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I n t r o d u c t i o n  

On t h e  P r a i r i e s ,  snow r e s e r v e s  a r e  a  main and v i t a l  s o u r c e  o f  manageable  f r e s h  
w a t e r  s u p p l y .  In  t h e s e  r e g i o n s ,  i n  t h e  a b s e n c e  o f  s e v e r e ,  l o c a l i z e d  t h u n d e r s t o r m  a c t i v i t y ,  
t h e  m e l t  r e l e a s e d  by snow may a c c o u n t  f o r  a s  much a s  80  - 85s  of t h e  s u r f a c e  r u n o f f  vo lumes ,  
and  t h u s  r e p r e s e n t  t h e  major  component a v a i l a b l e  f o r  s t o r a g e  f o r  d o m e s t i c  w a t e r  s u p p l i e s .  

In  a d d i t i o n ,  t h e  r a t e  o f  m e l t  r e l e a s e  f rom s h a l l o w  P r a i r i e  p a c k s  may p r o d u c e  f l o o d  
p e a k s  i m p o r t a n t  t o  t h e  d e s i g n  o f  h y d r a u l i c  s t r u c t u r e s .  P a c k s  t h a t  c a u s e  f l o o d  p e a k s  u s u a l l y  
d e v e l o p  d u r i n g  m e l t - f r e e  w i n t e r s ,  whereby t h e y  a r e  r e t a i n e d  u n k i l  l a t e  i n  t h o  s e a s o n  when 
c l i m a t o l o g i c a l  c o n d i t i o n s  f a v o r  h i g h  m e l t  r a t e s .  Under s u c h  c i r c u m s t a n c e s ,  r a p i d  m e l t  r a t e s  
may r e s u l t  because :  ( a )  t h e  pack i s  s h a l l o w  w i t h  l i t t l e  c a p a c i t y  t o  s t o r e  h e a t ,  a n d  t h e r e -  
f o r e ,  i t  r e a c h e s  i s o t h e r m a l  c o n d i t i o n s  v e r y  r a p i d l y ,  ( b )  t h e  s o i l  t e m p e r a t u r e  is g e n a r a l l y  
l e s s  t h a n  32Of, a n d  t h u s  t h e  i n f i l t r a t i o n  r a t e  o f  t h e , s o i l  is  low,  and  ( c )  c o n s i d e r a b l e  
h e a t  f l u x  may be  a d v e c t e d  t o  t h e  pack  from a d j a c e n t  f a l l o w  l a n d .  

Snow D e n s i t y  

Snow d e p t h  i n f o r m a t i o n  a l t h o u g h  e a s i l y  o b t a i n a b l e  d o e s  n o t  p r o v i d e  a good measure 
o f  t h e  w a t e r  r e s e r v e  o v e r  an a r e a  b e c a u s e  o f  t h e  v a r i a b i l i t y  o f  snow d e n s i t y .  A v e r t i c a l l y -  
a v e r a g e d  sample  o f  t h e  snow pack d e n s i t y  t a k e n  p r i o r  t o  a c t i v e  a e l t  r s f l e c t s  t h e  i n f l u e n c e  
of  many f a c t o r s  o f  t h e  p r e c e d i n g  w i n t e r ' s  c l i m a t e .  D e n s i t y  c h a n g e s  i n  snow may r e s u l t  f rom 
any o r  a l l  o f  t h e  f o l l o w i n g  p r o c e s s e s :  

( 1 )  Hea t  exchange  t o  t h e  pack  a s  a  r e s u l t  o f  c o n d u c t i o n ,  c o n d e n s a t i o n  and 
r a d i a t i o n .  

( 2 )  The p r e s s u r e  c a u s e d  by t h e  w e i g h t  o f  o v e r l y i n g  snow. 

(3) Wind. 

( 4 )  T e m p e r a t u r e  a n d  w a t e r  c o n t e n t  v a r i a t i o n s  w i t h i n  t h e  pack.  

( 5 )  P e r c o l a t i o n  o f  mol t  w a t e r  t h r o u g h  t h e  pack.  

D e n s i t i e s  o f  F r e s h l y - f a l l e n  Snow 

D e n s i t i e s  o f  f r e s h l y - f a l l e n  snow h a v e  been  o b s e r v e d  t o  r a n g e  from 0.304 t o  0.34 
( ~ c ~ a y  1970).  In 1 9 7 0 ,  i n  e f f o r t  t o  o b t a i n  some e s t i m a t e  o f  t h e  d e n s i t y  o f  f r e s h l y - f a l l e n  
snow u n d a r  t h e  P r a i r i e  Envi ronment ,  a  s i m p l e  e x p e r i m e n t  was c o n d u c t e d .  In  t h e  t e s t s ,  f o u r ,  
1 6 - i n c h  s q u a r e ,  w h i t e ,  c e i l i n g  t i l e  were p l a c e d  i n  a  s q u a r e  p a t t e r n  a l o n g  t h e  p e r i m e t e r  o f  
a  c i r c l e  o f  a p p r o x i m a t e l y  1 0 0  f o o t  r a d i u s .  A f t e r  e a c h  s n o w f a l l ,  t h e  amount a c c u m u l a t e d  on 
t h e  t i l e s  was m e l t e d  and  a n  a v e r a g e  v a l u e  o f  t h e  snow d e n s i t y  o b t a i n o d .  Three  s i t e s  wero 
sampled  and t h e  r e s u l t s  o b t a i n e d  a r e  summarized i n  Table  1. 
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Table 1. D e n s i t y  o f  F r e s h l y - F a l l e n  Snow 

Date L o c a t i o n  Depth on Dens i t y  Snowa 
1969/70 T i l e s  ( i n )  C o n d i t i o n  
Dec. 22 1 2.3 0.049 N 

3  1.3 0,040 N 
Dec. 29 1 1.3  0.070 N  
Jan. 22 2  4.5 0.041 N 

3 .  3.5 0,059 N 
Mar. 1 0  1 0.3 0.125 N & D  

2 0.70 0.040 N 
3  0.70 0.251 N & D  

Mar. 11 1 0.80 0.225 D  
2  0.80 0.223 D  

a~ - New Snow, D - D r i f t e d  

From t h e  d a t a  g i v e n  i n  Table 1 i t  can be observed t h a t ,  

1. The average d e n s i t y  o f  f r e s h l y - f a l l e n  snow on t h e  P r a i r i e s  i s  app rox ima te l y  
0.045. T h i s  v a l u e  seems t o  be somewhat independent of t ime. A l though t h i s  o b s e r v a t i o n  was 
e v i d e n t  f o r  t h e  p e r i o d  and year o f  measurement, i t  i s  recogn ized  t h a t  i t  cannot be assumed 
t o  be g e n e r a l l y  a p p l i c a b l e .  The d e n s i t y  o f  f r e s h l y - f a l l e n  snow i s  t i m e - v a r i a b l e  dependent 
o n  p r e v a i l i n g  m e t e o r o l o g i c a l  c o n d i t i o n s .  

2. Tho marked e f f e c t  o f  d r i f t i n g  on snow-densi ty measurements i s  i n d i c a t e d  by  t h e  
samples taken  on March 11, 1970 which showed an average snow d e n s i t y  o f  0.23. These samples 
were o b t a i n e d  under near  b l i z z a r d  c o n d i t i o n s .  Assuming, t h e  d e n s i t y  o f  new snow was 0.040; 
t h e  r e s u l t s  i n d i c a t e  a  s i x - f o l d  i n c r e a s e  i n  d e n s i t y  caused by d r i f t i n g  i n  a  p e r i o d  Less 
t h a n  twen ty - fou r  hours.  These r e s u l t s  agree w i t h  those r e p o r t e d  by Church (1943) i n  wh ich  
he  observed t h a t  snow w i t h  i n i t i a l  d e n s i t y  o f  0.036 - 0.056 i n c r e a s e d  t o  a  d e n s i t y  o f  
0.176 a f t e r  twen ty - fou r  hou rs  o f  d r i f t i n g .  

Many d i f f i c u l t i e s  a r i s e  i n  o b t a i n i n g  accu ra te  d e n s i t y  measurements o f  f r e s h l y -  
f a l l e n  snow under  h igh ly -exposed P r a i r i e  c o n d i t i o n s .  Emphasis has been p l a c e d  on t h e  neces- 
s i t y  o f  sampl ing as  soon as p o s s i b l e  a f t e r  t h e  snow o c c u r s  t c  m in im ize  t h e  e f f e c t s  o f  com- 
p a c t i o n  by  wind. I n - a d d i t i o n ,  c o n t i n u a l  ground d r i f t  mandates t h a t  t h e  c o l l e c t i n g  s u r f a c e  
be c l e a n e d  r e g u l a r l y .  Conversely,  i n  many cases t h e  s u r f a c e s  may be blown f r e e  o f  snow dur -  
i n g  t h e  storm. F i n a l l y ,  i t  i s  d i f f i c u l t  t o  o b t a i n  an accu ra te  measure o f  snow depth  be- 
cause o f  t h e  s h a l l o w  dep th  accumula t ions  and, t h e r e f o r e ,  t h e  error- in-measurement may be 
app rec iab le .  A l t hough  t h e  t i l e s  f u n c t i o n e d  reasonab ly  w e l l  f o r  t h e i r  i n t e n d e d  purpose, i t  
i s  recogn ized  t h e r e  i s  a  d i f f e r e n c e  i n  t h e  c o e f f i c i e n t  o f  f r i c t i o n  o f  t h e  t i l e  conpared t o  
3 snow sur face,  and t h e r e f o r a ,  a  d i f f e r a n c e  i n  t h e i r  r e t e n t i o n  c o e f f i c i e n t s .  

Seasonal V a r i a t i o n  i n  Snow Dens i t y  

Du r ing  t h e  w i n t ~ r s  o f  1968/69 and 1969/70 p e r i o d i c  measurements ue re  made i n  t h o  
f i e l d  a t  t h e  Bad 'Lake IHD Represen ta t i ve  Bas in  o f  snowpack d e n s i t i e s .  Ten s i t e s  w i t h i n  an 
a rea  o f  app rox ima te l y  25 square m i l e s  were sampled. On each sampl ing  date, s i x  samples were 
taken  w i t h  a  s i x - i n c h  d iameter  aluminum tube f rom u i t h i n  a  400 d iame ts r  c i r c l e .  The samples 
were averaged t o  o b t a i n  a  r e p r e s e n t a t i v e  v a l u e  f o r  each Locat ion .  In t o t a l ,  74 va lues  were 
ob ta ined .  Note: t h e  s tanda rd  "Mount Rose" sampler o r  " P r a i r i e  K i t "  were f o u n d  t o  be i nads -  
quate  f o r  o b t a i n i n g  accu ra te  measures o f  t h e  water  e q u i v a l e n t  o f  t h e  sha l l ow  packs. The 
snow depths  ranged t o  a  maximum o f  appros imate ly  16  inches.  

Snow d e n s i t i e s  o b t a i n e d  a t  d i f f e r e n t  sampl ing da tes  a ra  p l o t t e d  i n  F i g .  1 w i t h  t h e  
average seasona l  change d e l i n e a t e d  by t h e  s o l i d  l i n e  marked, "Bad Lake". As n o t e d  by t h e  
c u r v e  t h e  average d e n s i t y  o f  t h e  packs i nc reased  o n l y  s l i g h t l y  f r om 0.22 - 8.24 d u r i n g  t h e  
months o f  January and February.  Du r ing  March, t h e  i nc rease  was more rap id ,  r e a c h i n g  a  den- 
s i t y  o f  app rox ima te l y  0.28 by March 24. T h i s  t r e n d  would be expec ted  because o f  c o n d i t f c n -  
i n g  o f  t h e  snow pack p r i o r  t o  a c t i v e  melt.  I n  b o t h  years,  r u n o f f  commenced d u r i n g  the  
secogd week i n  A p r i l .  
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The r e s u l t s  a r e  i n  agreement  w i t h  t h o s e  g i v e n  by NcKay (1970 )  f o r  Regina  as shown 
p l o t t e d  on  t h e  F igu re .  The main d i f f e r e n c e s  between t h e  c u r v e s  is t h a t  major  changes  i n  
t h e  d e n s i t i e s  o f  snow p a c k s  n e a r  Regina o c c u r  a t  an  e a r l i e r  d a t s  t h a n  t h o s e  a t  Bad Lake. 
Th i s  t r e n d  would b e  e x p e c t e d  because  of  d i f f e r e n c e s  i n  l a t i t u d e  o f  t h e  two l o c a t i o n s ;  Bad 
Lake - 5I018'N,  Regina  - 50029'N. Hencs r i p e n i n g  o r  c o n d i t i o n i n g  o f  p a c k s  n e a r  Regina  
would p r o b a b l y  o c c u r  e a r l i e r  t h a n  a t  a  mora n o r t h e r n  l a t i t u d e .  In a d d i t i o n ,  t h e  Regina 
r e g i o n  may a l s o  be  i n f l u e n c e d  by Chinook a c t i v i t y .  

The a v e r a g e  snow d e n s i t y  c a l c u l a t e d  from a l l  s amp le s  was 0.23. I t  i s  o f  i n t e r e s t  
t o  n o t e  t h a t  t h i s  v a l u e  is t h e  same a s  t h a t  o b t a i n e d  f o r  d r i f t e d  snow. In view o f  t h o  f a c t  
t h a t  P r a i r i e  snow p a c k s  do n o t  e x h i b i t  major  chanqas  i n  d e n s i t y  d u r i n g  t h e  w i n t e r  months, 
o r  p e r i o d s  f r e e  o f  a c t i v e  m e l t ,  t h e n  r e a s o n a b l e  p r e d i c t i o n s  of  snow wa te r  a q u i v a l e n t s  u s e -  
f u l  f o r  f l o o d  f o r e c a s t i n g  may be  o b t a i n e d  from d e p t h  measuraments  u s i n g  a n  assumed snow 
d e n s i t y  of  0.23. I t  is i m p o r t a n t  t o  r e c o g n i z e  t h a t  i f  t h e  d e p t h  measurements  a r e  made l a t e  
i n  t h e  s e a s o n  when t h e  pack  is r i p e n i n g  o r  its d e n s i t y  changing  w i t h  t ime  t h e n  c a r e  must 
be e x h i b i t e d  i n  s e l e c t i n g  a d e n s i t y  f o r  t h s  pack. 

S ~ O ~ U  Pack Dens i t y  P r o f i l e s  by Gamma R a d i a t i o n  

The two p robe  gamma r a d i a t i o n  a p p a r a t u s ,  h a s  been  u sed  by Smith e t  a l .  (1967)  and  
Gray e t  a l ,  ( 1970 )  t o  o b t a i n  d e n s i t y  p r o f i l e s  of  t h e  snow pack.  In  b o t h  s t u d i e s  t h e  e q u i p -  
ment u s e d  was a  commercial  p r o d u c t  manu fac tu r ed  by T r o x l e r  E l e c t r o n i c s .  I t  c o n s i s t e d  o f  a  
5  mc Cesium 1 3 7  s o u r c e ,  a NaI t h a l l i u m  a c t i v a t e d  c r y s t a l  d e t e c t o r  w i t h  a s s o c i a t e d  photo-  
m u l t i p l i e r  and p r e a m p l i f i e r ,  a p u l s e  h e i g h t  a n a l y z e r ,  and  a s c a l e r - t i m e r - h i g h  v o l t a g e  sup- 
p l y .  The s c a l e r  a l s o  c o n t a i n e d  a  r a t e m e t e r .  Smi th  e t  a.1. s p a c e d  t h e  s o u r c e  and  d e t e c t o r  
a c c e s s  t u b e s  1 2  i n c h s s  (30.5 cm) c e n t e r  co c e n t e r ,  whiLe Gray e t  aL, u s e d  a 24- inch  (61 cm) 
spa c ing .  

The equipment  had been  de s igned  s o  t h a t  t h e  s o u r c e - d e t s c t o r  sys tem would " s e e u  
o n l y  a  1/2 i n c h  (1.77 cm) l a y e r  when t h e  p u l s e  h e i g h t  a n a l y z e r  was s e t  s o  t h 3 t  s c a t t e r e d  
r a d i a t i o n  was n o t  countad .  To o b t a i n  a  d e n s i t y  p r o f i l e  o f  t h e  pack  many r e a d i n g s ,  g o n e r a l l y  
o f  one  minu t e  d u r a t i o n ,  had t o  be  taken .  S n i t h  e t  a l .  a t t e m p t e d  t o  overcome t h i s  d i f f i c u l t y  
by moving t h e  s o u r c e  and  d e t e c t o r  s l owly  t h rough  t h e  pack  w h i l e  r e c o r d i n g  t h e  c o u n t  r a t e  
from t h 9  r a t e m e t e r .  The s o u r c e  and d e t e c t o r  were moved by hand and t h e  r a t e  o f  t r a v e l  was 
t ime d  w i t h  a s t o p  watch,  They concLuded t h a t  a  s c a n n i n g  r a t s  o f  5 s e c o n d s  p e r  i n c h  produced  
a more e x a c t  d e n s i t y  p r o f i l e  r e a d i n g  t h a n  sven  t h e  r e a d i n g s  o b t a i n e d  from s t a t i o n a r y  coun t -  
i ng .  

Gray a t  a 1 , n o t  o n l y  f o u n d  t h e  l e n g t h  o f  time t o  t a k e  many i n d i v i d u a l  r e a d i n g s  
q u i t e  o b j e c t i o n a b l e ,  b u t  a l s o  found  t h a t  b e c a u s e  o f  c a l i b r a t i o n  d z i f t  i n  t h o  i n s t r u m a n t  it 
had  t o  b e  r e c a l i b r a t e d  s e v e r a l  t i m e s  w h i l e  o b t a i n i n g  r e a d i n g s  on a  s i n g l e  p r o f i l e  o f  o n l y  
a few f e e t .  To overcome t h i s  d i f f i c u l t y  it was d e c i d e d  t o  adop t  a  s c a n n i n g  sys tem a s  pro-  
pos sd  by Smith e t  al .  T h i s  would r e d u c e  t h s  t i m e  r e q u i r e d  t o  o b t a i n  a  d e n s i t y  p r o f i l e  and 
c o n s e q u e n t l y  t h e  sy s t em would o n l y  have t o  b e  c a l i b r a t e d  once  f o r  e a c h  p r o f i l e .  

The Equipment and i ts O p e r a t i o n  

Ra the r  t h a n  moving t h e  s o u r c e  and d e t e c t o r  by hand ,  which c o u l d  p rove  q u i t e  mono- 
t o n o u s  and  i n a c c u r a t e ,  t h e y  were each  a t t a c h e d  t o  a  1/2 i n c h  s q u a r e  r a c k  and  a  s m a l l  e l e c -  
t r i c  motor  was u s e d  t o  d r i v e  t h e  r a c k s  a t  a  s p e e d  of  1 5  i n c h e s  (38.1 cm) p e r  minute .  

Because o f  c a l i b r a t i o n  d i f f i c u l t i e s  w i t h  t h e  p u l s e  h e i g h t  a n a l y z e r  a t  low tempera-  
t u r e s ,  t h e  o r i g i n a l  s c a l e r  and  p u l s e  h e i g h t  a n a l y z e r  were r e p l a c e d  by a  Hewla t t -Packard  
520IL c ombina t i on  s c a l e r - a n a l y z e r  and  a  Hewle t t -Packard  6515A h igh  v o l t a g e  supp ly .  The BCO 
o u t p u t  from t h e  s c a l e r  was f e d  i n t o  a  Hewle t t -Packard  50508 d i g i t a l  p r i n t e r .  

To c a l i b r a t e  t h e  i n s t r u m e n t  under  o p e r a t i n g  c o n d i t i o n s ,  r e a d i n g s  were t a k e n  on a  
10- inch  (25.4 cm) t h i c h  p l a s t i c  b l o c k  o f  known d e n s i t y  and  known mass a t t e n u a t i o n  c o e f f i -  
c i e n t .  When t h e  t r a v e r s i n g  mechanism was i n  o p s r a t i o n  and a  p r o f i l e  was be ing  s canned ,  
c o u n t s  were r e a d  and a u t o m a t i c a l l y  r e c o r d e d  f o r  0.2 s e c .  i n t e r v a l s .  

To d e t e r m i n e  t h e  a b i l i t y  of  t h e  equipment  t o  d e t e c t  a b r u p t  changes  i n  d e n s i t y ,  a  
machined p l a s t i c  b l o c k  w i t h  v a r i o u s  h e i g h t s  of  n o t c h e s  was scannod.  The v a r i a t i o n  i n  w i d t h  
of  t h e  b lock  s e r v e d  a s  a n  a p p a r e n t  v a r i a t i o n  i n  d e n s i t y .  Th i s  b l o c k  would c o r r e s p o n d  t o  a 
ve ry  l a y e r e d  p r o f i l e  w i t h  i n s t a n t a n e o u s  d e n s i t y  changes .  F i g u r e  2 ( a )  shows t h e  c a l c u l a t e d  



d e n s i t i e s  asid t h e  a c t u a l  apparent  d e n s i t i e s  of  t h e  b lock .  F i g u r e  2(b)  shows t h e  apparent  
d e n s i t i e s  t h a t  t h e  source d e t e c t o r  system s h o u l d  "seeu. The l a t t e r  d e n s i t i e s  a r e  d i f f e r e n t  
f r o m  t h e  a c t u a l  apparent  d e n s i t y  because a t  a l l  t i m e s  t h e  sou rce -de tec to r  system "seesM a  
1/2 i n c h  t h i c k  l a y e r .  The mean d e v i a t i o n  between t h e  d e n s i t i e s  c a l c u l a t e d  a t  t h s  i n d i v i d u a l  
p o i n t s  and the d e n s i t i e s  t h a t  t h e  sou rce -de tec to r  system was " l o o k i n g  a t "  was 0.014 gm/cm3. 
F i g u r e  2(a)  shoxs  t h a t  t h s  t r u e  change i n  d e n s i t y  can be d e t e c t e d  i f  a  l a y e r  i s  g r e a t e r  
t h a n  1/2 i n c h  t h i c k .  However, i f  a  l a y e r  i s  l e s s  t h a n  1/2 inch,  o n l y  a  change p r o p o r t i o n a l  
t o  t h e  t h i c k n e s s  o f  t h e  l a y e r  w i l l  be detec ted.  

F i g u r e s  3  and 4  a r e  examples o f  a c t u a l  snow d e n s i t y  measurements t a k e n  i n  t h e  f i e l d  
o n  March 13, 1970. F i g u r e s  3  ( a )  and 3  ( b )  a r e  r e p e a t e d  measurements on t h e  same p r o f i l e .  
I n  F i g u r e  3  t h e  mean d e v i a t i o n  between t h e  two p l o t s  i s  0.023. 

The average p r o f i l e  d e n s i t i e s  f o r  F i g u r e s  3  and 4(b)  (shown a t  bo t tom)  range f r o m  
0.2355 t o  0.2459. These v a l u e s  a r e  i n  good agreement w i t h  t h e  d e n s i t i e s  f o r  d r i f t e d  snow 
shown i n  Tab le  1 and thosa  determined f r o m  hand samples. I t  i s  wor thy  o f  comment t h a t  i t  
appears t h a t  t h e  average d e n s i t y  o f  d r i f t e d  snow v a r i e s  o n l y  s l i g h t l y  ove r  a  l a r g e  ran3e 
of depths, and t h a t  t h e  occurence o f  m ino r  m e l t  l a y e r s  i n  t h e  p r o f i l e  do n o t  m a t e r i a l l y  
a f f e c t  t h e  a w r a g e  d e n s i t y  o f  a  v e r t i c a l - i n t e g r a t e d  sample. The average p r o f i l e  d e n s i t y  
f o r  F i g u r e  4(b) was 0.1866, a  vaLue t h a t  i s  c o n s i d e r a b l y  d i f f e r e n t  f r om t h e  o the rs .  T h i s  
p r o f i l e  was in t h e  m i d s t  of l o w  b rush  ( 2  f e e t )  wh ich  p reven ted  t h e  snow f rom becoming pack- 
ed a s  dense l y  a s  i n  t h e  open areas. 

Summary 

D u r i n g  t h e  w i n t e r s  o f  1968 and 1969, s e v e r a l  s t u d i e s  were under taken r e l a t e d  t o  
snow i n  t h e  h igh l y -oxposed  P r a r i e  Environment. 

I t  was f o u n d  t h a t  t h e  average d e n s i t y  ( d u r i n g  December-March) o f  f r e s h l y - f a l l e n  
snow o n  the  P r a i r i e s  was app rox ima te l y  0.045. Problems r e l a t e d  t o  t h e  p h y s i c a l  measurement 
o f  f r e s h l y - f a l l e n  snow a r e  discussed, and i t  i s  shown t h a t  f r e s h l y - f a l l e n  snow may i n c r e a s e  
i n  a  d e n s i t y  t o  a  v a l u e  o f  app rox ima te l y  0.23 w i t h i n  24 hou rs  a f t e r  t h e  occur rence o f  t h e  
snow. T h i s  d e n s i t y  i s  app rox ima te l y  equa l  t o  t h e  average d e n s i t y  wh ich  t h e  pack m a i n t a i n s  
d u r i n g  t h e  w i n t e r  months ( m e l t - f r e e  p e r i o d ) .  

I t  is shown t h a t  t h e  seasonal  v a r i a t i o n  i n  snow pack d e n s i t y  does n o t  change appre- 
c i a b l y  d u r i n g  p e r i o d s  p r i o r  t o  a c t i v e  me l t .  Because o f  t h i s  f a c t  water  e q u i v a l e n t  e s t i m a t e s  
may be made from measured depths  us ing  an assumed d e n s i t y  o f  0.23. 

A two p r o b e  gamma r a d i a t i o n  appara tus  was m o d i f i e d  so t h a t  t h e  source and d e t o c t o r  
t r a v e l  a t  a  r a t e  o f  15  i n c h e s  (38.1 cm) p e r  minute  th rough  t h e  snow p r o f i l e .  When repea ted  
measurements o f  a s i n g l e  p r o f i l e  were made t h e  mean d e v i a t i o n  i n  d e n s i t i e s  f o r  p o i n t  read-  
i n g s  th roughou t  t h e  p r o f i l e  was 0.023.. The d i f f e r e n c e  between t h e  average d e n s i t i e s  f o r  t h e  
e n t i r e  pack, on repea ted  measurements, was app rox ima te l y  0.005. Measurements made on a  
no tched  p l a s t i c  b l o c k  show t h a t  t h e  system i s  capab le  o f  a c c u r a t e l y  d e t e c t i n g  changes i n  
d e n s i t y  due ta l a y e r i n g ,  i f  t h e  l a y e r s  a r e  g r e a t e r  t h a n  1/2 i n c h  t h i c k .  
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Figure 1. Saaaooal Variatiar in Snow Density 

Figure  2. Apparent Density of Notched Plastic Block an Dater- 
mined by Gamma Ray Seaming 
(a) Actual Notches m Block 
(b) Notches a s  "Seen" by Source-Detector System 
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Fiyurr 3. B o a  Density Profiles (Repeated Proflle) 
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Figure 4. Snow Danmity Prd i l c  
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