

from the  43 acres  thus i so l a t ed  is l ed  i n t o  the  o r i g i n a l  main channel 

a t  about midbasin by a drainage co l l ec to r  system. Drainage f r o m  some 

3 acres  of the  south s ide  of t h e  acce lera tor  roof and service 

roadway flows i n t o  the  head of  a s m a l l  t r i bu ta ry  draining t h e  west 

s i d e  of t he  basin,  and surface drainage from about 14 acres of impervious 

surfaces i n  the  t a r g e t  area,  a t  the e a s t  end of the accelerator ,  en t e r s  

a poorly defined na tu ra l  channel leading southward near the e a s t  s ide  

of t h e  basin. About 83 acres  a r e  included i n  the  developed pa r t  of 

t h e  basin,  of which 3 acres  have been added by the  s h i f t i n g  of drainage 

boundaries r e su l t i ng  from constmction.  About'50 acres  of t h e  83 a r e  

paved o r  roofed and about 20 acres  are i r r i g a t e d  by imported water, 

while 13 acres  have been changed but l i t t l e  o r  not a t  a l l .  The 90 acres 

a t  t h e  south (lower) end of the  basin remained unchanged through 1965. 

The freeway construction scheduled t o  begin in  1967 in  the basin 

of Los Trancos Creek t r ibu ta ry  w i l l  a l s o  a f f e c t  the basin of San Francisquito 

Creek t r ibu tary .  The road w i l l  extend fo r  about 2,000 f e e t  across the 

southwest par t  of the  basin and w i l l  cross the  Linear Accelerator a few 

hundredfee t  west of the  western boundary. 



CHANGES I N  THE HYDROLOGIC REGIME 

I n f i l t r a t i o n  and Runoff during a Sustained Storm 

I n f i l t r a t i o n  r a t e  v a r i e s  with s o i l  type and depth, and wi th  

the  amount of  water a l ready i n  t h e  upper h o r i w n s  of t h e  s o i l .  

For these  reasons,  t h e  average i n f i l t r a t i o n  r a t e s  i n  the  study 

basins can only be approximated f o r  t h e  n a t u r a l  state. Data from 

unit-hydrograph s t u d i e s  and from mass cupves o f  r a i n f a l l  and runoff  

i n d i c a t e  t h a t  t h e  i n f i l t r a t i o n  r a t e  i n  t h e  bas ins  s t a b i l i z e s  i n  t h e  

range from 0.10 t o  0.20 inch p e r  hour during per iods  o f  sus ta ined 

runoff-producing r a i n f a l l ,  and is more than 0.5 inch pe r  hour i n  e a r l y  

autumn when t h e  s o i l  is at  i ts  lowest moisture content  and 

l a rge  cracks a r e  present  t o  d i v e r t  overland flow. Infi l t - ter  tests 

i n  1959 (Branson. Miller and McQueen. 1961) ind ica ted  i n f i l t r a t i o n  

rates averaging 6.4 inches p e r  hour i n  d r y  sandy s 'oi ls  i n  t h e  study 

bas ins  and as low as 0.18 inch pe r  hour i n  dry uncracked clay-loam soil .  

The i n f i l t r o m e t e r  d a t a  may be represen ta t ive  of t h e  c h a r a c t e r i s t i c s  of 

t h e  ind iv idua l  soi l  types when dry, but ex t rapa la t ions  f o r  basinwide 

evaluat ions  are probably not  reliable, p a r t i c u l a r l y  f o r  use under t h e  

varying degrees o f  sa tu ra t jon  t h a t  occur normally during t h e  ra iny  season. 

Runoff i s  a r e s u l t a n t  of  t h e  combined c h a r a c t e r i s t i c s  o f  

p r e c i p i t a t i o n  i n t e n s i t y ,  i n f i l t r a t i o n  r a t e s ,  and su r face  detent ion.  

Af ter  t h e  major f ea tu res  of su r face  detent ion are f i l l e d  runoff  is 

determined by p r e c i p i t a t i o n  i n t e n s i t y  and i n f i l t r a t i o n ,  in tegra ted  

i n  both time and locat ion.  Shor t ,  in tense  b u r s t s  of p r e c i p i t a t i o n  

may b r ing  more water onto a small a r e a  than t h e  s o i l  can absorb. 

The longer t h e  dura t ion of excess p r e c i p i t a t i o n  and t h e  l a r g e r  the  

proport ion of  the  bas in  receiving r a i n f a l l  a t  a high r a t e ,  the  l a r g e r  

the  peak. 
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Variations i n  i n f i l t r a t i o n  r a t e s  and i n  p rec ip i t a t i on  i n t e n s i t i e s  

a r e  usual ly  more i n f l u e n t i a l  i n  t h e i r  e f f e c t  on runoff from smal l  

basins  than fmm la rge  basins.  The g r e a t e r  n a t u r a l  s to rage  and the  

longer t r a n s i t  time of runoff i n  t h e  l a r g e r  basins  tend t o  damp the  

e f f e c t  o f  these  var ia t ions .  I n  small basins ,  such as those i n  t h e  

study a rea ,  where t he re  is l i t t l e  damping e f f e c t  caused by n a t u r a l  

s torage,  runoff responds rap id ly  t o  changes i n  p rec ip i t a t i on  i n t e n s i t y ,  

and a r a t h e r  complex r e l a t i o n  e x i s t s  among p r e c i p i t a t i o n ,  i n f i l t r a t i o n ,  

and runoff.  The number of physical  measurements necessary t o  def ine  

t h e  severa l  f a c t o r s  is much g r e a t e r  than was obtained i n  t h i s  study. 

The i d e a l  procedure is t o  analyze p r e c i p i t a t i o n  da t a  and runoff da ta  

f o r  a period when p rec ip i t a t i on  i n t e n s i t y  is  f a i r l y  constant over  a 

length of time t h a t  permits a concentration of runoff f r o m  a l l  p a r t s  

of t h e  basin  t o  reach the  measuring point .  If the  i n f i l t r a t i o n  r a t e  

is assumed t o  be t he  same throughout t h e  e n t i r e  basin  during t h i s  

i d e a l  p r ec ip i t a t i on ,  then the  va r i a t i on  i n  i n f i l t r a t i o n  r a t e  with time 

remains a s  t he  only var iab le .  P rec ip i t a t i on  i n t e n s i t i e s  during storm 

periods, however, a r e  usual ly  no t  constant and t h e  i n f i l t r a t i o n  r a t e  

may a l s o  vary from place t o  place.  These va r i a t i ons  complicate t he  

ana lys i s  of the  ra infal l - runoff  r e l a t i o n .  



The i n t e r a c t i o n  between p r e c i p i t a t i o n  and i n f i l t r a t i o n  is i l l u s t r a t e d  

by t h e  curves of cumulative p r e c i p i t a t i o n  and cumulative runoff  of  

Sharon Creek and Los Trancos Creek t r i b u t a r y  dur ing t h e  storm per iod  

January 29-31. 1963. shown i n  f i g u n  22. A r a i n  of less than 0.10 inch 

on December 31, was t h e  only  p r e c i p i t a t i o n  after December 16,  so f a i r l y  

dry cond i t ions  e x i s t e d  u n t i l  la te  af ternoon of January 29. 

Sharon Creek, where t h e  impervious areas and t h e  i r r i g a t e d  go l f  

course  prevented i n f i l t r a t i o n ,  responded very quickly .  By 0200 hours on 

January 30, only 0.17 inch of p r e c i p i t a t i o n  had occumvd b u t  Sharon 

Creek runoff  had t o t a l e d  about 0.02 inch. By 0900 hours January  30, 

p r e c i p i t a t i o n  t o t a l e d  0.73 inch and Sharon Creek runoff  was 0.12 inch.  

or about 16 percent  of  p r e c i p i t a t i o n .  From 0900 t o  1800 h o u ~ s  on 

January 30. p r e c i p i t a t i o n  was 0.88 inch and r u n o f f  was 0.M inch.  

5 1  pe rcen t  of t h e  p r e c i p i t a t i o n .  During t h e  l o n g e s t  pe r iod  of  s u s t a i n e d  

heavy p r e c i p i t a t i o n ,  f r o m  1500 t o  2100 hours January 31, t h e  r a i n  

t o t a l e d  1.27 inches  and t h e  runoff  0.95 inch,  or  75 percent  of  

t h e  p r e c i p i t a t i o n .  By 2400 hours January 31, 2.53 inches o f  runoff 

had l e f t  t h e  Sharon Creek bas in ,  r epresen t ing  58 pe rcen t  o f  t h e  

p r e c i p i t a t i o n .  

During pe r iods  of  r e l a t i v e l y  i n t e n s e  p r e c i p i t a t i o n  t h a t  occurred 

between about 0400 hours January 30 and 2400 hours January 31, 

Sharon Creek experienced 11 s e p a r a t e  r i s e s  t o  d i scharges  g r e a t e r  than 

0.01 c f s  p e r  a c r e ,  with t h e  f i r s t  r i se  a t  0430 hours January 30. 



FIGURE 22.--Cumulative p r e c i p i t a t i o n  and runof f ,  n a t u r a l  and 
developed bas ins  during storm of  January-February 1963. 



Los Trancos Creek t r ibu tary ,  with no modifications by man, 

responded very d i f f e ren t ly  t o  t h e  e a r l y  s tages  of t h e  storm. There 

was almost no response i n  runoff u n t i l  l a t e  afternoon of  January 30, 

although 1.70 inches of prec ip i ta t ion  had occumed. In  the  same 

period Shamn Cmek had yielded 0.57 inch of runoff. By 0900 hours 

January 31, a f t e r  addi t iona l  heavy miinfal l ,  the  uppep s o i l  horizons 

were approaching sa tura t ion  and the  response of Los Trancos Creek 

t r ibu ta ry  from t h a t  time t o  the  end of  t h e  storm was s imi l a r  t o  t h e  

response of Sharon Creek. During t h e  6-hour pericd of  most intense 

prec ip i ta t ion ,  the  Lo8 Trancos Cmek t r ibu ta ry  basin received 1.10 inches 

of r a i n  and yielded 0.64 inch of runoff. or 58 percent. By 2400 hours 

January 31, 1.34 inches of runoff (32 percent of p rec ip i t a t ion )  flowed 

from the  basin. Peak flow occurred a few minutes l a t e r  than i n  

Shamn Creek, and was 0.22 c f s  per  acre  while t h e  peak flow i n  

Sharon Creek was 0.28 c f s  pe r  acre.  The flow rose  t o  f i v e  separa te  peaks 

of g rea t e r  than 0.01 c f s  per  acre. 

Detailed hydrographs of t h e  streamflow f r o m  t h e  t h r e e  study basins  

on January 30 a r e  shown i n  the  appendix. 



A summary of t h e  react ion of t he  two basins  t o  t he  January 1963 storm 

includes these observations:  

1. Response of t he  developed basin t o  r a i n f a l l  was much quicker 

than t h a t  of t he  undeveloped basin. 

2. During t h e  storm, Sharon Creek experienced 11 peaks of more 

than 0.01 c f s  per  acre.  Los Trancos Creek tmibutary had only 5 such peaks. 

3. A s  t h e  storm p ~ g r e s s e d  the s o i l  surfaces  i n  t h e  undeveloped 

basin approached sa tura t ion .  The response of  t h e  undeveloped basin t o  

addi t iona l  p rec ip i t a t i on  then became more l i k e  t h a t  of t he  developed basin. 

4. The heaviest  r a i n f a l l  of 20 t o  30 minutes duration followed 

a 48-hour period with about 3 inches p rec ip i t a t i on ;  t he  ensuing peak- 

discharge r a t e s  between developed and undeveloped basins d id  not d i f f e r  

g rea t ly .  If the  period of heavy p rec ip i t a t i on  had occurred ea r ly  i n  t h e  

storm t h e  undeveloped basin would have experienced a much lower peak r a t e .  

5 .  Two hours a f t e r  p rec ip i t a t i on  stopped, 58 percent of storm 

r a i n f a l l  had l e f t  t he  developed basin, but only 32 percent had l e f t  t he  

undeveloped basin. 



Effect of Developuant on the  Ground Hater 

The change i n  i n f i l t r a t i o n  and runoff charac te r i s t ics  of Sharon 

Creek basin following development m s u l t s  i n  par t  f r o m  a change in  the 

capacity of the s o i l s  t o  accept water. Pr ior  t o  development the water 

tab le  in  the basin was 11 f e e t  o r  more b a l w  the land surface, a s  

mentioned on page 42. Most of the precipi ta t ion i n  the  basin was 

retained as s o i l  moistum and only a small par t  was discharged by 

surface runoff a f t e r  saturat ion of the upper layers of so i l .  

The g o l f  course i n  t h e  Sharon Creek basin occupies t h e  p r i n c i p a l  

p a r t  of t h e  v a l l e y  f l o o r .  I r r i g a t i o n  of  t h e  course wi th  imported 

water  i n  t h e  e a r l y  per iod  of development ~ r o v i d e d  water i n  excess o f  

a c t u a l  consumptive requirements. Percola t ion  of  t h e  excess water 

i n t o  t h e  underlying s o i l s  eventual ly  s a t u r a t e d  t h e s e  s o i l s  and r a i s e d  

t h e  water t a b l e  t o  o r  near  t h e  l e v e l  of  t i l e  d r a i n s  i n s t a l l e d  t o  c a r r y  

o f f  su rp lus  i r r i g a t i o n  water and provide drainage f o r  t h e  course.  

During per iods  of p r e c i p i t a t i o n  t h e  a l ready wet s o i l  on t h e  va l l ey  

f l o o r  is f i l l e d  quickly  and from then on water flows over t h e  su r face  

o r  accumulates i n  t h e  d ra ins .  During t h e  dry  season su rp lus  water from 

per iod ic  s p r i n k l e r  i r r i g a t i o n  a l s o  flows i n t o  t h e  d r a i n s  and thence t o  

t h e  stream channel. The combination of  high w a t e r  t a b l e  and pe r iod ic  

replenishment of w a t e r  i n  t h e  upper s o i l  horizons r e s u l t s  i n  pe renn ia l  

flow i n  Sharon Creek. 



Runoff of imported water began i n  Sharon Creek on October 21, 1961. 

The golf  course i r r i g a t i o n  was put on a regular  schedule in  May 1962 

and the  flow i n  the  creek became perennial  by August 1962. Observations 

i n  a well @5 f e e t  from t h e  Sharon Creek channel a t  t h e  gage indicated 

t h a t  the  deeper c lay mater ia ls  were becoming sa tura ted  i n  May 1963, 

and there  was water i n  t h e  well  i n  June 1963, a s  shown i n  f igure  12. 

The long time in t e rva l  between t h e  s t a r t  of near ly  continuous flow in 

Sharon Creek i n  October 1961 and t h e  accumulation of water i n  the  well 

i l l u s t r a t e s  the  low r a t e  of l a t e r a l  movement of water i n  t h e  s o i l s  

overlying the  bedrock i n  t h i s  basin. I n  May 1965 observations adjacent 

t o  the  o u t l e t  o f  the  concrete conduit about 530 f e e t  upstream f r o m  the  

gaging s t a t i o n  indicated t h a t  ground water was above t h e  inver t  of the  

dra in  and c lose  t o  the  land surface; water l e v e l s  upstream in  the  basin 

undoubtedly were higher. 

The near sa tura t ion  of the  s o i l s  on the va l ley  f l o o r  produces a 

s i t u a t i o n  comparable t o  t h a t  of a basin t h a t  has been well  primed by 

antecedent r a in ,  so  t h a t  even minor r a i n s  cause some streamflow. The 

basin might be compared a l s o  with an area having a high degree of 

imperviousness and a f a i r l y  la rge  surface detention capacity.  



Increase i n  Yield Associated with Change from Ephemeral t o  Perennial  Flow 

Development in  the basin of Sharon Creek has produced a marked 

increase i n  the  t o t a l  runoff. Such an increase has been noted i n  

o the r  s tud ies ,  and is probably more pronounced i n  t h e  semiarid Cal i fornia  

climate than i n  more h m i d  regions. A reasonable postulat ion is t h a t  

t h e  amount of increase is re l a t ed  t o  the  amount of prec ip i ta t ion  and t o  

t h e  e f f e c t s  of  development on the  regime of runoff. Such a r e l a t i o n  

with prec ip i ta t ion  appears t o  be roughly defined by t h e  data  fmm 

Sharon Creek. Annual prec ip i ta t ion  of  about 10 inches has been 

observed t o  occur with no appreciable runoff from e i t h e r  Sharon Creek 

(before development) o r  Los Trancos Creek t r i b u t a r y  basin,  while 

prec ip i ta t ion  of  11 inches o r  more during the  study period has 

invariably been accompanied by some streamflow. Obviously, t h e  

duration and in t ens i ty  cha rac t e r i s t i c s  of prec ip i ta t ion  during t h e  

year  a r e  a f ac to r ,  but apparently these cha rac t e r i s t i c s  and t h e  t o t a l  

annual amount a r e  so interdependent t h a t  a 10- t o  11-inch threshold 

e x i s t s .  



During the seven water years 1959-65, Sha~on Creek flowed for 

20 days, 21 days, 1 day, 288 days, 355 days, 366 days, and 350 days, 

respectively. In 1962, when flow occurred on 288 days, landscaping 

operations were in progress and irrigation of the golf course was 

started, therefore that year is not comparable to either the 

predevelopment or the postdevelopment regime. Inspection of the 

number of days of flow for the periods before and after 1962 

indicates a significant change in the regime of flow. Analysis of 

the magnitude of change is complicated by the fact that both 1963 and 

1965 were rather wet years, with greater intensity of precipitation 

and more frequent periods of precipitation than occurred during other 

years of the study. However, 1964 was Cry and thus is directly 

comparable to the predevelopment years. 

Precipitation and runoff data from the study basins are sumarized 

in table 6, and figure 23 shows the relative percentage of precipitation 

that left the basins of Los Trancos Creek tributary and Sharon Creek 

as streamflow. Outflcw of imported water is not included in the 

Sharon Creek runoff shown in figure 23. 



Table 6.--Sumnary of annual precipitaticn and runoff, i n  inches 

a. Partial ly  estimated from Palo Alto record. 

- 
Water 

year 
(Oct. 1- 

30) 

Sharon Creek 

Precip- 
itation 

Runoff 

Naturall  Imponad 

Lon Tranc- 
Creek tributary 

San Francisquito Creek 
tributary 

Ptecip- 
i ta t ion  

Precip- 
ion Runoff 

Runoff 

Natural 1 imported, 





The amount of imported water contributing t o  outflow can be 

estimated ra ther  closely by inspection of the  hydrograph during periods 

of low flow (see hydrograph i n  appendix). Imported water reaches 

the stlam by two routes: Imiga t ion  mtuan flac intermixed with some 

ef f luent  ground water seeps i n t o  a network of  t i l e  drains  and thence is 

carr ied t o  the stream, and a la rger  amount of  water is fed d i k c t l y  i n t o  

a small regulating pond t h a t  i n  turn overflows t o  the  concrete conduit 

carrying the creek through the golf course. The pond a l so  has a drain a t  

its bottom, discharging t o  the conduit, t h a t  is occasionally opened 

when the  pond must be emptied. A l l  flac in  the  creek throughout t h e  

d q  summer period and during much of tha remainder of  the year is from 

these two sources. Imported water first appeared i n  Sharon Creek on 

October 21, 1961. Table 7 shows the  monthly amount of imported water 

included i n  th flow. 

Both tab le  band f igure 23 indicate t h a t ,  f o r  a given amount of 

precipi ta t ion,  more water now flows from Sharon Creek than would have been 

dischawed under p n d e w l o p l s n t  conditions. The. shert period of r e c o d  

avai lable  for  each condition provides too few data  t o  ju s t i fy  formal 

s t a t i s t i c a l  analysis ,  with the assignment of l i m i t s  t o  determine the 

acceptance o r  re ject ion of a hypothesis of s ign i f icant  change. 

Nevertheless, it is evident t h a t  the change i n  the  streamflow regime 

of Sharon Creek is strongly associated with the  development within 

the basin. 



Table 7.--Contribution of imported water to Sharon Creek discharge 

i n  cfs-days 

I Water year 

Month 

Oct. 

N w .  

Dec . 
Jan. 

Feb. 

Mar. 

Apr . 
May 

June 

July 

Aug . 
Sept. 

To convert cfs-days t o  runoff i n  inches, multiply by 0.0971. 

Data estimated from inspection of  Sharon Creek gage-height record. 



The r e l a t i o n  between annual runoff (Rl, i n  inches, and annual 

prec ip i ta t ion  (P), i n  inches, f o r  na tura l  conditions,  can be 

approximately expressed thus:  

R = 0.33 (P-10) 

and f o r  Sharon Creek a f t e r  development, thus:  

R = 0.45 (P-5.1) 

The r e l a t i o n s  a r e  probably va l id  f o r  estimating runoff f o r  years 

with prec ip i ta t ion  between 10 and 26 inches. The increase i n  t o t a l  

runoff ranges from about 2.2 inches during a year of  10-inch t o t a l  

p rec ip i ta t ion  t o  about 3.4 inches when annual p rec ip i t a t ion  is about 

20 inches. For t h e  r a r e  years  of heavier prec ip i ta t ion ,  runoff may 

be g rea t e r  than t h a t  computed using the  equations. Natural water l o s s  

i n  the  a rea  is probably l imi ted  t o  a m a x i m u m  of 22 t o  28 inches, 

therefore  runoff during very wet years w i l l  cons t i t u t e  a l a r g e r  

proportion of  prec ip i ta t ion .  

Figure 2b pmsen t s  flow-duration curves i l l u s t r a t i n g  f i v e  regimes 

of streamflow within t h e  study basins:  (1 )  The na tu ra l  flow regime 

observed during t h e  three  water years 1959-61 a t  Los Trancos Creek 

t r ibu ta ry ;  (2 )  t h e  na tu ra l  regime f o r  t h e  same period at  Sharon Creek; 

( 3 )  the  flow regime during water years 1963-65 a t  Los Trancos Creek 

t r ibu ta ry ;  (4)  Shamn Creek during 1963-65 with imported water outflow 

deducted; and (5)  Sharon Creek during 1963-65 with outflow of imported 

water included. The curves of f igu re  21, show t h e  dumtion of flow 

( i n  percentage of days) when discharge was between 0.04 and 4 cfs. 





The two curves f o r  the  predevelopment yea r s  a r e  very c l o s e ,  showing 

t h a t  t h e  regime of flow of apprec iable  magnitude d i f f e r e d  bu t  l i t t l e  

between t h e  bas ins .  The curves f o r  n a t u r a l  flow during t h e  postdevelop- 

ment y e a r s  1963-65 are both s h i f t e d  t o  the  r i g h t ,  i n d i c a t i n g  a g r e a t e r  

number o f  days o f  flow o f  a l l  magnitudes wi th in  t h e  range shown; 

t h i s  is t o  be expected i n  view o f  t h e  heav ie r  p r e c i p i t a t i o n .  However, 

t h e  c u r e  for S h a m  Creek is much f a r t h e r  t o  the r i g h t  than t h a t  f o r  

t h e  Los Trancos C ~ e k  t r i b u t a r y .  The curves show t h a t  i n  t h e  yea r s  

1959-61 flows of 0.04 c f s  o r  more occurred i n  Los  Trancos Creek t r i b u t a r y  

on 19 days. and i n  Sharon Creek on 2 1  days. I n  t h e  y e a r s  1963-65. t h e  

compsrable nwnbem of days were 67 and 124, mspectively. The g r e a t e r  

number of days of flow of t h i s  magnitude i n  Sharon Creek is not  

e n t i r e l y  because of be t t e r - sus t a ined  base flow, bu t  i s  p r i n c i p a l l y  

caused by t h e  more r a p i d  response of t h e  streamflow, after development 

i n  t h e  bas in ,  t o  p r e c i p i t a t i o n  during l i g h t  storms. 



The schedule of  i r r i g a t i o n  of the  golf  course is  adjusted t o  

the  needs of the  grass  cover, a s  decided by the managers of t h e  course. 

Water is applied by means of ro t a t ing  spr inklers ;  a t  very low r a t e s  o r  

not a t  a l l  during the  months December t o  March and a t  higher r a t e s  

during the  dry summer months. Inspection of hydrographs ind ica tes  t h a t  

i r r i g a t i o n  r e tu rn  flows f o r  the  water years 1963-65 were about 0.17, 

0.13, and 0.08 inch. Chaotic landscaping and drainage conditions 

during the  construction period i n  t h e  1962 water year ,  together with the 

d i f f e ren t  i r r i g a t i o n  pa t te rn  required f o r  the  ear lyestabl ishment  of 

the t u r f ,  p rohib i t  meaningful comparison of 1962 data w i t h t h w *  for 

e a r l i e r  o r  l a t e r  years .  

To sumnarize: Development and associated importation of water 

i n  the Sharon Creek basin have resu l ted  i n  perennial  flow from the  

basin,  whereas flow before development was ephemeral, occurring only 

a few days each year. Much of t h e  addi t ional  low flow is imported 

water; however, i f  the  outflow of imported water is deducted, t h e  

t o t a l  runoff f r o m  p rec ip i ta t ion  st i l l  is much g rea t e r  than would have 

occurred had the basin remained in  its na tura l  s t a t e .  



Effect on the Unit Hydrograph 

The r e l a t ion  between excess prec ip i ta t ion  and ntnoff within a 

basin can be expressed by use of the uni t  hydrograph, a p lo t  Of the 

time d is t r ibu t ion  of runoff resulting fma 1 inch of oxcos8 pmcip i ta t ion  

f a l l i ng  evenly throughout the  basin during a un i t  of tine.(Excoss 

precipi ta t ion is tha t  which leaves the basin a s  surface flow with 

l i t t l e  delay by residence in  the ground.) The time un i t  is usually 

expressed i n  minutes o r  hours and may be a few minutes o r  several  

hours. I t  generally is chosen as sane fractiori of the  time of 

concentr8tion; t h a t  is, of tho t in+ xuquired for water t o  flaw 

fmm the  most remote spot i n  a basin t o  the  point of measurement. 

According t o  unit-hydrograph theory, any occurrence of excess 

precipi ta t ion w i l l  r e s u l t  i n  an outflow hydrograph t h a t  is 

proportional t o  the uni t  hydrograph. The following commonly used 

parameters of the uni t  hydrograph were measured in  t h i s  study: 

Q~ 

, peak discharge, i n  cubic f e e t  per second; 

qP ' uni t  peak discharge, i n  cubic f e e t  per second per  

square mile of basin area;  

t time f r o m  centroid of excess prec ip i ta t ion  t o  occurrence 
P' 

of peak discharge ; 

T50, time f r o m  centroid of excess precipi ta t ion t o  passage of 

50 percent of runoff; 

T time between centroids of excess precipi ta t ion and the  c '  

resul t ing runoff; and 

Tgo, time f r o m  cen tmid  of excess p ~ c i p i t a t i o n  t o  passage.of 

90 percent of runoff. 
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Average 15-minute un i t  hydrographs f o r  Sharon Creek have been 

derived f r o m  storms of  1959-60, before development began, and f r o m  

storms of 1963, a f t e r  about a year  of f a i r l y  s t a b l e  land use with t h e  

development previously described. The two unitgraphs, with selected 

parameters, a r e  shown i n  f igu re  25. 

TIME. IN HOURS AFTER START OF EXCESS PRECIPITATION 

Hydmmo~h wmmn 1 ~ l s e O  lass 
Q. ........................... cf8-- 180 250 
1 ,,.. ....................... .min- . 22 22 
Tm...... ................... min.. 54 38 
T .......................... .min.- 69 54 
T m  ......................... min.. 145 92 

FIGURE; 25.--Average 15-minute un i t  hydrographs 
of Sharon Creek. Parameters a r e  a s  defined 
i n  t e x t .  



The parameters of the  two unitgraphs r e f l e c t  basin cha rac t e r i s t i c s  

under t h e  regime of the stream before and a f t e r  development, respect ively.  

The magnitude of peak discharge from a small basin usually increases a s  

a r e s u l t  of the construction of  paving and drainage f a c i l i t i e s  t h a t  

accompanies t h e  urbanization process. This occurred i n  Sharon Creek; 

Q increased f r o m  180 cubic f e e t  per  second to  250 c f s .  Expressed i n  
P 

cubic f e e t  per  second pe r  square m i l e  ( ), t h e  increase was from Qp 
470 t o  653. 

In Sharon Creek basin, t did not  change appreciably during 
P 

basin development, but increased and produced a corresponding 

increase in  q of about 40 pement .  
P 



Carter  (1961, p. BlO), studying basins  near Washington, D.C. ,  

t h a t  ranged i n  area  from 4 t o  550 square miles,  used indexes of 

channel length (L) and slope ( S )  as a measure of  T50. He found t h a t  

f o r  na tu ra l  basins T50 = 3.10 (L/G)o.~,  and f o r  p a r t i a l l y  sewered 

basins  T50  = 1.20 ( L,/&)'. 6.  In  Sharon Creek before development 

TsO z 3.70 (L /G)o .~ ,  and a f t e r  development TS0 = 2.60 (L/&)o.~.  

The difference between Car t e r ' s  coe f f i c i en t  f o r  na tu ra l  basins and 

t h a t  f o r  Sharon Creek before development is no g r e a t e r  than the 

scatter of  po in ts  used by Carter  i n  deriving h i s  re la t ionsh ip ,  and 

therefore  is not s ign i f i can t .  The d i f fe rence  between the coe f f i c i en t s  

1.20 and 2.60 has l i t t l e  quan t i t a t i ve  meaning, a s  the  d e f i n i t i o n s  of 

" p a r t i a l l y  sewered" and of the  degree of development i n  Sharon Creek 

basin a r e  not precise .  The change i n  t he  Sharon Creek coe f f i c i en t  

accompanying the change i n  development is cons is ten t  with t he  

difference found by Carter .  

Flood hydrographs were i n s ~ e c t e d  t o  determine whether a relation 

exis ted  between any of t he  unit-hydrograph lag times (T) and the 

magnitude of peak flow ( Q  ). The exis tence of such a r e l a t i o n  has 
P 

been postulated by some workers upon the  bas i s  of da ta  which included 

a wide range of magnitude. However, t h e  var ia t ion  i n  magnitude of 

peaks ava i lab le  f o r  t h i s  study was not g r e a t ,  and no r e l a t i o n  was 

detected.  



Effect  of Development on Frequency of  Flood Peaks 

The reduced i n f i l t r a t i o n  capacity m s u l t i n g  from development leads 

not only t o  a quicker response of  runoff t o  p rec ip i t a t ion ,  but a l s o  t o  

t h e  more frequent pmduction of minor f l m d  peaks. Data from Sharon Creek 

and f r o m  Los Trancos Creek t r ibu ta ry  ( t a b l e  8) i l l u s t r a t e  t h i s  

cha rac t e r i s t i c .  The number of  peaks of selected magnitudes i n  th. 

two basins f o r  3-year periods both before and a f t e r  development i n  

t h e  Sharon Creek basin am tabulated.  Data f o r  the  1962 water 

year  a r e  shown separately because construction a c t i v i t i e s  were 

i n  pmgress  and t h e  da ta  then were not representat ive of s t a b l e  

conditions. Data f o r  the  unusual 17-day storm period. December 21, 

1964- Jmwy 6. 1965, are a l s o  shown sopwate ly  i n  the  tab le .  Despite 

g rea t e r  ~ r e c i p i t a t i o n  during the  years a f t e r  development, t h e  changes 

i n  r e l a t ion  between the  two basins is obvious. 

The peaks a r e  not a l l  independent one from the  o t h e r  i n  t h e u s u a l  

hydrologic sense, but a r e  the r e s u l t  of shor t  periods of excess 

prec ip i ta t ion  separated by periods of l e s s e r  i n t ens i ty ;  thus several  

of the peaks may be superposed upon one general  r i s e  of several  

hours duration. The same a r b i t r a r y  c r i t e r i a  of separation were used f o r  

both basins.  



Table 8.--Summary of peak flows i n  excess of  0.01 cfs pe r  a c r e ,  

i n  developed and undeveloped bas ins  

1959-61 More than 0.15 0 
0.10-0.15 3 

.05-. 10 1 

.03-. 05 1 
-01-. 03 3 

1962 More than  0.15 2 
0.10-0.15 1 

.05-.10 1 

.03-. 05 6 

.01-. 03 15  

Year 

1963-65 More than 0.15 3 2 
0.10-0.15 1 2  2 

.05-.10 32 4 

.03-. 05 17  6 

.01- .03 104 11 

Range i n  
peak 

discharge 
( c f s / a c r e )  

Number o f  peaks 

Storm per iod  More than 0.15 0 
Dec. 21, 1964- 0.10-0.15 3 

Jan. 6, 1965 .05-. 10 12  
.03-. 05 2 
.01-. 03 3 6 

Sharon 
Creek 

(developed) l 

l ~ e v e l o ~ r n e n t  s t a r t e d  during 1962, and w a s  f a i r l y  s t a b l e  
during t he  years  1963-65. 

Los Trancos 
Creek t r i b u t a r y  

(undeveloped) 



The data  i l l u s t r a t e  two cha rac t e r i s t i c s  of  flood-peak frequency: 

A grea t ly  increased number of peaks of  r e l a d v e l y  low magnitude--those 

t h a t  a r e  t o  be expected severa l  times during the  average year--and a 

much smaller change i n  t h e  number of higher peaks. The 7 years of 

ava i lab le  record do not  include any peaks of  rare magnitude, but the  

data  of  t ab le  8 together  with the  i l l u s t r a t i o n s  previously discussed, 

showing t h e  increased s i m i l a r i t y  between responses a s  t h e  basins 

sa tura t ion ,  suggest t h a t  flood peaks of  g r e a t  magnitude may be qu i t e  

s imi la r  i n  t e n s  of  discharge per un i t  o f  a rea  f o r  small basins lying 

i n  the  same cl imat ic  region. ro@ardleas o f  differences i n  development. 

Most planning f o r  a l l ev ia t ion  of the  undesirable e f f e c t s  of 

f loods is based on the  r e l a t i o n  between magnitude and frequency of  

annual peak flows. This r e l a t i o n  is of ten  shown, and is perhaps most 

concisely expressed i n  graphic fonn. Figure 26 has two hypothetical  

flaod-frequency curves i l l u s t r a t i n g  the  nature of change m s u l t i n g  from 

basin development. The magnitude of t h e  flood a t  which t h e  curves 

converge is a r b i t r a r i l y  shown a t  about t h e  25-year frequency. The true 

frequency of con-ergence is not known and probably va r i e s  from basin 

to basin,  depending on basin s i z e  and topography and on t h e  climatic 

regime of t h e  area. 





The l imited data  from Los Trancos Creek t r i b u t a r y  ind ica te  t h a t  

peaks up t o  0.03 cfs per  ac re  a r e  t o  be expected several  times a year 

f r o m  small basins i n  the  f o o t h i l l s  near Palo Alto, and t h a t  peaks of 

0.15 c f s  per  ac re  o r  g rea t e r  may be expected i n  almost half  t h e  

years. Data f r o m  Sharon Creek suggest t h a t  a f t e r  development i n  t h a t  

basin there  were severa l  times as many peaks of  0.03 c f s  per  acre  as 

would occur under na tura l  conditions,  and a few mom peaks of 0.15 c f s  

per acre  o r  greater .  

The change i n  a flood-frequency r e l a t i o n  depends upon the  degree 

and nature of development and a l s o  va r i e s  with basin s i z e ,  topography, 

and the  c l imat ic  regime. Even though the  priming of the  s o i l  by 

i r r igat ion of the  golf  course increases  t h e  number of small peaks t o  

an appreciable degree, it probably causes l e s s  change than would be 

caused by complete paving of the  same a w a .  



Inc rease  i n  Storm Runoff 

The e f f e c t  o f  u rban iza t ion  upon f lood  peaks and upon storm runoff  

have probably received more a t t e n t i o n  t h a n  any o t h e r  hydrologic aspec t .  

I n  a d d i t i o n  t o  increased numbers of  small f lood peaks and inc reases  i n  

magnitude, t h e r e  has been an inc rease  i n  t h e  percentage of  p r e c i p i t a t i o n  

t h a t  runs  o f f  during and immediately after storm per iods .  Table 9 shows 

runoff  as percentage o f  p r e c i p i t a t i o n  f o r  va r ious  s i t u a t i o n s .  

Table 9.--Storm a s s o c i a t e d  p r e c i p i t a t i o n  and runoff i n  study basins 

T o t a l  

1959-61 34.4 1.42 4 .1  3 3 . 8  1.28 3 . 8  

1963-65 29.2 13.29 45.5 27.2 4.63 17.0 

' p r e c i p i t a t i o n  c r i t e r i a  a s  descr ibed on t h e  fol lowing page. 

Sharon Creek 
(developed a f t e r  1962) 

2 ~ t o r m s  meeting t h e  p r e c i p i t a t i o n  c r i t e r i a  and a l s o  y i e l d i n g  

P r e c i p i t a t i o n  
(inches) 

Los Trancos Creek t r i b u t a r y  
(undeveloped) 

0.002 inches  o r  more runoff  from t h e  Los Trancos Creek t r i b u t a r y  bas in .  

9 5 

Inches / p e r c e n t  

P r e c i p i t a t i o n  
( inches ) 

Runoff 

Inches 1 percent  



The choice of c r i t e r i a  f o r  t h i s  comparison requi res  consideration 

of the c l imat ic  regime of the  study area.  The magnitude of  storms 

producing appreciable runoff var ies  grea t ly  with antecedent conditions in  most 

environments, but the  pronounced annual cycle of prec ip i ta t ion  on 

the  Pac i f ic  coast  r e s u l t s  i n  an extremely high i n f i l t r a t i o n  rate a t  

the  time of the  first autumn ra ins ,  and heavy storms ear ly  i n  the year 

can y i e ld  l i t t l e  o r  no runoff under na tura l  conditions while the 

developed basin responds with runoff from a l l  storms, whenever they 

occur. I f  the occurrence of runoff from the developed basin were used 

t o  se l ec t  periods f o r  comparison of storm runoff,  then every occur- 

rence of r a in ,  even the  many l i g h t  ear ly  autumn and l a t e  spring r a i n s  

t h a t  have no e f f e c t  under na tura l  conditions,  would cons t i tu te  storm 

events. If runoff from t h e  undeveloped basin were used, heavy out-of- 

season r a i n s  t h a t  a r e  important contr ibutors  t o  stonn runoff from the  

developed basin would be ignored. For these  reasons, t h e  magnitude and 

in t ens i ty  of prec ip i ta t ion  is probably t h e  most va l id  bas i s  f o r  se lec t ion  

of periods. 



The criteria f o r  s e l e c t i o n  of  storm periods were: There must be 

3 consecutive days wi th  a t o t a l  p r e c i p i t a t i o n  of 0.60 inch,  1 day of  the  

3 must have p r e c i p i t a t i o n  of 0.25 inch o r  more, t h e  f i r s t  day of  t h e  storm 

per iod  must have 0.20 inch o r  more of p r e c i p i t a t i o n ,  and a d a i l y  p r e c i p i t a -  

t i o n  of l e s s  than 0.10 inch is  considered a s  zero. In  determining storm 

runoff ,  t h e  flow f o r  t h e  first day a f t e r  t h e  end o f  t h e  per iod  meeting 

t h e s e  c r i t e r i a  was included. Outflow of  imported water, detennined 

by inspect ion  o f  t h e  record ,  was deducted; however, t h e  d i f f e r e n c e  

between t o t a l  flow and storm flow for t h e  per iods  s e l e c t e d  was s l i g h t .  

By t h e  c r i t e r i a  used, t h e r e  were 15 storm events  with a t o t a l  o f  41 days 

o f  p r e c i p i t a t i o n  during t h e  period 1959-61, and 25 even t s  with 59 days 

of  p r e c i p i t a t i o n  i n  1963-65. Stonn runoff  w a s  about 90 percent  of t o t a l  

runoff  i n  both bas ins  f o r  t h e  e n t i r e  6 yea r s ,  and t h e  d i f ference  between 

t h e  two bas ins  i n  percentage of  annual runoff  appearing as storm runoff  

is probably not  s i g n i f i c a n t .  However, t h e  d i f fe rence  i n  percentage o f  

both t o t a l  and s t o m  p r e c i p i t a t i o n  appearing a s  runoff under na tu ra l  

versus  developed condi t ions  is s i g n i f i c a n t .  

The f i r s t  s e t  of  storm-runoff d a t a  shown i n  t a b l e  9 is f m  periods 

meeting t h e  c r i t e r i a  described i n  t h e  preceding paragraph. Several  of 

t h e  per iods  thus  s e l e c t e d  produced very l i t t l e  runoff  f r o m  t h e  undeveloped 

bas in ,  t h e r e f o r e  d a t a  from per iods  meeting another  condi t ion  are a l s o  shown; 

t h i s  added condi t ion  includes only  those  periods t h a t  meet t h e  f i r s t  

c r i t e r i a  and also y i e l d  0.002 inch 01' more runoff  i n  Los Trancos Creek 

t r i b u t a r y .  A s  shown i n  t a b l e  9, t h e  d i f fe rence  i n  runoff  using t h e  

two c r i t e r i a  i s  s i z e a b l e  f o r  t h e  developed bas in  (15.23 inches and 

13.29 inches)  but  is almost zero  f o r  t h e  n a t u r a l  bas in  (4.63 inches by 

e i t h e r  c r i t e r i o n ) .  
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Table 9 ind ica tes  t h a t  under undeveloped conditions,  and varying 

with t h e  c r i t e r i a  used and t h e  period involved, storm runoff ranged 

from 4.9 percent of storm p rec ip i t a t ion  t o  17.0 percent.  Under 

developed conditions the  corresponding r a t i o s  f o r  t h e  two c r i t e r i a  

were 37.8 percent and U5.5 percent. Changes of t h i s  nature,  although 

of d i f f e ren t  magnitudes, have been observed i n  o ther  s tud ies ,  a s  

reported by Harris and Rantz (19641, and Waananen (1961). Wiitala (1961), 

on the other  hand, found no de tec t ib l e  change i n  storm runoff a f t e r  

urban development of  a l a rge r  basin near Detroi t .  



Changes i n  Rate of Sediment Transport 

The basins and channels of t h e  th ree  pro jec t  streams do not 

normally produce l a rge  quan t i t i e s  of suspended sediment o r  bedload. 

From t h e  descr ipt ion of t h e  Sharon Creek channel, on p. 72, it is  

evident t h a t  l i t t l e  sediment is l i k e l y  t o  be picked up by the  stream 

f r o m  its own channel except i n  t h e  short  reach leading f r o m  t h e  golf 

course drain o u t l e t  t o  t h e  gage. In t h e  winter of  1961-62, however, 

sediment was eroded f r o m  f resh  f i l l  surrounding the  newly l a i d  concrete 

pipe placed i n  the  o ~ i g i n a l  channel through the  gol f  course and from 

other  areas  where grading and earthmoving were i n  progress. During 

t h e  winter of 1963-6b, some sediment was contributed by exposures of  

loosened ea r th  and by channel erosion i n  the  reach immediately above 

t h e  gage, where construction was underway. 

Most of the sediment load i n  t h e  Los Trancos Creek t r i b u t a r y  

basin has i t s  o r ig in  in  severa l  groups of small scarps ,  o r  headwalls. 

The scarps occur i n  groups along t h e  lower 600- t o  800-foot reaches of 

t h e  two main t r i b u t a r i e s ,  with a few smaller c u t s  fu r the r  upstream. 

They appear t o  be moving slowly upstream by headwall erosion. Except 

f o r  these sca t te red  centers  of erosion,  stream channels a r e  grass- 

covered and i n d i s t i n c t .  

San Francisquito Creek t r i bu ta ry  a l so  c a r r i e s  sediment derived from 

headwall erosion. However, the  presence of loosened s o i l  during 

construction, the  advent of perennial  flow t h a t  accompanied t h e  

construction,and t h e  increased number and in t ens i ty  of flow peaks 

caused by the  presence of la rge  paved areas  increased the  outflow 

of sediment grea t ly .  



Tables 10, 11, and 1 2  show the  r e s u l t s  of analyses of samples taken 

from the th ree  basins during high flows. The var ia t ion  i n  r a t e  of t rans-  

por t  ( t h a t  is, discharge i n  tons per  day) is very l a rge ,  because t h e  

concentration increases  a s  t he  discharge increases;  t he  r a t e  of  t ranspor t  

may r i s e  f r o m  0.01 ton per  day t o  100 tons  per day i n  a few hours. The 

heavy load car r ied  a t  and near peak discharge is not a good ind ica tor  of 

t he  t o t a l  volume car r ied .  For example, t h e  t o t a l  load of suspended 

sediment ca r r i ed  by San Francisquito C ~ e e k  t r i b u t a r y  on March 16,  1963, 

was about 6 o r  8 tons ,  but t he  r a t e  of t ranspor t  a t  t h e  time of peak 

flow was about 82 tons per  day. 

Selected samples of sediment from t h e  basins were analyzed for 

pa r t i c l e - s i ze  d i s t r i bu t ion .  The r e s u l t s  of some of t he  analyses a r e  

l i s t e d  i n  t he  appendix. 

The amount of  sediment measured a t  a basin o u t l e t  during one f lood 

period,  o r  even during an e n t i r e  flow season, is not always ind ica t ive  

of the  ac tua l  amount of sediment movement within t he  basin.  In a hasin 

unchanged by man t h e m  may be loca l ized  rcgions where, because of 

dif ferences  i n  degree of consolidation,  o r  d i f fe rences  i n  slope 

o r  i n  channel c h a r a c t e r i s t i c s ,  sediment production and l o c a l  move- 

ment r a t e s  a r e  more than o r  l e s s  than t h e  r a t e s  over the  basin a s  

a whole. The loca t ion  of theae anomalous regions with respec t  t o  t h e  

sampling s i t e  i n  any one storm o r  one year  may r e s u l t  i n  t he  co l l ec t ion  

of data not t r u l y  represen ta t ive  of  long-term averages. 



Table 10.--Sediment-load data from Sharon Creek 

1960 - 
Jan. 25 

Date 

Dcc. 1 
Dec. 1 
Dec. 1 
Dec. 1 
Dec. 1 
Dee. 1 

1962 - 
Jan. 22 

Feb. 9 
Feb. 9 
Feb. 9 

Dec. 16 
Dec. 17 

1963 - 
Feb. 21 

Mar. 16 
Mar. 16 
Mar. 28 

Nov. 5 
Nov. 15 
Nov. 19 
Nov. 19 
Nov. 19 
Nav. 19 
NOV. 19 
Nor. 20 

Jan. 20 2110 27.3 616 45.3 

Jan. 20 2155 17.8 b32 20.7 
Jan. 20 2206 17.0 468 21.b 
Jan. 21 0830 .469 17 .021 

Jan. 21 1416 4.62 227 2.83 

Jan. 21 1957 6.38 346 5.95 
Jan. 22 1316 4.90 482 6.37 

Time 
Discharge 

(cfs) 

Sediment 

Concentration Dihchu-gm in 
in w / l  tons/day 



Table 11.--Sediment-load data from Los Trancos Creek 

tributary 

Feb. 13 1245 2.90 369 2.88 
Feb. 13 1325 5.87 854 13.5 

1963 - 
Mar. 16 1145 .420 280 .32 
Mar. 16 1220 .300 331 .27 

Sediment 

Concentration Discharge in 
in mg/l Tons/day 

Date 

,Tan. 21 0902 1.45 71 .28 
Jan. 21 1450 1.35 155 .56 
Jan. 22 1420 .498 41 .55 

Time 
Discharge 

(cfs) 



T a l a  12.--Sediment-load data from 

San Francisquito Creek tributary 

Feb. 9 1055 0.023 588 0.036 
Feb. 13 1055 .285 384 .29 
Feb. 13 1455 2.45 305 2.01 

Oct. 13 1515 1.84 5,620 27.9 

Date 

Dec. 17 1610 .940 1,020 2.58 

Sediment 

Jan. 31 1135 13.1 2,530 89.3 
Jan. 31 1220 10.5 2.110 59.7 

Time 
Concentration 

in mg/l 

Mar. 16 0845 5.22 5,850 82.3 
Mar. 16 0913 4.70 5,730 72.6 
Mar. 16 0927 3.b8 6,010 56.4 
Mar. 16 0947 2.26 5,380 32.8 
Mar. 16 1125 .940 2,300 5.83 
Mar. 16 1237 .362 2,130 2.08 
Mar. 16 1312 .235 1,920 1.22 

Discharge 
(cfs) Discharee in 

Tons/day 

Nov. 5 2045 .470 882 1.12 
Nov. 15 1400 .008 113 .002 
Nov. 19 1500 10.5 5,100 144 
Nov. 19 1510 13.6 6,190 227 
Nov. 19 1540 10.7 6,070 175 
Nov. 19 1905 .442 1,190 1.42 
Nov. 20 0840 .013 232 .008 

Jan. 20 
Jan. 20 
Jan. 20 
Jan. 21 
Jan. 21 
Jan. 21 
Jan. 22 
Jan. 23 
Jan. 24 



Construction and landscaping operat ions  accompanying development within 

a basin increase the  l ikel ihood of obtaining non-typical data .  Slopes of 

land surfaces  a r e  changed; some a r e  steepened, and some lessened. Loose, 

e a s i l y  erodible  accumulations of s o i l  and grave l  a r e  formed and provide high- 

y ie ld ing  sediment sources which may be e i t h e r  temporary o r  r e l a t i v e l y  

permanent. While outflow is  general ly  expedited, l o c a l  a reas  of ponding 

and deposit ion may occur. The r e l a t i v e  loca t ions  of flow modifications,  

sediment sources, and sampling s i t e s  f o m  a complex system which must 

be s tud ied  i n  its e n t i r e t y  before meaningful i n t e rp re t a t i on  of data 

from one s p e c i f i c  s i t e  is possible.  

Despite these complications, many s tud ie s  have furnished 

incontrover t ible  evidence t h a t  development a c t i v i t i e s  f requent ly  

r e s u l t  i n  a t  l e a s t  a temporarily increased r a t e  of movement of s o l i d s  

from the basin undergoing change (Guy and Ferguson, 1962, 1963; Savini 

and Karnmerer, 1961). The t o t a l  amount of a r t i f i c i a l l y  induced move- 

ment is  r e l a t e d  t o  t he  cha rac t e r i s t i c s  noted i n  the  preceding paragraphs 

and may a l s o  be a f fec ted  by the  timing and methods of construct ion and 

the timing of prec ip i ta t ion .  If care  is taken t o  avoid unnecessary 

exposuw of  loose,  s teep  s lopes ,  and i f  prec ip i ta t ion  and streamflow 

remain low during t h e  c r i t i c a l  periods of erosion po ten t i a l ,  sediment 

t ranspor t  map not bc excessive. On t h e  o the r  hand, i f  l a rge ,  unstable 

f i l ls  a r e  ca re l e s s ly  placed and intense storms occur a t  inopportune 

times, tremendous q u a n t i t i e s  of sediment may be ca r r i ed  away; of ten  t o  

c r ea t e  problems a t  some downstream locat ion where deposit ion occurs. 



N e t  l o s s  o f  sediment by stream t r a n s p o r t  f r o m  t h e  gaged bas in  of 

Los Trancos Creek t r i b u t a r y  ranged from p r a c t i c a l l y  none i n  1961 when 

t h e r e  w a s  very l i t t l e  outf low, t o  an es t imated 1,000 cubic  f e e t  between 

October 1964 and May 1965. Most of  t h e  sediment o r i g i n a t e d  during 

pe r iods  o f  high flow, and came f r o m  t h e  e r o s i o n  of headwalls,  

t h e  deepening o f  plunge pools  below t h e  headwalls,  and t h e  c o l l a p s e  

o f  undercut banks. Rates o f  e r o s i o n  f r o m  l and  s u r f a c e s  i n  t h e  b a s i n s  

w e r e  no t  d i r e c t l y  measured;however, it must be assumed t h a t  such 

e ros ion  occurs  i n  both n a t u r a l  and developed bas ins .  From t h e  d a t a  

c o l l e c t e d  i n  t h i s  s tudy,  t o t a l  e r c s i o n  r a t e s  under n a t u r a l  cond i t ions  

a r e  roughly es t imated t o  be equ iva len t  t o  o v e r a l l  b a s i n  degradat ion 

o f  50 t o  80 f e e t  i n  one m i l l i o n  years .  

The e f f e c t  of  development upon sediment movement i n  t h e  

Sharon Creek b a s i n  has been s l i g h t  with r e s p e c t  t o  predevelopment 

and postdevelopment concentra t ions .  Heavy concen t ra t ions  of  sediment 

load  w e r e  observed a t  times when cons t ruc t ion  was i n  p rogress ,  but  

once t h e  environment had become s t a b l e  under developed cond i t ions .  

sediment concentra t ion was low; perhaps even less than under t h e  oredevel-  

opment regime. I t  is probable,  however, t h a t  sediment movement i n  t h e  

channel below t h e  area of development has increased somewhat. Flow is  

p e r e n n i a l ,  peaking occurences a r e  more f requen t ,  and peaks a r e  somewhat 

h igher  and s h a r p e r  than  previously .  A l l  t h e s e  changes tend t o  erode 

t h e  banks and bed more r a p i d l y  and t o  c a r r y  sediment more e f f i c i e n t l y .  



Chemical Q u a l i t y  o f  t h e  Water and Increase  i n  Transport  o f  

Dissolved Minerals 

During i ts  movement through t h e  s o i l  and t o  a l e s s e r  e x t e n t  i n  

i t s  passage over  t h e  ground, water d i s so lves  most e a r t h  substances and 

conver ts  many of t h e  s o i l  and rock c o n s t i t u e n t s  i n t o  i o n s  o f  t h e  more 

common elements and compounds. Moving water  thus  t r a n s p o r t s  large 

q u a n t i t i e s  of d isso lved minerals  i n  a d d i t i o n  t o  i ts  load  of suspended 

sediment. The chemical c o n s t i t u e n t s  most commonly abundant i n  f r e s h  

water  which has passed through s o i l  o r  rock are b icarbonate ,  s u l f a t e ,  

c h l o r i d e ,  calcium, sodium, s i l i c a ,  and magnesium. 

Water f l w i n g  i n  t h e  t h r e e  streams under s tudy has been analyzed, 

and t h e  r e s u l t s  of these  analyses  are shown i n  t h e  appendix. The 

s p e c i f i c  conductance of t h e  water and t h e  pH, o r  hydrogen ion  concentra- 

t i o n  ( a  measure of a c i d i t y ) ,  were measured a t  more f requent  i n t e r v a l s ,  and 

these  d a t a  t o o  a r e  t a b u i a t e d  i n  t h e  appendix. ~ e t a i l e d  d iscuss ion  o f  t h e  

c h a r a c t e r i s t i c s  and s i g n i f i c a n c e  of t h e  chemical c o n s t i t u e n t s  o f  water  

can be found i n  Hem (1959); only a s p e c t s  thought t o  be p e r t i n e n t  t o  t h i s  

s tudy are discussed  i n  t h i s  r epor t .  



Chemical concentrations in most streams tend to be higher when discharge 

is slight, but streams carry a larger total load when discharge is high 

although concentrations are low. This generalization appears to hold 

true for the study basins. The relations among rate of discharge, 

rate of change of discharge, and dissolved-solids concentration are 

complex and are affected by other factors; however, frequent readings 

of conductance can sometimes be translated into a record of the 

approximate transport rate of dissolved solids. The relations 

involved are not precise enough to justify moment-by-momant analysis. but the 

rather broad scatter about the assumed relation trend seems to be almost random 

and the computation of quantities on a daily basis can be used to estimate 

the annual load reasonably well. Water from the study basins was analyzed 

and the proportions of the principal constituents of dissolved solids were 

found to be fairly constant within each basin. Figure 27 shows the 

nature of these constituents. In addition to the constituents shown 

in figure 27, 2 to 3 percent of the calculated dissolved solids was 

silica, and combined nitrate and phosphate ions constituted less than 

1 Percent. The calculated dissolved solizs shown in the appendix make 

up about 95 percent of the total dissolved solids present in the study 

stream, and the constituents shown in figure 27 represent about 90 

of the total. There were undoubtedly small quantities of other materials 

in solution. Samples were not analyzed for such substances as phenols 

and pesticides and no statement can be made concerning the presence or 

possible change in quantity of substances that were not studied. 





I n  t h e  Sharon Creek bas in ,  both concent ra t ion  and t o t a l  l oad  of 

d issolved s o l i d s  increased  m a t e r i a l l y  a f t e r  development. The c o n t r o l  

bas in ,  Los Trancos t r i b u t a r y ,  showed no change. There a r e  v a r i a t i o n s  

t h a t  appear t o  be r e l a t e d  t o  antecedent  flow cond i t ions  and o t h e r s  

t h a t  appear t o  occur randomly i n  time. Table 13 shows t h e  est imated 

yea r ly  loads  of d isso lved s o l i d s  c a r r i e d  from t h e  Sharon Creek and 

Los Trancos Creek t r i b u t a r y  bas ins .  S p e c i f i c  conductance and d ischarge  

were detennined i n  Sharon Creek during per iods  of flow beFore developme. 

and biweekly when flow became pe renn ia l ,  a f t e r  development. Measuremen 

were made i n  Los Trancos t r i b u t a r y  bas in  when flows occurred. These 

d a t a  provide  a b a s i s  f o r  e s t ima tes  of t h e  annual loads  of d isso lved 

s o l i d s  removed f r o m  t h e  two bas ins  by streamflow. 





The es t ima tes  o f  annual  loads  o f  d issolved d o l i d s  t r anspor ted  

f r o m  t h e  Sharon Creek bas in  before  development and from t h e  Los Trancos 

Creek t r i b u t a r y  bas in  during t h e  e n t i r e  pe r iod ,  i n  t o n s  p e r  a c r e ,  

have been p l o t t e d  a g a i n s t  an index of e f f e c t i v e  p r e c i p i t a t i o n ,  i n  

f i g u r e  28. The r e l a t i o n  shown between t h e  two can be expressed a s  

L = 0.00208 Ps - 0.00756 

with L t h e  annual load  i n  t o n s  p e r  a c r e  and PS t h e  index,  stom p r e c i p i t a t i o n  

( s e e  t a b l e  3 ) ,  during each year .  The equat ion cannot be considered 

i n d i c a t i v e  o f  r e l a t i o n s  i n  o t h e r  a r e a s  nor f o r  y e a r s  when annual storm 

p r e c i p i t a t i o n  g r e a t l y  exceeds t h e  observed upper l i m i t  o f  about 16 inches 

o r  is less than t h e  lower lirit of 4.0  inches .  Storm p r e c i p i t a t i o n  in 

t h e  s tudy bas ins  is probably wi th in  these  l i m i t s  dur ing more than  

80 percent  o f  yea rs .  Most years  having l e s s  than 1 0  inches  of t o t a l  p rec i -  

p i t a t i o n  have l e s s  than  3.6 inches  of  s t o m  p r e c i p i t a t i o n  and t h e r e f o r e  no 

runoff  i n  t h i s  r eg ion ,  although t h e  time d i s t r i b u t i o n  o f  occurrence of  

p r e c i p i t a t i o n  v a r i e s  and occas iona l ly  even a very d r y  year  produces 

small amounts of s t r e a ~ f l o w .  Yearly t o t a l  and storm ~ r e c i p i t a t i o n  

at  Sharon Creek are shown i n  t a b l e  13 .  P r e c i p i t a t i o n  depths i n  t h e  

Sharon Creek and Los Trancos Creek t r i b u t a r y  bas ins  a r e  almost i d e n t i c a l .  

P r e c i p i t a t i o n  a t  Palo Alto,  4 mi les  from Sharon Creek, during t h e  study 

per iod t o t a l e d  only about 85  percent  of  t h e  1911-65 mean. 





The m l a t i o n  h tween L and PS has been used t o  estimate the  load 

of dissolved so l id s  t h a t  would have been ca r r i ed  f m m  the  ~ h a r o n  Creek 

basin by streamflow i f  conditions had remained na tu ra l  i n  t h e  ~ e r i a d  

1962-65. The estimates a n  l i s t e d  i n  t a b l e  13, and ind ica te  t h e  

magnitude of t h e  difference between na tu ra l  and developed conditions Father 

w e l l .  They show t h a t  the  combined effects of increased flow and increased 

concentration of  dissolved so l id8  l a s u l t e d  i n  a much g rea t e r  load of 

so lu t e s  being ca r r i ed  f r o m  t h e  basin under developed conditions than 

under na tu ra l  conditions. Thus, under na tu ra l  conditions i n  the  3 years 

1963-65 there  would h a w  been about 13 tons of  dissolved s o l i d s  

t ransported f r o m  the  basin;  however, t h e  ac tua l  quant i ty  to t a l ed  about 

144 tons--more than 10 times t h a t  estimated f o r  na tu ra l  conditions.  

The l a rge  var ia t ion  in  load during t h e  years 1960, 1961, and 1964, 

desp i te  a var ia t ion  during t h e  same years of l e s s  than 1.5 inches i n  

annual prec ip i ta t ion ,  r e f l e c t s  t h e  f a c t  t h a t  p rec ip i t a t ion  amounts 

during those years were very close t o  t h e  threshold below which no 

runoff is l ike ly .  Runoff of  Las Trancos Creek t r ibu ta ry  f o r  t h e  

3 years  was 10.8 acre-feet ,  0.09 acre-foot,  and 6.8 a c ~ e - f e e t ,  respectively.  

Table 13  a l s o  shows t h e  estimated amounts of  dissolved so l id s  

introduced i n t o  t h e  basins by p rec ip i t a t ion  and i n t o  the  Sharon Creek 

basin by imported water. The amount of dissolved s o l i d s  brought by 

prec ip i ta t ion  was estimated a s  high as possible  (10 p a r t s  per mil l ion)  

from the  data  of Whitehead and Feth (1964) because no allowance has been 

made far t h e  i n p w  fran d q  f a l lou t .  A %year stmunation of  t h e  estimates under 

na tu ra l  conditions shows an excess of input of so lu t e s  over outflaw. 

This should not be construed as typ ica l  over a long period; t h e  flushing 

act ion is pmbably g rea t e r  during normal o r  w e t  periods than it w a s  

during t h e  r e l a t i v e l y  dry years  of  t h e  study. 
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The higher concentrations of dissolved so l id s  and the large excess 

of outflow of dissolved so l ids  over input t h a t  was observed i n  Sharon 

Creek during 1962-65 may be a t t r ibu ted  t o  several  factors .  Under natural  

conditions most of the  prec ip i ta t ion  was re ta ined as  s o i l  moisture and 

subsequently was l o s t  t o  the atmosphere by evapotranspiration. Chemicals 

i n  solution were carr ied in to  the s o i l s  by the i n f i l t r a t i n g  waters and 

remained i n  the  s o i l s  when the water was transpired.  Similarly,  water 

r i s ing  f r o m  the  water t ab l e  by c a p i l l a r i t y  and l o s t  by evapotranspiration 

a l so  deposited chemical residues i n  t he  s o i l s .  These processes were 

repeated over a long time span and undoubtedly resu l ted  i n  subs tan t ia l  

concentrations of chemicals i n  t he  s o i l s .  After development, the  r i s e  of 

the  water t ab l e  (associated with golf course i r r i g a t i o n )  t o  leve ls  near 

the  land surface provided opportunity f o r  leaching of the  chemicals. The 

basin outflows a f t e r  development a r e  combinations of eff luent  ground water 

containing large concentrations of dissolved so l id s  mixed with runoff from 

precipi ta t ion o r  i r r i g a t i o n  re turn flow, and thus the runoff of dissolved 

so l id s  is high. 

Other probable causes of the  higher dissolved so l id s  concentration and 

the la rger  load include: (1)  Alteration of the  na tura l  s o i l  d i s t r ibu t ion  

during development, especially where extensive cuts  and f i l ls  were necessary 

o r  establishment of the  desired golf-course topography, and exposure of 

material  t ha t  had not been thoroughly leached i n  the pas t ;  and (2 )  nornial 

planned application of i r r i ga t ion  water t o  lawns and the  golf  course a t  

r a t e s  approximating the consumptive need, resu l t ing  i n  re ten t ion  of dissolved 

so l id s  i n  t he  i r r i ga t ed  s o i l  and subsequent leaching by runoff from precipi-  

t a t i on  o r  from occasional surplus i r r i ga t ion  water. Possibly t he  year-round 

ac t ive  growth i n  the  i r r i ga t ed  a reas  produces carbon dioxide i n  volumes 

su f f i c i en t  t o  cause some increase i n  the  solvent power of the  water i n  the  s o i l s .  
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Data i n  t ab l e s  of chemical analyses (appendix) show t h a t ,  p r i o r  

t o  development, water i n  Sharon Creek was general ly  lower i n  mineral 

concentrations than water from t h e  o the r  two basins. After  development, 

concentrations i n  Sharon Creek more nearly resembled those a t  equivalent 

flows i n  t h e  o ther  basins. The concentrations of s u l f a t e  and chlor ide 

and values of both hardness and noncarbonate hardness show espec ia l ly  

s t r i k i n g  increases  following development i n  Sharon Creek basin.  

The geologic map ( f i g .  8) shows t h a t  Sharon Creek basin i s  underlain 

almost e n t i r e l y  by Ter t ia ry  sandstone and sha le ,  whereas both other  

basins a r e  underlain by a mixture of rock types,  including sand and 

g m v e l  of Ter t ia ry  and Quaternary age. The differences  i n  geology may 

explain  t he  d i f f e r ing  water q u a l i t i e s  observed p r i o r  t o  development. 

The change i n  Sharon Creek a f t e r  development--especially t he  increased 

concen t~a t ions  of s u l f a t e  and chloride--cannot be explained on the  bas i s  

o f  any information on rock types t h a t  is ava i lab le .  Inasmuch a s  l i t t l e  

i f  any f i l l  was brought i n t o  Sharon Creek basin during development, 

t he  changes cannot be explained on the  bas i s  of mater ia l s  introduced 

from outs ide the  basin. It appears, therefore ,  t h a t  t he  mineral matter 

was present i n  t he  nat ive rock, and merely was made ava i lab le  by 

disturbance of t he  o r ig ina l  surface.  A r e tu rn  t o  predevelopment qua l i t y  

may eventually occur when new equilibrium conditions a r e  es tabl ished.  



Increase i n  Streambed and Channel Vegetation 

The change of regime i n  the  flow of Sharon Creek below t h e  

developed area  has encouraged p lan t  growth i n  a t  l e a s t  two ways: 

Moisture is now avai lab le  t h e  year around, and pockets of  loose, 

well-sorted sediment a r e  deposited i n  new areas  where they support 

p lan t  growth. Suburban development, as observed i n  the  Sharon Creek 

basin, has not  been found thus f a r  t o  introduce contaminants t h a t  

hinder plant  growth. I t  was e a r l i e r  assumed t h a t  f e r t i l i z a t i o n  

of  lawns and of t h e  gol f  course would cause a s ign i f i can t  increase 

i n  the concentration of nu t r i en t s  i n  t h e  water of  t h e  stream and t h a t  

p lan t  growth would thereby be stimulated. The expected enrichment has 

not been detected. Chemical analyses of water samples from Los Trancos 

Cmek t r i b u t a r y  and Sharon Creek have shown t h a t  both streams contained 

from 0.1 t o  5.0 ppm o f  combined n i t r a t e s  and phosphates during the  

years 1960-65, and no s ign i f i can t  change i n  these proportions was noted. 

However, t h e  t o t a l  amount of  dissolved mater ia ls  camied  by Sharon Creeh 

has increased grea t ly ,  as described i n  previous paragraphs, and t h e  

amount of  nu t r ien t  i n  t h e  f o m  of  n i t r a t e  and phosphate ions has 

increased accordingly. These substances make up about 1 percent of t h e  

t o t a l  dissolved minerals i n  Sharon Cnek.water ;  t h e  amount of nu t r i en t s  
J. 

m o v e d  fm t h e  basin was therefore  about 100 pounds during the  years 

1959-61, and was almost 3,000 pounds i n  1963-65. Most of t h i s  

mater ia l  was ca r r i ed  throughout t h e  length of  t h e  stream t o  d i s t a n t  

des t ina t ions ,  o f  course,  but it is highly probable t h a t  biological  

a c t i v i t y ,  including p l a n t l i f e ,  has been encouraged by the  presence of 

incl-eased amount of  nu t r i en t s ,  
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Plant growth i n  t he  streambed and along the  banks of Sharon Creek 

has increased g r e a t l y  i n  t he  years s ince  development began, espec ia l ly  

i n  t he  reach between t h e  go l f  course and t h e  gaging s t a t i o n  where 

t he  s lope is gent le .  P r io r  t o  development there  was a cover of wild 

meadow grasses  and weeds t h a t  became green and grew ac t ive ly  only a f t e r  

autumn r a i n s  began, then dr ied out and became dormant i n  April  o r  May. 

,By the  autumn of 1965 reeds and brush grew th ick ly  i n  much of t he  channel 

and brush, weeds, and grass  were lush along the  banks a l l  through the 

year. Downstream from t he  gaging s t a t i o n  the  channel s lope is somewhat 

s teeper  than upstream, and the  inc l rase  i n  vegetation is l e s s  pronounced. 

It is l i k e l y  t h a t  t he  e f f ec t s  of changes i n  Shamn Creek t h a t  induce 

b io logica l  a c t i v i t y  decrease i n  r e l a t i v e  magnitude with dis tance from 

the developed basin,  and with t he  combining of t he  a l t e r e d  flow w i t h  

na tu ra l  outflow fiwm undeveloped lands.  



POSTOLATED CHANGES NOT OBSERVED I N  THIS STUDY 

Thereare many concomitant e f f e c t s  of  urbanization upon hydrology 

t h a t  have been postulated by inves t iga tors ,  but t h a t  have not been 

observed i n  t h i s  study. Some of  them may ac tua l ly  have taken place 

but may not  have been =cognized because of  inadequacies i n  the  da t a ,  

while some may not occur because of l o c a l  conditions t h a t  d i f f e r  f r o m  

conditions i n  o ther  basins. 

Urbanization hasbeen found responsible f o r  loca l ized  c l imat ic  

changes i n  some regions (Mitchell ,  1961; Woolum, 1964; Chagnon, 1968; 

Landsberg. 1956). Climatic changes w e r e  not detected i n  the  course 

of  t h i s  study. The 7 years of  data indicated var ia t ions  t h a t ,  within 

the  l i m i t s  o f  accuracy of the  observations, a r e  inherent i n  t h e  na tu ra l  

variance of  t h e  climate of t h e  region. 

Pol lut ion caused bythe introduction of sewage wastes i n t o  t h e  

environment was not  a f a c t o r  i n  the  study a rea  i t s e l f ,  because a 

san i ta ry  sewerage system d ive r t s  such contaminants from t h e  basin. 

The usual carcani tants  of urban and suburban development have 

been described a s  causing an increase i n  peak flow; however, o ther  

fea tures  of development may tend t o  cause a decrease. An example 

sometimes encountered is t h a t  of roadway construction t h a t  incorporates 

an embankment through which flow is conveyed by a cu lver t .  Such a 

f ea tu re  can modify t h e  flood-frequency c h a r a c t e r i s t i c s  of a small 

basin by impounding some of the  inflow and producing a re tarded,  

moderated peak (Hathaway, 1945; Forrest  and Aronson, 1959). 



Changes i n  the  stream channel downstream from the  study area  and 

changes i n  the  flow regime of secondarily-affected streams were not 

explored i n  t h i s  study. Such changes undoubtedly occur, and t h e i r  

e f f e c t  is determined by t h e  nature and magnitude of changes i n  the  

primarily-affected basins. Waananen (1961) reported sharp, high flow 

peaks on a stream i n  New York caused by urban runoff superimposed on 

the  more rounded peaks produced by l a r g e r  na tu ra l  basins upstream. 

Discussion of the  in te rp lay  of  mde-und water and surface water is 

t r ea t ed  l e s s  extensively in  t h i s  study than i n  many others.  Several inves- 

t i g a t a m  have found t h a t  development has af fec ted  t h e  quantity.  movement o r  

qua l i t y  of  undergrpund w a t e r .  Savini and Kmmmmr (1961) and 

Pluhavski and Kantmwitz (1964) r e l a t e  s p e c i f i c  instances  of t h e  

e f f e c t  of urbanization upon ground-water l e v e l s  and upon t h e  chemical 

qua l i t y  of  ground water, while t h e  r e l a t i o n  between coas t a l  concentrations 

of population and t h e  in t rus ion  of s a l i n e  waters i n t o  ground-water aquifers  

is d e s c ~ i b e d  by Todd (1964). 



SUMMARY 

The impact of urban development and changes i n  land use in  

modifying the  hydrologic regime has long been recognized, but the  

paucity of  d a t a  has l imi ted  the  evaluation of  the f u l l  extent  and t h e  

magnitudes of the  r e su l t i ng  changes. Data obtained i n  the San 

FFancisquito pro jec t  study basins near Palo Alto, Calif., during 

t h e  period 1958-65 ind ica te  changes t h a t  resu l ted  f r o m  conversion 

of rural lands t o  a suburban-residential. professional- l ight  i ndus t r i a l ,  

and recrea t fona l  use. Though not t y p i c a l  o f  the  normal large-scale 

suburban-residential development the r e s u l t s  nonetheless appear t o  

provide da t a  t h a t  may be appl icable  t o  o ther  s i t ua t ions  i n  regions 

with a comparable hydrologic environment. 

The development t h a t  occurred i n  t h e  Sharon Creek basin 

caused changes i n  t h e  hydrologic regimen t h a t  included a r i s e  

i n  gmund-water l e v e l  following importation of water f o r  i r r iga t ion .  

and de ter iora t ion  of  the  qua l i t y  of the  ground water and of the  wastewater 

dischmged fmm the  basin. Changes i n  the  cha rac t e r i s t i c s  of  surface 

~ n o f f  and streamflow re su l t i ng  f m  development included: 

1. More rapid and g r e a t e r  response t o  prec ip i ta t ion  ( i n  terms 

of runoff) a f t e r  development. 

2. Changa i n  flow from ephemeral t o  perennial  following t h e  

canmancement of i r r iga t ion .  



3. More frequent floodflows from moderate r a i n  t h a t  occur 

more quickly. reach higher peak discharges, and recede 

more rapidly than those under pre-development conditions. 

The number of  peak flows a t  rates of 0.25 cfs per  acre o r  

l e s s  has increased markedly, but the  magnitude and frequency 

of f loods from mom r a r e  storms of g rea t e r  i n t ens i ty  has 

changed t o  a l e s s e r  extent.  

. Incmase i n  both s t o m  and annual runoff. A much g rea t e r  

pa r t  of t h e  storm prec ip i ta t ion  leaves t h e  bas in  a s  runoff.  

The da ta  ind ica te  t h a t  i n  years of near-normal prec ip i ta t ion  

t h e  increase i n  annual runoff is about three-fold,  from about 

I U  percent of t he  annual p r ec ip i t a t i on  before development t o  

more than 30 percent a f t e r  development. Comparative es t imates  

f o r  t y p i c a l  amounts of annual p r e c i p i t a t i o n  a r e :  

Annual Runoff, inches 
prec ip i ta t ion ,  

inches Undeveloped Developad 



5. Large increase i n  sediment concentrations when raw land sur-  

faces wem exposed during rainy periods, but re turn  t o  

pre-development magnitudes o r  l e s s  a f t e r  grasses  and 

p l m t i n g s  were wel l  es tabl ished.  However, t o t a l  sediment 

discharge is somewhat g rea t e r  than t h a t  b e f o n  development. 

6. Incmase i n  outflow of dissolved so l id s  during the  three  

years a f t e r  development t o  mom than 10 t i m e s  t h a t  t o  be 

e x p c t e d  i f  iie*lopawnt had not taken place. 

7. Occurrence of f lour i sh ing  vegetation on t h e  stream 

banks and i n  t h e  channel where only grasses  and sca t t e red  

shrubs ex is ted  before development. 

The quant i ta t ive  descr ipt ions of the r e s u l t s  of suburban develop- 

ment upon t h e  hydrologic regime t h a t  a r e  presented i n  t h i s  study can 

be extrapolated loosely t o  o the r  s imi l a r  areas  of  development i n  a 

s imi l a r  environment. Each mgion of development, however, is unique 

i n  sou d e t a i l 8  and many regions have widely d i f f e r i n g  hydrologic 

environments. Depending upon the  degree of  var ia t ion ,  changes akin 

t o  those described i n  t h i s  repor t  must be expected, paphaps i n  combination 

with o ther  changes not noted here. 
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IPPENDIX: S U M M A R Y  OF DATA 





CLsEI12rxe. i l  fC.C pr Sccond-.Conrin~"d 

- ~ 

D" 

S M  R*NCISCUITO CREEK Zl6CUII Ix-UI STUmRD - 

~ 

I.., rnntns sqr-. 30. IWL 

~ c c . 1  *o*. 1 ha.] J-. 1 nr. ' *.r. ( m. I *n I J-, ,uly-i&eT -- .- 

UNIYm,IIT(. CALIF.. 1919-a 

Yur adiw s q t a b r  10, ,963 

o., 

1 
2 
3 
1 
I 

6 
7 
8 
9 

10 

11 
12 
I3 
LA 
I 5  

16 
I7 
LII 
19 
20 

ost. 

21 
22 
11 
26 
2 1  

26 
27 
28 
29 
30 
31 

2.16 0.04 
.4I .OL 
.26 .OL 
. I I  .(I, 

.03 .01 

.(I2 0.01 .63 

.Ol .01 .L7 

.01 2 .01 0.05 
1.46 .OL .01 .01 
.19 .02 .01 

.18 .01 .Ol 
1.45 .01 0.01 

1.52 .I1 .01 
.02 .IS .I3 
.01 0.011 .01 .I7 

.OL .70 .11 .5& .OZ 

.01 .26 .05 .OL .02 

.05 .DL .(I1 .OL .O7 

.LI .01 .01 .a9 
.01 .O1 .a9 

.01 .09 .06 

.01 .26 .01 

k c .  

.66 

. I4  

.01 .a1 

.03 .01 

.02 .01 

.PI .01 

.01 

.(I1 

I+*? rncln* 

In9 I-. oI, 
1961 

wm.1 h r .  L 
2 
I 
4 
5 

6 
I 
8 
'I 

LO 

11 
12 
13 
16 
15 

0.0, 
16 
17 
18 
19 
20 

21 

.02 

s ~ ~ ~ - c ~ ~  3" 

L ~ M I  

J-. 

0.01 
.01 
. O I  
-0, 

0.01 .01 

.01 

.01 

.01 
.M .01 

0.01 .OL 

.Ol .01 
.01 .01 .OX 

.01 

.01 
.01 

1.02 
.U 
.I9 0.02 
.I1 
.66 

~ d .  ~ n .  am. sew.  ~.n. 

.01 .19 .01 0.01 

.01 .01 .01 .03 

r.b. 

0.04 

. IS 

.Ol 0.01 

.01 .Ol 
1.26 .OL 

0.0 ,  .85 .OL 
.79 

.01 .09 
.04 
.02 

.02 .01 
.01 

.Ol 

.01 

.01 

.01 

.O1 

~.b. 

2 1  

0.02 26 
27 

.01 28 
19  
10 

er. W.X. 

.OL .Ol .06 .02 

.01 .01 .OL .02 .02 

.a1 1.m .01 .01 .or 
.10 .01 .01 
2 .DL 

1.30 .01 
11.9 .01 

w A%. sqt. 



Day 

I 

Y-r clldinz 1-1-a YI. 19m 

D~C. 1.n. rd . m. A P ~ .  lu, 



-Ira= -*log S*n"mhsr 3". ,963 

*a. D.c. Jm. I&. Ur. qr. lhy  Jm. &. 9.p. 
* 7a.z .ndt"~ Smptmbsr 10. 1965 

h r .  I lor. 1 Dm. / la. 1 l&. 1 *a=. 1 Mr. 

OW 

I 
2 

Y U r  ."ding Srpz-b.. 30. 1964 

O... 

0.1 0.03 0.05 
.01 

"a". me. Jm. "b. Il.r. * p r . l *  .7- *ul 



PrectoITaLim, in LDehea--Cmtlnurd 

Day 

L 
I 
3 . 
5 

6 
I 
B 
9 
LO 

LI 
I2 
13 
,I 
15 

16 
17 
I 8  
19 
10 

2 1  
22 
23 
24 
25 

16 
z7 
28 
19 
30 
31 

Total 

LC6 1R*NOX W K  mmWY N M  STANFORD 

Y u ~  m d m p  

1919 

J-. I mb.1 I AV. lsWt. 

0.11 

.U 

.56 

.51 

.L5 

1.1 1.15 
.19 0.02 
.16 1.90 

.66 

.I4 

0.08 0.06 
.IS 0.04 

.OJ 

.01 - 

U N I V m I l Y ,  CALIF.. 1959-65 

mar mdlq S.pc&er 30. 1962 Snlmber  30 

1960 
D., 

tee. I  an. I rab. I IW. 1 Mr. / ~ . ) r  
I 
Z 

0.87 3 
.OJ 
.I1 0.111 

4 
J 

.I1 0.01 6 
7 

.I9 8 
9 0.04 .03 .07 

4 6  1.M LO 
.66 .66 
.LO .2L 11 

12 
.56 . O I  0.08 11 

0.0s .04 14 
.01 .01 15 
.a, 

16 
17 
I8 
I9 

. O I  .On m 

7.1 
22 

.I9 23 
.02 2. 

1.09 .08 .W 2, 
.03 . I 0  .Y 

.LI .54 26 
27 

.JL 28 
I .25 29 

YI 

.I3 
I, 

0.23 G.41 0.12 0.04 2.92 
-- 

1.33 3.82 1 . 7  0.84 0.96 0.17 

Ocl. No". 

0.58 0.09 
.23 .21 

.OI 

1.25 

0.11 .20 
.22 
.21 

1.29 
.28 

.02 .I7 .&A 
0.17 .07 

.W 
I.,) .01 

.02 .2L 

.U 

.I5 
.O2 .I5 

0.59 +O2 l .W .07. 0.03 
.96 .LO .L1 .08 

.05 .08 
.I6 

.05 

. O I  
.I1 

0 .m .I3 
.m 

.61 

.44 

l 0 t r l 0 . 0 6  3.01 0.94 1.35 5.82 2.10 0.16 

M.,. Mr. n. J.". E*. 



L a  M C a  CREEK IXrB-7 -R STAHPORD VNIYbRSITY, UP.. L959-b5--Cm~hud 

lur d 1 w  Sen-r 10. 1961 I oat. I am. 1 ac. 1 . I m. I llu. I ror. 



Plecipifarion, in inrhea--Canrlnued 

5 A I  FWCrSWITO CREEK m1B-Y N U  S M m D  WIl'eRSLn, WLW., LII9-65--E0nl%nurd 

Year rndlnx Sepfember 10. Ip62 leer adtn*  Sepfemkr 10. I966 
Dry 

oct. No". a=. a n .  P.b. w... 

1 0.14 0.14 0 0.03 0.06 
2 .21 .12 
1 .02 
4 0.05 

1.20 .69 

1C.r d i n g  SepLonbcr 30. 1961 

Ocr. Now. he. Jan. h b .  Mar. br. bhy sM. Aw. S.pr. 

D.Y 
Y u r  .ndinll Septenb.? 30. 1%1 

oct. *.r. "or. *r. o.c. Jan. I.b. 



Part ic le-s ize  d ia t r lbu t ion  of muspmded sediment 

Jan. 22. 1962 .60 73 87 91 93 97 100 

Date 

Feb. 9, 1962 3.580 26 38 55 90 98 100 

Nov. 19. 1963 92.9 

Nov. 19. 1963 102 

Tons 
per  
day 

Nov. 19. 1%3 3.74 99 100 

Lao Trancos h k  t r i bu t a ry  

Feb. 13. 1962 13.5 94 100 
Jan. 21. 1964 -56 100 

San Fraacisquito Cmek t r i bu t a ry  

Oct. 13. 1962 27.9 56 70 86 93 97 99 100 

Jan. 31. 1963 89.3 58 70 75 79 84 87 94 97 99 100 

Mar. 16, 1963 72.6 67 87 92 93 99 100 

Perrent f i n e r  than indicated s i z e ,  i n  m i l l i m e t e r s  

Nov. 19, 1963 227 49 62 75 8U 89 93 98 100 

Jan. 20, 1964 108 90 -.- 49 - . .- 57 
- 65 73 82 % 100 

0.500 0.125 1.000 0.062 0.002 0.004 0.250 0.008 0.016 0.031 



* - u " " c - w  m u  w - -  
i: e. e. m .do - - . , O D m -  

0 Y O D  D U O N L n e .  

rs tus lu  in) 



WT M C O S  CREEK IBIBlWARY hTUI STANFORD LMIYEHSITI, U L W .  -- - 



SAN R U N C I S Q U ~ ~  TRIBUTARY NWR STAHFORD L M I ~ S I I Y ,  CALIF. 

Results in mllli$rw per i lter ( w l l )  

,-. 

4 

9-18-5g1 eO 11 1.2 0.96 55 89 10 8.9 112 0 170 9 1  0.1 0.5 0.6 0.08 117 503 CLL L.100 6.6 ,119 

2-11-60 .L 21 . I  .05 23 30 22 1.5 87 0 LO5 30 .1 5.2 .1 282 I82 LLO 159 7.0  1210 

I- 4-60 .OOI LO .I o 110 181 92 1.1 a01 o 614 165 .6 .a .L l.am i,om sss r.aso 7 . 7  121, 

11.26-6U?l 10 8.1 0 * 98 62 1.1 PI 0 191 119 .1 8.6 .1 . I <  7 615 116 L.380 6.8 1160 

3-15-61L1 a0 8.1 0 SO 63 38 5.9 92 0 298 t* . 3  5.0 .8 .11 579 385 309 9LX 6.6 1'64 

11-29-6, .OOL 12 0 .97 20 27 16 7.4 95 0 83 26 .1 1.5  0 . 3  119 160 82 411 6.718780 

2-12-62 .OW 11 15 . I  .01 11 6% 34 1.9 I W  0 ??? 56 . 7  63 .7 . 1  564 ?%A 787 873 7 . n l s 6 z z  
2-L9-62 .21 L7 73  0 66 25 4.2  .1 131 IS 111 7.2 

2-26-6d1 a 0  16 . I  .01 1 2  57 35 2.9 172 0 194 50 .1 4.1 .1 .08 486 340 L9P 186 7.5 IbLO 

3-29-62 .001 l . L  .3  0 81  L25 70 2.8 240 9 456 ILL .4 .1 .L PIP 720 '96 L.L60 8.1 19771 

10-13-62 2.26 3.1 0 6 9.0 6 .  1 1.8 11 0 15 16 . 2  2.4 .2 .1 91 49 6 131 7 . 0 4 2 9 3 1  

2- 1-61 .OL I 7  165 0 I85 38 1.1 0 290 IS5 647 7.6 

2-18-61 .02 17 17 .I .(IS 1 2  52 31 1.5 189 0 165 46 .4 1.4 0 .2 1L6 319 164 112 8.2629227 

2-27-63 .001 7 11 295 0 320 90 0 640 400 L.190 7.8 

3-12-61 ,003 8 241 0 310 90 0 0 Y I O  380 1.130 

I-11-61 .01 10 220 0 I85 52 0 0 490 210 875 7.9 

1-26-61 .01 L I  195 0 185 68 .1 .2 145 I D S  115 8.0 

4-29-63 .az 16 265 0 270 70 110 110 1.190 8.1 

5- 7-63 ,005 21 18 160 0 500 135 .I 0 870 115 1.800 8.1 

5-13-63 ,004 19 20 315 0 390 9 1  0 .I 680 420 L . U O  7.3 

I - P - 6 3  .Om 24 .1 .OZ 111 186 91 1.3 128 0 702 IS6 .6 2 . 1  .8 .I 1.590 L.060 709 2.WO 8.0 61378 

8-24-61 .02S 2 1  35 I22 0 75 11 1.8  180 80 402 7.1 

LL-23-63 .OOL 11 I6 220 0 190 18 .1 335 LSI 149 8.2 

L-24-64 . O I  11 22 IZO 0 115 16 .5  210 130 108 1.1 

1 - 3 1 - d 1  ,005 6 2L . I  .Ol 69 99 58 3.2 220 20 338 85 .5 4 .8  .2 . I  807 518 365 1.220 8 .76577 l  

2-28-64 .a01 12 12 230 0 100 18 0 .8  S O  350 1.050 

6-10-64 LS 27 LBS (1 170 to5 .& 6 ISO zoo n e  
5-22-64 .W 17 6 LLS 0 I 5  I5 0 0 100 5 290 

1-11-64 .2(1 15 LS 80 0 Y 0 85 20 220 7.6 

6- I-t* .21 26 12 73 0 72 17 . I  170 Ln TI2 1.0 

b- b-64 .27 18 16 85 0 50 0 95  Z I  265 7.9 

b-LO-& .27 17 I S  80 0 12 11 0 0 100 1 5  283 1.1 

- 5 -  . 2 1  28 10 0 2* 8.1 12 1.3 68 0 55 7.6 0 .1 .1 . I  152 S4 38 251 1.5 G9108 

3-19-61 .07 11 13 .I .01 PZ 11 26 3.8 89 0 101 26 O 1.6 1.3 _ 3  269 169 16 128 8,149110 

1. Llrhium: '1-18-19. 0 . a  w/1;11-16-60. 0.05 w11;3-L5-6L. 0.01 %/L; 2-26-62. 0.05 -11; IUngamle: 1-31-61, O . L O  wll; none present i n  olhec 
an.,yses. 

a. SsWLe re,,rerentn*ue of &.Lo o u t f m  ohorf ly  br fore collecria rme and sferr mcderace f0 h e a v  prec,plrrrim. 
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Selected hvdroara~hs of studv streams 

Sharon Creek . . . 3 . .... I , . 
Los Trancos Creek tributary 

. ~ ~ . 

-+ 

, 

- 

PEBRUARY 16, 1959 

NO development present. Hillhest hourly Dreci~ i ts t ion .  about 0.3 inch. 0~00-n5nn honrs. 



Selected hvdronra~lhs of study streams--Continued 

Development present in basins of Sharon Creek and San Francisquito Creek 
tributary. Highest hourly precipitation. about 0.2 inch, 1000-1100 hours 
and again 1500-1600 hours. 



Selected hvdro~ranhs of study streams-Continued 
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Dry-season flow in Sharon Creek after development. The sharp fises coincide with timer, of 
sprinkler operation, and variations in magnitude and abruptness of the rises are related 
to rate of application of water and the location of the sprinkler being used. 

30 hours 




