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ABSTRACT 

Compar i son  of runoff f r o m  a ca tchment  snow pillow 

and a s m a l l  fo res ted  w a t e r s h e d  

Myron Molnau, Ass i s t an t  P r o f e s s o r  
Agr icu l tu ra l  Engineer ing Depar tment  

Universi ty of Idaho 
Moscow, Idaho 

A 12-by- 12-foot s q u a r e  p r e s s u r e  pillow w a s  modified by the  

addition of d r a i n s  to  col lec t  the snowmelt  f r o m  the  pillow. T h i s  

m e l t w a t e r  was  col lec ted  in tanks  and moni tored by s tage  r e c o r d e r s  

T h e  daily runoff amounts  f r o m  the ca tchment  pillow was  c o m p a r e d  

with the m e a n  daily runoff f r o m  a 1580-ac re  wa te r shed  and one of 

approximate ly  80 a c r e s .  The runoff f r o m  the  pillow provided a 

good m e a s u r e  of the t iming  of runoff f r o m  the two w a t e r s h e d s .  A 

t i m e  l ag  of one day w a s  found fo r  the s m a l l  w a t e r s h e d  and 2 to  3 

d a y s  f o r  the  l a t t e r  w a t e r s h e d .  



COMPARISON O F  RUNOFF FROM A CATCHMENT SNOW PILLOW 

AND A SMALL FORESTED WATERSHED 

INTRODUCTION: 

The g e n e r a l  h i s to ry  of the  snow p r e s s u r e  pillow i s  too w e l l  

known to r e q u i r e  r epea t ing  h e r e .  Suffice it  to s a y  tha t  i t  h a s  p roven  

i tself  t o  be a v e r y  useful  tool in w a t e r  supply fo recas t ing .  The p u r -  

pose  of th i s  r e p o r t  i s  to r e p o r t  on a n  improvement  in th i s  pillow and 

indicate how th i s  pillow m a y  be used in w a t e r  supply fo recas t ing .  

A continuous read ing  of the snow w a t e r  equivalent  i s  a  n e c e s s i t y  

e spec ia l ly  a s  r e g a r d s  the c r i t i c a l  s p r i n g  snowmel t  per iod .  The  t i m -  

ing of runoff f r o m  the snowpack a s  it  a p p e a r s  a s  runoff is one of the  

c r i t i c a l  f a c t o r s  m i s s i n g  in f o r e c a s t .  If a  r e l i ab le  device  is avai lable  

to  moni to r  the  m e l t  a t  the bot tom of the  pack,  i t  would be  a s t e p  f o r -  

ward .  

LYSIMETER STUDIES: 

The coopera t ive  snow invest igat ions unit m a d e  extens ive  use  of 

l y s i m e t e r s  ( C o r p s  of E n g i n e e r s ,  1955) f o r  m e a s u r i n g  m e l t  f r o m  the 

bot tom of t h e  snowpack.  Pysklywec and o t h e r s  (1968) c a r r i e d  out a n  

extens ive  e x p e r i m e n t  modeled a f t e r  these  l y s i m e t e r  s tud ies .  They  

used the  da ta  t o  c o m p a r e  ca lcula t ions  of snowmel t  m a d e  by t h r e e  

methods:  the d e g r e e - d a y  method ,  C o r p s  of E n g i n e e r s  equat ions ,  

and mul t ip le  l i n e a r  r e g r e s s i o n s .  They concluded the r e g r e s s i o n  

technique offered  v e r y  good poss ib i l i t i e s  of predic t ing  point snow- 

m e l t  r a t e s  wi th  the poss ib i l i ty  of ext rapola t ing  th i s  to  an  e n t i r e  w a t e r -  

shed.  Haupt (1969) d e s c r i b e s  a  s imple  snowmel t  l y s i m e t e r  but c i t e s  

the d isadvantage  that  weekly maintenance  is requ i red .  

CATCHMENT PILLOW STUDIES: 

The  m e a s u r e m e n t  of runoff d i r e c t l y  f r o m  a weighing device  s u c h  

a s  a  snow pillow h a s  been a t t empted  only recen t ly .  Cox and Hamon 

(1969) d e s c r i b e  a prec ip i ta t ion  gauge which s imul taneously  weighs  the  

snow on a p la t fo rm and c o l l e c t s  the  m e l t  w a t e r  f r o m  the pack above i t .  

Tollan (1970) d e s c r i b e s  the  use  of snow pillows in Norway. He a t tempted 



to  m e a s u r e  snowmel t  runoff w a t e r  f r o m  the pillow. He did not have 

a g r e a t  d e a l  of s u c c e s s ,  but did indicate the method showed g r e a t  

p r o m i s e .  

In 1967, a ca tchment  p r e s s u r e  pillow w a s  ins ta l led  a t  the  Moscow 

Mountain snow hydrology s i t e .  The ful l  cons t ruc t ion  de ta i l s  a r e  given 

by Webb (1969). I t  is bas ica l ly  a 4 x 8 foot  r ec tangu la r  galvanized pan 

with a rubbe r c o v e r  and filled wi th  1: 1 w a t e r  -methanol  m i x t u r e  ( F i g -  

u re  1). A r i m  height of 1 112 inches ,  and two d r a i n s  complete  the 

pillow i t se l f .  Another 12 x 12 foot pillow w a s  a l s o  modified by addi-  

t ion of two d r a i n s  ( F i g u r e  2) .  T h i s  pillow has  both a r u b b e r  top  and 

bottom. The da ta  r e p o r t e d  in th is  paper  a r e  f r o m  the  12 x 12 foot 

pillow. In addition to these  two pillows t h e r e  is ano ther  s q u a r e  pillow 

and a 12-foot d i a m e t e r  round pillow which w a s  ins ta l led  a t  th i s  s i t e  in 

1963. F r o m  the ca tchment  pillow the  w a t e r  r u n s  t o  a tank w h e r e  the  

l eve l  is moni tored by a w a t e r  s t age  r e c o r d e r .  A 12 VDC bilge pump 

e m p t i e s  the  tanks  when the w a t e r  level  r e a c h e s  the  top  of the  tank. 

Th i s  w a t e r  is then pumped into a d r a i n  f ield.  A copy of the  resu l t ing  

t r a c e  of w a t e r  l e v e l  in the s u m p  tanks  i s  shown in F i g u r e  3 .  

T h e r e  is in addition to the usual  i n s t r u m e n t s  for  a snow s ta t ion  

meteoro log ica l  da ta  collect ion dev ices  such  a s  a hygro the rmograph ,  

a shielded r a i n  gauge, and,  f o r  por t ions  of the  t i m e ,  a pyranomete r  

and a n e m o m e t e r .  

The Fel ton C r e e k  w e i r  i s  a s imple  90-degree  V-notch w i e r  with 

a w a t e r  s t age  r e c o r d e r  and hygrothermograph.  The d ra inage  a r e a  i s  

approximate ly  80 a c r e s  and i s  total ly fo res ted .  I t  h a s  about 600 fee t  

of re l ief  and i s  bas ica l ly  a t  the t o p  of a divide and f a c e s  south. 

C r u m e r i n e  C r e e k  bas in  i s  a 1580-acre  wa te r shed  ranging in e l e -  

vation f r o m  2800 t o  4980 fee t .  This  i s  a south-facing wa te r shed  and 

i s  a l l  fo res ted .  A l imi ted  amount  of t i m b e r  ha rves t ing  h a s  taken 

place .  

1969- 70 SNOW SEASON: 

Although t h e r e  i s  d a t a  avai lable  f r o m  t h r e e  pas t  snow s e a s o n s  

(including 1970-71) th i s  p resen ta t ion  wil l  ment ion only the  1969-70 



season. P r imary  data of runoff f r o m  the pillow, snow water  equivalent, 

precipitation, Felton Creek  runoff and Crumer ine  Creek  runoff a r e  

shown in F igures  4, 5, and 6. Because some periods of record during 

this t ime a r e  missing,  mathematical  correlat ions of volume runoff a r e  

not attempted here .  However, past records  have shown that good co r -  

relations do exis t  among a i r  temperature ,  snow water  equivalent, 

basin runoff volume and pillow runoff volume for the Crumerine Creek  

watershed. An examination of F igures  5 and 6 will show some in te res t -  

ing comparisons.  One period to observe i s  March 26-28 when pillow 

runoff was 3, 7, and 10 units for 0.04, 0. 08, and 0. 10 inches of me l t -  

water  respectively.  The Felton Creek discharge showed a single sha rp  

peak on the 28th following two days of increased pillow runoff (Figure 5). 

Crumerine Creek  (Figure 6 )  shows a more  le isurely response two days 

l a t e r ,  a s  would be expected, because i t  i s  a l a rge r  basin,  has more  

relief and heavy snow only on the upper ridges.  Other periods of 

interest  in observing the lag factor for Crumerine Creek  a r e  the da tes  

of April 5 to 10, and May 15 through 19. The runoff on these dates  

a l so  exhibits a lag in mean daily discharge to pillow runoff of th ree  

to four days.  There  appears  to  be some correlat ion between pillow 

runoff, t ime lag, snow water  equivalent, a i r  t empera ture ,  and the 

runoff for  the two o r  three days following the pillow runoff. Once 

more  complete data a r e  available, s e r i a l  correlat ions can be obtained, 

and if they appear to be reasonably good, some type of mathematical  

runoff model will be attempted for next y e a r ' s  work. 

FUTURE WORK: 

A catchment pillow will be installed on a l a rge r  watershed of 

3. 15 square mi les ,  gauged drainage which i s  within a 41.6 square 

mile  gauged drainage, both of which a r e  in the Clearwater  River 

drainage a r e a  of North Idaho. 

One of the most  important charac te r i s t ics  of this device i s  i ts  

ability to show the rate  a t  which water leaves the snow pack. Given 

enough instrumentation, one should be able to  do a complete water 

balance on the snow above the pillow. In order  t o  check point snowmelt 



equations an energy  balance  could be  m a d e  using m e a s u r e d  o r  c o m -  

puted values  of e n e r g y  input. In addit ion,  changes  in  snow pillow 

read ings  wi l l  give the l o s s  of w a t e r  fo r  the snow pack due t o  d r a i n -  

age  and evaporat ion.  The ac tua l  dra inage f r o m  the snow pack is 

moni tored by the r e c o r d e r  on the ca tchment  d r a i n  tank. T h i s  g ives  

a to ta l  of t h r e e  d i f ferent  n u m b e r s  t o  c o m p a r e  and should enable a n  

eng ineer  t o  choose  c o r r e c t  va lues  of coefficients  f o r  point m e l t  equa-  

t ions .  

ADVANTAGES AND DISADVANTAGES O F  THE CATCHMENT PILLOW: 

S e v e r a l  advantages  f o r  use  of th is  type of pillow m a y  be  ci ted.  

F i r s t ,  and m o s t  valuable ,  the f o r e c a s t e r  obta ins  a knowledge of 

c u r r e n t  ac tua l  runoff a t  a  point in the wa te r shed .  One use  of th i s  

w a s  demons t ra ted  previously.  Another advantage of t h i s  pillow i s  

tha t  any p resen t ly  used pillow could b e  conver ted  to m e a s u r e  runoff 

in the s a m e  manner .  A round pillow would p r e s e n t  s o m e  p r o b l e m s  

espec ia l ly  i f  i t  is one of the type of pillows kept ve ry  ful l  with fluid 

with a to ta l  th ickness  of the pillow of s ix  o r  eight  inches .  Another 

advantage i s  that  any w a t e r  s tage  r e c o r d e r  used on the m e l t  w a t e r  

tank i s  v e r y  e a s i l y  adapted to t e l emete r ing .  

Disadvantages  include the need f o r  a  d r a i n  f ield and m e l t w a t e r  

collect ion device.  T h e s e  m u s t  be  e i t h e r  we l l  insulated o r  bur ied  and 

m u s t  be below the level  of the pillow. The f lush  mechan i sm,  be i t  

mechan ica l  o r  e l e c t r i c a l ,  i s  one m o r e  i t e m  avai lable  f o r  malfunct ion 

The s i z e  of the  mel twa te r  tanks  i s  a l s o  a f a c t o r  because  i f  the  s ta t ion  

is in te r roga ted  twice p e r  day,  the  tank m u s t  be l a r g e  enough so  they 

would not f lush  m o r e  than once between the in te r roga t ions  o r  one 

complete  tank of m e l t w a t e r  would be m i s s e d .  

T h e r e  is a l s o  the p r o b l e m  of es t ima t ing  the d i f fe rence  tha t  m a y  

e x i s t  between m e l t  f r o m  the  pack above t h e  pillow and m e l t  in a pack 

above soi l .  I t  is th i s  f a c t o r  which would make  i t  ve ry  difficult t o  use 

the r e s u l t s  f r o m  t h i s  pillow in es t ima t ing  the amount  of so i l  pr iming 

which t a k e s  place.  



CONCLUSIONS: 

The catchment p r e s s u r e  pillow has proven itself to be a  useful 

device to measu re  the meltwater in the snowpack and the snow water  

equivalent simultaneously. This has enabled an analysis of runoff 

timing for  two forested watersheds and should a l so  be useful on 

l a r g e r  water sheds.  
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Figure  1. Small  rectangular  catchment p r e s s u r e  pillow 

in  place, Moscow Mountain, June 1968. 

F igure  2 . .  Square catchment p r e s s u r e  pillow in place. 

Moscow Mountain, June, 1968. 
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F e l  t o n  Creek r u n o f f  ---- 

Catchment p i l l o w  
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F i g u r e  5. R u n o f f  f rom t h e  ca tchment  snow p i l l o w  and 
F e l  t o n  Creek.  



Catchment p i  1 l o w  r u n o f f  

Crumerine Creek r u n o f f  ----- 
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F i g u r e  6 .  Runoff f r o m  t h e  Catchment snow p i l l o w  and 
Crumeri  ne Creek. March-May ,1970. 


