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SUMMARY 

A storm-event watershed model has  been developed. The model has  
been named t h e  GAWSER (Guelph A g r i c u l t u r a l  Watershed Storm-Event Runoff) 
model and a u s e r s  manual has  been produced f o r  it. 
stream f l o w r a t e  hydrographs from r a i n f a l l  and/or  snowmelt i n t e n s i t y  
i n p u t s .  Two components o f  storm runof f  a r e  computed by t h e  model. 
These are s u r f a c e  (overland)  runof f  and s u b s u r f a c e  storm r u n o f f .  Flow 
i n  d r a i n a g e  t i l e s  i s  inc luded  i n ,  a n d i s  l i k e l y  a major p a r t  o f ,  s u b s u r f a c e  
storm r u n o f f .  

The model produces 

An e m p i r i c a l  i n f i l t r a t i o n  equa t ion  developed by Holtan e t  a1 (1975) 
i s  used  i n  t h e  model t o  s p e c i f y  t h e  v a r i a t i o n  of  i n f i l t r a t i o n  c a p a c i t y  
wi th  s o i l  and cover  t y p e  and wi th  s o i l  water con ten t  i n  t h e  f i r s t  few 
c e n t i m e t e r s  of  s o i l  dep th .  
i s  a l s o  allowed f o r .  
c a p a c i t y  s p e c i f i c a t i o n  f o r  a s o i l  t y p e  i s  used  t o  s e p a r a t e  water a t  
t h e  s o i l  s u r f a c e  i n t o  water  a v a i l a b l e  f o r  s u r f a c e  runof f  and water 
which e n t e r s  t h e  s o i l .  Following t h i s  t h e  over land  runoff  f l o w r a t e s  
a t  t h e  o u t l e t  of subwatersheds a r e  c a l c u l a t e d .  The c a l c u l a t i o n  i s  done 
by convo lu t ing  t h e  p o i n t  rates of  s u r f a c e  runof f  g e n e r a t i o n  w i t h  t h e  
a rea- t ime-1  ve r sus  time c u r v e  f o r  each s o i l  t y p e  w i t h i n  t h e  subwatershed. 
Subwatersheds of  about  5Km2 were used.  
impermeable area c a t e g o r y  ( r o a d s , d i t c h e s  and s t r eams)  can be  allowed 
f o r  w i t h i n  each  subwatershed. C a l c u l a t i o n s  f o r  f low between s o i l  
l a y e r s  r e s u l t s  i n  t h e  c a l c u l a t e d  s u b s u r f a c e  runof f  f l o w r a t e s  f o r  each 
subwatershed. 

Seasonal  v a r i a t i o n  i n  i n f i l t r a t i o n  c a p a c i t y  
I n  t h e  a n a l y s i s  of  a storm event  t h e  i n f i l t r a t i o n  

Four s o i l  t y p e s  p l u s  an 

The r o u t i n g  and combinin,g of  subwatershed hydrographs t o  produce 
t h e  t o t a l  storm f l o w r a t e  hydrograph a t  t h e  downstream end of t h e  water- 
shed i s  done u s i n g  a s l i g h t  m o d i f i c a t i o n  o f  HYMO procedures  as developed 
by Williams and Hann Jr. (197.3). 

The GAWSER model has bee;? a p p l i e d  t o  t h e  Canagagigue (AG-4), East 
Canagagigue and Holiday Creek  (AG-5) watersheds .  The f i n a l  p r o j e c t  
r e p o r t  i n c l u d e s  in fo rma t ion  o:? t h e  s o i l  p r o p e r t i e s ,  channel c o n f i g u r a t i o n s  
and r o u t i n g  r e a c h e s  used i n  t h e  a n a l y s i s  of  storm hydrographs.  

Storm e v e n t s  s e l e c t e d  fo-r a n a l y s i s  cover  a v a r i e t y  of  storm types .  
The s torms  ana lysed  were p r i n c i p a l l y  r a i n - i n p u t  e v e n t s  a l though  some 
snowmelt i n p u t  i s  inc luded  i n  a few. The reduced r e l i a b i l i t y  o f  stream- 
flow f l o w r a t e s  d u r i n g  even t s  involving i c e  breakup, and t h e  absence  of 
snowpack d a t a ,  l e d  t o  a d e c i s i o n  no t  t o  a t t empt  any e x t e n s i v e  a n a l y s i s  
of f lowra te-peak  e v e n t s  caused p r i n c i p a l l y  by snowmelt. 
which s torms  were s e l e c t e d  f o r  a n a l y s i s  c o v e r s  t h e  months from March 
through December of  t h e  y e a r s  1970 through 1976 f o r  t h e  two Canagagigue 
watersheds  and o f  t h e  y e a r s  1Y75 and 1976 f o r  t h e  Holiday Creek watershed .  

The pe r iod  from 

The r e s u l t s  show t h e  v a r i a b i l i t y  of  storm runof f  g e n e r a t i o n  due  t o  
seasons  and s o i l  t y p e s  and r a i n  i n t e n s i t y  v a r i a t i o n s  on a l l  t h r e e  
watersheds .  Most summer s torms  and many f a l l  storms produce small storm 

v i i i  



runof f  due t o  a h igh  s o i l - w a t e r  d e f i c i t  on a l l  s o i l  t y p e s .  For some 
s torms,  even wi th  d a i l y  r a i n  t o t a l s  above 50 mm, storm runof f  i s  on ly  
gene ra t ed  from t h e  stream s u r f a c e s  and a d j o i n i n g  r o a d s  and d i t c h e s  and 
i s  v e r y  small when expressed  as a d e p t h  over  t h e  e n t i r e  watershed area. 
Spr ing  p e r i o d  s torms  and l a t e  f a l l  and w i n t e r  s torms  u s u a l l y  produce 
more storm r u n o f f .  

The p r o p o r t i o n  of over land  runof f  i n  t o t a l  storm runof f  a l s o  shows 
For t h e  l a r g e  w i n t e r  and s p r i n g  runof f  even t s  s u r f a c e  seasona l  t r e n d s .  

r u n o f f  i s  o f t e n  about  h a l f  of  t h e  t o t a l  storm r u n o f f .  For s m a l l e r  runof f  
e v e n t s  i n  t h i s  p e r i o d  s u r f a c e  runof f  i s  less t h a n  h a l f  of t h e  t o t a l .  I n  
summer storms,  s u r f a c e  r u n o f f  i s  commonly a l a r g e r  p r o p o r t i o n  of  t o t a l  
storm runof f  and o c c a s i o n a l l y  a l l  storm runof f  i s  s u r f a c e  r u n o f f .  The 
small t o t a l  storm runof f  amounts i n  summer s torms  must be  kep t  i n  mind 
however. 

The a r e a l  d i s t r i b u t i o n  of s u r f a c e  runof f  which was ob ta ined  i n  t h e  
t h r e e  watersheds  s t u d i e d  r e f l e c t s  t h e  assumptions made i n  t h e  s e t t i n g  
of  s o i l  water p r o p e r t i e s  of  t h e  s o i l s .  
governing t h e  d i s t r i b u t i o n  of s o i l  p r o p e r t i e s  was t h a t  wel l -dra ined  s o i l s  
would b e  d r i e r  a t  t h e  s t a r t  of  most storms and would have l a r g e r  s t o r a g e  
c a p a c i t i e s  t h a n  p o o r l y  d r a i n e d  s o i l s .  The c o r r e c t n e s s  of  t h e  assumption 
on s o i l  p r o p e r t i e s  was judged by t h e  o v e r a l l  f i t  ob ta ined  between 
observed and c a l c u l a t e d  storm hydrographs.  

The p l a u s i b l e  s t r u c t u r e  

The r e s u l t s  ob ta ined  f o r  runof f  amounts i n  t h e  s torms  ana lysed  
i l l u s t r a t e  a d i f f e r e n c e  i n  r e sponse  of we l l -d ra ined  and l e s s  we l l -d ra ined  
s o i l s .  

Overland Runoff Amounts Watershed & S o i l  Type No Storms 

(No. of  s torms)  
Analysed > 3 m m  ’ 10 mm 

(No. ofs torms)  (No. ofs torms)  

Canagagigue (AG-4)  

Wel l -dra ined  s i l t  loam 
(67% o f  watershed) 30 8 3 

Poor ly-dra ined  s i l t  loam & muck 
(30% of  watershed)  30 23 13 

East Canagagigue 

Extremely we l l -d ra ined  sandy loam 
(23% of watershed) 

Well-drained s i l t  loam 
(60% o f  watershed) 

Poor ly-dra ined  s i l t  loam & muck 
(14% of  watershed)  

Holiday (AG-5) 

Well -d ra ined  s i l t  loam 
(61% of watershed) 

Poor ly-dra ined  s i l t  loam muck 
(36% o f  watershed) 

29 

29 

29 

11 

11 

4 

10 

24 

2 

2 

15 

2 

4 
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The r e s u l t s  from t h e  model show t h e  less we l l -d ra ined  s i l t - l o a m  s o i l s  
produced s i g n i f i c a n t  over land  runof f  about two and a h a l f  times more 
f r e q u e n t l y  t h a n  w e l l - d r a i n e d ,  s i l t - l o a m  s o i l s  and about  s i x  t imes more 
f r e q u e n t l y  t h a n  sandy, we l l -d ra ined  s o i l s .  The s o i l s  lumped i n t o  t h e  
less we l l -d ra ined  c a t e g o r y  cover  between 14 and 36 p e r c e n t  of t h e  
watersheds  s t u d i e d .  
area r e a l l y  a c t i v e  i n  ove r l and  flow g e n e r a t i o n .  
s o i l s  are g e n e r a l l y  l o c a t e d  i n  c l o s e  p rox imi ty  t o  stream channe l s .  

Th i s  i s  an upper l i m i t  f o r  t h e  p r o p o r t i o n  o f  t h e  
The poor ly -d ra ined  

The more f r e q u e n t  ove r l and  runof f  g e n e r a t i o n  on poor ly -d ra ined  s o i l s  
i s  d i r e c t l y  r e l a t e d  t o  t h e  lower i n f i l t r a t i o n  c a p a c i t i e s  which have 
been e s t ima ted  f o r  t h e s e  s o i l s  as compared t o  b e t t e r - d r a i n e d  s o i l s .  
On t h e  East Canagagigue watershed t h  end-of-storm i n f i l t r a t i o n  c a p a c i t y  
f o r  sandy s o i l s  ranged from 4 mm h r  
a t  t h e  end of  mode a t e  summer s t y m s .  
r a n g e  was 2 mm h r  
t h e  r ange  was 1 mm h r -  t o  15 mm h r  . Canagagigue Creek and Holiday 
Creek v a l u e s  were similar t o  t h e  l a t t e r  two sets  o f  v a l u e s .  The 
seasona l  v a r i a t i o n  i n  i n f i l t r a t i o n  c a p a c i t y ,  w i t h  h i g h  summer v a l u e s ,  i s  
due  t o  g e n e r a l l y  l a r g e  s o i l - w a t e r  d e f i c i t s  i n  t h e  summer t o g e t h e r  w i th  
complete v e g e t a t i v e  cover  as c o n t r a s t e d  w i t h  .bare s o i l s  a t  p l a n t i p g  
t ime.  

- Y  

-?  

f o r  l a r g e  s p r i n g  storms t o  30 mm hr-'  
For  we l l -d ra ined  s i l t  loam s o i l s  t h e  -?i to125 mm h r -  w h ' l e  f o r  poor ly -d ra ined  s i l t - l o a m  s o i l s  

The more f r e q u e n t  g e n e r a t i o n  of  over land  runof f  on l e s s  we l l -d ra ined  
s o i l s  does  n o t  mean t h e y  are  t h e  o n l y  sou rce  o f  over land  f low.  
pro longed ,  h i g h - i n t e n s i t y  summer s to rms ,  such as t h e  August 13,  1976 
storm on Holiday Creek, a lmost  a l l  t h e  watershed area produces over land  
f low.  
e x t e n s i v e  ove r l and  flow g e n e r a t i o n  w i l l  o ccu r ,  e s p e c i a l l y  i f  s u r f a c e  s o i l s  
a r e  f r o z e n  o r  covered wi th  an i c e  l a y e r .  

During 

I t  i s  a l s o  t o  b e  expected t h a t  du r ing  snowmelt pe r iod  runof f  

The d i s t r i b u t i o n  of p e r c o l a t i o n  between subsu r face  storm runof f  and 
i n p u t  t o  deeper  groundwater flow system; a l s o  v a r i e d  s e a s o n a l l y .  In  
mid summer about  40 p e r c e n t  of Canagagigue watershed area c o n t r i b u t e s  t o  
s u b s u r f a c e  storm runof f  whi le  i n  t h e  s p r i n g  t h i s  p r o p o r t i o n  rises t o  
80 p e r c e n t  i n  large s torms.  The same t r e n d  occur s  i n  t h e  o t h e r  two 
watersheds .  
p r o p o r t i o n  of  t h e  Canagagigue watershed which was found t o  be s y s t e m a t i c a l l y  
t i l e d  as measured i n  a d e t a i l e d  farm-by-farm su rvey  i n  1976. 

The summertime p r o p o r t i o n  cor responds  c l o s e l y  t o  t h e  

The r e s u l t s  of  t h i s  p r o j e c t  i n d i c a t e  t h a t  remedia l  measures f o r  c o n t r o l  
of  over land-f low c o n t r i b u t i o n s  t o  stream p o l l u t i o n  must t a k e  i n t o  account ar-  
e a l  and seasona l  v a r i a t i o n  i n  t h e  g e n e r a t i o n  o f  over land  storm r u n o f f .  
Measures in t ended  t o  app ly  i n  t h e  growing season  should be d i r e c t e d  f i r s t  
t o  poor ly-dra ined  s o i l  areas nea r  streams as t h e s e  a r e a s  produce over land  
runof f  most f r e q u e n t l y .  I t  m u s t  a l s o  be noted  t h a t  measures which r e l a t e  
o n l y  t o  t h e J u n e  through September p e r i o d  w i l l  be l i m i t e d  i n  d i r e c t  e f f e c t i v e -  
n e s s  by t h e  small p r o b a b i l i t y  of  s i g n i f i c a n t  storm runof f  r each ing  streams 
i n  t h i s  p e r i o d .  

Measures t o  c o n t r o l  ove r l and  runoff  from l a r g e  summer s torms,  and from 
smaller snowmelt pe r iod  e v e n t s ,  would have t o  account  f o r  t h e  l i k e l i h o o d  of 
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some widespread ove r l and  runof f  g e n e r a t i o n  i n  t h e s e  even t s .  Also t h e  
c o n s i d e r a b l e  volume of s u b s u r f a c e  storm r u n o f f ,  e s p e c i a l l y  from s p r i n g  
and w i n t e r  s torms,  must be allowed f o r  i n  t h e  accoun t ing  f o r  n u t r i e n t  
and o t h e r  p o l l u t i o n  r e d u c t i o n .  

This  s t u d y  has n o t  examined i n  any d e p t h  t h e  g e n e r a t i o n  of  over land  
runof f  d u r i n g  t h e  main snowmelt p e r i o d .  Events ana lysed  which came from 
t h e  end o f  t h e  snowmelt p e r i o d ,  and e a r l y  w i n t e r  thaw and r a i n  e v e n t s ,  
show v e r y  low i n f i l t r a t i o n  c a p a c i t i e s  even under c o n d i t i o n s  of unf rozen  
s o i l .  In  view of  t h e  l a r g e  amount of  t o t a l  streamflow which occur s  as 
a r e s u l t  o f  snowmelt-period even t s ,  we recommend cont inued  s t u d y  of  
over land  flow g e n e r a t i o n  and s o i l  e r o s i o n  p r o c e s s e s  i n  t h i s  c r i t i c a l  
p e r i o d .  Other areas which r e q u i r e  f u r t h e r  s t u d y  are  t h e  development 
of  b e t t e r  methods t o  d e l i n e a t e  low i n f i l t r a t i o n  c a p a c i t y  s o i l s  and 
examination of  t h e  effects  of t i l e  d r a i n a g e  on i n f i l t r a t i o n  c a p a c i t i e s  
o f  s o i l s .  
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INTRODUCTION 

This  p r o j e c t  r e s u l t e d  i n  the  deve lo  ment of a h y d r o l o g i c a l  model 

The model a t t r i b u t e s  s u r f a c e  runoff  amounts t o  s p e c i f i c  l and  s u r f a c e s  
w i t h i n  t h e  watershed .  The model w a s  developed f o r  and a p p l i e d  t o  t h e  
watersheds  of Canagagigue Creek (AG-4), Holiday Creek (AG-5) and East 
Canagagigue Creek. The name GAWSER (Guelph A g r i c u l t u r a l  Watershed 
Storm Event Runoff) w a s  g iven  t o  t h e  model. A u s e r s  manual h a s  been 
pub l i shed  (Ghate and Whi te ley ,  1 9 7 7 ) .  

f o r  s torm runoff  e v e n t s  f o r  small (20 km '1 ) a g r i c u l t u r a l  watersheds .  

The storm-by-storm areal d i s t r i b u t i o n  of s u r f a c e  runoff as 
determined from t h e  model p rov ides  in fo rma t ion  about t h e  f requency  of 
runoff  and t h e  l o c a t i o n  of areas most s u b j e c t  t o  e r o s i o n .  Combining 
t h i s  i n fo rma t ion  wi th  t h e  r e s u l t s  of r e l a t e d  p r o j e c t s  a t  t h e  
U n i v e r s i t y  of Guelph which d e a l  w i t h  e r o s i o n  amounts, the  n u t r i e n t  
c o n t e n t  of sediment and t h e  f a t e  of suspended sediment i n  the  stream 
i t  i s  p o s s i b l e  t o  s p e c i f y  which watershed areas are most p roduc t ive  of 
sed iment  and under what s torm c o n d i t i o n s  sediment w i l l  be  produced. 
The r e a s o n s  f o r  s e a s o n a l  v a r i a t i o n  i n  t h e  d i s t r i b u t i o n  of sediment 
p roduc t ion  is  r e v e a l e d  through a n a l y s i s  of s torms  from d i f f e r e n t  
s easons .  

From t h i s  i n fo rma t ion  the  s e r i o u s n e s s  of s u r f a c e  runoff  as a 
source  of p o l l u t i o n  can be a s ses sed .  P o t e n t i a l  remedia l  measures can 
be  e v a l u a t e d  t o  e s t a b l i s h  t h e i r  a p p r o p r i a t e n e s s  i n  r e l a t i o n  t o  t h e  
sou rce  areas producing t h e  l a r g e s t  and most f r e q u e n t  s u r f a c e  runoff  
amounts . 
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DATA COLLECTION 

Geographic l o c a t i o n  

The hydro log ic  model, (GAWSER), developed under p r o j e c t  1 .15 h a s  
been a p p l i e d  t o  t h r e e  a g r i c u l t u r a l  watersheds  l o c a t e d  i n  t h e  Province  
of On ta r io ,  Canada. The watersheds  are Holiday Creek watershed (AG-5) 
n e a r  Embro and two branches  of Canagagigue Creek near F l o r a d a l e ,  
Canagagigue (AG-4) and East Cana ag igue  watersheds .  The watershed 
areas are 30.5, 18.6 and 23.5 kmg, r e s p e c t i v e l y .  Holiday Creek i s  a 
t r i b u t a r y  of Thames River  i n  Oxford County. Canagagigue Creek 
f lows  i n t o  t h e  Grand River. I t s  watershed l i e s  p a r t l y  i n  Waterloo 
and p a r t l y  i n  Wel l ing ton  County. 

The E a s t  Canagagigue watershed i s  s imilar  t o  Canagagigue i n  
topography and l i e s  immediately east of i t .  The i n c l u s i o n  of t h i s  
watershed i n  t h e  p r o j e c t  p rov ides  t h e  oppor tun i ty  t o  s imula t e  t h e  
hydr0graph.s f o r  t h e  s a m e  amount of r a i n f a l l  and snowmelt d a t a  on 
a d j a c e n t  watersheds  w i t h  somewhat d i f f e r e n t  s o i l - t y p e  d i s t r i b u t i o n s .  

Watershed c h a r a c t e r i s t i c s  

Watershed boundar ies  w e r e  determined from t h e  topographic  maps 
of t h e  watersheds  and from o b s e r v a t i o n s  made du r ing  f i e l d  v i s i t s .  
F i n a l  l o c a t i o n  of t h e  boundar ies  w a s  reached as a concensus of 
o b s e r v a t i o n s  by f i e l d  v i s i t o r s  from t h i s  p r o j e c t  and p r o j e c t s  7 ,  1 6 ,  
1 7  and 1 9  of t h e  A g r i c u l t u r a l  Watershed S t u d i e s .  

F igu res  1, 2 and 3 show t:he watershed maps of Canagagigue (AG-4), 
bas t  Canagagigue and Holiday Creek (AG-5) watersheds .  The downstream 
boundar ies  of watersheds  a r e  drawn through t h e  l o c a t i o n  of t h e  water 
l e v e l  r e c o r d e r  a t  t h e  downstream gauging s t a t i o n  of each watershed.  
On Canagagigue (AG-4) and East Canagagigue Creeks t h e  f l o w r a t e  
s t a t i o n s  were ope ra t ed  by W a t E r  Survey of Canada. On Holiday Creek 
IAG-5) t h e  On ta r io  Min i s t ry  of Environment c o l l e c t e d  f l owra te  d a t a .  
Supplementary o r  i n t e r m e d i a t e  f l o w r a t e  gauging s t a t i o n s  on Canagagigue 
( a t  c ros s - sec t ion  2 )  on East C,anagagigue ( c r o s s - s e c t i o n s  13 and 15) and 
on Holiday Creek ( c r o s s - s e c t i c n s  4 and 14)  are i n s t a l l e d  as p a r t  of 
p r o j e c t s  1 6 ,  1 7  and 1 9  of t h e  A g r i c u l t u r a l  Watershed S t u d i e s .  

Each watershed  h a s  been d iv ided  i n t o  a s u i t a b l e  number of sub- 
watersheds  as shown i n  F igu res  1, 2 and 3. Subwatershed boundar ies  
were chosen t o  p a s s  through t h e  l o c a t i o n s  of supplementary gauges.  
Areas of several subwatersheds a long  w i t h  t h e  pe rcen tages  of impervious 
areas have been t a b u l a t e d  i n  ? 'able  1. 

The watershed maps shown i n  F i g u r z s l  t o  3 show l o c a t i o n s  f o r  
several v a l l e y  c r o s s - s e c t i o n s  of t h e  streams. The s e c t i o n s  were 
surveyed f o r  t h e i r  e l e v a t i o n  and h o r i z o n t a l  d i s t a n c e  r e l a t i o n s h i p s .  
I n  a d d i t i o n ,  t h e i r  h y d r a u l i c  roughness  was determined by a comparison 
of t h e  s e c t i o n  w i t h  sample v a l u e s  g iven  by Chow (1959) .  Cross- 
s e c t i o n  and h y d r a u l i c  roughness  d a t a  were e s s e n t i a l  t o  g e t  r a t i n g  
cu rves  ( e l e v a t i o n - s t a g e  v s  d i s c h a r g e  r e l a t i o n s h i p s )  f o r  t h e  s e c t i o n s .  
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C A N A G A G I G U E  CREEK ( A G - 4 )  

S c a l e  
i 

1 i I I 
1 kn 0 1 b. 

Recordirig r a i n  
A. gauge 

I n  t e m e d  i a t  e 
f l o w r a t e  gauge 

D owns t re a~ '" f l o w r a t e  g a g e  

Fig .  1: Canagagigue (AG-4) Watersned 
n e a r  F l o r a d a l e ,  O n t a r i o .  
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- . - . - boundary  

4 4 x 1  Subwatershed number 401 

-6 .  Val l ey  c r o s s - s e c t i o n  nunber 6 - 1 - ?.outing r each  number 1 

0 I n t e r m e d i s t e  f l o w r a t e  gauge 

D o i m s t r e m  f l o w r a t e  gauge 

F i g .  2 :  E a s t  Canagagigue Watershed n e a r  
Eloraclale ,  O n t a r i o .  
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Legend 

X a t e r s h e  d o r s ubw a t  e r shed - , - . - Sounciary 

.-[-I Subwatershed number 304 

9 Val l ey  c r o s s - s e c t i o n  number 9 - 2 - Routing r each  number 2 

Recording r a i n  gauge 

a Standa rd  r a i n  gauge 
H 0 L I DAY C RE E K(  AG-5) 

I n t e r m e d i a t e  f l o w r a t e  gauge 

F i g .  3 :  Hol iday  Creek (AG-5) Watershed 
n e a r  Lmb r o  , O n t a r i o .  
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The l e n g t h s  of t h e  streams and a l s o  of t h e  roads ,  l a n e s  e t c . ,  were 
e s t ima ted  from 1:50,000 topographic  maps of Canagagigue (AG-4) and 
E a s t  Canagagigue watersheds  and from 1:25,000 topographic  maps of t h e  
Holiday Creek (AG-5) watershed.  

The f i e l d  survey  in fo rma t ion  does  n o t  i n c l u d e  an  e s t a b l i s h e d  sea- 
l e v e l  datum f o r  a c r o s s - s e c t i o n .  The stream bed e l e v a t i o n  f o r  each 
s e c t i o n  h a s  been e s t i m a t e d  from t h e  con tour s  on t h e  topographic  maps. 

The maps shown i n  F igu res  1 t o  3 do n o t  i n c l u d e  t h e  l o c a t i o n s  of 
roads ,  l a n e s  and d i t c h e s .  Thei r  l o c a t i o n s  w e r e  no ted  from t h e  topo- 
g r a p h i c  maps and a l s o  from t h e  aer ia l  photographs of t h e  watersheds .  
These areas, and t h e  areas occupied by s t reambeds ,  were assumed t o  
b e  impervious s i n c e  they would have almost  no i n f i l t r a t i o n  c a p a c i t y .  
The impervious area w a s  about  3% i n  Canagagigue (AG-4) and East 
Canagagigue watersheds  and about  2.5% i n  Holiday Creek (AG-5) watershed 
as l i s t e d  i n  Table 1. 

The r o u t i n g  r eaches  shown on the  maps are t h e  r eaches  used f o r  
channel  r o u t i n g  i n  the  model. Thei r  s l o p e  and l e n g t h  were measured 
from topographic  maps. This  cata  w a s  used t o  c a l c u l a t e  t ravel  t i m e  
and f low r e l a t i o n s h i p s  f o r  t h e  r eaches .  Reach roughness  w a s  e s t ima ted  
as exp la ined  ear l ie r  and t h e  f l o o d  p l a i n  roughness  w a s  t aken  as 0.07 
f o r  a l l  r eaches  i n  a l l  watersheds .  

The r a t i n g  cu rves  f o r  a l l  v a l l e y  c r o s s - s e c t i o n s  w e r e  determined 
u s i n g  t h e  HYMO program (1973) .  The cu rves  f o r  t h e  downstream gauging 
s t a t i o n s  ( c ros s - sec t ion  Sl) were compared w i t h  latest  r a t i n g  cu rves  
a v a i l a b l e  from Water Survey of Canada f o r  b o t h  Canagagigue watersheds  
and from Min i s t ry  of Environment f o r  Holiday Creek watershed (AG-5). 
Comparison of computed and recorded  cu rves  i s  g iven  i n F i g u r e s  4 t o  6 .  
The comparison of r a t i n g  curves  recorded  and computed f o r  i n t e r -  
media te  gauging s t a t i o n  w a s  s i m i l a r l y  done. The p l o t s ,  however, are 
n o t  p re sen ted  i n  t h i s  r e p o r t .  

S o i l  t y p e s  

The pe rv ious  areas of each watershed w e r e  d i v i d e d  i n t o  f o u r  s o i l  
types .  S o i l  c l a s s i f i c a t i o n  d a t a  are e s s e n t i a l  i n p u t  t o  t h e  hydro log ic  
model. The d e t a i l e d  s o i l  maps were provided  by C .  Acton and 
G .  P a t t e r s o n  of A g r i c u l t u r e  Canada. The s o i l  t ypes  used i n  t h i s  model 
are shown i n  t h e  s o i l  maps of t h e  watersheds  i n  F igu res  7 t o  9.  

S o i l  t y p e s  of Canagagigue (AG-4) and Holiday Creek (AG-5) i n c l u d e  
w e l l  d r a i n e d ,  i m p e r f e c t l y  d ra ined ,poor ly  d ra ined  and v e r y  poor ly  d ra ined  
s o i l s .  The East Canagagigue watershed h a s  ex t remely  w e l l  d r a i n e d ,  w e l l  
d r a i n e d ,  i m p e r f e c t l y  d r a i n e d  and v e r y  poor ly  d ra ined  s o i l s .  Extremely 
w e l l  d r a i n e d  and w e l l  d r a ined  s o i l s  are normally l o c a t e d  i n  t h e  upland 
r e g i o n  of t h e  watersheds  whi le  t h e  ve ry  poor ly  d r a i n e d  s o i l s  are 
u s u a l l y  found i n  t h e  bottom l and  r e g i o n  n e a r  w a t e r  cou r ses .  The 
d i s t r i b u t i o n  of s o i l  t ypes  w i t h i n  t h e  subwatersheds of each of t h e  
t h r e e  watersheds  s t u d i e d  i s  g iven  i n  Table  2.  

The above c l a s s i f i c a t i o n  i s  v e r y  broad and i s  done from the  
p o i n t  of view of hydro log ic  modeling d a t a .  The grouping of s o i l s  i n t o  
t h e  f o u r  types  on each watershed r e q u i r e d  some lumping t o g e t h e r  of 
several d i f f e r e n t  mapped s o i l  types .  
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Table 1 : Subwatershed P r o p e r t i e s  of Canagagigue (AG-4)  , 
East Canagagigue and Holiday Creek (AG-5) Watersheds 

- 

Canagagigue (AG-4) E a s t  Canagagigue Holiday Creek (AG-5) 

Sub- Area, Percent  of Sub- Area, P e r c e n t  of Sub- Area, P e r c e n t  of 
impervious 

area* number km area* n u d e r  km area* number km 2 watershed 2 impervious watershed impervious watershed 2 

30 1 4 .OO 2.38 40 1 3 . 7 1  2 .60  30 1 

30 2 1 .53  2.16 402 4 .44  2 . 6 0  30 2 

30 3 3.82 3.61 40 3 6.12 3.50 30 3 

30 4 2.76 2 .68  40 4 4.19 3 .10  30 4 

30 5 6.52 2.90 405 5.07 3.25 305 

30 6 

30 7 

30 8 

2.86 

2.25 

4.62 

5.46 

3.52 

3.56 

3.54 

4.72 

2 . 5 1  

2 . 9 3  

2 .54  

2 . 1 3  

3.39 

3 . 3 4  

1 . 8 8  

1.55 

~ 

T o t a l s  18.63 2 .84  T o t a l s  2 3 . 5 3  3.06 T o t a l s  30.53 2.45 

* Inc ludes  areas of streams, roads,  l a n e s  and a d j o i n i n g  d i t c h e s .  



Table  2 :  D i s t r i b u t i o n  o f  s o i l  t y p e s  w i t h i n  each subwatershed f o r  
Canagagigue (Ag-4), Eas t  Canagagigue, and Holiday (Ag-5) 
Creeks.  

WATERSHED 

Canagagigue (Ag-4) 

Subwatershed Well 
Drained 

301 
302 
303 
304 
305 

26.00 
10 .00  
34.70 
32.00 
49.20 

T o t a l  watershed 35.48 

Eas t  Canagagigue 

Subwatershed Very 
Well 
Drained 

401 
402 
403 
404 
405 

42 .23  
10.85 
4.61 
7.06 

54.24 

T o t a l  watershed 22.87 

Holiday (Ag-5) 

Subwatershed Well 
Drained 

301 
302 
303 
304 
305 
306 
307 
308 

21.62 
48.61 

6.76 
44.32 
40.40 
32.67 

7.44 
34.00 

Watershed 29.14 

SOIL TYPE 
% o f  area 

Imper- 
f e c t l y  
Drained 

29.09 
55.47 
30.00 
35.57 
26. G O  

31.32 

Well 
Drained 

31.72 
71.89 
69.68 
77.49 
19.80 

54.74 

Imper- 
f e c t l y  
Drained 

40.69 
13.61 
55.18 
15.68 

9.94 
26.31 
58.21 
31.61 

3 1 . 8 2  

Poor ly  Very 
Drained Poor ly  

Drained 

22.00 20.53 
24.00 8.37 
20.00 11.69 
13.00 16.75 
14.00 7.90 

17.62 12.74 

Imper- Very 
f e c t l y  Poor ly  
Drained Drained 

0.00 23.45 
6 .21  8.45 

15.79 6.42 
0.00 12.35 
0 .00  22.71 

5.28 14.05 

Poor ly  Very 
Drained Poor ly  

Drained 

31.01 4.17 
27.22 7.63 
22.19 13.33 
17.04 20.83 
31.83 14.44 
24.56 13.12 
29.99 2.48 
19.41 13.43 

24.33 12.26 

Impervious 

2.38 
2.16 
3.61 
2.68 
2.90 

2.84 

Impervious 

2.60 
2.60 
3.50 
3.10 
3.25 

3.06 

Impervious 

2.51 
2.93 
2.54 
2.13 
3.39 
3.34 
1.88 
1 .55  

2.45 
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Canagagigue ( A G - 4 )  Watershed 
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CANAGAGIGUE CREEK (AG-4 )  
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the u n i t  

F i k .  7:  S o i l  Map of Canagagigue (AG-4) 
Watershea. 
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F i g .  8: S o i l  Map of East Canagagigue 
Waterstiea. 
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Eig .  9 :  S o i l  Map of h o l i d a y  Creek 
( AG-5 ) Wa te r :; h e a  . 
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T i l i n g  survey 

During t h e  pe r iod  May - J u l y  1976, a farm-by-farm survey of t i l e  
d r a i n a g e  i n  the  Canagagigue (A(:-4) watershed was conducted.  A s e p a r a t e  
map w a s  p repared  f o r  each  l o t  a t  a scale of approximately 1:4620. 
In fo rma t ion  from ae r i a l  photographs and l and  owners and t e n a n t s  w a s  
used t o  de te rmine  t h e  f i e l d s  which were t i l e d  s y s t e m a t i c a l l y ,  f i e l d s  
which conta ined  "random1' t i l e  1 i n e s  t o  s p e c i f i c  w e t  s o i l  dep res s ions ,  
and t h e  o u t l e t  l o c a t i o n s  of t i l e  l i n e s .  

An ove r l ay  of s o i l  t ypes  w a s  p repared  f o r  each  l o t  map. From 
t h i s  t h e  p r o p o r t i o n  of each  s o i l  t ype  t i l e d  w a s  determined.  The r e s u l t s  
ob ta ined  are summarized i n  Table  3. 

For t h e  predominant s o i l  t ypes  of t h e  area, t h e r e  w a s  n o t  a v e r y  
s i g n i f i c a n t  d i f f e r e n c e  i n  the  p r o p o r t i o n  t i l e d .  The dominant s i l t  
t e x t u r e  of a l l  t h e  major  s o i l  ser ies  i n  t h e  Canagagigue (AG-4) water- 
shed appea r s  t o  have l e d  t o  a r e l a t i v e l y  uniform a p p l i c a t i o n  of t i l i n g  
t o  t h i s  watershed.  

The t i l i n g  i n  this area was accomplished almost  e n t i r e l y  wi thou t  
t h e  c o n s t r u c t i o n  of any munic ipa l  ( c o l l e c t o r )  d r a i n s .  The n a t u r a l  
stream channels  provided s u f f i c i e n t  o u t l e t  i n  most cases. I n  some 
l o c a t i o n s  f a rmers  had under taken  t h e  enlargement  of s u r f a c e  channels  
on t h e i r  own wi thou t  invoking t h e  a i d  of government through t h e  
c o n s t r u c t i o n  of a munic ipa l  d r a i n .  

P r e c i p i t a t i o n  d a t a  

For t h e  p e r i o d  from 1970 through 1973 no r eco rd ing  p r e c i p i t a t i o n  
d a t a  are a v a i l a b l e  f o r  e i t h e r  of t h e  Canagagigue watersheds .  For t h i s  
p e r i o d  hour ly  p r e c i p i t a t i o n  d a t a  have been ob ta ined  from t h e  Atmospheric 
Environment Service f o r  t h e  fo l lowing  sur rounding  s t a t i o n s :  Blue 
Spr ings  Creek,Elora ,  Fergus Shand Gam, Mount F o r e s t ,  S t r a t f o r d  OWRC, 
Water loo,  and Waterloo-Wellington A i r p o r t .  I n  a d d i t i o n  d a i l y  t o t a l  
p r e c i p i t a t i o n  d a t a  of t h e  fo l lowing  s t a t i o n s  w e r e  ob ta ined :  Ar thu r ,  
Fergus STP, and Glen Al len .  For y e a r s  1974 and 1975, p r e c i p i t a t i o n  
r e c o r d s  f o r  a gauge n e a r  F l o r a d a l e  j u s t  o u t s i d e  the  Canagagigue 
watershed w e r e  ob ta ined .  PLUARG gauge-4, a r eco rd ing  gauge i n s t a l l e d  
on Canagagigue (AG-4) watershed ,  provided most of hour ly  r a i n f a l l  
d a t a  f o r  y e a r s  1975 - 1976. 

The Same r a i n  amount , taken from t h e  r eco rd ing  gauge o r  e s t i m a t e d  
from t h e  sur rounding  gauges,  was used f o r  most of e v e n t s  ana lysed  on 
t h e  two Canagagigue watersheds .  I n  t h r e e  cases t h e  i n p u t  w a s  d i f f e r e n t .  
These t h r e e  storms w e r e  h i g h l y  l o c a l i z e d  thunderstorm r a i n f a l l s .  

Snowmelt rates f o r  Canagagigue watersheds  were e s t ima ted  f r o h  t h e  
a v a i l a b l e  d a t a  of tempera ture ,  snow dep th  and w a t e r  c o n t e n t  i n  the snow 
a t  t h e  nearby  E lo ra  Research S t a t i o n .  I n  most cases, snow dep th  and 
tempera ture  p l o t s  were made f o r  t h e  days  invo lv ing  snowmelt. A deg ree  
hour  method w a s  t hen  a p p l i e d  t o  estimate t h e  snowmelt i n t e n s i t y .  I n  
t h e  a n a l y s i s  of t h e  March 1976 s torms ,  however, a h e a t  f l u x  and 
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Table 3 :  Summary of T i l i n g  Survey f o r  Canagagigue ( A G 4 )  Watershed 

S o i l  
Type 

Area i n  Sys t ema t i c  T i l i n g  Random T i l i n g  
Watershed, Area, P e r c e n t  of Area, P e r c e n t  o f  

2 s o i l  area 2 s o i l  area km km 2 km 

024 6 . 3 3  2 .60  41.1 0 .27  4.3 

025 5.89 3.05 5 1 . 8  0 . 2 9  4.9 

026 3 .28  1.30 39.7 0.08 2 . 4  

S . C .+D . L . 2.09 0 . 3 1  14.6 0 . 0 3  1 . 4  
* 

0 i 3  0 . 5 2  0.14 2 6 . 8  0.01 1.9 

037 0 .45  0.004 0 .9  - - 
00 5 0.07 0.065 8 7 . 3  - - 

T o t a l s  18.63 7.47 4 0 . 1  0 . 6 8  3.7 

* St ream course  and depressed  l and .  



r a d i a t i o n  method w a s  a p p l i e d  t o  compute hour ly  m e l t .  F lowra tes  a t  
E l m i r a  and Woolwich dam w e r e  a l s o  ana lysed  t o  confirm t h e  v a l i d i t y  of 
t h e  m e l t  estimate. 

A r eco rd ing  gauge (PLdARG-5) on t h e  Holiday Creek (AG-5) water- 
shed provided  most of r a i n f a l l  d a t a  f o r  y e a r s  1975-1976. Another 
s t a n d a r d  gauge l o c a t e d  a t  t h e  watershed c e n t r e  provided a comparison 
f o r  t o t a l  r a i n f a l l  i n p u t  recorded  by t h e  r eco rd ing  gauge. To check 
t h e  un i fo rmi ty  of a s torm,  sur rounding  gauge t o t a l s  a t  t h e  s t a t i o n s  
S t r a t f o r d ,  Tavis tock ,  Woodstock, F o l d e r s  and London Ai rpor t  were a l s o  
noted  . 

The snowmelt ra tes  f o r  Holiday C r e e k  (AG-5) watershed w e r e  
e s t i m a t e d  us ing  a degree  hour  method from snowdepth, water con ten t  
and tempera ture  r e c o r d s  a t  London A i r p o r t  S t a t i o n .  

S t r eam f low d a t a  and basef low s e p a r a t i o n  

Continuous s t reamflow r e c o r d s  f o r  t h e  Canagagigue (AG-4) and 
E a s t  Canagagigue watersheds  are prepared  by t h e  Water Survey of Canada 
f o r  s t a t i o n s  02GA036 and 02GA035 r e s p e c t i v e l y .  From t h e  p l o t s  of t h e  
d a i l y  mean f l o w r a t e s ,  s torm e v e n t s  were s e l e c t e d  f o r  t h o s e  watersheds  
cove r ing  t h e  months of March through December from 1970 t o  1976. 
Hourly f l o w r a t e s  f o r  t h e  s e l e c t e d  s torms  w e r e  supp l i ed  by Water Survey 
of Canada. The f l o w r a t e s  supp l i ed  w e r e  f o r  t h e  downstream gauging 
s t a t i o n  ( a t  c ros s - sec t ion  #l) of! bo th  watersheds .  

Char t s  of f l o w r a t e s  and r a t i n g  cu rves  were supp l i ed  by M i n i s t r y  
of Environment f o r  t h e  downstream gauging s t a t i o n  ( c ros s - sec t ion  111) 
of Holiday Creek (AG-5) watershed .  Hourly f l o w r a t e s  f o r  s e l e c t e d  s torm 
were d e r i v e d  from t h e  supp l i ed  material. The r e c o r d s  cover  o n l y  two 
y e a r s  1975 and 1976. 

I n t e r m e d i a t e  f lowrace  r e c o r d s  f o r  Holiday Creek (AG-5) watershed 
w e r e  ob ta ined  from P r o j e c t  No. i7 of t h e  A g r i c u l t u r a l  Watershed S tud ie s .  
The r e c o r d s  cove rmos t ly  t h e  latc: s p r i n g  and summer of 1976.  

To estimate basef low f l o w r a t e s  f o r  s torm a n a l y s i s  annual  p l o t s  
w e r e  made of t h e  mean d a i l y  € lowra tes  f o r  a l l  t h r e e  watersheds .  
These p l o t s ,  t o g e t h e r  w i th  r a i n f a l l  t i m e s ,  al lowed t h e  s e l e c t i o n  of 
p e r i o d s  of u n i n t e r r u p t e d  r e c e s s i o n  of f l o w r a t e  which were des igna ted  
basef low-f lowra te  p e r i o d s .  The basef low r e c e s s i o n  t i m e  c o n s t a n t s  
d e r i v e d  from t h e s e  p e r i o d s  gave mean v a l u e s  of 6 days ,  21 days and 
8 days r e s p e c t i v e l y  f o r  Canagagigue (AG-4), East Canagagigue, and 
Holiday Creek watersheds .  The t i m e  c o n s t a n t s  f o r  Canagagigue and 
Holiday Creek v a r i e d  w i t h  season .  I n  summer they  w e r e  as l i t t l e  
as  4 and 6 days  r e s p e c t i v e l y  wh i l e  i n  t h e  l a t e  f a l l  t hey  were as 
l a r g e  as 10 and 12 days  r e s p e c t i v e l y .  

By i n t e r p o l a t i n g  between baseflow-only p e r i o d s  storm-period 
v a r i a t i o n s  i n  basef low f l o w r a t e s  w e r e  e s t i m a t e d .  The t i m e  c o n s t a n t s  
r e f e r r e d  t o  above w e r e  used i n  the backward-in-time i n t e r p o l a t i o n  
from t h e  r e c e s s i o n  p o r t i o n  of hydrographs.  The basef low f l o w r a t e  
peak w a s  normally assumed t o  occur  one day a f t e r  t h e  peak i n  
observed t o t a l  f l o w r a t e .  F igu re  10 shows t h e  basef low s e p a r a t i o n  
t h a t  w a s  p repared  f o r  a s torm e v e n t  on t h e  Canagagigue (AG-4) 
w a t e r  shed. 
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A “s torm runoff’’  hydrograph w a s  p repared  f o r  each storm ana lysed  
by s u b t r a c t i n g  the  basef low f l o w r a t e  from t h e  t o t a l  observed stream 
f l o w r a t e  f o r  each t i m e  c o o r d i n a t e  du r ing  t h e  storm even t .  The model 
r e s u l t s  w e r e  compared w i t h  t h e  s e p a r a t e d  storm runoff  hydrograph. 

Using t h e  basef low f l o w r a t e s  e s t ima ted  over  t h e  pe r iod  from 
J u l y  1970 through December 1975 f o r  t h e  two Canagagigue watersheds  
estimates were made of t h e  d i s t r i b u t i o n  of t o t a l  streamflow between 
basef low and stormflow. For t h e  Canagagigue watershed ,  over  t h i s  
p e r i o d ,  30% of t o t a l  f low w a s  baseflow. For t h e  E a s t  Canagagigue 
45% of t h e  t o t a l  s t reamflow w a s  baseflow. This i n d i c a t e s  t h a t  t h i s  
f low component can p rov ide  a s i g n i f i c a n t  i n p u t  of d i s s o l v e d  
s u b s t a n c e s  i n t o  the  stream f o r  t h o s e  subs t ances  whose c o n c e n t r a t i o n s  
are h i g h  i n  deeper  groundwater f low systems. 

The 70% of f low t h a t  i s  storm runoff  from t h e  Canagagigue 
watershed  i s  concen t r a t ed  s e a s o n a l l y .  I n  t h e  y e a r s  1971 through 
1975 70% of annual  t o t a l  storm runoff  occur red  i n  March and A p r i l .  
Th i s  i s  a mean s p r i n g  s torm runoff  dep th  of 20Omm o u t  of an annual  
mean s torm runoff  dep th  of 28Omm. 

The r e c e s s i o n  t i m e  c o n s t a n t s  f o r  over land  runoff  and f o r  sub- 
s u r f a c e  storm runoff  were approximated a f t e r  examination of s e v e r a l  
s torm runof f  graphs  from each  of t h e  t h r e e  watersheds .  The over land  
runof f  c o n s t a n t  w a s  e s t i m a t e d  from t h e  steepest rate of r e c e s s i o n  
of f l o w r a t e s  a f t e r  t h e  peak wh i l e  t h e  t i m e  c o n s t a n t  f o r  subsu r face  
s torm runoff  w a s  computed from t h e  r e c e s s i o n  rates n e a r  t h e  end of 
s torm r u n o f f .  E s t i m a t e s  of t h e  over land  r e c e s s i o n  c o n s t a n t s  were 
3 .9 ,  3 . 6  and 6 hours  r e s p e c t i v e l y  f o r  Canagagigue (AG-4), East 
Canagagigue, and Holiday Creek (AG-5) watersheds  r e s p e c t i v e l y .  The 
s u b s u r f a c e  s torm runoff  c o n s t a n t s  were 27, 27 and 42 hours  r e s p e c t i v e l y .  
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FLOW CALCULATION PROCEDURES 

Model concept  used 

A d e t e r m i n i s t i c  storm-event hydro log ic  model h a s  been developed 
i n  t h i s  p r o j e c t .  A t t e n t i o n  i s  focused on the  areas c o n t r i b u t i n g  t o  
ove r l and  runoff  w i t h i n  s torm p e r i o d s .  The choice  of an even t  model 
c o n s i d e r a b l y  s i m p l i f i e s  the  s i m u l a t i o n  of so i l -water  and ground-water. 
The major d i sadvantage  of t h i s  choice  i s  t h e  i n a b i l i t y  of t h e  model 
t o  compute t o t a l  watershed o u t p u t s  on s e a s o n a l  o r  annual  pe r iods .  
The d e t e r m i n i s t i c  model however s i m u l a t e s  a storm e v e n t  completely 
and i t  has  been p o s s i b l e  t o  test i t  thoroughly on s m a l l  a g r i c u l t u r a l  
w a t e r  sheds  . 

The e v e n t s  ana lysed  are c h a r a c t e r i z e d  by one o r  more peaks i n  
the  f l o w r a t e  hydrographs caused by p e r i o d s  of r a i n  and/or  snowmelt. 
A separate even t  w a s  i d e n t i f i e d  whenever a r ise i n  f l o w r a t e  occur s  
a f t e r  a pe r iod  of r e c e s s i o n  du r ing  which t h e  f l o w r a t e  has  d e c l i n e d  t o  
less than  25% o f  t h e  preceeding  peak value.  

Basic model s t r u c t u r e  

The b a s i c  model s t r u c t u r e  f o r  t h e  GAWSER model is  shown i n  
F igure  11. A watershed is  d iv ided  i n t o  several subwatersheds of 
s u i t a b l e  s i z e s  ( 7 h 2  o r  so).  F lowra tes  are computed f o r  each  sub- 
watershed  u s i n g  t h e  t echn iques  desc r ibed  i n  t h e  n e x t  s e c t i o n .  The 
f l o w r a t e s  t h u s  c a l c u l a t e d  f o r  t h e  upstream subwatershed are rou ted  
through channels  and added t o  the  n e x t  downstream subwatershed. The 
p r o c e s s  i s  cont inued  u n t i l  t h e  hydrograph a t  t h e  most downstream 
s e c t i o n  of the  e n t i r e  watershed h a s  been ob ta ined .  

The GAWSER model ex tends  t h e  HYMO model developed by W i l l i a m s  
and Hann (1973) .  Four new commands have been added t o  t h e  o r i g i n a l  
HYMO and some of i t s  s u b r o u t i n e s  have been s l i g h t l y  modi f ied .  I n  
a d d i t i o n ,  HYMO h a s  been conver ted  i n t o  S I  u n i t s .  The d e t a i l e d  r u l e s  
of t h e  GAWSER model a long  w i t h  program s t a t e m e n t s  and sample example 
are g iven  i n  i t s  Users Manual (Ghate and Whi te ley ,  1 9 7 7 ) .  

Channel and r e s e r v o i r  r o u t i n g s ,  adding and p r i n t i n g  of hydrographs 
h a s  been accomplished by adop t ion  of t h e  HYMO model. 
g e n e r a t i o n  method f o r  a subwatershed i s  developed as exp la ined  i n  t h e  
fo l lowing  s e c t i o n s .  

The f l o w r a t e  

C a l c u l a t i o n  of storm-flow components on each subwatershed 

F igure  1 2  g i v e s  t h e  f lowchar t  f o r  subwatershed modeling. The 
r a i n f a l l  o r  snowmelt i n t e n s i t y  i s  t h e  main i n p u t .  Cumulative r a i n f a l l  
( o r  snowmelt) i s  g iven  i n  30 minute t i m e  s t e p s .  (This  s t e p  l e n g t h  
could  be i n c r e a s e d  o r  d e c r e a s e d ) .  I n f i l t r a t i o n  c a p a c i t y  rates f o r  
each 10 minute  i n t e r v a l ,  (which a l s o  could be i n c r e a s e d  o r  d e c r e a s e d ) ,  
are then de termined .  I f  the r a i n f a l l  rate exceeds t h e  i n f i l t r a t i o n  
c a p a c i t y  rate then the e x c e s s  i s  cons idered  as over land  runoff  a f t e r  
t h e  deduc t ion  of a s p e c i f i e d  s u r f a c e  d e p r e s s i o n  s t o r a g e  volume from 
t h i s  r a i n f a l l  excess. The over land  runoff  from each  30 minute interval  
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is  conver ted  i n t o  d i s c h a r g e  races by convolu t ing  i t  w i t h  an area-time- 1 
v e r s u s  t i m e  curve.  F lowra tes  t.hus computed are  cons idered  as an i n p u t  
t o  a channel  s t o r a g e  r e s e r v o i r .  This  i n p u t  i s  then  r o u t e d  through 
a s i n g l e  l i n e a r  r e s e r v o i r  of a s h o r t  time c o n s t a n t .  This c a l c u l a t i o n  
i s  based on the  l i n e a r  
Dooge (1973) .  

t heo ry  of hydro log ic  systems p resen ted  by 

I n f i l t r a t e d  water i s  t r e a t e d  as seeping  down i n t o  t h e  s o i l  l a y e r s  
where some i s  s t o r e d  as s o i l  water and some p e r c o l a t e s  o u t  t h e  bottom. 
P a r t  of t h e  p e r c o l a t e d  water i s  c a l c u l a t e d  as subsu r face  storm-event 
f low t o  t h e  stream and i s  conver ted  t o  f l o w r a t e  u n i t s  by m u l t i p l y i n g  
t h e  p e r c o l a t i o n  ra te  by t h e  area of t h e  c o n t r i b u t i n g  zone f o r  each  
30 minute  t i m e  s t e p .  The remainder  is  cons idered  t o  be  accumulat ion 
t o  t h e  groundwater s t o r a g e ,  and i s  n o t  f u r t h e r  t r e a t e d  i n  t h e  model. 

Subwatershed s u r f a c e  s u b d i v i s i o n s  

Each subwatershed i s  d i v i d e d  i n t o  impervious and p e r v i o u s  areas. 
The impervious area i n c l u d e s  roads ,  l a n e s ,  streams and a d j o i n i n g  d i t c h e s .  
Pe rv ious  areas a r e d i v i d e d  i n t o  up t o  f o u r  s o i l  t ypes  accord ing  t o  s o i l  
p r o p e r t i e s .  Each s o i l  t ype  i s  d i v i d e d  i n t o  two zones one of which 
c o n t r i b u t e s  t o  s u b s u r f a c e  storm-event f low whi l e  t h e  o t h e r  y i e l d s  
ground water accumulat ion.  Thus t h e r e  a r e  i n  a l l  n i n e  s o i l  zones i n  
a subwatershed,  t h e  f i r s t  be ing  impervious wh i l e  t h e  remaining e i g h t  
zones are pe rv ious .  

R a i n f a l l  o r  snowmelt i n c i d e n t  on t h e  impervious area f i r s t  f i l l s  
a s u r f a c e  d e p r e s s i o n  s t o r a g e  and then  is  a v a i l a b l e  as over land  r u n o f f .  
The amount f a l l i n g  on t h e  pe rv ious  area i s  s e p a r a t e d  i n t o  s u r f a c e  runoff  
and i n f i l t r a t e d  components as h a s  been desc r ibed  ear l ier .  

I n f i l t r a t i o n  and subsu r face  f l o w  

Each pe rv ious  zone i s  modelled as two s o i l  l a y e r s .  The top  l a y e r  
h a s  a s p e c i f i e d  d e p t h ,  (of up t 2  30 c m ,  i n  t he  s o i l s  examined t o  d a t e ) ,  
w h i l e  t h e  second l a y e r  h a s  a dep th  up t o  1 2 5  cm. There i s  an i m p l i c i t  
t h i r d  l a y e r  r e p r e s e n t i n g  ground water s t o r a g e  and t r ansmiss ion  which 
i s  n o t  p a r t  of t h e  model. 

I n f i l t r a t i o n  

The t e r m  i n f i l t r a t i o n  i s  used h e r e  t o  d e s c r i b e  t h e  rate of 
w a t e r  movement downward through t h e  s o i l  s u r f a c e .  An i n f i l t r a t i o n  
e q u a t i o n  developed by Hol tan  e t  a1 (1975)  is  employed t o  compute 
i n f i l t r a t i o n  c a p a c i t y ,  

F = G I .  VEG. SA:.4 i- I C .  

Seepage 

The t e r m  seepage is  used h e r e  t o  i n d i c a t e  water movement 
downward from t h e  bottom of t h e  top  l a y e r  i n t o  t h e  second l a y e r .  The 
e q u a t i o n  used i s  similar t o  t h e  one adopted by Hol tan  e t  a1 (1975). 

G1 - SA1 
E = CS. 

G1 
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P e r c o l a t i o n  

The term p e r c o l a t i o n  has been used h e r e  t o  i n d i c a t e  water movement 
o u t  o f  t h e  bottom of  t h e  second s o i l  l a y e r  o f  a s o i l  zone. Th i s  water 
appea r s  as t i l e  d r a i n a g e  ( subsu r face  flow) i n  s o i l  zones assumed t o  con- 
t r i b u t e  t o  t h i s  s torm flow component o r  as a c c r e t i o n  t o  groundwater i n  
t h e  o t h e r  s o i l  zones.  
similar t o  t h e  one used i n  seepage c a l c u l a t i o n .  

The equa t ion  adopted t o  c a l c u l a t e  p e r c o l a t i o n  i s  

G2 - SA2 P = D .  

The symbols appea r ing  above a r e  d e f i n e d  as: 

- cs - 
D - 
E ( t )  = 
F ( t )  = 
FC - 

- 

- 
- - G 1  

- - 
G2 

- G 1  - 

SAl(t)  = 

SA2(t)  = 

VEG - 

P ( t )  = 

- 

-1 Maximum seepage r a t e  f o r  a zone, cm.hr 
Maximum p e r c o l a t i o n  r a t e  f o r  a fone ,  cm.hr 
Seepage r a t e  f o r  a zone, cm.hr- 
I n f i l t r a t i o n  c a p a c i t y  r a t e  f o r  a zone, cm.hr-l  

T o t a l  g r a v i t y - d r a i n i n g  s o i l - w a t e r  c a p a c i t y  o f  t h e  t o p  
l a y e r  o f  a zone, c m  
T o t a l  g r a v i t y - d r a i n i n g  s o i l - w a t e r  c a p a c i t y  o f  t h e  second 
l a y e r  of  a zone, cm 
Growth index o f  crop:; ( s easona l  f a c t o r ) ,  d imens ionless  
P e r c o l a t i o n  ra te  f o r  a zone, cm.hr-l  
Space a v a i l a b l e  f o r  a d d i t i o n a l  s o i l - w a t e r  s t o r a g e  i n  t h e  
t o p  l a y e r  o f  a zone, cm 
Space a v a i l a b l e  f o r  a d d i t i o n a l  s o i l - w a t e r  s t o r a g e  i n  t h e  
second l a y e r  o f  a zone, cm 
Crop f a c t o r ,  cm.h r - l / cml -4 ( s to rage )  

-1 

L imi t ing  i n f i l t r a t i o n  c a p a c i t y  o f  a s o i l  zone, cm.hr- 1 

Note: Des igna t ion  ( t )  i n d i c a t e s  parameter which may vary  wi th  time 
dur ing  a s torm p e r i o d .  

When t h e  space  a v a i l a b l e  f o r  s o i l - w a t e r  s t o r a g e  i n  e i t h e r  l a y e r  
i.s g r e a t e r  t h a n  t h e  g r a v i t y - d r a i n i n g  s t o r a g e  c a p a c i t y  of  t h a t  l a y e r  
t hen  e i t h e r  t h e  seepage ( l a y e r  one) o r  p e r c o l a t i o n  ( l a y e r  2)  is assumed 
t o  be zero .  Any water  e n t e r i n g  t h e  l a y e r  du r ing  t h i s  c o n d i t i o n  is  
added t o  s t o r e d  s o i l  water and dec reases  SA. 

A s  t h e  s o i l  wets up, P ancl E i n c r e a s e .  When SA1 and SA2 a r e  zero 
( s a t u r a t e d  s o i l )  t h e n  P = D ancl F and E are set  equa l  t o  D. 
0 and S A 1  > 0 ,  t hen  E i s  se t  equal  t o  D .  I f  S A 1  = 0 then  F i s  set  t o  CS. 

I f  SA2 = 

Whenever t h e  c a l c u l a t e d  i n f i l t r a t i o n  c a p a c i t y  r a t e  exceeds t h e  
r a i n f a l l  i n t e n s i t y  t h e n  t h e  a c t u a l  i n f i l t r a t i o n  ra te  i s  equal  t o  
r a i n f a l l  i n t e n s i t y .  

Evapora t ion  

A f i x e d  ra te  depending on t h e  season ,  wetness and a tmospher ic  
t empera tu re  i s  assumed f o r  evapora t ion  d u r i n g  t h e  c a l c u l a t i o n  p e r i o d .  
No evapora t ion  however, i s  assumed dur ing  t h e  a c t u a l  r a i n f a l l  p e r i o d .  
Evapora t ion  i s  deducted from t h e  s o i l  water o f  t h e  t o p  l a y e r  till 
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t h e  a v a i l a b l e  s t o r a g e  r eaches  h a l f  o f  i t s  maximum s t o r a g e  above w i l t i n g  
p o i n t .  T h e r e a f t e r ,  h a l f  t h e  evapora t ion  amount i s  removed from t h e  
s o i l - w a t e r  o f  t h e  top  l a y e r  and h a l f  from t h e  second l a y e r .  When t h e  
a v a i l a b l e  s t o r a g e  of t h e  top  l a y e r  r eaches  i t s  maximum, then  t h e  
evapora t ion  i s  taken  from t h e  second l a y e r  on ly .  

Explana t ion  of Inpu t  Parameters  

The i n p u t  parameters  o u t l i n e d  i n  t h e  p receed ing  s e c t i o n  can be  
exp la ined  as fo l lows  : 

G I :  Growth index .  This  d imens ionless  i ndex  i n d i c a t e s  t h e  s t a t e  
of c rop  m a t u r i t y .  During summer months i n  On ta r io ,  G I  va lue  
would b e  1 . 0  when t h e  crop cover  i s  f u l l .  The lowes t  v a l u e  
could b e  e q u a l  t o  0.10 o r  s o ,  when t h e r e  i s  no crop o r  g r a s s  
cover  as i n  December o r  March on ploughed f i e l d s .  

-1 VEG: This  is  a rop  f a c t o r  and has  u n i t s  as cm.hr p e r  (cm of 
s t o r a g e )  1.8 . The v a l u e  of  t h e  crop f a c t o r  changes depending 
on t h e  type  o f  c rop  arid c o n d i t i o n  of s o i l .  A weighted average  
o f  d i f f e r e n t  c rop  p r a c t i c e s  over  t h e  watershed  should  b e  
taken  as t h e  crop index  of t h e  watershed.  Table  4 de r ived  
from USDAHL-74 (Holton e t  a l ,  1975) w a s  used t o  select VEG 
index  f o r  t h e  wa te r sheds .  Table  5 shows t h e  c rop  p r a c t i c e s  
fo l lowed on Canagagigue (AG-4) and  Holiday Creek (AG-5) 
watersheds  du r ing  1975.  These are taken from survey  r e s u l t s  
from p r o j e c t  16  of  t h e  A g r i c u l t u r a l  Watershed S t u d i e s .  The 
VEG index  assumed f o r  Canagagigue and E a s t  Canagagigue w a s  
0.30 and f o r  Holiday Creek i t  w a s  0.35 f o r  most 0 8  t h e  s torms 
ana lyzed .  

Other  parameters  i n  t h e  i n f i l t r a t i o n  and subsu r face  flow equa t ions  
are r e l a t e d  t o  s o i l  p r o p e r t i e s  and could  vary  f o r  each s o i l  type .  S o i l s  
i n  each  watershed  w e r e  c l a s s i f i e d  i n t o  f o u r  s o i l  types  as s t a t e d  ear l ie r .  
Each type  w a s  d iv ided  i n t o  two zones,  one c o n t r i b u t i n g  t o  subsu r face  ( t i l e )  
f low and t h e  o t h e r  t o  groundwater accumula t ion .  The s o i l  parameters  were 
given for each zone of the s o i l  as follows: 

-1 FC: L imi t ing  i n f i l t a t i o n  c a p a c i t y  of  a zone, cm.hr . This i s  t h e  
same as i n f i l t r a t i o n  c a p a c i t y  a f t e r  prolonged w e t t i n g .  Well 
d ra ined  s o i l  w i l l  have h i g h e r  va lue  than  poor ly  d r a i n e d  s o i l .  
This v a l u e  would a l s o  have s e a s o n a l  v a r i a t i o n s .  

-1 CS: M a x i m u m  rate o f  seepage from top  l a y e r  t o  second l a y e r ,  cm.hr . 
D: Maximum rate of p e r c o l a t i o n  from second l a y e r  t o  t h e  t h i r d  l a y e r  

and GA2 ( g r a v i t y  w a t e r  s t o r a g e s  f o r  top  and second l a y e r s  
(ground water o r  t i l e  s t o r a g e ) ,  cm.hr-l. 
t o  GA 
of  s o i l ,  r e s p e c t i v e l y )  by t h e  r e c e s s i o n  c o n s t a n t  of  t h e  s o i l .  
T o t a l  r e c e s s i o n  c o n s t a n t  i n  hour s  f o r  a zone would be  sum of  
GA1/CS and GA2/D of  a zone. 
r e c e s s i o n  c o n s t a n t  of  top  l a y e r  (GA /CS)  would b e  much smaller 
than  cor responding  second layer  (GA2/D). 

CS and D are r e l a t e d  

1 

For t h e  ground water c o n t r i b u t i o n  t h e  

1 I n  t h e  c u r r e n t  v e r s i o n  
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* 
Table 4: Estimates of c rop  f a c t o r  VEG of Table  5 :  Crop p r a c t i c e s  on Canagagigue (AG4) 

i n f i l t r a t i o n  equa t ion  i n  cm.hr-1/cm1.4 and Holiday Creek (AG-5) watersheds du r ing  yea r  1975 

Crop Poor Good 
Condi t i  on Condi t ion  

S o i l  S o i l  

F a 1  low 0.069 0 .21  

Row crops 0.069 0.  14 
S m a l l  g ra ins  0.14 0 .21  

Hay : 
Legumes 0.14 0.275 

Sod 0.275 0 .41  

P a s t u r e  : 
Bunchgrass 

Te mp o r ar y 

Permanent 
(sod)  

(sod)  
Woods and 

f o r e s t s  

0.14 0.275 

0.275 0 .41  

0.55 0.69 

0.55 0.69 

Canagagigue (AG-4) Ho l iday  Creek (AG5) 
Crops Pe rcen t  Crops Pe rcen t  

area area 

Corn i n  
r o t a t i o n  19 

Winter wheat 9 

Smal l  g r a i n s  33 
( o a t s ,  

Meadows i n  

b a r  l e y )  

r o t a t i o n  22 

Permanent 
p a s t u r e  10 

Root l a n d  7 
( t r e e s ,  
swamp) 

P o t a t o e s  3 
Con t i n  uo us 

co rn  19 

r o t a t i o n  20 
Corn i n  

Small g r a i n s  16 
( o a t s ,  

Meadows i n  

b a r  l e y )  

r o t  a t  i o n  24  

p a s t u r e  4 
Permanent 

Root l a n d  14 
( t r e e s ,  
swamp) 

* Derived from ARS-Tech. B u l l e t i n  No. 1518 by 
Holtan e t  a1 (1975).  



of  t h e  GAWSER model t h e  va lues  are s e l e c t e d  s o  t h a t  t h e  t o t a l  
average  r e c e s s i o n  cons t an t  f o r  zones c o n t r i b u t i n g  t o  t i l e  
d ra inage  would be  e q u a l  t o  subsfur face  r e c e s s i o n  c o n s t a n t ,  wh i l e  
t h e  t o t a l  average  r e c e s s i o n  c o n s t a n t  f o r  zones c o n t r i b u t i n g  t o  
groundwater would be e q u a l  t o  o r  less than  t h e  basef low 
r e c e s s i o n  c o n s t a n t .  

SA1: I n i t i a l  s t o r a g e  a v a i l a b l e  i n  top  l a y e r  of a zone, cm a t  t i m e  
zero .  

SA2:  I n i t i a l  s t o r a g e  a v a i l a b l e  i n  second l a y e r  of a zone, cm a t  
t i m e  zero .  SA and SA can be  e s t ima ted  from p rev ious  r a i n -  
f a l l  and evapora t ion  d a t a .  These i n d i c a t e  an teceden t  mois ture  
c o n d i t i o n s  b e f o r e  t h e  beginning  of a s torm.  

1 2 

GA1: Gravi ty  w a t e r  s t o r a g e  f o r  top  l a y e r ,  c m .  
between t h e  water  c o n t e n t  of t h e  l a y e r  a t  s a t u r a t i o n  and a t  
.33 b a r  t e n s i o n .  Assumed va lues  of upper l a y e r  g r a v i t y  s t o r a g e  
c a p a c i t y  va lues  (GA ) dur ing  s torms  f o r  zones 2 and 9 f o r  t h e  
watersheds  are shown i n  F igu res  1 3  t o  15 .  Zone 2 has  w e l l  
d r a ined  s o i l  f o r  Canagagigue and Holiday Creek watershed.  
Zone 2 of East Canagagigue has  extremely wel l -dra ined  s o i l .  
Zone 9 has  ve ry  poor ly  d ra ined  s o i l s  i n  a l l  watersheds .  

It  i s  t h e  d i f f e r e n c e  

1 

GA2: Gravi ty  water s t o r a g e  f o r  second l a y e r ,  cm. 
of  water c o n t e n t  of t h e  l a y e r  a t  s a t u r a t i o n  and . 3 3  b a r  t ens ion .  

It  i s  t h e  d i f f e r e n c e  

Numerical v a l u e  of GA f o r  zones c o n t r i b u t i n g  t o  ground water 
would be much h ighe r  &an f o r  t h e  zones c o n t r i b u t i n g  t o  
subsu r face  ( t i l e )  f low.  This i s  due t o  a g r e a t e r  l a y e r  depth 
f o r  zones c o n t r i b u t i n g  t o  ground water. 

-1 Computation of A r e a . t i m e  versu:; t i m e  curves  

-1 A r e a - t i m e  ve r sus  t i m e  curves  are impor tan t  i n p u t  d a t a  f o r  t h e  hydro- 
l o g i c  model. These curves w e r e  e s t i m a t e d  f o r  each s o i l  type f o r  every 
subwatershed. The fo l lowing  procedure w a s  adopted t o  g e t  t h e s e  cu rves .  

The watershed  and subwatershed boundar ies  w e r e  determined. 

The number of s i g n i f i c a n t  r eaches  i n  each subwatershed w e r e  f i x e d .  

Represen ta t ive  v a l l e y  c ross -sec t ionswere  chosen f o r  each stream 
reach .  The c ross - sec t ions  w e r e  surveyed and a l s o  t h e  s lope.and 
r each  l e n g t h  informat ion  of t h e  stream w e r e  ob ta ined  from 
topographic  maps. 

Rat ing  curves  w e r e  computed f o r  t h e  c ros s - sec t ions  and t h e  travel 
t i m e  ob ta ined  f o r  t h e  r eaches ,  u s ing  commands COMPUTE RATING CURVE 
and COMPUTE TRAVEL TIME of  t h e  GAWSER model r e s p e c t i v e l y .  
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(5) A s u i t a b l e  f l o w r a t e  f o r  t h e  s torm w a s  assumed a t  t h e  most 
downstream c ross - sec t ion  of t h e  watershed.  

(6)  The f l o w r a t e  ou tpu t  of a subwatershed w a s  t aken  t o  be i n  t h e  
p ropor t ion  of 0 .7 th  r o o t  of  i t s  area, 

i . e .  qi = q. (?)Oo7, where: 

q i s  t h e  f l o w r a t e  a t  t h e  most downstream s e c t i o n  of t h e  water- 
shed , 

q i  
A is  t h e  t o t a l  watershed  area, 

A. i s  t h e  area of t h e  ith subwatershed,  and 

0 . 7  w a s  t h e  index  used. 

i s  t h e  ou tpu t  f l o w r a t e  from t h e  ith subwatershed,  

1 

(7)  From t h e  computed ou tpu t  f l o w r a t e s  from d i f f e r e n t  subwater- 
sheds ,  a p p r o p r i a t e  f lowra te  va lues  were s e l e c t e d  a t  i n t e r m e d i a t e  
v a l l e y  c ros s - sec t ions .  

(8) The travel t i m e  a long  t h e  stream was es t ima ted  s t a r t i n g  from t h e  
downstream end,  u s i n g  t h e  travel t i m e  in format ion .  

(9)  The impervious area (comprising areas of roads ,  streams and 
a d j o i n i n g  d i t c h e s )  i n  each subwatershed w a s  computed from map 
l e n g t h s  and s u i t a b l y  chosen wid ths .  

(10) The t o t a l  t i m e  r e q u i r e d  f o r  water t r a v e l  from t h e  upstream t o  
t h e  downstream s e c t i o n s  i n  a subwatershed w a s  a l r eady  computed 
as i n  s t e p  4 .  The t r a v e l  t i m e  a t  s e v e r a l  p o i n t s  a long  t h e  stream 
l e n g t h  w a s  a l s o  e s t a b l i s h e d  as i n d i c a t e d  i n  s t e p  8. A water 
v e l o c i t y  of  40 m.min-' w a s  used t o  compute t h e  t r a v e l  t i m e  f o r  
w a t e r  moving a long  the  road-side d i t c h e s  from t h e  end of a road 
t o  t h e  n e a r e s t  stream p o i n t s .  The t o t a l  t r a v e l  t i m e  f o r  water 
moving from t h e  most remote end of t h e  road  system w a s  thus  
t h e  sum of t r a v e l  t imes r e q u i r e d  f o r  w a t e r  f lowing a long  a 
road s i d e  d i t c h  t o  the  s t ream-point  and from t h e  s t ream-point  t o  
t h e  downstream s e c t i o n  of t h e  subwatershed. I n  t h i s  way t h e  base  
t i m e  f o r  impervious areas w a s  e s t a b l i s h e d .  

(11) Some equa l  travel time s t e p  p o i n t s  on t h e  impervious area i n  t h e  
subwatershed w e r e  e s t a b l i s h e d  a t  % hour  i n t e r v a l s .  The impervious 
area c l o s e r  i n  t r a v e l  t i m e  t o  t h e  o u t l e t  than  t h e  f i r s t  s t e p  p o i n t  
would be t h e  area f o r  t h e  f i r s t  t r a v e l  t i m e  s t e p .  The area 
inc luded  i n  t h e  second t i m e  s t e p  w a s  t h e  impervious area between 
t h e  one hour  and t h e  h a l f  an hour  p o i n t s  and s o  on. 

-1 (12) The area.time va lues  w e r e  computed by d i v i d i n g  t h e  area w i t h i n  
a travel s t e p  by t r a v e l  t i m e  s t e p  ( taken  as % hour  i n  t h i s  model). 
An a p p r o p r i a t e  d i v i d i n g  s c a l e  w a s  s e l e c t e d  t o  make t h e  v a l u e s  e a s i l y  
r eadab le .  
t h e  scale chosen w a s  0.02 f o r  impervious area and 0.5 f o r  t h e  

In s imula t ion  of  a l l  t h e  t h r e e  watersheds  of t h i s  p ro j ec t ,  
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-1 
perv ious  area. The va lues  of  a r ea . t ime  w e r e  d iv ided  by t h e  
scale. These q u o t i e n t s  were t h e  o r d i n a t e s  f o r  t h e  s c a l e d  
area. t ime’ l  v e r s u s  t i m e  cu rves .  The u n i t  used w a s  km2 . h r - l / s c a l e .  

The o r d i n a t e s  were p l o t t e d  a g a i n s t  t i m e .  A shape ( t r i a n g u l a r ,  
r e c t a n g u l a r  o r  t r a p e z o i d a l )  w a s  s e l e c t e d  which most c l o s e l y  
r e p r e s e n t e d  t h e  a c t u a l  p l o t .  F igure  1 6  f o r  example, shows t h e  
a c t u a l  and approximated curves  f o r  t h e i m p e r v i o u s  area of  sub- 
watershed 11306 of  Holida Creek (AG-5) when watershed ou tpu t  
f l o w r a t e  i s  1.5 m - 3 . s e ~ - ~ .  
impervious areas. 

The same shape f o r  t h e  area.time ve r sus  t i m e  p l o t s  as w a s  used 
f o r  impervious areas w a s  assumed f o r  t h e  pe rv ious  s o i l  types  of 
t h e  watershed.  The o r d i n a t e  va lues  v a r i e d  due t o  change of s i z e  
of area and a l s o  base  t i m e  f o r  t h e  curves .  

This  completed t h e  curves  f o r  

-1 

The l o c a t i o n  of t h e  v a r i o u s  pe rv ious  s o i l  t ypes  w a s  no ted  and an 
average  d i s t a n c e  of t h e  s o i l  type from t h e  stream w a s  e s t ima ted .  

The t r a v e l  t i m e  r e q u i r e d  f o r  t h e  over land  runoff  t o  reach  a stream 

f o r  over land  flow. 
w a s  c a l c u l a t e d  f o r  each s o i l  t ype  assuming a v e l o c i t y  of 4 m.min- 1 

The t i m e  r e q u i r e d  f o r  t he  over land  runoff  t o  reach  a streamwas 
added t o  t h e  travel t i m e  as computed i n  s t e p  8. This w a s  the 
base  t i m e  f o r  t h e  s o i l  type  under c o n s i d e r a t i o n  f o r  t h e  s p e c i f i e d  
subwatershed. 

Knowing t h e  area of t h e  s o i l  t y p e ,  t h e  base  time f o r  t h e  
area.time-l v e r s u s  t i m e  curves  and t h e  curve  shape ( s t e p s  1 3 ,  14), 
t h e  area. tirne-l ve r sus  t i m e  p l o t s  were then p l o t t e d .  

The d a t a  from t h e s e  curves  w a s  p repared  as r e q u i r e d  f o r  command 
COMPUTE DISTRIBUTION oE t h e  GAWSER model. 

Choice of i n i t i a l  s o i l  w a t e r  s t o r a g e  v a l u e s  

I n  o r d e r  t o  run t h e  GAWSER model i t  i s  necessa ry  t o  have va lues  f o r  t h e  
a v a i l a b l e  s o i l  w a t e r  s t o r a g e  (SA. and SA2 r e s p e c t i v e l y  f o r  t h e  upper and lower L s o i l  l a y e r s )  a t  t h e  s ta r t  of each s torm.  I n  o r d e r  t o  use  c o n s i s t e n t  va lues  
i n  t e r m s  of s torms which occurred  i n  sequence and a l s o  i n  terms of seasona l  
v a r i a t i o n  i n  so i l -wa te r  s t o r a g e  cond i t ions  a s i m p l e  evapora t ion  model w a s  
used t o  compute t h e  so i l -wa te r  s t a t u s  f o r  each watershed f o r  each y e a r  i n  
which s torms  were t o  be  analyzed f o r  each day from t h e  end of snowmelt runoff 
t o  t h e  middle of December. The s o i l  w a s  assumed t o  be  a t  f i e l d  c a p a c i t y  
a t  t h e  s t a r t  of  each y e a r ’ s  c a l c u l a t i o n .  

The so i l -wa te r  va lues  given by t h e  evapora t ion  c a l c u l a t i o n s  f o r  t h e  day 
of t h e  s t o r m  t o  be  ana lyzed  w e r e  used as t h e  i n i t i a l  v a l u e s  f o r  the w e l l -  
d r a ined  s o i l  zones a t  t h e  s tar t  of c a l c u l a t i o n s .  Ava i l ab le  soi l -water  
s t o r a g e  amounts f o r  t h e  o t h e r  s o i l  zones were assumed t o  be  smaller than 
f o r  t h e  wel l -dra ined  s o i l s .  Some adjus tments  were made i n  t h e  va lues  of 
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Fig .  1 3 :  Assumed Upper- layer ,  
Grav i ty - s to rage ,  Capac i ty  
v a l u e s  (GA-1)  f o r  Var ious  
S toms on Canagagigue 
(AG-4)  Watershed. 40 
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Fig .  15: Assumed Upper-layer,  
Gravi t y - s  t o r a g e ,  Capac i ty  
v a l u e s  (GA-1) f o r  Various 
Storms on Holiday Creek 
(AG-5) Watershed. 
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SA and SA f o r  t h e  less wel l -dra ined  s o i l s  i f  needed t o  o b t a i n  r easonab le  
agreement getween observed and computed s torm runoff  hydrographs . 1 

The j u s t i f i c a t i o n  f o r  t h e  areal d i s t r i b u t i o n  of  a v a i l a b l e  s o i l  water 
s t o r a g e  used is  t h a t  poorly-drained s o i l s  n e a r  streams have been shown to  be 
c o n s i s t e n t l y  wetter than b e t t e r  d r a i n e d  s o i l s  of t h e  same t e x t u r e  f u r t h e r  
removed from streams(Henninger e t  a l ,  1976) .  The d i f f e r e n c e  between 
d ra inage  types  i s  l a r g e s t  d u r i n g  p e r i o d s  when s o i l  water c o n t e n t  i s  h igh  
and i s  smallest du r ing  extended dry p e r i o d s .  F igu res  13  t o  15 i l l u s t r a t e  
bo th  t h e  s e a s o n a l  v a r i a b i l i t y  i n  SA v a l u e s  f o r  one s o i l  type and t h e  
d i f f e r e n c e  between we l l -d ra ined  and poor ly-dra ined  s o i l s  t h a t  w a s  assumed 
f o r  t h e  t h r e e  watersheds .  

1 

One f u r t h e r  change t h a t  w a s  made between storms w a s  i n  t h e  assumed 
dep ths  of  t h e  s o i l  l a y e r s .  It w a s  found necessa ry  t o  use smaller s o i l  
depths  f o r  bo th  t h e  f i r s t  and second l a y e r s  f o r  s torms  d u r i n g  and immediately 
a f t e r  snowmelt and a g a i n  f o r  s torms  i n  l a t e r  November and December than w a s  
used f o r  t h e  storms i n  t h e  i n t e r v e n i n g  months. While no d i r e c t  p h y s i c a l  
j u s t i f i c a t i o n  is known f o r  t h i s  r e d u c t i o n  i n  e f f e c t i v e  l a y e r  depth  i t  i s  
assumed t o  re la te  t o  e i t h e r  t h e  e x i s t e n c e  of a water t a b l e  ( e i t h e r  a perched 
o r  r e g i o n a l  w a t e r t a b l e )  s u f f i c i e n t l y  c l o s e  t o  t h e  s o i l  s u r f a c e  t o  a f f e c t  
i n f i l t r a t i o n  o r  t o  a change i n  s o i l  s t r u c t u r e  which a l lows  on ly  a t h i n  
s u r f a c e  layer t o  c o n t r o l  i n f i l t r a t i o n .  
as t h e  reduced s o i l  l a y e r  t h i cknesses  were r e q u i r e d  for storms for which t h e  
s o i l  w a s  c l e a r l y  unf rozen .  

Frozen s o i l  i s  n o t  an e x p l a n a t i o n  
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DATA ANALYSIS AND INTERPRETATION 

Hydrograph s i m u l a t i o n  

GAWSER has  been a p p l i e d  t o  s torm even t s  which occurred  on t h r e e  
a g r i c u l t u r a l  watersheds .  They i n c l u d e  a v a r i e t y  of  even t s .  Some were 
h igh  i n t e n s i t y  and non-uniform, o t h e r s  low i n t e n s i t y  and uniform and 
a few were s torms  w i t h  a snowmelt component. The p e r i o d  of a n a l y s i s  
covered events i n  March through December. T h i r t y  s torms  were ana lysed  
on t h e  Canagagigue (AG-4) watershed  and twenty-nine on t h e  East 
Canagagigue watershed  cove r ing  years from 1970 t o  1976. The eleven events 
ana lysed  on Holiday Creek (AG-5) covered on ly  t h e  two y e a r s  1975 and 1976. 

F igu res  1 7  t o  1 9  show observed and s imula t ed  hydrographs ob ta ined  f o r  
Canagagigue, E a s t  Canagagigue and Holiday Creek watersheds  r e s p e c t i v e l y .  
They are  t h e  May 5 ,  76 even t  on Canagagigue (AG-4), t h e  December 3 ,  70 
even t  on East Canagagigue and t h e  August 13,  76 e v e n t  on Holiday Creek 
(AG-5) watersheds .  

Tables  6 t o  8 show t h e  d e t a i l e d  comparison of observed and computed 
hydrograph c h a r a c t e r i s t i c s  f o r  t h e  s torms  ana lysed  on Canagagigue, East 
Canagagigue and Holiday Creek watersheds  r e s p e c t i v e l y .  The c h a r a c t e r i s t i c s  
i n c l u d e  peak f l o w r a t e ,  t i m e  t o  peak,  s torm runoff  and groundwater accumulat ion.  
Table  9 shows t h e  comparison of observed and computed va lues  of peak and 
time-to-peak f o r  downstream and i n t e r m e d i a t e  gauging s t a t i o n s  on Holiday 
Creek (AG-5) watershed  f o r  some s torms.  

A g r a p h i c a l  comparison of observed and computed v a l u e s  of peak flow- 
ra te  and s torm runoff  i s  shown i n  F igu res  20 t o  25 f o r  t h e  watersheds .  The 
equa l  v a l u e  l i n e  i n  a l l  t h e s e  p l o t s  i n d i c a t e s  where p o i n t s  would l i e  i f  
s imu la t ed  r e s u l t s  c o i n c i d e  e x a c t l y  wi th  t h e  observed va lues .  

These t a b u l a t e d  and g r a p h i c a l l y  i l l u s t r a t e d  s i m u l a t i o n  r e s u l t s  do 
conf i rm t h e  r e l i a b i l i t y  of t h e  developed model. The r e s u l t s  r e l a t e d  t o  
peak and s torm runoff  are q u i t e  s a t i s f a c t o r y .  The o t h e r  two r e s u l t s  t i m e  
t a  peak and grounwater accumumlation however, do have some d i s c r e p a n c i e s .  
The i n t e r p r e t a t i o n  of t h e s e  r e s u l t s  has  been given i n  t h e  fo l lowing  s e c t i o n s .  

T i m e  t o  Peak 

T i m e  t o  t h e  peak f l o w r a t e  is  a n  impor tan t  parameter  of a f l o w r a t e  
This  t i m e  could be  measured i n  a v a r i e t y  of ways such as:  

(i) T i m e  from t h e  s t a r t  of r a i n f a l l  t o  t h e  t i m e  of  peak f l o w r a t e  

hydrograph. 

( i i )  T i m e  from t h e  c e n t e r  of  t h e  m a s s  r a i n f a l l  t o  t h e  peak runoff  ra te  
t i m e .  

( i i i )  T i m e  from t h e  beginning  of  t h e  h i g h e s t  i n t e n s i t y  of r a i n f a l l  t o  
t h e  peak. 

The f i r s t  approach sometimes g ives  rise t o  very  long  t i m e s  and produces 
o c c a s i o n a l l y  mis l ead ing  r e s u l t s ,  t h e  second approach i s  cumbersome and time 
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Fig .  2 4 :  Comparison of Observed 
and Computed Storm Runoff 
f o r  Var ious  Storms on 
E a s t  Canagigue Watershed. 
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Table 6 :  Observed and Computed Hydrograph C h a r a c t e r i s t i c s  on 
Canagagigue ( A G 4 )  Watershed f o r  Various Storms 

3 -1 Rain Peak, m . s e c  T i m e  t o  peak, Storm r u n o f f ,  Computed r u n o f f ,  Groundwater, 

Date Snow- Ob- Com- Ob- com- Ob - Com- Over- Sub- Ob- Com- 
and hour  mm mm mm 

m e l t  served  puted s e r v e d  puted  se rved  puted l and  s u r f a c e  served  puted 

5 . 8 4  4.83 11 .0  6 . 0  206 202 116 86 .O 15.7 17.7 

mm 
@ Mar 1 9 ,  76 220 

22.4 21 .1  5 .O 6 . 5  

Mar 30,  76 20@ P 
VI 

Apr 1 5 ,  76 24 

Apr 1 5 ,  76 21' 

APr 2 4 ,  76 43@ 

May 5 ,  76 27 

May 11, 74 2 3  

May 1 5 ,  74 25" 

3.76 2.79 2 . 0  5.5 

4.90 6.50 8 .0  5 . 5  

10.7 1 0 . 3  3 .0  5.5 

9 .61  8.40 2 . 0  4 .O 

3.30 3.31 3.0 5 . 5  

0 . 4 7  0 . 4 4  2 .0  5 .O 

1 .98  1.50 1 0 . 0  9 . 0  

0 . 9 1  1.10 15 .O 15 .O 

2.92 4.18 2 .o 5 .O 

2.92 3.16 2 . 0  4.5 

3.96 3.16 1 1 . 0  8.5 

1.87 0.96 2 .o 6.5 

1.25 1.36 7 .O 7 .O 

4.08 4.35 2 - 0  6 .O 

2 . 0 8  2.23 3.0 5.5 

1.56 - 9 . 0  - 
4.24 - 3 .O - 
4.65 4 .41  4.0 6 .O 

14.5 1 4 . 8  2 .o 12 .a 4 . 8  5 . 6  

4.6 9 . 7  7 .O 2 .7 3 . 4  2 . 1  

4.6 7 . 3  4.8 2.5 3.4 1 .7  

22 .4  20 .9  7 .5  1 3 . 4  9.2 11.5 

15 .1  15.5 8 .O 7 .5  6 . 1  7 .O 

12.2 12 .4  3 .4  9 .0  2 .o 8 . 3  

13.2 10 .4  7 .O 3 .4  2 . 3  5 .o 

continued ..... 



Table 6 (continued) 

Rain Peak, m . s ec  T i m e  t o  peak, Storm runoff  , Computed runoff , Groundwater, 
and hour  mm mm mm 

com- Ob - com- Ob - Com- Qver- Sub- Ob - Com- 
m e l t  se rved  puted served  puted  served  puted  land  s u r f a c e  served  puted 

May 16, 74 56 22.8 18.2 1.0 5 .O 46.9 51 .1  39 . 1 12 .o 3.9 3.8 

3 -1 

Date Snow- Ob- 

mm 

Jun 7, 7 1  37 

Jun 13, 76 29 

Jun 19, 75 32 

Jun  21, 72 63 

0.53 

3.71 

4.96 

0.36 

0.37 

0.35 

0.37 

4.52 

0.42 

0.18 

1.31 

0.74 

0.44 

0.98 

0.22 

0.39 

1.06 

1.18 

1.12 

2.53 

0.89 

5 .O 

3 .O 

3.0 

8,O 

9 .o 
7 .O 

9 .o 
2 .o 
3 .O 

13.0 

5 .O 

2 .o 
12 .o 
5 .o 
8 .O 

5 .o 
8 .O 

5 .O 

5.5 

6 .O 

5 .o 

2 *9 
2.8 

9.5 

6.6 

2.2 

2.2 

5.6 

6.9 

2.2 

2.2 

4.6 

2.7 

0 .o 
0 .o 
1 .o 
4.2 

0.7 

0.2 

0.6 

1.8 

0 .o 
0 .o 
0.5 

2.6 
- 

0.45 

0.80 

4.29 

0.62 

1.14 

3.18 

0.81 

0.38 

0.55 

0.40 
0.48 

1.64 

1.03 

0.53 

0.72 

- 
8.0 

7.5 

5 .O 

3.5 

5.5 

8.0 

7.5 

16 .O 

6.5 

6.5 

5.5 

6 -0  

4 .O 

8 .O 

6.5 

8.5 

1.3 

2.2 

11.2 

8.2 

1.3 

2.2 

7.2 

0.3 

0 .o 
0 .o 
4 .O 

2.5 

0.5 

0 .o 
1.6 

0 .o 
0.0 

0 .o 
4.2 

c Jun 30, 76 49 

J u l  5, 7 1  5 1  

Aug 1, 73 46 

Aug 23, 75 108 

cF\ 
10.0 

1 .o 
0.5 

6 .O 

7.4 6.9 1 .o 5.9 4.9 9.8 Sep 18, 75 35 

1.4 

6 . 1  

1.8 

8.2 

0.9 

5.2 

0.9 

3 .O 

0.6 

4.1 

0.4 

1.9 

Sep 26, 70 20 

Oct 22, 72 62 
- 

0.54 

0.64 

- 
11 .o 

7 .O 

2.3 

2.5 

5.5 

5.1 

3.6 

4.6 

2.5 

2.6 

3.1 

3.5 

0.8 

1.0 
O c t  28, 72 19 

Nov 2, 72 12 

continued ..... 



Table 6 (cont inued)  

Rain Peak,m .sec Time t o  peak,  Storm r u n o f f ,  Computed r u n o f f ,  Groundwater, 
and hour  nun mm mm 

Date Snow- Ob- Com- Ob - c o w  Ob - Com- Over- Sub- Ob- Com- 
mel t  s e rved  puted served  puted  s e r v e d  puted  l a n d  s u r f a c e  se rved  puted 

3 -1 

Nov 7, 72 16 

Nov 1 7 ,  70 20@ 

Nov 26, 70 25@ 

Nov 28, 7 3  19 

Dec 3, 70 28 

c- Dec 5 ,  75 24' 

k c  6,  7 1  47@ 

Dec 13, 75 15@ 

Dec 15, 7 1  29 

- 
1.71 

1 - 9 0  

1.11 

2.06 

1.78 

4.74 

5.10 

5.02 

1.31 

3.38 

1.76 

1.39 

1.39 

0.67 

0.56 

1.14 

2.00 

4.69 
- 

6.19 

1.49 

2.91 

2.40 

c 

10.0 

19.0 

9 .O 

6 .O 

9 .0  

6 .O 

10.0 

4.0 

8 .O 

3 .O 

11 .o 

12.5 

10.0 

10.0 

6 .5  

6 -5 
5 .O 

7 . 5  
c 

5 .O 

8.5 
5 .5  

8.0 

6 .7  

7.2 

14 .O 

11.0 

18.0 

17.6 

10.2 

15 .O 

10.6 

6.7 

6.7 

11.4 

10.2 

17.4 

16.9 

9.2 

9.4 

10.5 

3.3 

5.8 

1.5 

3 . 7  
8.8 

13.3 

2.7 

4.7 

4 .8  

3.4 

0.9 

9.9 

6.5 

8.6 

3.6 

6.5 

4.7 

5.7 

8 .1  6.6 

6 . 8  12.1 

7.6 14.1 

5 .4  9.8 

2.8 20.5 

5 .2  8.2 

2.5 1.7 

5.7 5.7 

4 . 3  12.1 

@ Inc ludes  snowmelt 

# 
& Average; amounts on subwatersheds va ry  

F i f t y  p e r c e n t  more than  recorded amount 



Table  7 : Observed and Computed Hydrograph C h a r a c t e r i s t i c s  on 
E a s t  Canagagigue Watershed f o r  Various Storms 

__- 

Rain Peak, m .sec T i m e  t o  peak,  Storm r u n o f f ,  Computed runoff  , Groundwater , 
an d hour  mm m m 

Date Snow- Ob- Com- Ob- Com- Ob- Com- Over- Sub- Ob- Com- 
m e l t  s e rved  puted s e r v e d  puted  se rved  puted  land  s u r f a c e  se rved  pu ted  

3 -1 

Mar 1 9 ,  76 220@ 1.95 4.51 9 .o 5 .O 1 0 2 .  1 8 2 .  108 7 4  .o 15.1  3 5 . 8  

Nar 3 0 ,  76 20@ 

P 
00 Apr 1 5 ,  76 24 

Apr 2 4 ,  76 43@ 

May 5 ,  76 27 

May 11, 74  23 

May 1 5 ,  7 4  2 1  

May 1 6 ,  7 4  56  

13.3 

2 . 7 2  

7.87 

7 .13  

3 . 0 3  

0 . 6 9  

1 . 9 3  

0 . 3 5  

4 . 5 6  

4 . 1 1  

1.26 

1.17 

3.82 

2.49 

1 . 9 3  

3.96 

4.59 

24.9 

25 -5 

8 . 8 1  

12 08 

9.64 

4.53 

1.03 

1.55 

0 . 2 8  

3.68 

2.97 

1 .11  

1.46 

4.36 

2.70 

1.69 
- 

4.75 

2 4 . 1  

6 . 0  

6 .O 

4 .O 

3 .O 

4 .O 

3 .O 

14 .O 

5 .o 
3 .O 

11 .o 
5 -0 

8 . 0  

3.0 

5 .O 

10 .o 
3.0 

4 .O 

1 .o 

6 .O 

5 .o 
5 . 5  

3.5 

5 .5  
- 

6 .O 

6 .O 

4 .0  

7 .O 

5 .O 

5 .O 

5 .o 
4 .O 

3.0  
- 

5.5 

4.0 

12 .7  15.1 1 . 4  1 3 . 4  4.2 5 . 5  

6.7 6.6 4 . 1  2.5 3.6 3.6 

16 .O 17.7 5 .o 12.7 7 . 4  14.2 

11.1 1 3 . 8  8 . 3  5 -5  6 . 8  9 . 2  

13 .4  12.2 3.2 9 .o 2 .o 9 . 3  

11 .o 9 .1  4 .8  4 . 3  6.6 5 - 7  

38.6 5 0 . 4  38.1 1 2 . 3  2.5 4 . 4  

continued ..... 



Table 7 (cont inued)  

-____- 
3 -1 Rain Peak, m .sec T i m e  t o  peak,  Storm r u n o f f ,  Computed runof f  , Groundwater, 

and h o u r  mm mm mm 
Snow- Ob- COIE- Ob - com- Ob - cow Over- Sub- Ob- Com- l)a te 
m e l t  se rved  puted se rved  pu ted  se rved  puted land  s u r f a c e  s e r v e d  puted 

mm 

Jun  7 ,  71 37 

J u n  1 3 ,  76 44" 

JUn 1 9 ,  75 32 

Jun  2 1 ,  72 6 3  

2.34 

4.84 

3.66 

1.79 

0 .56  

7.26 

7.29 

1.65 

1.69 

3.03 

0 .19  

0 . 3 1  

0 .52  

2.85 

5 . 1 3  

2 . 5 3  

1 . 2 4  

0 . 6 5  
- 

8.66  

2 .04  

7 . 7 3  

3 .63  

0 . 6 2  

0 . 3 4  

0 . 5 3  

0 * 35 

0 .99  

2 . 5 3  

1 .90  

0.54 

0 . 7 8  

0 .64  

2 .0  

4 .O 

4 .O 

4 .O 

6 .O 

4 .O 

4 .O 

3.0 

6 .O 

1 .o 
1 .o 

14 .O 

6 .O 

3.5 

4 . 0  

4 .O 

3 .5 

6 .5  
- 

4.0 

3.5 

4.5 

7.0 

4 .O 

9.5 

9 . 5  

6 .5  

4 .0  

5.5 

4.5 

6.0 

4.5 

12 .o 

4 . 8  

6.6 

5 . 9  

6 .9  

3 "0  

5 . 7  

3.4 

4.9 

2 . 9  

5 .6  

2 . 6  

2 . 3  

0 . 1  

0 . 1  

0 . 8  

2.6 

2 . 5  

2.9 

1 .4  

4 . 8  

0.0 

0 .o 
0 .o 
2 . 8  

Jun  3 0 ,  76 61' 15.1 1 3  .O 9 .9  3 . 1  5 . 1  3.8 

2 . 4  

2.9 

5 . 1  

4 .7  

8.3 

6 . 3  

2 .4  

8 . 3  

6 .O 

2 . 3  

0 .o 
0 . 3  

1.6 

0 .o 
2 - 3  

2 . 1  

0 .o 
0.1 

J u l  5 ,  7 1  5 1  

c J u l  3 1 ,  7 3  6 1  

Aug 2 3 ,  75 108 

Sep 1 8 ,  75 35 3 .1  4.7 9 . 1  1.1 3.6 4.7 

- 

1.64 

1.69 

Sep 2 6 ,  70 20 

O c t  2 1 ,  72 6 8  

2 . 8  

6.5 

1 .7  

10 .3  

1.1 

5 . 3  

0 . 6  

5 .o 
1.5  

5 . 9  

0 . 1  

17.4 

4 .O 

6 .O 
- 

0.70  

0.56 

0.86 

Oct 2 8 ,  72 19 

Nov 2 ,  72 12 

Nov 1 7 ,  70 20@ 

2.5 

2 .4  

5 . 1  

2 . 8  

3.1 

6 .2  

0 .7  

0 . 7  

0 . 6  

2 . 1  

2 .4  

5 .6  

4.2 

4 .7  

6 . 7  

2.4 

3.7 

10.3 

11 .o 
7 .O 

18.0  

continued ..... 
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Table 8:  Observed and Computed Hydrograph C h a r a c t e r i s t i c s  on 
Holiday Creek (AG5) Watershed f o r  Various Storms 

3 -1 Rain Peak, m . s ec  T i m e  t o  peak ,  Storm r u n o f f ,  Computed runoff  , Groundwater , 
and hour  mm mm mm 

Date Snow- Ob- Coni- Ob - com- Ob - com- Over- Sub- Ob - com- 
melt served  puted se rved  puted  s e r v e d  puted  l and  s u r f a c e  s e r v e d  puted  

Mar 3, 76 69@ 

Apr 18, 75 40 

Apr 24, 76 47 

May 6, 76 45 

Jun 3, 75 46 

J u 1  14, 76 27 

J u l  20, 76 61 

Jul 29, 76 32 

Aug 13, 76 85" 

Aug 13, 76 88' 

Aug 24, 75 61 

25.3 23.2 

10.7 9.41 

3.02 3.16 

4.40 3.68 

0.93 0.76 

0.84 - 
0.64 0.35 

1.75 1.36 

8.9 11.3 

1.59 1.64 

1.53 0.91 

22.5 22.1 

1.53 1.92 

22.5 23.8 

2.13 1.45 

1.63 - 
0.64 1.38 

12 .o 6.5 

5 .O 5.5 

8 .u 5.5 

6 .O 5.5 

4 .o 5 .O 
- - 
5 .0 4.5 

4 .O 7 .O 

7 .O 5.5 

9 .o 6 .O 

9.0 7 .O 

4.0 6 .O 

9 .o 7 .O 

4 .O 6.5 

3 .O 6 .O 
5 .O - 
11.0 6 .O 

48.6 56.2 

21.8 25.8 

3.8 11.3 

11.5 13.3 

4.7 2.6 

3.9 1.9 

13.3 14.2 

5 .O 5 .O 

28.7 34.4 

28.7 37.9  

5.1 6.1 

30.8 

9.4 

8.8 

4.6 

1.4 

1.7 

13.5 

1.5 

26.3 

29.9 

3.0 

25.4 

16.4 

7.5 

8.7 

1.2 

0.2 

0.7 

3.5 

8.1 

8.0 

3.1 

13.3 11.5 

5.8 11.1 

9.9 8.6 

9.8 10.4 

3.3 1.4 

0.3 0.0 

0.3 0.1 

0.9 0.8 

3.6 14.5 

3.6 14.4 

1.4 2.3 

cont inued  ..... 



Table 8 (continued) 

Date 

Rain Peak, m . s e c  T ime  t o  peak ,  Storm r u n o f f ,  Computed runof f ,  Groundwater, 
and h o u r  mm mm mm 
Snow- Ob- Com- Ob - Com- Ob- Com- Over- Sub - Ob - Com- 
m e l t  se rved  puted se rved  pu ted  se rved  puted l a n d  s u r f a c e  se rved  puted 

3 -1 

Dec 13, 75 19@ 2.16 2 .oo 6.00 5.0 6 . 4  5.8 2.1 3.7 6.5 8.1 

@ Inc ludes  snowmelt 

# Seventy pe rcen t  of recorded  amount 

& Average; amounts on subwatersheds va ry  



cn 
w 

Table 9 : Observed and Computed Hydrograph C h a r a c t e r i s t i c s  on Holiday Creek (AG-5) 
Watershed a t  H1, H2 and Downstream Gauging S t a t i o n s  f o r  Various Storms 

S t a t i o n  Hl(Cross-sect ion #4) S t a t i o n  H2(Cross-sect ion 1\14) Downstream Gauging S t a t i o n  
(Cross-sec t ion  111) 

3 -1 3 -1 3 -1 
Date Peak,m .see T i m e  t o  peak, Peak,m .sec T i m e  t o  peak, Peak,m . see  T i m e  t o  peak, 

hour  hour  hour  
Com- Ob- Com- Ob- Com- Ob- Com- Ob - COW Ob- COW Ob- 

served  puted served  puted  s e r v e d  puted  se rved  puted served  puted served  puted 

Apr 24, 76 N.A. 

May 6 ,  76 1.01 

J u 1  14,  76 l . i O  

0 .63 

J u l  20, 76 3.45 

2.97 

J u l  29, 76 N.A. 

Aug 13, 76" 0 . 7 9  

10.6. 
Aug 13, 76' 0.79 

10.6 

0.75 

0.88 

0.35 
- 
- 
2.83 

0.40 

0 .24  

5.48 

1.22 

10.4 

N.A. 

4.5 

1 .a 
7.5 

1.0 

3 . 0  
N.A.  

5.5 

0.5 

5.5 

0.5 

4.5 

4.5 

4.5 
- 
- 

5 .O 

5 .o 
5 .O 

5 .O 

5 .o 
5 .o 

0 .98  

1.15 

0.58  

2.42 

0.69 

0.94 

5.97 

0.94 

5.97 

0.87 

0.99 

0.42 

3.28 

0.49 

0.26 

6 -02 

0.55 

7.29 

5 .O 5 . 5  

5 .O 5.5 

J r , r ;  . J  5 .o 

3 .0  6 .O 

3.5 6 .O 

4.5 6 -0  

1.5 6 .O 

4.5 5 .o 
1.5 5 .5  

3.02 

4.40 

1.75 

8.91 

1.59 

1.53 

22.5 

1.53 

22.5 

3.16 

3.68 

1.36 

11.3 

1.64 

0 .91  

22.1 

1.92 

23.8 

8.0 5 .5  

6 .O 5.5 

4 .O 7 .O 

7 .O 5 .5  

9 .o 6 .O 

9 .o 7 .O 

4 .O 6 .O 

9.0 7 .O 
4.0 6.5 

- 

Seventy - p e r c e n t  of recorded  amount 

& Average; amounts on subwatersheds vary  

N.A. : Not a v a i l a b l e .  



consuming. The t h i r d  approach is  easy  and l o g i c a l  and w a s  used h e r e .  

It w a s  assumed t h a t  a peak f l o w r a t e  is  probably  produced by t h e  
h i g h e s t  i n t e n s i t y  of t h e  r a i n f a l l .  I n  case of m u l t i p l e  b u r s t s ,  m u l t i p l e  
peaks r e s u l t .  
i n t e n s i t y  p e r i o d .  

Each peak w a s  a s s o c i a t e d  w i t h  t h e  preceeding  maximum 

A comparison between observed and computed time t o  peak gave t h e  
fo l lowing  r e s u l t s .  The average  observed times t o  peak f o r  Canagagigue 
(AG-4), E a s t  Canagagigue and Holiday Creek ( A G 5 )  watersheds  were 6 . 3 ,  
6 . 1  and 6.6 hours  r e s p e c t i v e l y .  The i r  computed t i m e s  t o  peak were 
6 .7 ,  5 .3  and 5.9 hours  r e s p e c t i v e l y .  

The scatter around t h e  mean w a s  q u i t e  s i g n i f i c a n t  f o r  observed t imes  
of a l l  watersheds .  The s t a n d a r d  d e v i a t i o n s  f o r  t h e  observed  times t o  
peak w e r e  4.1, 3.6 and 2.8 hours  r e s p e c t i v e l y  f o r  t h e  t h r e e  watersheds .  
The s t a n d a r d  d e v i a t i o n s  f o r  t h e  computed times t o  peak were less a t  
2 . 4 ,  1.8 and 0.8 hours  r e s p e c t i v e l y .  

Small v a r i a t i o n s  f o r  t h e  computed r e s u l t s  can be e a s i l y  exp la ined .  -1 The program u s e s  a method of coiivoluting r a i n f a l l  amounts w i t h  area.time 
v e r s u s  t i m e  cu rve  f o r  a sub-watershed t o  c a l c u l a t e  t h e  gene ra t ed  f l o w r a t e .  
The response  was t h e r e f o r e  uniform and non-seasonal. The watershed however, 
responds i n  a s e a s o n a l  f a s h i o n .  

Overall, t h e  summer s t o m s  produce a s h a r p  peak, normally earlier 
than  computed, b u t  reverse w a s  observed  du r ing  o t h e r  s easons ,  b a r r i n g  
a few excep t ions .  Th i s  suggest:; t h a t  some s e a s o n a l  m o d i f i c a t i o n s  might 
be necessa ry  i n  s e l e c t i o n  of area.time-1 v e r s u s  t i m e  cu rves .  
r e s u l t  i n  a s l i g h t l y  b e t t e r  match between t h e  computed and observed 
peaks. 

This  could  

Storm runoff  

Storm runoff  has  two components ove r l and  and subsu r face  r u n o f f s .  
The t o t a l  amount of runoff  s h o w s  a v e r y  s e a s o n a l  t r e n d  and s o  do i t s  
two components i n  t h e i r  re la t ive m o u n t s .  

The  storm runoff v a r i e s  w i t h  r a i n f a l l  and snowmelt i n p u t  and season.  
It  w a s  g e n e r a l l y  observed t h a t  s torms  occur ing  du r ing  t h e  months of 
June through August (summer s torms)  produce less runoff  t han  t h e  s p r i n g  
o r  w i n t e r  s torms.  

Several examples cou ld  be c:ited. June 7,  71 (37 mm) and August 23, 75 
(108 mm) s torms  produced r e s p e c t i v e l y  2.2 and 11.2 mm runoff  on Canagagigue 
(AG-4) and 3.0 t o  6.3 mm runoff  on E a s t  Canagagigue. I n  c o n t r a s t  May 5 ,  76 
(27mm) and December 13 ,  75 (15 nun) s torms  produced r e s p e c t i v e l y  15.5 and 
9.4 mm r u n o f f s  on Canagagigue and 13 .8  t o  7.6 mm on E a s t  Canagagigue. 
Holiday Creek (AG-5) watershed  also showed similar t r end .  May 6 ,  76 (45 mm) 
s torm on Holiday Creek (AG-5) produced 13.3 mm r u n o f f ,  w h i l e  August 2 4 ,  75 
(61  mm) produced o n l y  6 . 1  mm r u n o f f .  

Even v e r y  b i g  summer s t o m s  produced compara t ive ly  small runoff  amounts. 
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The August 13,  76 s torm on Holiday Creek was ve ry  i n t e n s e  and h i g h l y  
l o c a l i z e d .  Average r a i n f a l l  amount on t h e  watershed was e s t ima ted  t o  be 
88 mm. 
mm r u n o f f  produced by a s m a l l e r ,  l e s s  i n t e n s e  s t o r m e v e n t o f  March 3,  76 (69 mm). 

I t  however, computed on ly  37.9 mm s torm r u n o f f  i n  c o n t r a s t  t o  56.2 

In t h e  summer months, t h e r e  is  a f a i r l y  l a r g e  s o i l - w a t e r  d e f i c i t  i n  
t h e  s o i l .  Vege ta t ive  cover  i s  dense  ove r  t h e  watersheds .  These r e su l t  
i n  h igh  ra te  o f  i n f i l t r a t i o n  c a p a c i t y  and more water i s  s t o r e d  as s o i l -  
wa te r .  During o t h e r  months t h e  r e v e r s e  i s  t r u e .  March through May and 
December s torms  tend t o  produce maximum s torm r u n o f f .  

R e l a t i v e  amounts of  over land  and s u b s u r f a c e  runof f  components a l s o  show 
a ve ry  s t r o n g  seasona l  t r e n d .  Overland r u n o f f  i s  r e l a t i v e l y  much l a r g e r  t han  
s u b s u r f a c e  runof f  d u r i n g  most summer s to rms .  Some summer storms produce 
a lmost  no s u b s u r f a c e  r u n o f f .  Winter,  s p r i n g  and sometimes f a l l  storms do 
n o t  e x h i b i t  a l a r g e  p r o p o r t i o n a l  d i f f e r e n c e  between t h e s e  components. 

A l l  t h r e e  watersheds  gave similar computed r e sponses .  Three summer 
s torms  which occur red  on June 19,  75, August 1, 73 and August 23, 75, 
produced 4 . 6 ,  2 .2  and 7.2 mm of over land  s torm r u n o f f  and 1 .0 ,  0 . 0  and 4 . 0  
mm of s u b s u r f a c e  s torm runof f  r e s p e c t i v e l y  on Canagagigue watershed. 
East Canagagigue t h e  same s to rms  produced 2 .6 ,  8 . 3  and 6.0 mm o f  ove r l and  
storm runoff  and 0.8,  0 . 0  and 0 . 3  mm o f  s u b s u r f a c e  s torm runof f  r e s p e c t i v e l y .  
The J u l y  20, 76 and August, 76 storms on Holiday Creek produced 13 .5  and 29.9 
mm ove r l and  r u n o f f  and 0 . 7  and 8 . 0  mm subsu r face  r u n o f f  r e s p e c t i v e l y .  

During S p r i n g  and F a l l  months t h e  p r o p o r t i o n  was d i f f e r e n t .  

On 

The A p r i l  
24 ,  76, October 28 ,  72 and December 13, 75 s torms  produced 7 .5 ,  0 . 8  and 4 .7  
mm of  over land  s torm r u n o f f  and 13.4,  2 . 3  and 4 . 7  of subsu r face  s torm run- 
o f f  r e s p e c t i v e l y  on t h e  Canagagigue watershed .  The amounts were 5 .0 ,  0 . 7 ,  
3.4 and 12 .7 ,  2 . 1  and 4 .2  mm r e s p e c t i v e l y  on East Canagagigue watershed. 
On Holiday Creek  watershed ,  t h e  March 3,  76 storm produced 30.8 mm of  
over land  s torm r u n o f f  and 25.4 mm o f  subsu r face  s torm r u n o f f .  

Due t o  a h i g h  s o i l - w a t e r  d e f i c i t ,  most of  i n f i l t r a t e d  water i s  r e t a i n e d  
i n  t h e  s o i l  d u r i n g  summer caus ing  small subsu r face  r e sponse .  I n  s p r i n g  and 
w i n t e r  and a l s o  when t h e  c o n d i t i o n s  are very  wet i n  summer, very  l i t t l e  
i n f i l t r a t e d  water  i s  r e t a i n e d  and most comes o u t  as s u b s u r f a c e  storm runof f  
o r  p e r c o l a t i o n  t o  groundwater. 

Areal d i s t r i b u t i o n  of  over land  runof f  

Overland runof f  c a l c u l a t e d  f o r  v a r i o u s  zones of  t h e  watersheds  
d u r i n g  d i f f e r e n t  s torm even t s  has  been t a b u l a t e d  i n  Table 10  t o  1 2 .  Zone 
1 of each watershed  r e p r e s e n t e d  t h e  impervious area.  The o t h e r  zones are 
p e r v i o u s .  Zones 2 and 3 have we l l  d ra ined  s o i l s  ( i n  c a s e  o f  East Canagagigue 
ex t remely  w e l l  d r a i n e d  s o i l s )  and zones 8 and 9 have v e r y  p o o r l y  d r a i n e d  s o i l s .  
The areal d i s t r i b u t i o n  of  s o i l  t ypes  i s  shown i n  F igu res  7 t o  9 and summarized 
i n  Table 2 .  The cho ice  o f  zone p r o p e r t i e s  i s  d e s c r i b e d  on pages 29 t o  34. 

The g r e a t  v a r i a t i o n  of  ove r l and  r u n o f f  on t h e  Canagagigue watershed 
can be  p i c t o r i a l l y  d e s c r i b e d  as g iven  i n  F igu res  26 t o  34. F igu re  26 shows t h e  
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CANAGAGIGUE CREEK (AG-4 ) 

f f  

F ig .  26: Areal D i s t r i b u t i o n  of 
Overland Runoff Produced 
During May 5 ,  1976 Storm 
on Canagagigue (AG-4) 
Watershed. 
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C A N A G A G I G U E  CREEK(AG-4) 

Fig .  27: A r e a l  D i s t r i b u t i o n  of 
Overland Runoff Produced 
During June  1 9 ,  1975 
Storm on Canagagigue 
(AG-4) Watershed. 
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C A N A G A G I G U E  CREEK (AG-4 )  

Fig .  28:  

September 26, 70 

Overland runoff  
' r '  i n  mm 

Rain amount 20 nun 

Areal D i s t r i b u t i o n  of 
Overland Runoff Produced 
During September 2 6 ,  1970 
Storm on Canagagigue 
(AG-4) Watershed. 
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May 5 ,  76 
OverlmL! r u m f f  

' r '  in mm 

km 

Fig. 29: Areal D i s t r i b u t i o n  of 
Overland Runoff Produced 
During May 5 ,  1976 Storm 
on East Canagagigue 
Watershed.. 
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I June 19, 75 
Overland runoff  

' r '  i n  mm 

km 

Ffg. 30: Areal D i s t r i b u t i o n  of 
Overland Runoff Produced 
During June 19 ,  1975 Storm 
on East Canagagigue 
Waters he ti. 
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November 28, 73 

Overland runoff  
' r '  i n  mm 

Fig .  31: A r e a l  D i s t r i b u t i o n  of 
Overland Runoff Produceu 
During November 28, 1973 
Storm on b a s t  Canagagigue 
Water shed . 
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Apr i l  18, 75 
1off 

Fig.  32: Areal D i s t r i b u t i o n  of 
Overland Runoff Produced 
During A p r i l  18,  1975 
Storm on Holiday Creek 
(AG-5) Watershed. 
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f f  

F ig .  33: Areal D i s t r i b u t i o n  of 
Overland Runoff Produced 
h r i n g  May 6 ,  1976 Storm 
On Holiaay Creek (AG-5) 
Waters he d . 
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HOLIDAY C R E E K  ( A G - 5 )  
June 3, 75 

Overland runoff  

F ig .  3 4 :  A r e a l  D i s t r i b u t i o n  of 
C’verlana Runoff Produced 
Curing June  3 ,  1975  Storm 
on Holiday Creek (AG-5) 
Watershed. 
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Table  10:  Overland Runoff from D i f f e r e n t  Zones of Canagagigue 
(AG-4) Watershed During Various Storms 

Date 

Mar 19, 76 

Mar 30, 76 

Apr 15, 76 

Apr 24, 76 

May 5 ,  76 

May 11, 74 

May 15, 74 

May 16, 74 

Jun 7, 7 1  

Jun 13, 76 

Jun 19, 75 

Jun 2 1 ,  72 

Jun 30, 76 

J u l  5 ,  7 1  

Aug 1, 73 

Aug 23, 75 

Sep 18, 75 

Sep 26, 70 

Oct 22, 72 

O c t  28, 72 

Nov 2 ,  72 

Rain and Overland Runoff f o r  Zones, mm 
Snowrnelt , -_I ___ 

mm 1 2 3 4 5 6 7 8 9 

220@ 220 96.4 97.8 10 8 106 138 141 138 141 

20@ 

43@ 

24 

27 

23 

25 

56 

37 
29 

32 

6 3  

49 

51 

46 

10 8 

35 

20 

62 

19 

12 

li 

19.5 

24 -0 

43 .O 

27.0 

23.0 
3r; n 

56.0 

37 .O 

24.0 

32 .O 

63.0 

49 .O 

45.8 

26.2 

106 .O 

35.0 

20.0 

62 .O 

18.8 

12.0 

L 2 . U  

0.5 

2.5 

2.9 

5 .3  

0.0 
7 2  
L . 2  

34.0 

0 .0  

0.0 

0.0 

0.0 

1.3 

0 .o 
0.0 

0 .o 
0 .o 
0.0 

0.0 

0 .o 
0 .o 

0.5 

2.5 

2.9 

5 . 3  

0.0 

2 .3  

31.4 

0.0 

0 .o 
0 .o 
0 .o 
1.3 

0 .o 
0 .o 
0 .o 
0.0 

0.0 

0 .o 
0 .o 
0.0 

0.9 

5 .8  

3.6 

5 .O 

1.0 

3.4 

37.3 

0.0 

0.0 

1.0 

0.0 

3.4 

0 .o 
0.0 

0 .o 
0 .o 
0 .o 
0.0 

0.0 

0.0 

0.9  

5 . 8  

3.6 

5.0 

1.0 

3.4 

36 .O 

0 .o 
0 .o 
1 .o 
0 .o 
3.4 

0 .o 
0 .o 
0.0 

0.0 

0.0 

0 .o 
0 .o 
0.0 

3.3 

11.9 

13.3 

12.5 

7 . 3  

14.4 

46.6 

3.9 

5 .O 

11 .o 
2.9 

17.4 

0 .o 
4.7 

13.7 

0 .o 
1.2 

11 .o 
1 .o 
2.2 

3.3 3.3 

11.9 11.9 

13.3 13.3 

12.4 12 .5  

7.30 8 . 7  

14.4 14.4 

46 .O 46.7 

3.9 3.9 

5 .o 5 .O 

11 .o 11 .o 
2.9 2.9 

17.4 17.4 

0.0 0 .o 
4.7 4.7 

13.7 13.7 

0.0 0 .o 
1.2 1.2 

11 .o 11.9 

1 .o 1 .o 
2 .2  2 .2  

3.3 

11.9 

13.3 

12.4 

8 . 7  

14.4 

46 .O 

3.9 

5 .O 

11 .o 
2.9 

17.4 

0 .o 
4 . 7  

13.7 

0.0 

1 . 2  

11 .o 
1 .o 
2.2 

cont inued  ..... 



Table 10  (continued) 

Date Rain and Overland Runoff f o r  Zones, m 
-_____ __- ----______ Snowme It, 

- .  mm 1 2 3 4 5 6 7 8 9 --.___- -I____-- 

Nov 7,  72 16 16 .O 1 . 3  1 .3  1.1 1 .o 6.9 6 . 8  6 .9  6 . 8  

Nov 1 7 ,  70 20@ 1 6 . 5  0 .o 0 .o 0 - 0  0 .o 2 -0  2 .o 0 .6  0 .6  

Nov 26, 70 25@ 1 7 . 1  0 .0  0.0 0 .0  0 . o  4.8 1.8 2 . 8  0 .o 
Nov 28, 7 3  19 19.0 0.4 0.4  1.3 1.3 8 . 4  9 .2  8.4 9 - 2  

Dec 3, 70  28 28.0 7 .0 3.6 6.9 3.0 18 - 0  16.6 18.0 16.6 

Dec 5 ,  75 24@ 24.0 11.0 10.9 11.2 11.0 17 .O 18.3 1 7  .O 18 ,3  

Dec 6 ,  7 i  4 1 -  23.3  0 . 0  0.0 0 .o  0 .0  8 .O 4.8 8 .O 4.8  

Dec 13, 7 5  15@ 1 5 . 0  3 . 7  3 . 7  3 . 7  3 . 7  6 . 1  6 . 1  6 . 1  6 .1  

(a 

Dec 15, 7 1  29 29.0 0.0 0 -0 1 . 7  0 .6  1 3 . 5  9 .8  13.5 9 . 8  

@ Inc ludes  snowmelt 
# F i f t y  p e r c e n t  more than  recorded amount 



Table 11: Overland Runoff from D i f f e r e n t  Zones of East  Canagagigue 
Watershed During Various Storms 

Date 

Mar 19, 76 

Mar 30, 76 

Apr 15, 76 

Apr  24, 76 

May 5 ,  76 

May 11, 74 

May 15, 7 4  

b y  16, 74 

Juri 7 ,  7 1  

Jun 13, 76 

Jun 19, 75 

Jun 21, 72 

Jun 30, 76 

J u l  5 ,  71 

J u l  31, 73 
Aug 2 3 ,  75 

Sep 18, 75 

Sep 26, 70 

Oct 21, 72 

O c t  28, 72 

Rain and Overland Runoff f o r  Zones, mm 
Snowmelt , ----___ 

mm 1 2 3 4 5 6 7 8 9 _- 

220@ 220 47.6 48.4 95 .o 145 105 143 148 190 

20@ 19.5 0.0 0.0 0 .5  0.5 0.9 0.9 3.3 3.4 

24 24 .O 0.0  0.0 2.5 2 .5  5 .8  5.8 11.9 11.9 

4 3@ 43.0 0 . 1  0 . 1  2.9 2.9 3.6 3.6 13.4 13.4 

27 27.0 0 . 0  0 .0  4.5 4.5 4.4 4 . 1  14.2 13.2 

23 22.9 0.0 0.0 1.5 1.5 2.9 2.9 9 . 3  14.4 

16 16.0 0.0 0 .o 1.0 l . U  1.5 1.5 6 -6 6 - 7  

56 55.9 23.4 23.4 39.2 45.2 40.9 44.6 45.7 47.9 

37 36.6 0.0 0 .0  0.0 0.0 0 .0  0.0 12.3 12.3 

44 a 43.5 1.8 1.8 2.9 2.9 4 .O 4 .o 14.6 14.6 

32 32 .O 0.0 0 .o 0.0 0.0 1.0 1 .o 11 .o 11 .o 
6 3  63.0 0.0 0.0 0.0 0 .o 0.0 0 .o 2 .8  2 .8  

6 1' 61.0 4 .O 4 .O 5 -5 5 . 5  7.8 7.8 26.4 26.4 

5 1  50.8 0.0 0 .o 0.0 0.0 0.0 0.0 5 .9  5.9 

6 1  41 .O 3 . 7  3 . 7  7.5 7.5 6 . 5  6 . 5  12.4 12.4 

10 8 108.0 0 .0  0 .o 0.0 0.0 0.0 0 .o 19.3 19.3 

35 35 .O 0.0 0 .o 0.0 0.0 0.0 0 .o 0 .o 0 . 0  

20 20.0 0.0 0.0 0.0 0.0 0 .o 0 .o 3.3 3.3 

6 8  68.0 0.0 0 .o 4.9 0.0 0 . 4  0 .o 18.4 14.1 

19 18.8 0.0 0.0 0 .0  0 .o 0.0 0 .o 1.0 1 .o 

cont inued . . . . . 



Table 11 (continued) 

__I_ 

Date Rain and Overland Runoff f o r  Zones, mm 
.- Snowmelt , 

m 1 2 3 4 5 6 7 8 9 
-_L -__- 

Nov. 2 ,  72 12 1 2 . 2  0.0 0.0 0.0 0.0 0 -0  0.0 2.2 2.2 

Nov 1 7 ,  70 20@ 16.5 0 . 0 0.0 0.0 0.0 0.0 0 .0  0.6 0.6 

Nov 26,  70 25@ 1 7 . 1  0 .o 0.0 0.0 0.0 0 .o 0.0 3.1 11.1 

Nov 28, 7 3  19 19.0 0.0 0 .o 1 .2  0 .4  1 .3  1 . 3  8.6 7 .O 

Dec 3, 70 28 27.9 0.0 0.0 8.5 3.6 7.2 3.0 18.6 1 1 . 7  

Dec 5 ,  75 24@ 24.0 0.0 0 .0  9 . 5  9 . 5  9 . 3  9 . 3  14.3 13.4 

bec 6 ,  7 1  47' 23.3 0 * o  0.0 1.4 0.0 0.0 0.0 8 .0 4.6 

Dec 13, 75 15 15 .O 0 . 0  0.0 3.4 3.4 3.5 3.5 6 .4  6 . 4  

Dec 15, 7 1  29 29.0 0 .0  0.0 0.0 0 .o 0 .1  0 .o 12 .o 9 . 7  

0 

@ 

@ Inc ludes  snowmelt 

# F i f t y  percent  more than recorded amount 

$ Twenty-five percent  more than recorded amount 



Table 1 2 :  Overland Runoff from D i f f e r e n t  Zones of Holiday Creek 
(AG-5) Watershed During Various Storms 

~ ~ 

Date Rain and Overland Runoff f o r  Zones, m 
Snowmelt , 

mm 1 2 3 4 5 6 7 8 9 

Mar 3 ,  76 69 @ 6 9 . 0  24 .4  2 4 . 4  27.4 2 7 . 4  36.2 36.2 36.2 36.2 

A p r  1 8 ,  75 40 45.0 1 .4  1 . 4  5 .O 5 .O 17.5 17.5 17.5 17.5 

Apr  2 4 ,  76 47 47 .o 0 .0  0.0 0.0 0 .o 7.2 7.2 7 .2  7 . 2  

Flay 6 ,  76  45 LtJ I C  . n v 0.c) 0.0 0.0 0.0 8 . b  8 . 4  11.6 11.6 

Jun 3 ,  75 46 44.0 0 .0  0.0 0.0 0.0 0 . 3  0 . 3  2 . 1  2 . 1  

J u l  1 4 ,  76 27 25 .o 0.0  0 .0  0.0 0 .o 2.5 2 .5  3 .4  3 . 4  

J u l  2 0 ,  76 6 1  59 .0  4 . 8  4 . 8  5.5 5 . 5  2 3 . 3  2 3 . 3  25.9 25.9 

J u l  2 9 ,  76 32 32 .O 0 . 0  0.0 0.0 0 .o 1.5 1.5 3 . 1  3.1 

Aug 1 3 ,  76 85 " 82.7 2 8 . 1  28.1 20 .5  20 .5  33.9 33.9 33.9 33.9 

Dec 1 3 ,  75 19 @ 18.7 0 . 0  0.0 0 . 1  0 . 1  4.5 4.5 4 . 4  4 .4  

Aug 2 4 ,  75 6 1  59 .O 0 .0  0 .o 0.0  0 .o 7.2 7 .2  7 .2  7 .2  

@ Inc ludes  snowmelt 

'1 Seventy p e r c e n t  of recorded amount 



d i s t r i b u t i o n  due t o  May 5 ,  76 s torm.  S i m i l a r  d i s t r i b u t i o n s  have been 
ob ta ined  f o r  s e v e r a l  o t h e r  s torms  (most ly  s p r i n g  s to rms) .  
s een  t h a t  most of  t h e  runof f  h a s  been produced by poor ly  and ve ry  
poor ly  d r a i n e d  s o i l s .  Also ,  i t :  cou ld  be  n o t i c e d  t h a t  remaining areas 
produce some runoff  du r ing  t h e s e  l a r g e  s p r i n g  s torms .  The d i s t r i b u t i o n  
ob ta ined  f o r  t h e  June 1 9 ,  75 st:orm i s  shown i n  F igu re  27. I n  t h i s  case, 
and o t h e r s  s imi la r ,  t h e  wel l -dra ined  areas produce very  l i t t l e  over land  
runof f .  The d i s t r i b u t i o n  shown i n  F i g u r e  28 i s  due t o  t h e  September 
26, 70 s torm.  S e v e r a l  o t h e r  summer and f a l l  s torms  w e r e  similar. The 
amount of  ove r l and  runoff  h a s  been q u i t e  small i n  t h e s e  cases, most 
c o n t r i b u t i o n s  coming from ve ry  poor ly  d ra ined  s o i l s  on ly .  

I t  can be  

I n  a similar way r e sponses  of t h e  East Canagagigue watershed  are 
shown i n  F i g u r e  29 t o  31 and of Holiday Creek (AG-5) watershed  i n  
F igu res  32  t o  34. F igu res  26 t:o 29 show t h e  d i s t r i b u t i o n  due t o  t h e  
same May 5 ,  76 s to rm on Canagagigue and E a s t  Canagagigue watersheds .  
It  can b e  seen  t h a t  s i m i l a r  s o i l s  on bo th  t h e s e  watersheds  respond i n  
a s i m i l a r  f a s h i o n .  An area i n  t h e  Eas t e rn  p o r t i o n  of  t h e  East Canagagigue 
watershed  produced l i t t l e  ove r l and  r u n o f f ,  s i n c e  i t  c o n t a i n s  sandy s o i l s  
(ex t remely  w e l l  d r a i n e d ) .  

Some b i g  s torms  such as t h a t  of March 1 9 ,  76 on b o t h  Canagagigue 
watersheds  and August 1 3 ,  76 s to rm on Holiday Creek watershed  gene ra t e  
l a r g e  amounts of ove r l and  runof f  from a l l  s o i l s .  T h e i r  d i s t r i b u t i o n  
would appear  as a s o l i d  b l a c k  f i g u r e .  The reverse i s  f o u n d i n c a s e s  of  
s m a l l  s to rms  o r  s to rms  w i t h  a ve ry  d ry  i n i t i a l  watershed  c o n d i t i o n  
such as Ju ly  5 ,  71 and September 18, 75 s torms  on bo th  Canagagigue 
watersheds .  For  t h e s e  and many summer r a ins to rms  t h e  d i s t r i b u t i o n  
would b e  shown by a b l ank  f i g u r e .  

An dt tem?t  h a s  been made tro compare t h e  ove r l and  runoff  r e s u l t s  
cxnpured  by t h e  model wi-ch t h e  o b s e r v a t i o n s  made and r e p o r t e d  by 
b f r .  L.J.P. van V l i e t ,  i n  t h e  October ,  76 r e p o r t  of PLUARG P r o j e c t  No. 16.  
Two of  t h e  best matches a re  shown i n  F i z u r e  35 and 36, These f i g u r e s  

show t h e  comparisons f o r  Ap i - i l  18, 75 and August 1 3 ,  76 s torms  
r e s p e c t i v e l y .  

The observed  runoff  reportled i n  t h e  October ,  76 r e p o r t  o f  P r o j e c t  
16 ,  i l l u s t r a t e s  t h e  areas fall:.ng under d i f f e r e n t  c o n t r i b u t i n g  area classes 
as fo l lows :  0%, 1-10% ( low) ,  3.1-25% (medium), 26-50% (h igh)  and >50% 
(very  h i g h ) .  0% i n d i c a t e s  no runof f  c o n t r i b u t i o n  w h i l e  >50% i n d i c a t e s  
a l a r g e  amount of runoff  contr ;but ion from t h e  a r e a .  

To q u a n t i f y  t h e s e  sub jecti-ve o b s e r v a t i o n s ,  s torms  w e r e  c l a s s i f i e d  
as s h o r t  d u r a t i o n  ( l e s s  than  20 hour s )  o r  l o n g  d u r a t i o n  ( g r e a t e r  t han  20 
hour s )  s to rms .  For s h o r t  d u r a t i o n  s to rms ,  t h e  fo l lowing  amounts w e r e  
a t t r i b u t e d  t o  t h e  v a r i o u s  classes.  Runoff amount up t o  1 mm w a s  
cons ide red  as non-observable  and hence w a s  cons ide red  as e q u a l  t o  0% class.  
Other  classes w e r e  a t t r i b u t e d  t.o t h e  fo l lowing  amounts f o r  s h o r t  s torms:  
1 t o  1 0 % :  >1 t o  3 mm; 11 t o  25%: >3 t o  8 mm; 26 t o  5 0 % : 7  8 t o  15 mm; and 

> S O W : ,  15 mm. The amounts a t t r . i b u t e d  t o  t h e s e  f i v e  classes f o r  a long  
d u r a t i o n  s torms  were: 0 t o  2 mn, 2 2  t o  6 mm, 7 6 t o  12  m,p12 t o  20 m 
and 7 20 mm. 

70 



Figure  35 is  t h e  cornparison f o r  a s h o r t  d u r a t i o n  storm ( A p r i l  18, 7 5 )  
and F igure  36 shows t h e  comparison f o r  a long d u r a t i o n  storm (August 1 3 ,  76).  
I t  cou ld  be no ted  t h a t  t h e r e  i s  a f a i r l y  r easonab le  correspondence between 
t h e  computed and e s t i m a t e d  (from o b s e r v a t i o n )  r e s u l t s .  

Th i s  correspondence could  be g r e a t l y  improved i f  t h e  watershed  would 
be f u r t h e r  d i v i d e d  i n t o  s m a l l  area zones,  and a l s o  i f  t h e  o b s e r v a t i o n  
t echn iques  would be made i n  a more q u a n t i t a t i v e  f a s h i o n .  

Groundwater accumulation 

E s t i m a t e s  of groundwater accumulation du r ing  a s torm are made i n  an 
i n d i r e c t  f a s h i o n  i n  t h i s  model. The model assumes t h a t  a p o r t i o n  of 
pe rv ious  area c o n t r i b u t e s  t o  subsu r face  flow and t h e  remaining t o  ground- 
water. Th i s  w a s  t h e  way chosen t o  a l low f o r  a p o r t i o n  of t h e  water 
p e r c o l a t i n g  through t h e  bottom l a y e r  of t h e  s o i l  t o  be t r e a t e d  as 
s u b s u r f a c e  f low and t h e  rest as groundwater accumulation. Tables  13 t o  
15 show t h e  p r o p o r t i o n  of t h e  s o i l  t y p e s  c o n t r i b u t i n g  t o  s u b s u r f a c e  f low 
and t o  groundwater accumulation du r ing  v a r i o u s  s torms  on t h e  watersheds .  
A l so  t a b u l a t e d  are i n i t i a l  groundwater c o n d i t i o n s  and assumed l i m i t i n g  
i n f i l t r a t i o n  c a p a c i t i e s  f o r  var- ious zones on t h e  watersheds .  

Seasonal  v a r i a t i o n s  w e r e  observed i n  t h e  p r o p o r t i o n  of s o i l s  
c o n t r i b u t i n g  t o  s u b s u r f a c e  s t o n n  runoff  and groundwater flow. Compared 
t o  t h e  c o n t r i b u t i o n  t o  groundwater, areal  c o n t r i b u t i o n  t o  s u b s u r f a c e  
f low w a s  more i n  March, a lmost  e q u a l  i n  A p r i l  and May and always less i n  
t h e  remaining months. 

The t i l i n g  survey  done on t h e  Canagagigue watershed  i n d i c a t e d  t h a t  
about  40 p e r c e n t  of t h e  watershed  area has  been t i l e d .  This  estimate 
i s  f a i r l y  c l o s e  t o  t h e  p e r c e n t  area c o n t r i b u t i n g  t o  s u b s u r f a c e  f low 
dur ing  June through December. The p e r c e n t  v a r i e d  from 32 t o  4 4 .  The 
March ;9, 76 storm on Canagagigue had a maximum area c o n t r i b u t i o n  (82%) 
t o  s u b s u r f a c e  fiow. The areal  c o n t r i b u t i o n  t o  subsu r face  storm flow 
i n c r e a s e d  c o n s i d e r a b l y  as wetne.;s of s o i l  i nc reased .  May 11, 15 and 1 6  
are t h r e e  s to rms  whicn occur red  i n  sequence on Canagagigue du r ing  1974.  
The areal p r o p o r t i o n s  t o  s u b s u r f a c e  storm f iow were 52 ,  6 1  and 78 percent  
r e s p e c t i v e l y .  

No t i l i n g  survey  d a t a  are a v a i l a b l e  f o r  East Canagagigue and Holiday 
Creek watersheds .  The model r e s u i t s  on t h o s e  watersheds- however, resemble 
c l o s e l y  t h e  r e s u l t s  on Canagagigue. 

The amount of observed groundwater w a s  e s t a b l i s h e d  from recorded  
hydrograph estimates of baseflow r a t e  and an estimate of a r e c e s s i o n  c o n s t a n t  
f o r  t h e  groundwater.  It w a s  assumed t h a t  t h e  groundwater system acts  
as a l i n e a r  r e s e r v o i r .  The match between computed and observed amounts 
of groundwater i n p u t  are reasonab le  du r ing  d r i e r  pe r iod .  
and n o t a b l y  a t  snowmelt t i m e ,  t h e  agreement i s  poor. One r eason  could  be 
t h e  h i g h  s e n s i t i v i t y  of r e s u l t s  t o  r a i n f a l l  and i n f i l t r a t i o n  c a p a c i t y  
rates dur ing  t h i s  p e r i o d .  Tables  6 ,  7 and 8 c o n t a i n  t h e  model-computed 
groundwater amounts and t h e  hydi-ograph-observed v a l u e s .  

During w e t  p e r i o d  
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Table 1 3 :  Assunipd Model Pa rame te r s  of  Canagagigue (AG-4) 
Watershed During Various Storms 

- ~ 

% of t o t a l  % of  t o t a l  I n i t i a l  

subsu r face  ground water 

D a t e  L imi t ing  i n f i l t r a t i o n  r a p a c i t y  (Fc) of  
va r ious  zones,  mm.hr'l area t o  area t o  ground 

flow wa te r  f lowrate  
3 -1 495 6 , 7  839- m .see 

Mar 1 9 ,  76 2 .o 1.5 1 .o 1 .o 81.8  15 .4  0 .17  

Mar 3 0 ,  76 2 . 0  1.5 1 .o 1 .o 6 6 . 3  30.9 0.19 

__I__ __ - - 2 9 3  

Apr 1 5 ,  76 5 .O 3 .o  2 . 0  2 .o 5 2 . 4  4 4 . 8  0 . 2 0  

Flay 5 ,  76 4 .0  2.5 1 .5  1.5 5 2 . 4  44.8 0 . 1 1  

Apr 2 4 ,  76 2 . 0  1.5 1.0 1 .o 55 .o 42.2  0.25 

kiay  i i ,  7 4  5 .u 3 .U 1 . 3  1.5 5 2 . 4  44 .8  0 . 0 6  

M a y  1 5 ,  74  5 .O  3 . 0  1 .5 1 . 5  6 1 . 2  36.0 0.09 

Map 1 6 ,  7 4  6 .O 4 .5 2 . 0  2 .o 7 6 . 9  20 .2  0 . 1 4  
10 

J u n  7 , 7 1  6 .O 4 .5 2 . 0  2 .o 40.9 5 6 . 3  0 .0  

Jun 1 3 ,  76 6 .O 4.5 2 .o 2 .o 40.9  5 6 . 3  0 .o 
Jun  1 9 ,  75 6 .O 4.5 2 . 0  2 .o 40.9 5 6 . 3  0 .o 

Jun 3 0 ,  76 6 .O 4.5 2 .o 2 .o 40.9 5 6 . 3  0 .o 
Ju l  5 ,  7 1  6 .O 4.5 2 .o 2 .o 40.9  5 6 . 3  0 .o 
Aug 1 ,  7 3  6 .0  4.5 2 .0  2 .o 36.4  60 .7  0 .o 
A u g  2 3 ,  75 6 .O 4.5 2 . 0  2 .o 36.4  6 0 . 7  0 .0  

Jun 2 1 ,  72 6 .O 4.5 2 .o 2 .o 4 0 . 9  56 - 3  0.06 

Sep 1 8 ,  75 5 .o 3.0 2 .o 2 .o 36.4 60 .7  0 . 0 3  

Sep 2 6 ,  70 6 .O 4.5 2 .0  2 .o 3 6 . 4  60 .7  0 . 0 6  

O c t  2 2 ,  72 6 .O 4 -5  2 . 0  2 . 0  32 .2  65  .O 0 . 0 5  

continued ..... 
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Table 14 : Assur.cd Model Parameters  of E a s t  Canagagigue 
Watershed During Various Storms 

_______ - .~ 

Date L i m i t i n g  i n f i l t r a t i o n  c a p a c i t y  (Fc)  of % of t o t a l  % of t o t a l  I n i t i a l  
ground v a r i o u s  zones,  mm.hr-1 area t o  area t o  

s u b s u r f  ace ground water  
f low water f l o w r a t e  

m 3 . s e c  -1 
- 2 , 3  4,5 ___ 6 ,7  8 ,9  

Mar 19, 76 

Mar 30, 76 

Apr 15, 76 

Apr 2 4 ,  76 

May 5 ,  76 

May 11, 74 
U 
c- May 15, 74 

May 16, 74 

Jun 7 ,  7 1  

JUn 13, 76 

Jun  19, 75 

Jun 21 ,  72 

Jun 30, 76 

J u l  5 ,  71  

J u l  31, 73 

Aug 23, 75 

Sep 18, 75 

Sep  26, 70 

Oct 2 1 ,  72 

3 .O 

3.0 

9 .0  

3.0 

9 .0  

9 .0  

9.0 

9.0 
10.0 

10.0 

10.0 

10.0 

10.0 
10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

2 .@ 
2 .o 
5 .O 

2 .o 
3 .O 

3.0 

3 .O 

3 .O 

6 .O 

6 .O 

6 .O 

6 .O 

6 .O 

6 .O 

6 .O 

6 .O 

5 .O 

6 .O 

6 .O 

1.5  

1.5 

3.0 

1.5 

2 .o 
2 .o 
2 .o 
2 .o 
4 .5  

4.5 

4.5 

4.5 

4.5 

4.5 
4.5 

4.5 

3.0 

4.5 

4.5 

1.0 

1 .0  

2 .o 
1 .0  

1.0 

1 .0  

1.0 

1.0 

2 .o 
2 .o 
2 .o 
2.0 

2 .o 
2 .o 
2 .o 
2 .o 
2 .o 
2 .o 
2 .o 

69 .8  

6 1 . 1  

48.0 

48.0 

48 .O 

48.0 

51 .1  

68.6 

33.6 

33.6 

33.6 

33.6 

33.6 

40.5 
33.6 

33.6 

29 .1  

29 .1  

31.6 

27.1 

35.8 

48.9 

48.9 

48.9 

48.9 

45.8 

28.4 

6 3 . 3  

63 .3  

63 .3  

63 .3  

63 .3  

56.4 
63.3 

63.3 

67 .a 
67 .8  

65.3 

0 .18  

0.24 

0 .13  

0.15 

0.19 

0.08 

0.10 

0.12 

0.02 

0 -04 

0.06 

0 .o 
0.04 

0.01 
0.0 

0 .0  

0 . 0 3  

0.02 

0.04 

con t inued  . . . . .  



Table 14 (continued) 

Date L imi t ing  i n f i l t r a t i o n  c a p a c i t y  (Fc) of 
v a r i o u s  zones,  nm.hr-1 

% of  t o t a l  % of t o t a l  I n i t i a l  
a r e a  t o  area t o  ground 

subsu r face  ground water 
flow water  f l owra te  

3 -1 2Y3 4 , 5  _I_ 6 3 7  8Y9 m .see 

Oct 28, 72 

Nov 2, 72 

Nov 17 ,  70 

Nov 26, 70 

Nov 28, 73 

Dec 3 ,  70 

Dec 5 ,  75 

Dec 6 ,  7 1  
d 
cn Dec 13, 75 

Dec 15, 7 1  

9 .0  
9 .0  

10.0 

9.0 

8.0 
10.0 

8 .o 
10.0 

5 .o 
10.0 

3.0 

3 .O 

6 .O 

3 .O 

3.0 
6.0 

3 .0 

6 .O 

2 .o 
6 .O 

2.0 

2 .o 
4 .5  

2 .o 
2.0 

4.5  

2.0 

4.5  

1.5 

4.5  

1.0 

1 .0  

2.0 

1.0 

1.0 

2 .o 
1.0 

2.0 

1.0 

2 .o 

31.9 

33.0 

31.6 

33.0 

4 2 . 4  

31.6 

33.0 

31.6 

33.0 

31.6 

65 .O 

63.9 

65 .3  

63.9 

54.6  
65.3  

63.9 

65 .3  

63.9 

65 - 3  

0.08 

0 .11  

0.07 

0.10 

0 . 1 3  

0.17 

0 .07  

0 .03  

0.06 

0.06 



Table 15: A s s u x d  Model Parameters  of  Holiday Creek (AG-5) 
Watershed During Var ious  Storms 

Date L imi t ing  i n f i l t r a t i o n  c a p a c i t y  (Fc) of % of t o t a l  % of  t o t a l  I n i t i a l  
va r ious  zones,  mm.hr-1 a r e a  t o  area t o  ground 

subsur f  ace ground water 
flow wa te r  f l owra te  

3 -1 697 8 ,9  m .sec 2 33- 495 ________ 
Mar 3 ,  76 
Apr 1 8 ,  75 

A p r  2 L ,  7 6  

May 6 ,  76 

J u n  3 ,  75 

Ju1 14,  76 

Jul 2 0 ,  76 

Jul 2 9 ,  76 

Aug 13, 76 

Aug 2 4 ,  75  
D e c  1 3 ,  75 

1.5 
6 .O 
l ;n  

5 .O 

6 .O 

6 .O 

6 .0  

6 .O 

6 .O 

6 .O 

3 .O 

2 ." 

1.2 

4.5 
2 r :  2 . J  

4 .O 

4.5 

4.5 

4.5 

4.5 

4.5 
4.5 

2 .o 

0 . 8  

2.0 

1.5 

1 .O 

2 .o 
2.0 

2 .o 
2 .o 
2.0 

2 .0  

1.0 

0 . 8  
2 .o 
1.5 

1.0 

2 .o 
2 .o 
2.0 
2 .o 
2 .o 
2 .o 
1.0 

66.6 
51.2 

44 .6  

44.6 

36.1 

47.5 

47.5 

47.5 

37.7 
37.7 

32.5 

31  .O 

46 .3  

5 2 . 9  

52.9 

6 1 . 4  

50.0 

50 .O 

50.0  

59 .8  

59 .8  
65 .1  

0.30 
0 . 2 3  

0 . 1 1  

0.20 

0.04 
0 .o 
0.0 

0 .04  

0.04 
0 .o 
0.20  
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Holiday Creek (AG-5) Watershed 

100 

80 

60 

40 

20 
A 

0 
0 

0 
0 

0 

4 8 12 16 20 24 28 32 36 

Upper l i m i t  o f  o v e r l a n d  runof f  d e p t h ,  mm 
F igu re  36: Comparison of e s t i m a t e d  ( f i e l d )  and computed (model) overland-runof  f d e p t h s  

produced d u r i n g  the August 13, 1976 s t o r m  on Holiday Creek (AG-5) w a t e r s h e d .  



It i s  f e l t  t h a t  t h i s  area needs more r e s e a r c h  i n c l u d i n g  methods of 
e s t i m a t i n g  groundwater c o n t r i b u t i o n  from recorded  d a t a .  S ince  t h e  
o b j e c t i v e  o f  t h e  model was n o t  an  accurate p r e d i c t i o n  of  groundwater 
accumula t ion ,  no f u r t h e r  m o d i f i c a t i o n s  were made i n  t h i s  model. 

Water ba lance  summaries 

Storm-event water-balance summaries f o r  t h e  watersheds  are given 
i n  Tables  16 t o  18. The e f f e c t i v e  i n p u t  i s  t h e  r a i n  and snowmelt 
amounts a f t e r  deduc t ing  a s m a l l  i n t e r c e p t i o n  amount. The o u t p u t  c o n s i s t s  
of ove r l and  r u n o f f ,  n e t  s u b s u r f a c e  s t o r m  r u n o f f ,  n e t  i n p u t  t o  ground- 
water ,  evapora t ion  and any depres s ion  s t o r a g e  assumed f o r  t h e  watershed.  
The n e t  amount of  e i t h e r  subsu r face  s t o r m  runoff  o r  groundwater 
accumula t ion  i s  t h e  sum of  t h e  d i f f e r e n c e  between t h e  s t o r a g e  c a p a c i t i e s  
a t  t h e  beginning  and end of  t h e  s t o r m  and t h e  amount produced du r ing  t h e  
a n a l y s i s  p e r i o d .  

The l a s t  column of t h e  t a b l e  g i v e s  appa ren t  so i l -wa te r  s t o r a g e  
i n c r e a s e  due t o  t h e  s torm.  I t  can be  seen  t h a t  t h e  amount i s  l a r g e  f o r  
most summer s torms  o r  s torms  wi th  d r y  i n i t i a l  c o n d i t i o n s .  This  i s  
due t o  l a r g e  amounts of  so i l -wa te r  d e f i c i t  a t  t h e  beginning  of  t h e  s torm.  
The n e g a t i v e  amount i n  t h i s  column i n d i c a t e s  very  w e t  i n i t i a l  c o n d i t i o n s  
f o r  t h e  s torms .  

I n f i l t r a t i o n  c a p a c i t y  

I n f i l t r a t i o n  c a p a c i t y  rates computed a t  t h e  beginning  and end of 
s t o r m  p e r i o d s  f o r  t h e  watersheds  are given i n  Tables  19 t o  21. Zones 
2 and 3 have w e l l  d r a ined  s o i l s ,  zones 4 and 5 have i m p e r f e c t l y  d ra ined  
s o i l s ,  zones 6 and 7 have poor ly  d ra ined  s o i l s  and zones 8 and 9 have 
very  poor ly  d ra ined  s o i l s  i n  Ca.iagagigue (AG-4) and Holiday Creek (AG-5) 
waiersheds .  The sequence in East Canagagigue watershed i s  however, 
extremely w e l l  d r a i n e d ,  w e l l  drA.ned, i m p e r f e c t l y  d ra ined  and ve ry  
poor ly  d r a i n e d  s o i l s .  

I n f i l t r a t i o n  c a p a c i t y  v a r i e d  wi th  bo th  s o i l  t ype  and season .  Well 
d r a i n e d  and ext remely  w e l l  d r a ined  s o i l s  had h i g h e r  i n f i l t r a t i o n  
c a p a c i t y  than  very  poor ly  d ra ined  s o i l s .  The c a p a c i t y  w a s  maximum d u r i n g  
t h e  summer months and minimum dur ing  w i n t e r  f o r  a l l  s o i l  types .  

Well d ra ined  s o i l s  of Canagagigus Watershed had i n f i l t r a t i o n  
c a p a c i t y  r ang ing  from 30 t o  84 mm.hr-l d u r i n g  t h e  months of  June through 
August a t  t h e  beg inn ing  of a s torm.  The rates dropped t o  7 t o  1 2  mm.hr 
du r ing  September - October ,  3 t o  9 mm.hr-l d u r i n g  November - December 
and 3 t o  6 mm.hr-l d u r i n g  March through May. E a s t  Canagagigue had t h e  
same response .  W e l l  d r a ined  s o i l s  of  Holiday Creek watershed  d i f f e r e d  
s l i g h t l y  d u r i n g  March through May. The c a p a c i t y  v a r i e d  from 3 t o  12 
mm. h r - l .  

-1 

I t  should  be  no ted  t h a t  t h e  summer va lues  are very  much d i f f e r e n t  from 
t h e  va lues  d u r i n g  o t h e r  months. The r easons  are a dense v e g e t a t i v e  cover  
and commonly a l a r g e  amount of  so i l -wa te r  d e f i c i t  i n  t h e  top  s o i l  l a y e r .  

79 



Table 16:  Storni  Event Water Balance Summaries f o r  Canagagigue (AG-4) Watershed 

__ . __ __ .- - ________I 

E f f e c t i v e  O u t p u t  Components, nnn T o t a l  Ap p are n t 
i n p u t ,  mm o u t p u t ,  s o i l - w a t e r  

m s t o r a g e  ____ -__ 

Date R a i n f a l l  Overland Net sub-- N e t  ground Evaporat ion Depression (B+C+D+E+F) i n c r e a s e  
and r u n o f f  s u r f a c e  water f o r  p e r i o d  s t o r a g e  ram 

A -_ B C - D E F G (A-G) 
Nar 19, 76 220@ 116 85.6 17.5 0 .o 0 .5  219.6 0 . 4  

Mar 30, 76 20@ 2.0 11.4 5.6 0.0 0.5 19.5 0 .5  

Apr 15, 76 24 7.0 2.9 2 . 1  4.4 0.5 16.9 7 .1  

Snowme 1 t runoff  s t o r a g e  o f  a n a l y s i s  

Apr 15, 76 2 1& 4.8 2.6 1.7 4.4 0.5 14 .O 7 .o 
Apr 24, 76 43@ 7.4 13.8 11.5 7.7 0.5  40.9 2,1 

May 5 ,  76 2 7  8 .0  7 .3  6 . 1  12 .o 0 .o 33.4 -6.4 

May 11, 74 23 3.4 9 . 1  8.3 4.7 0 .5  26 .O -3 .o 
ca 

May 15, 74 25” 7.0 7.0 5 - 0  2.2 0.5 21.7 3.3 

May 16, 74 

Jun  7, 7 1  

J u n  13, 76 

Jun  19, 75 

Jun  21 ,  72 

Jun  30, 76 

J u l  5 ,  7 1  

Aug 1, 73 

Aug 23 ,  75 

Sep 18, 75 
Sep 26,  70 

56 

37 

29 

32 

6 3  

49 

51 
46 

10 8 

35 

20 

39.1 

2.2 

2 . 2  

4.6 

2.7 

8 .2  

1.3 

2.2 

7.2 

1 .o 
0 .9  

10.1 

0 .o 
0 .o 
1.0 

4 . 1  

0 . 3  

0 .o 
0 .o 
4 .O 

5.9 

0.9 

3.8 

0.0 

0.0 

0.5 

2.6 

0 .o 
0.0 

0.0 

4.2 

9 . 8  

0 .4  

8 .7  

18.8 

8.9 

10.5 

30.2 

17 .3  

9.4 

11.1 

15.2 

12 .o 
14.2 

0 .5  

1 .o 
1.9 

1.0 

1.9 

1.0 

2 . 1  

2.5 

2 .o 
0.5 

1.5 

62.2 

22 .o 
13.0 

17.6 

41.5 

26.8 

1 2 . 8  

15.8 

32.6 

29.2 

17.9 

-6.2 

15 .O 

16.0 

14.4 

21.5 

22.2 

38.2 

30.2 

75.4 

5 . 8  

2 .1  

con t inued  . . . . .  



Table 16 (cont inued)  

E f f e c t i v e  
i n p u t ,  nxn 

Output Components, mm T o t a l  Apparent 
o u t p u t ,  soil-wa te  r 

m s t o r a g e  ___.I___- _I - ._ 

D a t e  R a i n f a l l  Overland Net s ~ l b -  N e t  ground Evapora t ion  Depression (B+C+WE+F) i n c r e a s e  
and runoff s u r € a < e  water f o r  p e r i o d  s t o r a g e  mm 

B C D E F G (A-G) 
Snowme It runof E s t o r a g e  o f  a n a l y s i s  

_____- - _______I ___I_- ~..- A 

O c t  22, 72 62 5.2 3 , o  1.9 6 .O 1 .o 1 7 . 1  44.9 

O c t  20, 72 19 0 .8  2 . 1  3 .6  6 .7  0 . 5  13.7 5 .3  

Nov 2 ,  72 1 2  1 .o 2 . 4  4.6 5 .4  0 - 5  13.9 -1.9 

Nov 7 ,  72 16 3.3 3.7 6.6 5 .o 0 . 5  18.7 -2.7 

Nov 1 7 ,  70 20@ 0.9 5 .7  11 - 9  0 - 0  1.6 20.1 -0 .1  

Nov 26, 70 25@ 1.5 9 . 7  14.1 0.0 2 .o 2 7 . 3  -2.3 

Nov 28, 73 19 3.7 6 . 3  9 .8  0.0 0.5 20.3 -1.3 

Dec 3 ,  70 28 8.8 8.1 20.5 0.0 0.5 37.9 -9.9 03 

24@ 13.3 3.4 8.2 0.0 0.5 25.4 -1.4 
I- 

D e c  5 ,  75 

D e c  6 ,  7 1  47@ 2.7 6 . 3  1.7 0 - 0  2.60 13.3 33.7 

D e c  13, 75 15 @ 4.7 4 .5  5.7 0.0 0 .o 14 -9  0 . 1  

D e c  15, 7 1  29 4 . 8  5 . 4  12.1 0 .o 0.5 22.8 6 .2  

@ Inc ludes  snowmelt 

if F i f t y  p e r c e n t  more than recorded amount 

& Average; amounts on subwatersheds va ry  



Table 1 7  : Storm Event Water Balance Summaries f o r  East Canagagigue Watershed 

E f f e c t i v e  Output Components, mm T o t a l  Apparent 
i n p u t ,  mm o u t p u t ,  s o i l - w a t e r  

s t o r a g e  mm ___I_._ -.. - ~ _ _ I _ _ _ _ I _ -  

Date R a i n f a l l  Overland Net sub- N e t  ground Evaporat ion Depression (B+C+DfE+F) i n c r e a s e  
an d runoff  s u r f a c e  water f o r  p e r i o d  s t o r a g e  mm 

A B C D E F G (A-G) 

Mar 19, 76 220@ 10 7 73.5 35.8 0 .o 0.5 216.8 3.2 

har 30, 76 20@ 1 .4  10 .1  5.5 0 .0  0.5 17 -5  2.5 

Snowme 1 t runoff  s t o r a g e  of a n a l y s i s  
~ I _ -  

Apr 15, 76 24 4 . 1  3.0 3.6 4.4 0.5 15.6 8.4 

G Y  5 ,  76 27 5.5 7 .8  9.2 12 .o 0 .o 34.5 -7.5 

May 11, 74 23  3.2 8 . 7  9 .3  4.7 0.5 26.4 -3.4 

Apr 24, 76 4 3@ 5 .O 13 .O 14.2 7 . 7  0.5 40.4 2.6 

May 15, 74 2 1  4 .8  5.5 5 .7  2.2 0.5 18.7 2 . 3  $ 

May 16, 74 56 38.1 10.2 4.4 9 . 1  0.5 62 .3  -6.3 

JUn 7 ,  7 1  37 2 . 8  0 . 1  0 .0  8.1 1 .o 12 .o 25 .O 

Jun 13, 76 44 5.6 0 .1  0.0 8.9 1.9 16.5 27.5 

J u n  19, 75 32 2 -6  0.6  0.0 22.1 1 .o 26.3 5.7 

JUII 21,  72 6 3  2 . 3  2 .5  2.8 30.3 1.9 39.8 23.2 

Jun 30, 76 6 1' 9 .9  3.0 3.8 17.3 1 .o 34 .O 27.0 

J u l  5 ,  7 1  51 2 . 4  2.4 2 . 1  9 . 4  1.9 18.2 32.8 

J u l  31, 73 6 1  8.3 0.0 0.0 10 .o 2.6 20.9 40.1 

Aug 23, 75 10 8 6 .O 0.2 0 .1  15.1 1.9 23.3 84.7 

Sep 18, 75 35 1.1 3.6 9 . 1  11.9 0.5 26.2 8.8 

Sep 26,70 20 1.1 0 . 7  0 .1  6.9 1.5 10.3 9 . 7  

con t inued  . . . .  



Table 17 (continued) 

Outpur Components, mm T o t a l  Ap p a r  en t E f f e c t i v e  
i n p u t ,  mm o u t p u t ,  so i l -wa te r  

s t o r a g e  mm ____I_ -. - - 

Date R a i n f a l l  Overland N e t  sub-  N e t  ground Evaporation Depression (B+C+D+E+F) i n c r e a s e  
and runoff  s u r f a c e  w a t e r  f o r  p e r i o d  s t o r a g e  mm 

A B C D E F G (A-G) 

O c t  21, 72 68 5.3 5 .4  17.4 5.3 1.9 35.3 32.7 

O c t  28 ,  72 19 0.7 2.0 2.4 6 .7  0 . 5  12  - 3  6.7 

Nov 17, 70 20@ I 0 .6  5 . 5  10.3 0 .o 0 . 8  17.2 2 .8  

Snowme 1 t runoff  s t o r a g e  o f  a n a l y s i s  

Nov 2 ,  72 12 0 . 7  2.2 3 . 7  5 .4  0 . 5  12.5 -0.5 

Nov 26, 70 25 1.1 7.8 15 .O 0.0 1.0 24.9 0.1 

Nov 28, 7 3  19 2 .2  6.9 10 .1  0.0 0 . 5  19.7 -0.7 

k c  3, 70 2 8  6 . 3  8 . 2  22.8 0 .o 0 . 5  37.8 -9.8 

@ 

Dec 5 ,  75 2 4@ 8.4 4.2 9 . 1  0.0 0 . 5  22.2 1.8 

Dec 13, 75 15@ 3 . 4  3.6 8.0 0 .o 0 .0  15 .O 0 .o 
co w Dec 6 ,  7 1  4 7@ 2 . 0  7.6 7.6 0.0 2.7 19.9 27.1 

LJeC 15, 7 1  29 1.8 5 .4  9.8 0.0 2 .7  19.7 9 . 3  

(3 Inc ludes  snowmelt 

# F i f t y  pe rcen t  more than recorded amount 

$ Twenty-five pe rcen t  more than recorded amount 



Table 1 8 :  Storm Event Water Balance Summaries f o r  Holiday Creek (AG5) Watershed 

E f f e c t i v e  Output Components, mm Tot a1 Apparent 
so i l -wa t e  r i n p u t ,  mm o u t p u t ,  

mm s t o r a g e  
Date R a i n f a l l  Overland N e t  sub- N e t  ground Evapora t ion  Depression (B+C+D+E+F) i n c r e a s e  

and runoff s u r f  ace  water f o r  p e r i o d  s t o r a g e  mm 

A B c D E F G (A- G )  
S nowme 1 t runoff  s t o r a g e  of a n a l y s i s  

Mar 3, 76 

Apr 18, 75 

Apr 24, 76 

May 6, 76 

Jun 3 ,  75 

J u l  14, 76 

J u l  20, 76 

J u l  29, 76 

Aug 13, 76 

Aug 13, 76 

Aug 24, 75 

D e c  14, 75 

69@ 

40 

47 

45 

46 

27 

61 

32 

85 

88' 

61 

19 @ 

30.8 

9.4 

3.8 

4.6 

1.4 

1.6 

13.5 

1.5 

26.3 

29.9 

3 .O 

2.1 

24.0 

12 .o 
7.4 

8.9 

0.9 

0.2 

0.7 

3.1 

8.2 

8. 1 

3.1 

3.7 

11.5 

11.1 

8.6 

10.4 

1.4 

0.0 

0.1 

0.9 

14.5 

14.4 

2.3 

8.1 

2.9 

8.9 

7.8 

12.1 

17.5 

22.8 

22.2 

22 .o 
15.7 

15.7 

15.5 

3.8 

0.5 

0.5 

0.5 

0.5 

2 .o 
2.0 

2 .o 
0.5 

2 .o 
2 .o 
2 .o 
0.5 

69.7 

41.9 

28.1 

36.5 

23.2 

26.6 

38.5 

28 .O 

66.7 

70.1 

25.9 

18.2 

-0.7 

-1.9 

18.9 

8.5 

22.8 

0.4 

22.5 

4 .O 

18.3 

17.9 

35.1 

0.8 

@ Inc ludes  snowmelt 

# Seventy p e r c e n t  of recorded amount 

6 Average; amounts on subwatersheds vary 



Table 19: I n i t i a l  aiid F i n a l  I n f i l t r a t i o n  C a p a c i t i e s  f o r  Pervious 
Zones of  Canagagigue (AG-4) Watershed During Various Storms 

~~ ~~~~~ ~ 

Date I n i t i a l  I n f i l t r a t i o n  Capaci ty  F i n a l  I n f i l t r a t i o n  Capac i ty  
-1 -1 m , h r  m . h r  

Zones Zones Zones Zones Zones Zones Zones Zones 
2 , 3  495 697 8 9 9  293 4 35 697 839 

Mar 30,  76 2 . 8  2.5 1 - 4  1.4 2.5 2.0 1.2 1 . 2  

* 
Mar 19, 76 2 . 8  2.5 1 .4  1 . 4  2.6 2.2 1.3 1.3 

Apr 15, 76 8.2 6 . 3  2.9 2.9 5 . 9  4 .3  2 . 3  2 . 3  

Apr 24, 76 4 .O 3.8 2 .1  2 . 1  2.7 2.3 1.3 1.3 

%y 5 ,  76 4.7 3.5 1.9 1.9 4 .O 2.5 1.5 1.5 

May 11, 74 6.4 4 .5  1 .7  1.6 5 . 7  3.6 1.5 1.5 

May 15, 74 6 , 3  4.4 2 .o 2 .o 5 .O 3 .O 1 .5  1.5 
co 
cn May 16 ,  74 5 .8  3.7 1 . 7  1.7 5 .O 3.0 1.5 1.5 

Juri 7, 7 1  43.4 43.1 29.7 29.7 24.4 24.1 14.8 14.8 

Jun 13, 76 35.3 32.7 14.7 14.7 21.3 19.0 6.6 6.6 

Juri 19, 75 29.5 23.5 7 . 8  7.8 17.2 12.7 3.4 3.4 

Jun  21,  72 39.0 39.6 26.8 26.8 12 -2 13.2 4.2 4.2 

Jun 30, 76 35.7 29.8 11.6 11.6 13.5 10.2 2.8 2.8 

J u l  5 ,  71 50.1 52.5 35 .O 35 .o 17 .O 18.3 7 . 1  7 .1  

Aug 1, 73 61.1 64.6 47.7 47.7 23.4 25.2 16.3 16.3 

Aug 23,  75 84.2 86.3 64.0 6 4  .O 17.5 19.4 10.1 10.1 

Sep  18, 75 11.9 12.1 7.6 7.6 6 .9  6.0 3.1" 3.1" 

Sep  26,  70 21.3 24.2 15.9 15.9 1 1 . 7  13.4 7.2 7.2 

O c t  22,  72 16.8 16.8 9 . 6  9.6 6.2 4.8 2.1" 2 .o 

continued . . . . .  



T a b l e  19 (continued) 

- 

Date I n i t i a l  I n f i l t r a t i o n  Capac i ty ,  F i n a l  I n f i l t r a t i o n  Capacity 
-1 -1 __ m m . h r  

-I___-__ 

mm.hr 

Zones Zones Zones Zones Zones Zones Zones Zones 
2 3 3  435 697 8 ,9  2Y3 495 ,  697 899 

O c t  28, 72 6 .8  6.6 3.4 3.4 3.8 3.3 1.2* 1.2" 

Nov 2 ,  7 2  4.6 3 . 9  2 . 3  2 . 3  4.2 3.7 1.9 1.9 

Nov 7 ,  72  3.6 2 .8  1.3 1.3 3.0 2 .o 1 .0  1 .o 
Nov 1 7 ,  70 7 . 8  7 .o 3.3 3.3 6 .8  5.8 2.6* 2.6* 

Nov 26, 70 3.9 3 . 2  1 . 3  1.3 3 . 7  3.1 1.3 1 .3  

Nov 2 8 ,  73 3.9 3.2 1.4 1.4 3.1' 2 -2' 1 .o 1.0 

Dec 3, 70 6.8 5.5 2 . 2  2 .2  6 .O" 4.5" 2 -0 2.0 

Dec 5 ,  75 3 .3  2 . 4  1 , l  1.1 3.0 2 .o 1 .o 1 .o 
Dec 6 ,  7 1  9.2 7.3 3.6 3 -6 6.2" 4 .6* 2.0* 2 .o* 
Dec 13, 75 3.2 2 " 2  1 , 2  12. 3.0 2 .o 1.0 1 .o 
Dec 15, 7 1  8 . 2  6.4 2 .8  2.8 6 .O 4.5 2.0 2 .o 

03 
a 

-____ - 

* Average of t w o  zones 



Table 2 0 :  I n i t i a l  a i d  F i n a l  I n f i l t r a t i o n  Capaci t ies  f o r  Perv ious  
Zones o f  Eas t  Canagagigue Watershed During Various Storms 

Date I n i t i a l  Inf  i l t  ra t ioii Capaci ty  , F i n a l  I n f i l t r a t i o n  Capaci ty  
-1 -1 m.h r  m . h r  

___-I_____ 

Zones Zones Zones Zones Zones Zones Zones Zones 
2 9 3  4 95 697 8 99 293 4 9 5  6 9 7  8 $9 

Mar 30, 76 5 . 4  2.8 2 - 5  1 .4  4.2 2 .5  2 . 1  1.1 

Apr 24, 76 6.6 4.0 3.8 2 .1  4.8 2.7 2 - 4  1 .2  

May 5 ,  76 10.7 3.6 2 .9  1.4 9 . 3  3.0 2.0 1.0 

May 11, 74 10.5 3.4 2 .6  1.2 9 .9  3 . 2  2.2 1.0 

May 15, 74 10.3 3 ,5  2.6 1.4 9.4 3 .O 2 .o 1 .o 
May 16, 74 9 . 8  3.3 2 . 3  1.2 9.0 3 .O 2.0 1.0 

Mar 19 ,  76 5 - 4  2 . 8  2.5 1 .4  3.8" 2.4" 1.9" 1 .2"  

Apr 15, 76 13.0 8 . 2  6 . 3  2.9 10.2 5 .9  4 .3  2 .3  

0, w 

Jun  7 ,  7 1  37.7 43.4 43.1 17.7 21.2 24.6 24.1 8.6 

Juri 13, 76 52 .O 43.2 40.4 18.2 30.9 23.0 20.5 6.6 

Jun 19, 75 30.6 29.5 23.5 7.8 18.8 17.2 12.7 3.4 

Jun  21, 72 46.6 39.0 39.6 26.8 21.8 12 .3  13.3 4.2 

Jun  30, 76 37.4 35.7 29.8 11.6 11.9 8 .9  7 .O 2 -2 

J u l  5 ,  71 50 .3  50.1 52.5 23.6 19 .1  17 .O 18.3 4 .O 

J u l  31, 73 75 .o 66 .O 69.5 52.4 28.4 22 - 3  23.6 14.9 

Aug 23, 75 104.0 84.2 86 .3  63.0 24 .8  13.2 14.0 4.9 

Sep  18, 75 31.6 11.9 12 0 1 7.6 18.7 7 . 3  6 . 1  3.5 
S e p  26,  70 29.6 17.4 19 .3  12.4 20.4 10.5 11.2 6.6 

O c t  21,  72 22.9 16.8 16 .8  9.6 12 .o 6.1" 4.6" 2 .0  

cont inued  . . . . .  



T a b l e  20 (cont inued)  

D a t e  I n i  t i a l  I n  f i 1 t r a t i 011 Cap ac i  t y  , F i n a l  I n f i l t r a t i o n  Capaci ty  , 
-1 -1 m . h r  __ m m . h r  

Zones Zones Zones Zones Zones Zones Zones Zones 
2 9 3  - 4 Y 5  637 8,9 2 73 4 95 6Y7 8Y9 

O c t  2 8 ,  72 20.4 6 - 8  6 -6  3.4 15.4 3.8 3.3 1.2" 

N o v  2, 72 16.4 4.6 3.9 2.3 14.2 4 ' 3  3.8 2 .O* 

Nov 17, 70 16.5 7.8 7 -0  3.3 14.1 6.8 5.8 2.6* 

N o v  26, 70 12.1 3.9 3 - 2  1.3 11.5 3.7* 3 .O 1.2" 

N o v  28, 73 10.8 3.9 3.2 1.4 9.5 3 . l *  2.2* 1 .o * * 
D e c  3, 70 12.8 6.8 5.5 2.2 11.8 6 .O 4.5 2.0 

D e c  5, 75 9.4 3.3 2 , 4  1.3 8.0 3 .O 2 .o 1.0 

D e c  6, 7 1  17.4 9.3 7 .3  3.6 11.8 6.1" 4.6" 2.0 

D e c  13, 75 5.8 2.2 1,s 1.2 5.2 2 .o 1.5 1 .o 
D e c  15, 7 1  14.9 8.2 6 .4  2.8 11.4 6 .O 4.5 2.0 ca 

cc, 

* Average of zones 



Table 2 1 :  I n i t i a l  and F i n a l  I n f i l t r a t i o n  Capacities f o r  Perv ious  
Zones of  Holiday Creek ( A G 5 )  Watershed During Various Storms 

Date I n i t i a l  I n f i l t r a t i o n  Capac i ty ,  F i n a l  I n f i l t r a t i o n  Capacity 
-1 -1 mm.hr mm.hr 

Zones Zones Zones Zones Zones Zones Zones Zones 
2 , 3  4 3 5  697 839 2Y3 495 6 37 899 

M a r  3 ,  76 

Apr 1 8 ,  75 

Apr 2 4 ,  76 

May 6 ,  76 

Jun 3 ,  75 

J u l  1 4 ,  76 

J u l  2 0 ,  76 

J u l  2 9 ,  76  

Aug 1 3 ,  76 

Aug 2 4 ,  75 

Dec 1 3 ,  75 

03 
a 

2 . 8  

8 .3  

9 . 8  

12 .o 
48 .O 

6 3 . 4  

76 .O 

49.0 

49.0 

62.6 

4 .4  

2.5 

6 . 8  

8.3 

10.5 

39.8 

57.4 

74.5 

42.6 

47.5 

57.9 

3.4 

1.4 

3 .3  

3.5 

4 .6  

22 .o 
27.9  

4 0 . 1  

2 6 . 4  

3 0 . 8  

4 0 . 1  

1.7 

1.4 

3.3 

3.5 

3.5 

19.2 

25 .5  

35 .3  

22 .2  

30.8 

3 5 . 3  

1.7 

1.7 

6 . 3  

6 . 1  

6 . 2  

22 .o 
38.5 

23 .0  

21.7 

8.9 

1 4 . 3  

3.6 

1 . 4  

4 . 8  

4.6 

4.9 

16.2 

32 .8  

22 .o 
17 .O 

7 . 6  

1 2 . 1  

2 . 6  

0 . 9  

2.2 

1.6 

1 .4  

7.5 

11.8 

10.9 

6.9 

4.4 

5 .9  

1.2 

0.9 

2.2 

1.6 

1.2 

7 . 1  

10.6 

9 . 5  

5 . 9  

4 .4  

5 . 8  

1 . 2  



T h e  h igh  i n f i l t r a t i o n  c a p a c i t y  r a t e s  most ly  l i m i t  t h e  ove r l and  f low 
response  of areas of wel l -dra ined  s o i l s  i n  summer. Genera l ly ,  s p r i n g  
and w i n t e r  s torms  s h o w  some s i m i l a r i t y  i n  t h e i r  respone  w i t h  more 
f r e q u e n t  ove r l and  f low g e n e r a t i o n  which has  l i t t l e  resemblance t o  a 
summer s t o m  re sponse .  

I n f i l t r a t i o n  c a p a c i t y  rates f o r  v e r y  poor ly  d r a i n e d  s o i l s  a l s o  
va ry  seasonab ly .  
I n f i l t r a t i o n  c a p a c i t y  rates f o r  ex t remely  w e l l  d r a i n e d  s o i l s  of East 
Canagagigue watershed  were h i g h e r  than t h o s e  of w e l l  d r a i n e d  s o i l s .  

The values w e r e  smaller than  f o r  w e l l  d r a i n e d  s o i l s .  

I n f i l t r a t i o n  c a p a c i t i e s  drop du r ing  a storm due t o  i n f i l t r a t e d  
water and r ecove r  a f t e r  i n p u t  s t o p s .  Th i s  i s  c l e a r l y  i l l u s t r a t e d  by 
F igu res  37 t o  41 .  Recovery of i n f i l t r a t i o n  rates between storms has  
been shown by d o t t e d  l i n e s .  

F igu re  37 shows t h e  i n f i l t r a t i o n  c a p a c i t y  ra tes  f o r  several s torms  
which occur red  i n  success ion  on Canagagigue watershed .  The f i r s t  storm 
(March 1 9 ,  7 6 )  is  a snowmelt even t  and a v e r y  slow and s m a l l  drop i n  
i n f i l t r a t i o n  c a p a c i t y  du r ing  t h e  s torm i s  n o t i c e d .  It  i n d i c a t e s  t h a t  
t h e  s o i l  w a s  v e r y  w e t  and t h e  l i m i t i n g  i n f i l t r a t i o n  c a p a c i t y  state w a s  
reactlea. A f t e r  t h e  end of each  s t o m  some recovery  of i n f i l t r a t i o n  
c a p a c i t y  (showed by d o t t e d  l i n e )  w a s  n o t i c e d .  The A p r i l  24 storm ljad 
lower  rates than  A p r i l  15 storm because of r a i n f a l l  which occur red  on 
A p r i l  2 1 s t  (7  mm) and A p r i l  22nd ( 3  mm). 

I n f i l t r a t i o n  c a p a c i t y  rates f o r  October - November, 1972 s torms  
could  be  e x p l a i n e d  s i m i l a r l y  ( F i g u r e  38) .  The drop i n  t h e  i n f i l t r a t i o n  
c a p a c i t y  rates f o r  November 7 ,  72 storm seems t o  be an e r roneous  r e s u l t  
s i n c e  ttiere w a s  no r a i n f a l l  recorded  between November 4 and November 6 .  
The rates and t h e  drop  i n  t h e  rates are v e r y  s m a l l .  It could  be  s t a t e d  
t h a t  such d i s c r e p a n c i e s  i n  t h e  i n f i l t r a t i o n  c a p a c i t i e s  could  occur  
du r ing  t h e  w e t  season  due t o  h igh  s e n s i t i v i t y  of t h e  model t o  s m a l l  changes 
i n  the  s e l e c t e d  parameters .  The e r r o r s ,  however, are n o t  l a r g e  and do 
n o t  i n d i c a t e  any s e r i o u s  e r r o r s  e i t h e r  i n  computed v a l u e s  o r  s e l e c t e d  
parameters . 

It i s  worth n o t i n g  t h a t  t h e  i n f i l t r a t i o n  c a p a c i t y  rates drop ve ry  
r a p i d l y  d u r i n g  a storm having drier i n i t i a l  c o n d i t i o n s .  The rate 
cnange i s  mucn more g r a d u a l  d u r i n g  s torms  w i t h  w e t  i n i t i a l  c o n d i t i o n s .  

F i g u r e s  39 and 40 show t h e  i n f i l t r a t i o n  capacit ies f o r  May, 74 
and November - December, 70 s torms  on E a s t  Canagagigue. The e r roneous  
drop i n  i n f i l t r a t i o n  c a p a c i t y  ( i n s t e a d  of recovery)  a f t e r  November 1 7 ,  
70 s torm could  be a t t r i b u t e d ,  as J e f o r e ,  t o  t h e  s e n s i t i v i t y  of model 
parameters du r ing  w e t  s easons .  The amount and e f f e c t  of t h e  e r r o r  are 
s m a l l  and hence ignored.  F igu re  41 shows t h e  i n f i l t r a t i o n  c a p a c i t i e s  
du r ing  J u l y ,  76 s to rms  on Holiday Creek (AG-5) watershed. 

‘3 0 



Canagagigue ( A G 4 )  Watershed 
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Fig .  37:  I n f i l t r a t i o n  Capac i ty  
Rates During a Stornl 
Sequence on Canagagigue 
(AG-4)  Watershed fo r  
March - May, 1976. 

0. Zones 2 & 3 (Well d r a i n e d  s o i l s )  

x Zones 8 & 9 (Very poor ly  d r a i n e d  
s o i l s )  

1 
/ 

/ 
/ 

/ 
/ 

\ 
/ \ 

/ \ 
\ 

/ 

1 1 1 1 1 ! 1 1 1 1 ! ! ! ! 1 1 1 1 ! 1 1 1 1 1 1 ! 1 ! 1 1 l l 1 1 1 1 I l l l l l l l l l l l l l l J  
1 7  2 1  25 29 3 7 20 2 4  28 1 5 9 13 

Days i n  March, A p r i l  and May, 1976 



Canagagigue (AG-4) Watershed Fig .  38: I n f i l t r a t i o n  Capac i ty  
Rates During a Storm 
Sequence on Canagagigue 
(AG-4)  Watershed f o r  
October - November, 1972 .  

0 Zones 2 & 3 ( w e l l  d r a ined  s o i l s )  

x Zones 8 & 9 ( v e r y  poor ly  d r a i n e d  
s o i l s )  

Days i n  October  and November, 1972 



East  Canagagigue Watershed 
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Fig .  39 : I n f i l t r a t i o n  Capac i ty  
Rates During a Storm 
Sequence on E a s t  
Canagagigue Watershed 
f o r  May, 1974. 

0 Zones 2 & 3 ( ex t r eme ly  w e l l  
d r a i n e d  s o i l s )  

X Zones 8 & 9 ( v e r y  p o o r l y  
d r a i n e d  s o i l s )  

I I I I I I I 
11 1.2 13 14 15 16 1 7  

Days  i n  May, 1974 



Eas t  Canagagi gue Watershed 
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Pig.  4 0 :  I n f i l t r a t i o n  Capac i ty  
Rates During a Storm 
Sequence on E a s t  
Canagagigue Watershed f o r  
November - December, 1970.  

0 Zones 2 & 3 (ex t remely  w e l l  
d r a i n e d  s o i l s )  

X Zones 8 & 9 (ve ry  poor ly  
d r a i n e d  s o i  1s) 

I I I I I 1 I I I 1 I I 1 1 1 I I J 
1 7  1 Y  2 1  23 25 27 29 '1 3 

Days i n  November and December, 1970 
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Holiday Creek (AG-5) Watershed 

F ig .  41: I n f i l t r a t i o n  Capac i ty  
Rates During a Storm 
Sequence on Holiday C r e e k  
(AG-5) Watershed f o r  
J u l y ,  1976. 

0 Zones 2 & 3 (we l l  d r a i n e d  soils) 

x Zones 8 & 9 (very p o o r l y  d ra ined  s o i l s )  

I I I I I I I I I I I I I I 1 I 
14 15 16 17 lb 19 20 21 22 23 24 25 26 27 28 29 

Days i n  J u l y ,  1976 



Meeting o f  p r o j e c t  objectives 

An e v e n t - o r i e n t e d  hydro log ic  model has  been developed.  The model, 
GAWSER, s i m u l a t e s  f l o w r a t e  hydrographs a t  t h e  o u t l e t  o f  a g r i c u l t u r a l  
watersheds  o f  a s i ze  around 25 Km2.  
amount o f  ove r l and  and s u b s u r f a c e  s to rm r u n o f f  genera ted  by t h e  road ,  
s t r eam and d i t c h  s u r f a c e s  i n  a watershed ,  and by up t o  f o u r  d i f f e r e n t  t ypes  
o f  s o i l .  
groundwater s t o r a g e  as a r e s u l t  o f  a s torm r a i n f a l l  o r  snowmelt even t  i s  
a l s o  provided .  

The model provides  e s t i m a t e s  o f  t h e  

An estimate o f  t h e  amount o f  w a t e r  p e r c o l a t i n g  t o  deeper  

The model has  been e x t e n s i v e l y  t e s t e d  on t h r e e  a g r i c u l t u r a l  water- 
sheds  by t h e  s i m u l a t i o n  o f  s torms  o c c u r r i n g  i n  t h e  months from March through 
December. 
Canagagigue watersheds  and about one t h i r d  t h a t  number on t h e  Holiday Creek  
Watershed. 
made. 

Nearly t h i r t y  s torms were s imula t ed  on t h e  Canagagigue and Eas t  

From t h i s  a p p l i c a t i o n  of  t h e  model t h e  fo l lowing  p o i n t s  can be  

- The impermeable a r e a s  o f  watersheds ,  which are about 2.5% o f  t o t a l ,  
c o n s i s t e n t l y  p rov ide  ove r l and  r u n o f f  t o  t h e  watershed o u t l e t  f o r  n e a r l y  a l l  
r a i n  e v e n t s .  On watersheds  such ;is Canagagigue where flow ceased i n  t h e  
main stream d u r i n g  ex t remely  prolonged d ry  p e r i o d s ,  moderate and sometimes 
l a r g e  r a i n  amounts on t h e  impermeable areas may no t  produce s torm runof f  
which r eaches  t h e  watershed o u t l e t .  

- The poor ly -d ra ined  s o i l s ,  which a r e  g e n e r a l l y  c l o s e s t  t o  t h e  water 
c o u r s e s ,  make t h e  most f r equen t  a r ~ d  t h e  l a r g e s t  c o n t r i b u t i o n s  t o  over land  
s to rm runof f  t o  streams. This  r e s u l t  from t h e  model s tudy  i s  l a r g e l y  based 
on t h e  assumption t h a t  we l l -d ra ined  s o i l s  w i l l  b e  d r i e r  t h a n  poor ly  d r a i n e d  
s o i l s  a t  t h e  s t a r t  o f  most s torms .  This  i s  an a p p r o p r i a t e  assumption. 

- The we l l -d ra ined  s i l t - l o a m  s o i l s  s t u d i e d  genera ted  over land  r u n o f f  
i n f r e q u e n t l y .  The very-wel l -dra ined  sandy s o i l s  which cover  a p o r t i o n  o f  
Eas t  CanagaLigue watershed gene ra t e  over land  flow even less f r e q u e n t l y .  
Neve r the l e s s  very  l a r g e  r a ins to rms  such a s  t h e  August 1976 s torm on Holiday 
Crcek o r  t h e  May 1974 s torm on Canagagigue c r e a t e  over land  r u n o f f  even from 
we l l -d ra ined  s o i l s .  

- The much reduced i n f i l t r a t i o n  c a p a c i t i e s  which apply  t o  a l l  s o i l  
t y p e s  under ve ry  w e t  c o n d i t i o n s  i n  e a r l y  s p r i n g  and aga in  i n  l a t e  f a l l  
and e a r l y  w i n t e r  a l low over land  r u n o f f  t o  b e  genera ted  by l o w - i n t e n s i t y  
r a i n s .  This  low i n f i l t r a t i o n  c a p a c i t y  i s  p r e s e n t  even under unfrozen s o i l  
c o n d i t i o n s .  

The gene ra l  p a t t e r n  o f  r e s u l t ;  from t h e  model s t u d y ,  a s  o u t l i n e d  above, 
p a r t i c u l a r l y  t h e  i d e n t i f i c a t i o n  o f  a r e a s  n e a r  s t reams as t h e  most impor tan t  
s o u r c e  o f  over land  r u n o f f ,  ag rees  wi th  f i e l d  o b s e r v a t i o n s  made i n  o t h e r  o f  
t h e  watershed s t u d i e s .  D r .  M.  M i l l e r  r eques t ed  and ob ta ined  ove r l and  
( su r face )  runoff-amount estimates €or use i n  e s t i m a t i n g  phosphorous c o n t r i b u -  
t i o n s  from a g r i c u l t u r a l  wa te r sheds .  These estimates were based on t h e  r e s u l t s  
o u t l i n e d  i n  t h i s  r e p o r t  f o r  t h e  t h r e e  watersheds  s t u d i e d .  
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The p r o j e c t  d i d  n o t  p rov ide  as much in fo rma t ion  on snowmelt-period 
runoff  g e n e r a t i o n  as had been a n t i c i p a t e d  as t h e  s t a r t  of t h e  p r o j e c t .  
It tu rned  o u t  t h a t  s t reamflow f l o w r a t e s  f o r  t h e  two Canagagigue water- 
sheds  had q u i t e  l a r g e  p o s s i b l e  e r r o r s  du r ing  s p r i n g  breakup due t o  i c e  
e f f e c t s  on t h e  f l o w r a t e  v e r s u s  h e i g h t  r e l a t i o n s h i p s .  Furthermore,  
f i e l d  in fo rma t ion  on snow amounts a t  v a r i o u s  times dur ing  t h e  snowmelt 
p e r i o d  w e r e  n o t  a v a i l a b l e  f o r  any of t h e  t h r e e  watersheds .  These d a t a  
d e f i c i e n c i e s ,  and a l a c k  of time t o  devo te  t o  overcoming them, prevented  
any e x t e n s i v e  examinat ion  of snowmelt-period runoff  g e n e r a t i o n .  

In view of t h e  l a r g e  amount of t o t a l  annual  s t reamflow which o c c u r s  
du r ing  snowmelt-period e v e n t s  on On ta r io  watersheds  t r i b u t a r y  t o  t h e  
Great Lakes w e  recommend t h a t  f u r t h e r  s t u d i e s  be conducted on ove r l and  
arid s u b s u r f a c e  s torm runoff  g e n e r a t i o n  p r o c e s s e s  du r ing  snowmelt p e r i o d s .  
The p resence  of snow and t h e  e f f e c t s  of f r o z e n  s o i l  must be cons ide red .  
We b e l i e v e  t h a t  s t u d i e s  of runoff  from snowmelt p e r i o d s  could  be combined 
w i t h  s t u d i e s  of e r o s i o n  du r ing  snowmelt about which t h e r e  a p p e a r s  t o  
be l i t t l e  q u a n t i t a t i v e  in fo rma t ion .  

Another area which w a s  observed t o  be i n  need of f u r t h e r  s tudy  i s  
t h e  i n f l u e n c e  of t i l e  d r a i n s  on i n f i l t r a t i o n  p r o p e r t i e s  of s o i l s .  For 
t h i s  s t u d y  i t  w a s  assumed t h a t  t i l i n g  had no e f f e c t  on t h e  p r o p e r t i e s  
of t h e  s u r f a c e  s o i l  l a y e r .  Th i s  assumption needs  f u r t h e r  examination 
t o  de te rmine  whether t i l i n g  enhances t h e  i n f i l t r a t i o n  c a p a c i t y  of a s o i l .  
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RELATION OF F I N D I N G S  TO PLUARG OBJECTIVES 

The f i n d i n g s  of t h i s  s tudy  suppor t  t h e  view t h a t  s o i l  areas 
n e a r  streams are  t h e  most act ive zones i n  a watershed  i n  c o n t r i b u t i n g  
ove r l and  runof f  t o  streams. These zones,  g e n e r a l l y  i d e n t i f i e d  as 
poor ly  d ra ined  i n  s o i l  c l a s s i f i c a t i o n  mapping, produce over land  runoff  
more f r e q u e n t l y  than  wel l -dra ined  s o i l s  f a r t h e r  from streams and a l s o  
produce l a r g e r  amounts of over land  runoff  p e r  u n i t  o f  s u r f a c e  area than 
do wel l -dra ined  s o i l s .  

These f r e q u e n t l y  act ive runoff  gene ra t ion  zones can  be  expected t o  
b e  p o t e n t i a l  c o n t r i b u t o r s  of sediment  and d i s s o l v e d  n u t r i e n t s  t o  streams 
i f  t h e s e  s u b s t a n c e s  are avai1ab:Le and f r e e  t o  move a c r o s s  t h e  s o i l  s u r f a c e .  
These zones should  be  examined t o  see what p r e v e n t a t i v e  and remedia l  
measures shou ld  be  a p p l i e d  t o  them t o  r e s t r i c t  t h e  e n t r y  of  sediment 
and o t h e r  u n d e s i r a b l e  subs t ances  i n t o  t h e  over land  runoff  t h e s e  s o i l s  
g e n e r a t e .  

I n  t h e  examinat ion of remedia l  measures several outcomes of  t h i s  
and o t h e r  s t u d i e s  should  b e  kept i n  mind. There i s  a s t r o n g  s e a s o n a l  
v a r i a t i o n  i n  over land  runoff  gene ra t ion .  Events du r ing  t h e  per iod  from 
1 a t e  May through September g e n e r a l l y  produce l i t t l e  over land  
runoff  even from t h e  most a c t i v e  zones because o f  l a r g e  s o i l  wa te r  
d e f i c i t s  and h igh  i n f i l t r a t i o n  c a p a c i t i e s .  Any remedia l  measures which 
were a p p l i e d  d u r i n g  t h i s  season  on ly  w i l l  be  l i m i t e d  i n  t h e i r  e f f e c t  
on annual  stream-borne l o a d i n g  because of t h i s  normal l a c k  of 
s i g n i f i c a n t  ove r l and  runof f  d u r i n g  t h e  summer. 

Most s t reamflow i n  t o t a l ,  and most s to rm r u n o f f ,  occu r s  i n  and 
immediately a f t e r  t h e  snom.&t pe r iod  i n  t h e  watersheds  s t u d i e d ,  The 
2 o s s i b i l i t y  of widespread overlarLd f low gene ra t ion  is  h igh  d u r i n g  t h i s  
pe r iod  and a l though  t’ne act ive zones n e a r  streams w i l l  s t i l l  l i k e l y  
produce t h e  h i g h e s t  per -uni t -a rea  over land  runoff  amounts t h e i r  o v e r a l l  
c o n t r i 3 u t i o n  may n o t  be predominant because of  s i z e a b l e  c o n t r i b u t i o n s  
from t h e  l a rge r - in -a rea  zones f a r t h e r  from t h e  streams. The obse rva t ion  
also a p p l i e s  t o  ve ry  l a r g e  s torm r a i n f a l l s  such  a5 t h e  May 1 9 7 4  r a i n s  
which produced f l o o d i n g  on t h e  Grand River watershed .  Remedial 
measures a p p l i e d  t o  small p r o p o r t i o n s  of  t h e  watershed  area are 
u n l i k e l y  t o  s i g n i f i c a n t l y  change t h e  amount of over land  runoff  genera ted  
by snowmelt pe r iod  s torms  o r  l a r g e  summer s torms .  

The c o n t r i b u t i o n  of subsu r face  s to rm runoff  t o  t h e  t o t a l  amount of  
s to rm runof f  i s  s i g n i f i c a n t  i n  t h e  watersheds  s t u d i e d .  This  f low 
component could  b e  a s i g n i f i c a n t  c o n t r i b u t o r  of any d i s s o l v e d  subs t ances  
which are f r e e  t o  move through soil t o  t i l e  d r a i n s  o r  s i d e h i l l  s eeps .  
Remedial measures a p p l i e d  only  t o  over land  s to rm runoff  will n o t  d i r e c t l y  
a l t e r  t h e  p r o p e r t i e s  of t h i s  f low component and may i n d i r e c t l y  i n c r e a s e  
i t s  e f f e c t s  i n  some cases as ,  f o r  example, when h ighe r  i n f i l t r a t i o n  ra tes  
are c r e a t e d  through more s o i l - s u r f a c e  p r o t e c t i o n  by v e g e t a t i o n .  



The p r e v i o u s l y - l i s t e d  conc lus ions  about  t h e  a p p l i c a t i o n  of  
remedia l  measures are based on r e s u l t s  from t h e  t h r e e  watersheds  
examined. It  must b e  recogni'zed t h a t  t h e  e x t r a p o l a t i o n  of t h e  
r e s u l t s  and conc lus ions  beyond t h e  t h r e e  wa te r sheds ,  w i t h  t h e i r  
p a r t i c u l a r  b l end  of a g r i c u l t u r a l  p r a c t i c e s  and t h e i r  p redominate ly  
s i l t  loam s o i l s ,  i s  s u b j e c t  t o  c o n s i d e r a b l e  u n c e r t a i n t y .  The concept  
of s o i l  areas n e a r  t h e  streams b e i n g  t h e  most obvious c a n d i d a t e  sou rces  
f o r  ove r l and  runof f  and p o l l u t i o n  should  be  E a r i l y  gene ra l  i n  
ap p 1 i ca t  ion .  
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