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George A ,  ElcKean I 

ABSTRACT 

The measurement  o f  w a t e r  s t o r e d  i n  snow p a c k s  i s  

i m p o r t a n t  t o  d e t e r m i n e  t h e  e f f i c i e n t  u t i l i z a t i o n  o f  t h i s  

w a t e r ,  V a r i o u s  methods have  been  used  f o r  t h i s  measu re -  

ment b u t  have  n o t  p r o v i d e d  a c c u r a c i e s  s u f f i c i e n t  f o r  p r e -  

c i s i  on a n a l y s e s ,  

N u c l e a r  r a d i a t i o n  i s  shown t o  b e  a  u s e f u l  t o o l  f o r  

n o n d e s t r u c t i v e  w a t e r  e q u i v a l e n t  measurement ,  The s c i n -  

t i l l a t i o n  d e t e c t o r  was s e l e c t e d  a s  a  d e s i r e d  i n s t r u m e n t ,  

and  t h e  s e l e c t i o n  c r i t e r i a ,  d e s i g n  f e a t u r e s ,  and p e r f o r -  

mance a r e  p r e s e n t e d ,  Al thougl l  a u n i t  o f  r e l a t i v e l y  h i g h  

c o s t ,  t h i s  d e t e c t o r  i s  shown t o  be  c a p a b l e  o f  a r b i t r a r i l y  

h i g h  r e s o l u t i o n ,  

INTRODUCT 

For  many y e a r s  a t t e m p t s  have  been  made t o  f o r e c a s t  

t h e  r a t e  and  a b s o l u t e  magni tude  o f  w a t e r  y i e l d  f rom remote ,  

moun ta inous  e n v i r o n m e n t s ,  The d i f f i c u l t y  o f  a c q u i r i n g  

and  a s s e m b l i n g  t h e  n e c e s s a r y  d a t a  h a s  r e s u l t e d  i n  f o r e -  

c a s t s  c r e a t e d  more f rom a r t i s t i c  judgment t h a n  from 

s c i e n t i f i c  a n a l y s i s ,  The c o m p l e x i t y  o f  p r e s e n t - d a y  s o c i e t y  

demands i n c r e a s e d  f o r e c a s t i n g  a c c u r a c y  f o r  a p p l i c a t i o n  t o  

t h e  t e c h n o l o g i e s  of h y d r o e l e c t r i c  power g e n e r a t i o n ,  i r r i g a m  

t i o n ,  s o i l  c o n s e r v a t i o n ,  and p e r h a p s  most  c r i t i c a l ,  f l o o d  

conf  r o l ,  

=search S u p e r v i s o r ,  E n g i n e e r i n g  Expe r imen t  S t a t i o n  and 
- 

A s s o c i a t e  P r o f e s s o r ,  Depar tment  o f  E l e c t r i c a l  E n g i n e e r -  
i n g ,  U n i v e r s i t y  of  I d a h o ,  



C e r t a i n  of  these  app1:catasns place  s t r i n g e n t  r e -  

qu i rements  ow t h e  methodology used i n  f o r e c a s t i n g  wa t e r  
y i e l d ,  Even an inexhaustive list of these r e q u i s i t e s  
would i n c l u d e  t h e  de t e rmina t ion  of  whieh pa ramete r s  a r e  
needed,  t h e  measurement. o f  these pa r ame te r s ,  t h e  acquig 
s i t i o n  of these d a t a D  and t h e  f i n a l  daza processing, 

To t h e  most t h o r o u g h  of  a n a l y s t s ,  %he a p p r o p r i a t e -  
ness and u s e f u l n e s s  sf t h e  numerous avaI lab9e paramete r s  
remain cowjec tu r a%,  AccumuBated t o t a l  p r e c i p i t a t i o n ,  
q u a n t i t y  of  water s t o r e d  i n  a snow pack,  dep th  of  a  snow 

pack,  wind v e l o c i t y ,  n e t  solar r a d n a t l s n ,  son1 m o i s t u r e ,  
ground xemperature ,  and a i r  kennperature form b u t  a p a r t i a l  

list o f  parameters which may be sf t r a n s c e n d e n t  impor- 
t a n c e  i n  hydro%sgr3c p r e d i c t i o n ,  Any o r  a11 o f  t h e s e  

f a c t o r s  might be  u s e f u l  b u t ,  i n  any e v e n t ,  their u s e f u l -  
n e s s  cannot be e v i d e n t  until made a v a i l a b l e  by measurement, 

There remains t h e  p rob lem,  whieh has  con t inued  f o r  
more thaw two decades,  0% both  measuring hyd ro log i c  p a r a -  
mete r s  and a c q u i r i n g  t h e  measured r e su l t s  with s u f f i c i e n t  
expedience  b e f o r e  f i n a l  f o r e c a s t i n g  can r e s u l t  from d a t a  
p r o c e s s i n g ,  The ewtnre ty  of  t h i s  bulletin will dwel l  on 
pa ramete r  measurement, f u r t h e r  cons t r snned  t o  t h e  d e t e r -  
mina t ion  of water s t a rage  i n  snow packs, 

THE NUCLEAR RADIATION METHOD OF MEASURING SNOW 

Muclear radiataow can be shown t o  be  a p r a c t n e a l  
method f o r  measuring t h e  amount sf water s t o r e d  i n  a snow 

pack,  A knowledge a f  nuclear  radiation t h e o r y  g i v e s  an 
awareness t h a t  mass a t t enua t e s ,  o r  d e t e r s  t h e  passage  of 

n u c l e a r  r a d i a t i o n ,  Snow i s  a c t u a l l y  water i n  a solid, 
crys ta819ne  state. ;  henee its mass must be due t o  t h e  water  
c o n t e n t ,  I f  t he  attenuation of nuclear  r a d i a t a o n  th rough  

a snow pack can be  measured, it seems t h a t  t h i s  a t t e n t u a t f o n  



can b e  i n t e r p r e t e d  i n  terms of  the mass of water  s t o r e d  i n  
t h e  snow pack,  

Determining &he amgunt o f  water xn a snow pack by 

us ing  sadioaceivity is heuriseically j u s t i f i e d  by exami- 
n a t i o n  of  t h e  wasrow beam radiazi~n a t t e n u a t i o n  equa t i on ,  

where t h e  a b w e  equaf xon, 

B = r a d i a t i o n  i n t e n s i t y  a f t e ~  attenuaeion 
I,- initial i n t e n s i t y  of  impingent r a d i a t i o n  

u t o t a l  l i nea r  a b s c r p a i s ~  c o e f f i c i e n t  

x = t h i ckness ,  o r  d e p t h ,  o f  t he  r a d i a t i o n  abso rbe r ,  

The t o t a l  l i n e a r  absorption c o e f f i c i e n t ,  p ,  i n c ludes  bo th  

t h e  t rue  a b s o r p t i o n  of gamma photons and t h e  s c a t t e r i n g  

from the collimated team, It is sometimes r e f e r r e d  t o  

as theocnarrow beamOhcoeff  f ig len t  since its vaf i d i t y  

depends in p a r t  on .t;%ils zonditionso, (1) %he cs%%imatfsn of 
t h e  r a d i a t i o n  beam must be s u f f i c z e n t  t o  minimize t h e  

e v e n t u a l  d e t e c t i o n  of s e a L t e m d  photons  t h a t  have depa r t ed  

from t h e  main beam, [ 2 ]  The absorber  s h o u l d  be b u t  s l i g h t l y  
l a r g e r  i n  area t han  t h e  a rea  of t h e  colfamated beam i n  
o r d e r  t o  create maximal p r o b a b i l i t y  o f  t he  permanent ePSm- 
i n a t i o n  o f  any phocows sca t t e r ed  from t h e  bsam, These 

c o n d i t i o n s  are s t a t e d  s ince  t h e  narrow beam abso rp t i on  
c o e f f i c i e n t  ha g rea te r  than t h a e  w h a ~ h  would be measured 
by an arrangemen$ i n  wlai ieh seateered gamma photons reach 
the d e t e c t o r ,  

The xotal a b s o r p ~ i o n  coe f f i c i en t ,  p 9s composed of  

t h r e e  parts as expressed by t h e  equation 

w =  T 
o E D  6 

where T, g ,  and K ;.re p a - r t i a l  csefficieaats desca~ibed:  

Ys= ~ o e f f a ~ i e n t  t O  ~ h 0 t ~ e P f 2 ~ t ~ i ' C  e f f e c t  
E s  c o e f f i c i e n t  due to Comptsn e f f e c t  

K = csaf  f icfen"&.cdi.e ts positron-electron prsductisn, 
I n s o f a r  as t h e  attenuation of  d Mev gamma radiation is 



coaserned, p a i r  production s f f eee s  a re  almsst nonexistent 

and attenuation due ~o pAot t~sBse t r fc  e$feet is so small 
as to be considewed n e g l i g i b l e ,  F o r  t h e  a p p l i c a t i o n  under 

discussisn, it may t h e n  be  assumed %hag gamna attenuation 
is entirely due t o  CornpXsn e f f e c t ,  

In o r d e r  to j u s t i f y  t h e  idse o f  r a d i a t i o n  a t t e n u a t i o n  
as a p r a c t i c a l  meehod f o r  measuring t h e  xaeer e q u i v a l e n t  

of a snow pack,  i t  B w f 3 C B $ S d P j ?  t o  write Equation (1) on 
a mass basis, Csnveati~nally t h i s  ns wrlgten as 

ab I = X ~ ~  ~m (31 

where the new parameters a m  defined by 
= t o t a l  mass a b s o s p ~ a o n  c a e f f i e a e n t  v / p  

p =mass d e n s x t y  [ma$spunit volume] of  absorber  

Xm -maas th~ckness s f  abso rbe r  = p x  

It is known t h a t  the mass a b s o r p t ~ c n  coe f f i c i en t ,  p,, is 
a function sf b o t h  pho ton  energy ,  E ,  and t h e  atomic numn 
ber of the absorben 2 ,  T h i s  funex ion  will be de f ined  as 

P,= f CE i. 21 (41  
where the nature of  he gene ra l  funrgnon,  f f E , Z > ,  will be 
discussed i n  more d e t a ~ l  l a t e r ,  

From Equation <4]. and t h e  r e l a tnan  between p and urn, 
t h e  narrow beam a b s o r p t ~ o n  coeff icaenr  may be expressed as 

P= $ f [ E , 2 ]  ( 1 
1 %  t h e  n lPs$  (d18FI3jke~~ r, ;b$ expressed m b % b  

volume, and ehs  volume of the a b s o r b e r ,  I!, i s  expressed 

as the p r o d u c ~ t  of  a b s o r b e r  t h i c k n e s s ,  x, and abso rbe r  
e r s s s -oec txon ,  A ,  t hen  Equat ion (51 may be written as 

% = ( M i V ]  $ [ E , X >  [M/Axzl f [ E , Z J  c 6 1 
Replacing rk i n  Equation 1 ( 7 )  by t h e  expressSon in Equation 
(6) gives 

I - ~ ~ ~ ~ r d %  z -[MIA> f ( E , Z ]  
zclr  

Examination of Equat ion [ $ > I  shows what c o n d i t i o n s  
muse be met I n  order %:a measure accura te ly  t h e  water 



equiva lent  0 %  a snsu pack w a t h  nue lea r  rad~atisw tech-  

niques, Fssr a given  amount, o f  Snow 8,ilLj. B $ ~ ~ r e $ p s n d % n & ~ y  
given amount of wat.ex equivaiewt, the  exponent  of  e i n  
Equation (7) mus t  be: a w n s t a n t ,  T h i s  requi res  t h a t  t h e  

mass, M, ef wate r  i n  t h k  bean? of r a d i a t i o n  nust remain 

f i x e d ,  t h a t  t h e  a r e a D  A ,  o f   he abso rbe r  zn t h e  beam must 
n o t  va ry ,  and t h e  function, f[E,Z], must be an a p p r o p r i -  

atelly se lec ted  coaastant, The f i r s t  two o f  these c a n d i -  
&ions are met i f  %he radiatasn i s  cylindrically csflimated 
to prevent a c o n i c a i  beam . f rom encsmpassxng va ryang  mass 
and area with changmg snow d e p t h ,  She Pas t  condition, 
t h a t  f QE, Z ]  ha an apprapi-ia.:l:ely se lec ted  c o n s t a n t ,  i s  
one used in ss863cting the ssun'ce o f  ~adiation~ 

S e l e c t i o n  o f  Rad i a t i on  S a u ~ c e  
P ---- 

In  s e l ec t i ng  t h e  nuc lear  radiatisn source ,  it seems 
most practical $0 mention a lpha ,  beza ,  X, and gamma radio 

ation, The reRative i n a b s l ~ t y  sf a lpha  and b e t a  r a d i a t i o n  
to penetrate appreeziable quanEities sf water mass p r e e  

eludes tlae use o f  such  r a d i a t , . i o n ,  S ince  X-rays a r e  Power 
i n  energy  than most gamma radiatnon, it seems that the 

s e l e c t i o n  sf gamma r a d a a t i s w  i s  t h e  mast p s a e t i c a l  o f  a l l  
t h e  possibilities mentioned,  

I t  i s  t o  be noted t h a t  n e u t r o n s  c o u l d  be used f o r  
this purpose  s ince  n e u t r o n  energies  a re  csrtaimPy s u f f i o  

c i e n t  f o r  pewe~xation of snow pack waLer fevePs,  However 
t h e  ref ative d i % f i c u l t y  in. p r ~ ~ u r d i . n g  n e u t r o n  sources makes 
the i n i t i a l  s e l e c t i o n  s f  gamma r a d i a t i ~ n  still the most 
g r a e t i c a l  of a89 t h e  possiD,li%ies mentioned, 

The particular ~ a d s a t ~ o n  source chosen f o r  use  is 

s e l e c t e d  p a r t l y  on t h e  b a s i s  of the eoza l  finear abssrp- 
t xon  coefficient, P, a m t i m e d  i n  t he  p r eced ing  see t ion,  
This c o e f f i c i e n t  was shown t o  be dependent  upon t h e  e n e r g y  

of t h e  r a d ~ a t i o n  source  and t h e  atom-kc n u m b e ~  o f  t h e  



s b s o r b e s ,  S ince  t h e  absosbcr  a s  ehe m o w  pack, it only 

is necessary $0 z o a b s i d e ~  ?:he ~elatianshdp between this 
c o e f f i c i e n t  an3 the  ex~crg-y- I e w I  3f radiationa 

Generally s p s a k i n g  t h i s  z o e f f i c i e n t ,  ~ 1 ,  increases 
with photon energy.  Iaaspect~saa a f  Equa,tBon [I]  reveals 

t h a t  l a r g e r  values of g i v e  more p o s i t  kve curve s lopes  
of  r a d i a t i o n  attenuation as a fwict- isn of absorber depth, 

Since the operating range of t h e  insassded measurement 
device increases w i t h  i a s ~ s a s a d  sispe, a radiation source 
w i t h  r e l a t i v e b y  Barge photcm ewe~gi ias  s h o u l d  be se lec ted ,  

A f u r t h e r  cand,t;cm rn  source  s e l a c t a o n  is t h a t  the 
source s h o u l d  be as monom1vrge%ic as poscib2e, T h i s  

limits t h e  selection of ea.sl::;iy sbta-;fmaEpae x . a $ i o i a s e o p e ~  
to Cesium-2.3" and Cobalt-60, G e s i u i ~ - l S V ~ s  actually 

C o b a l t - 6 0  i s  notmmonoenergetic s ince  it has TWO photo-  

peaks, one a t  B , ~ I '  Met.. and ansathe~r a t  1,s bfev, 
Cobalt-60 was se lec ted  f o r  use an t h e  nuc l ea r  radi- 

a t i o n  method, A l t h o u g h  ; E  r s  n o t  a truly monoenergetic 

source, the two p h o ~ o p e a k s  are suffxcisntly close  i n  
energy ra%iwgs such t h a ~  i% san Le considered monoenern 

g e t i a :  f o r  p u r p o s e s  oE measuring snow pack water c o n t e n t ,  
Fur thermore ,  t h e  i~nereased phcy'zon energies of Coba l t -68 ,  

compared to t h o s e  of  Cesium-13'7, aIlcws t h e  c o b a l t  source 

ts provade be t t ex  measuremenr r e s o l u t i o n  svev e i t h e r  a 

60 or 100 inch range of waxer e q u i ~ a f e r ~ t ,  

Radiation Geometry 
The s e c t i o n  concerning attenuation t h e o r y ,  presented 

e a r l i e r ,  i n d i c a t e s  t h a t  t h i s  nuelsax r a d i a z i o n  method is 
premised on t h e  narrow-beam attenuation equation, The 
narrow-beam na tu re  makes mandatory the ~snsideration sf 
system geometry,  

The narrow-beam conditions of the attenuation equa- 

tion will be mosE c l o s e l y  satisfied i f  t h e  radiatssn beam 



is of cyflindrica3. config~ratlon, Unfox:tunately, if a 

r a d i a t i o n  beam i s  t o  pass  t h r a u g h  a snow pack which i s  
twelve to f i f t e e n  f e e t  i n  d e p t h ,  t h e  r a d i a t i o n  from a 

point source makes a s t , r i ~ c r I y  cylindrical beam m a t t  a inn  
able, Good colldnation sf t h e  source will aid t h e  approxi- 

mation;  it cou ld  be  f u r t h e r  improved by cailimation of 
the radiation source, Z w  any e v e n t ,  t h e  radiation beam 

will be either con%caL or of  the  configuration formed by 

u p r i g h t  and i n v e r t e d  in tea .se :z t ing leones 
It is t o  be expected ehar t h e  result w i l l  be a t  

l ea s t  a sBighs  departure f r o m  t h e  c o n d i t i o n s  p r e d i c t e d  
by t h e  narrow-beam attenuation e q u a t i o n ,  T R a s ,  of  course, 
can be taken i n t o  account by t h e  method used f a r  caBio 

b r a t i n g  t he  system, 

The nuclean radiaC';im-a method of  measuring snow pack 

wa t e r  conten t  depends on ahe at~entua~isw presen t ed  fcs a 
r a d i a t i o n  beasas by the snow pa:ck, The mechanics of  t h i s  
a t t e n u a t i o n  'are sf a seatsex-ing g ,a tu r s ,  Z f , f a r  example, 
a  gamma photon is emiSt.red w i t h  e c e r t a i n  e n e r g y ,  E, and 
gasses t h r o u g h  the S ~ O W  -pack without. C O X -  Bis ion w i th  mass, 

it will be measured a$ t h e  $e5zector una t tenua ted ,  having 
an energy sf E ,  J f  another  pho ton ,  emi t ted  with an energy 
E, p a s s e s  t h r o u g h  t h e  owow pack and ~ o l l i d e s  w i t h  mass, 

it may e i t h e r  be s c a t t e x e d  s u ~  o f  t h e  bean and hence will 
not be detected o r  it loses some o f  i t s  ene rgy  and is 
detected a t  ssms energy l e v e l  less t han  E; t h i s  l a t t e r  
case is t h a t  of Compton s c a t t e r i n g ,  

Later  i n  t h i s  buJsbe%in,  when t h e  se%eetSsn of  t h e  

r a d i a t i o n  de tec tor  i s  d i s cus sed ,  these two  eypes of seat0 
t e r i n g  will play an importan?; r o i e ,  Examining t h e  n a t u r e  
of scattering o f f e r a  %kit2 c.snje~eu~:.;a sf whether o r  not 

scattering will occur to equa l  ex%en%s as t h e  measured snow 
changes in dens,ity from one extreme a f  f l u f f y  snow t a  t h e  

u l t ima te  s t a t e  sf l i q u i d  water ,  



The cowcepeion o k  a tsdiaz~on-type snow gage i s  
depeladent upon solfie sa;ihees g e n e r a l  s p e c i f . c a t % o n a  which 
are of a systems n a t u r e Q  A S U R ~ # ~ ~  of these c r i t e r i a  
reveals $he moe+L importani? t6 be those d i scussed  i n  t h e  
f'~B.4cwiaag ~Hmree s u b  - sec.;~on~s;,  

Measurement experience arrdacates  % h a t ,  i t u  t h e  Pacf - 
%%c Northwest, the  e q u i s a l e n t  amount cif xazer s t a r e d  in 
snow packs r a r e l y  exceeds 60 ~ntch.es excep t  on a few high 
mountain peaks ,  T h i s  f ~ g u x e  hem eakew a s  t h e  maxi- 
mum range s f  sesw gage operation, 1.; slnouid be empha- 
s i z e d  t h a t  60 I n c h e s  a f  wa,$sr i s  n o t  necessarily a measure 
sf snow d e p t h  since %he ssaoqBa: q u a l i t y ,  oir pertcentage 

r a t i o  of  e q u i v a l e n t  wazer depxh t o  snow d e p t h ,  usuaPly  
lies i n  t h e  sacge from IO p e r  cen t  to 40 per c e n t ,  t h e  

p r e c i s e  va lue  depending on p r ev ious  weather h i s t o r y  and t h e  

p rog res s ion  o f  a snow season, 
From t h e  a t !xxmaxk~n d i s ~ u b ~ l o n  p r e sen t ed  e a r l i e r  

i n  this bulletin, nt as e v ~ d e n t  t h a t ,  due rs t h e  exponeno 
t i a n  r e l a t i o n s h i p  between radiation ai.u,muagaow and a$- 

s o r b e r  depth ,  the accuracy of  sweasuremenf will depend on 
t h e  a b s o r b e r  d s g f h ,  Measuserneae accuracy can the re fo re  be  

spec i f i ed  a t  a bow va lue  of ab sa rbe r  d e p ~ h  w i t h  a resulting 
decreased accuracy st h i g h  dep th sD  o r  an accuracy can 
be s p e c i f i e d  a% t h e  maximum d e p t h  w i t h  a c o r i r e s p a n d i n ~ l y  
greatex accuracy a t  1 ~ s ~  d.ep%hs, Nei ther  one sf these eases 

i s  an optimum ssYwtj,an f o r  seassn,s o f  sound e n g i n e e r i n g  

~udgrnent i n  t h e  f i r s t+  case and ecsnsmfcs $PI t h e  secondo 
Based on t h e  needs 0% f l o o d  con%roP p%e%ic,~ios.s,  it was 
f e l t  t h a t  t h e  most d a s x r a b l e  accuracy specaf icatians esuld 
be achxeved by dlvidang % h e  t o t a l  gage range i n t o  three 

sub-ranges and d e f i n i n g  an ~ C ( C U F ~ C ~  figure f o r  each sf 
these s u b - r a n g e s ,  I n  teTrns o f  inches of  water equivalent, 



these a . c ~ , u ~ ~ c , ~ e ~  q t ~  " e  s p e ~ c ~ f ~ e d  as 00 ,3  LA", i n  the sub- 
range from Q t o  . IJ : , ~ z h c  S ,  3," 5neXa in ~ h s  smb=range 
from 2 0  t o  4kO Z n G n e : ,  and 3 , 5 0  ~ n z k  r n  t h e  zab-range from 
40 t o  60 i nches ,  

The accukacj- %,guisra:sl .-&pa axso be _n ._e rp re t ed  8s 

resoBution f i g u x e a  dependnng on t h e  iengxh sf Time con- 
s i d e r e d  wnth rsappcc-  1t9 gage s p s n a ' c ~ s n ,  POL ~ ~ ~ r p o s e s  of 

f l o o d  c o w t ~ o l  i t  L .  e l ~ - , a a b 2 . e  x,a havc sesoiut2ons of  this 

o r d e r  0% magnf5rude t a r  $as -TO -day opefabaon, However, 
if the  gage wese JL U X & ? V )  6 , ~  W I ~ ~ ; L X ) I  these f i g u r e s  

over an enT1x-e snl-7w s z a s o n  per;ad., these f ' a g ~ ~ i - 8 s  would 
represene ob~05~ekba a ; i . , ? i ~ ~ ; , : ~  S3 LhA:) &8rlda?SiS,  a b s o l u t e  

aCCUP8C'f' bWaS tiikf:lii dz ?he ~ e h - i ; ~ i  Sl1Bie r i o o d  
occurrence dapen-5~  e g x  ithp  ace OP ra r~c~f f  wb~xch can be 

measured. in Y ty,ri~!?;.,h 31 ~ ; x " i 3 ; ~ u t : ~ n ~  

Eaaviron~asat Csad~~- i : j -~-  - -- - -  . - - -- - - 

The de t e ~ n a a ~ a ~ 8  ;.L:IC ' ~ 7 _ t )  wazer storage L n  S ~ O W  packs 

must be made a% The saualze which s s  in rem~.teLy Boeated, 
mountainon~s lsi~.;;,~t r':~~i:s, Repx=essnitatcive gag ing  s i t a s  are 
d e t e r m ~ ~ n e d  and t h e s e  axz ~nhe~antly sw regaans  mostly 
maccess sbk  d,-~,[  - n g  t he  wrnter m o n t h s ,  Thxs  inaceessabilo 
a t y  to gesssrak 4t rave i 1s u ~ k a ~ ~ ~ ~ = y  a i i ~ ~ w p z i a ~ ~ e d  by lacPC of 

commercaal e X a r - t ~ l c a 7 ~  p~wex ae a s i t e  dsnd ,ahus ehe need f o r  
b a t t e r y  op~xa7.e-2 gagJ5ng squ,pmenl ls es i6 ,b -~ashed ,  

90 aexs8, i p e - - L f ,  l d~a t  b89$,$ '$~&6 m u s ~  b e  used f o r  
ogaesatlon would l t t h i  &I].. c i71exsr;mplif icax R ~ W  0f t h e  probPern, 

S ~ n c e  t~ave1 Y-? LFe:,c* a,: e s  3 5  ~ ~ e d r ? ~ y -  impsssxi~2.e d,dr ing 

the  wiints:: r , o w c b s ,  ~< - - ep  by B.ne,~;rcopt@;r i n  some citses, a 

given  b a t x - e ~ ~ y  par-4 niij" he  e x p e c t e d  t o  %&sit d & s r ~ n g  t h e  
e n t i r e  snow sea2or. ';;ila-Li%l ncay be a; l o n g  as t en  months, 
The use of  a s b ~ i x a r ~ ~ ~ l j .  h ~ g h  ~ a p a ~ ~ t p ;  glcit'zera~s does not 
represent  a p r a c x ~ . c a '  solutnon swrbce, dux xng t h e  s h s ~ t  

periods of $-me t h a t  a ; a t e  ns f r e e  of  t.naw, a 2 i  equipment 
must be ds2Liy;exed t o  scae sf t h e  mo%e remote 9ntes by 



animal pack  traiirl, I t  ,an $8 ~ofi.r",Buded t h a x  t h e  snow 

gag ing  davnce must be  b a e t e r y  ope ra t ed ,  b u t  must be o f  

su%f%sient$y low power n;eq~-.iir~msa~t 'ks pi~r rn i f  its power to 
be s u p p l i e d  faam bs$,teri.es sf a p r a c t i c a l  s i ze ,  

From t h e  dis~cixs,s ian of t h e  5 ,-n-Ls a=t:ess d i f f  i e u l t f e s  
en,countersd i n  t1aa:;s m8~~d5ngain.;aas i " a z ~ a d n s ,  9e f o l l o w s  t h a t  

t h e  snow gage 1~2.17~ be o p e r a z e 3  by renote  c o n f r o 1  s i n c e  it 

cannot be a t t e n d e d  by personnel, The u s u a l i y  h i g h  eleva- 

tions a t  t h e s e  s i t e s  ca: , isz~ an'cBemencc, weather c o n d i t i o n s ,  

t h e  mosz irnpo:,-?ant, ~f +-15,sck:, i s  Bow $emperacmre, Low 
temperatures (Lawse spe:~,i:!" ~ n g  diff ;bc,ul '~i les  i n  e l e c t r o n i c  

~ i r c u i t r y  ~ e q u k ~ e d  fa :  both, ~rad1.a. t ion detec*t+iion and r a d i o  

comaraunil--&ti% ~ a ~ ' t t , l : c u l i a ~ ! ~ ~ ! . ; , ~  if this  cirguitry is t r a n o  
. . .  

s i s t o r i z e d  t o  ~I:LD,~,IXX ze 5 i 1 8 1 ~ t ~ - ? L 8 ~ 2 1  ~ O W B F  ~ a n ~ a r n ~ t j i o n , ,  
0 

TypicaZly ,chess  f;e:%ps;:a:k.~;x-gs ~fe~i ;R -3Q C se:i~eraa times 

d u r i n g  a w i w t e s  sash: st;zhon, 

requi:rsmsnt. f o:r rexot t:-. ;! y c f ~ , n ~ . r o l  %e$ snow measu.x-ements, 

Land t r a ~ . s m i s s i o n  . ! ; i ,~~t$ ,b ,  b e i n g  nearzy- in'j3ossibIe t o  i n s t a l l  
i s and malntt;a..kxa a2r-e -,?,-.*- k,c;. ,2sideu r rim p a a a i b l e  ~z,sa, Wadis 

t s ansn ; i s s i an  is t h ~ r e f o : : e  required and must be d e s i g n e d  

suela t h a t  the: entEr:.e s>-bb.t,en mag- be  s u ~ ~ ~ m a n e d  on an 
c a l l m  basf  s f ram a canuewient . ly l o c a t e d  d a t a  coY l e c t i o n  

s t a t i o n ,  somegimes s a l h e d  3 base station, 
1% i s  wsiX r eeogrAizsd  t h a t  t h e  mast practical method 

sf transmit~ing quantita~iue d a t a  is t h r o u g h  t ,he use sf 
p u l s e  coded infasmaeioa, Unfortunately p u l s e  c.oded in- 
f o r m a t i o ~ ~  is cons ide rah - ly  mare s u b j e c t  Pa radxs-frequency 

sn te r fe rence ,  o r  n01se,  : : 5 . a ~  i s  t h e  more n commonly ePneouno 

t e r e d  voHc,e co r , rna :a~~a t son ,  The co~.jectam.re of xhether a 

frequency moduLar x ~ n  ox amp l ~ t u d t e  modulasicn system i s  

b e t t e r  f o r  this puxposr- ha. beera demonztrcafed, I t  has  



amplitude rnodubaft~~sn a s  3uperaor $0 f rsqaeney modulation 

for a specafxed r e j e c t l o n  sf nmpulse nolse, Hawever, it 

has Bong been fez,& t-llat t h e  consex5c was t r u e  and hence 
most commescxa% a a d ~ o  systems s u i t a b l e  f o r  p u l s e  t r a n s -  
mission are of  he frequ*zncy modulated t ype ,  Fo r  t h s s  

reason a lone ,  f x ~ q : ~ e n s y  ~ n o d u i a t a  011 r a d ~ o  systems will be  
. 3 s  discussed dax sh.,5 DU-., .e%in ~PI ISQZOU~~ k~ s~~i;=a"sble amplitude 

modulated system bas t e r n  devkboped & t  -:he Umiversnty of 

Idaho,  

Regard less  of wheches amplitude o r  f requsncy  maduo 
Eation techn~que; are  e ~ ~ p ~ o y c d ,  the F e d w d a  *Csrnmunications 

Comrniosasn has irnpo3ed soni~lt;. s h g A 9  Tes ; rxe t i sns  ow t h e  

transrnbssaon of  hydno,ag;c d a t a ,  Theze d a t a  must be 

tralasmitted i n  rise !i-C I l . f I i [ ~  b m d  B H Z ; C ~ % P ~  f o r  R y d ~ ~ P o g ~ c  

teflemetry, The b a n d w ~ d ' l a ,  whsdl  lzralts b s z h  d a t a  han- 

d l i n g  capac i ry  a r S  pean, \sssbse  p u l s e  dur&r~ons PS s e t  
a t  blMiiiz, Fibaasl"., , t h e  caxraer  f r e q u s n z y  t o l e r a n c e  a s  - 
limited '&a d.se Eetieralb:; 8sc-igned va lue  0,000s per  

cent ,  This l a s c  s e q u ~ s e m e n t  ss  pastxeu$a=riy i m p e m a n t  

i n  view of t he  B a ~ k  of f~equensy s t a b x k i z y  sf an elec- 

t r o n i c  sseil@atos under  zawd~tnsns of w l d c l y  v a r y i n g  
temperatures , 

WADIATION SMBW GAGE AND DEVELOPhfENT 

A l ~ h c u g h  r h e  pxe:~en%a%nan an i ~ l i e s  sesElsn ns n o t  
necesoarxly shrsnoSsgs(cal ,  varxous seymenes of  deve lop ing  
a radiatxon snow gage aF6 p ~ e s e n t e d  ~n t h e  o r d e ~  of neea 

essary ~ o n s , d e x a % ~ a m  f s9x  c x e a t m g  such  a d e v ~ e e ,  The 

results  of  s e v e r s +  yeaxs a f  U n i v e ~ s ~ ~ z y  o f  Idah6 investin 

gat ions  a re  presented as an a n a l y s i s  ra they  thaw i n  t h e  o r d e r  

t h a t  they  were actu,al:y- d t s o l o s e d ,  

Scat ternng and Snoa -- -1Ta~er - E q u ~ v a % e n e e  - 
It l a  i m p o r t a n t  to determine whether  o r  n o t  a r a d i -  

a t i o n  measurement made of a snow pack co  d e t ~ ~ r m i n e  its 



water equivalen: wsll y,e%d t h e  same resd le  when t h a t  

amount 0 %  lgnqr~,d h a t e r  ~5 m c a a u ~ e d ,  Tlr_as Che subjec t  of 
s o - c a l l e d  s n o w - v a r e ~  equivalense is s 5 s f e n ~ : a S  t o  a s n s i d e r ,  

EwtensiTJe tsstsny I n  U n : ~ p e ~ s i t y  a t  Idaho l a b o r a t o r i e s  
has shown t h a ~  ssxe a t t e n u d t ; ~ ~ )  d i f f e r e l rp~es  do occur  as 

t h e  a b s o r b e ~  changes ,n physxLal s t a t e ,  %t s h o u l d  be 

mentioned t h a ~  t he  e atcwr 3i f h ~ s  Tar3 a taon  determines, 

in addition $ 0  r a d ~ o ~ s s t s p e  d~sr2tegxatisn s t a t i s t i c s ,  
t h e  theo~etizai l ~ m r t  of  accuracy t h a c  ran  De ob t a ined  from 

such a xneasuaaanen:. s j  stem, 

System measv-eaewt error caused by s e a e t e r f n g  be -  

comes e v i d e n t  @hen uj2ng t h e  e n t i r e  speetrsm of  Cobalt-60, 

F i g u r e  1 shows a t y p r c a l  spectrum of  t h i s  i r a d i ~ i s ~ t o p e ~  
The photopeak r e g i ~ w , -  avhicla i s  t h a r  reglsun r e p ~ e s e n t i n g  

the griwcipax c n s r g l e r  o f  pho tons  erne~rgir~g from t h e  

r ad ioac t ive  s o u r z e ,  1 s  eke most  desPxab3.e pa r t xon  of  t h e  

Cobalt-60 sge~ t ru rn  t n  h;se 2-n t h e  $BLOW water mneasurement 
system, T h i s  d e s l e a b i l ~ z y  as  exp la ined  by ~ o n s r d e ~ i n g  

t h e  e f f e c t  of t h e  3bsazbcx on ehs  impingent  pho t sws ,  
I f  a s i n g l e  pho ton  s9If;des wizh s so%ecuie  sf the 

abso rbe r ,  then  i t  e l t l ~ e r  is s c a t t e r e d  eotnpletefy o u t  s f  

t h e  beam and is n5t d e x e c t e d ,  o r  e l se  n? Isses a p o r t i o n  
0% 2t.s energy  and a ~ s i v e 3  a t  t h e  d e t e c t o r  w i t h  l e s s  energy 
than irs z ~ n ~ z ~ a d  anouns at t h e  time sf ermnssrow, Those 

photons which  were en:? t e d  w x d t R  photopeak  enengies will 
be Be tecTed  in the so-=aX%ed Compton r e g i o n ,  If t h e y  are 
scattered, and ~ $ 1 1 1  axrnve a t  t h e  d e t e c t e r ,  Thus rhe  
degree a% s g a k t e r ,  whach 6s dependent upon t h e  physical 

s t a t e  sf t h e  absa>.ber ,  wxll determine ahe number of coun t s  

o b t a i n a b l e  l a p  ?-he scaP*-cr ~eg~ ic sns  of  the  spectrumc To 

eliminate *has  dependen=& upon s c a t t e r ,  ~z ~s necessary 

t o  g r ~ v x d e  t h e  detecta :  with a means of  eounrspng on ly  
t h o s e  pho tons  an t h e  photopeak region,, the i : sby  minimizing 

t h e  error  due to scarterang dafferences With t h e  d e t e c t o r  





s e t  to accept  o n l y  &hose  p h o ~ o n s  w i t h  photopeak energies, 
these pho tons  aEe t hose  ~ h a ~ h  have passed from t h e  s o b r e e  

t h r o u g h  t h e  a b ~ s r b e r  w i t h o u t  a t t e n u s t i o n  dae r o  t h e  cslo 
lision and res%il*-awr s c a t t e r i n g ,  PIcnce this "knergjy d i a -  
crimfnaanow" x.~,e,;t.,r,rque a91uogs tSas unattenaated p h o t o n s  t o  

b e  compared w ~ t h  t h e  a r x g i n a 9  numbex o f  phoe,~as e m i t t e d  from 
t h e  SOMPCE?, 

Fagure 2 s l ~ o w s  x51e ~ C s b a l t - 6 0  spee5ra f o r  b o t h  snow 
and an equkvalent amount of waszs, If an e n t i r e  spectrum 

were used f o r  countang, t h e  e o u p t  race wouid be pxoporo 
t i a n a l  ts t h e  a rea  under t h e  spectral ,  curve and hence  t h e  

error would be w i ~ h ~ n  t h e  a f e a  di f2erence  sf t h e s e  t w o  
s p e c t r a l  p l o t s ,  

Selection of  Radiation Detectszc 
. - - - -- - - - - - -- -- 

As j u s t  rnentxonsd, errors  due t o  count  r a t e  d i f f e r -  
ence between snow and aru pqu;avalerst smsasnc o f  water  may 
be mxnirnized by c o u n t i n g  p u l s e s  due only  t o  h ~ g h  energy 
photons ,  T h i s  may be a~complashed by a scintnlfatisn t y p e  

rad ia t2  ow d e t e c ~ o r ,  I n  a s c : ~ n t , B l a t ~ o w  d e t e c t o r ,  p u l s e  
h e i g h t  descrimsnation ~s possible due t o  t h e  l i n e a r  
dependence between cne?rgy of  fnipi~gen 'c  pho tons  an  t h e  
d e t e c ~ a s  and t he  h e ~ g h r  cf  t h e  c ~ r r e s p s w d i n g  o u t p u t  p u l s e ,  
A p u l s e  h e i g h t  dYsarirn:~wa+:or 2s capab le  sf s e l e c t i n g  
e ~ t h e r  a l l  t h e  p&5@5 ,n a a e r t a i n  energy bnfervaf  [ d f f -  

f e ren t i aL  operation: av aRB t h e  p u i s e s  above a preset, 
l e v e l  [ i n t e g r a l  apers~ron' , To maximaze t h e  number sf 
counts p e r  u w a t  % i m p  whnch 2s equnvafen t  8 0  c r e a t i n g  
maximal d e t e c t i o n  e f f a c ~ . e ~ , c y  f o r  a g iven  source s t r e n g t h  
and de tec%or  c r y s t a l  s ~ z s ,  t h e  i n t e g r a l  mode o f  o p e r a t i o n  

can be used 

Figure 3 shoks some discrnminator s e t t i n g s  above 
which a l l  c o w w ~ s  k ~ a B 1  be de tec t ed ,  From eRe s t a n d p o i n t  
0% snow and a?-s wateT equsvalen*, if t h e  dLscrnminatsr is 







set a t  A OR ehxs f s g u r e ,  t h e n  t h e  s c a t t e r i n g  d n f f e r e n c e s  

between 59.za and water o a u l %  c rea te  as hpgh as 30 pey cent  

error, Qn t h e  o t h e r  haado if' t8as discrisnsinatox' l eve l  is 
s e t  a t  B ,  on ly  t h e  photons o f  essentnally phstepeak ener-  
g i e s  will be de tec t ed ,  t h ~ s  m i n i r n i ~ i n g  t h i s  s c a t t e r i n g  
8 n " $ 0 5 P o  

As a pareathebac n o t e  it 1 s  mentioned x h a t  Geiger- 
Muller t ype  d s t e e t o r o  have no energy d~scramnnatisn capa- 
bility, Unless some sort sf mechanical energy discrimination 

were used w i t l a  t h ~ s  t y p e  o f  detectsat . ,  e r ro r s  i n  snow 
water equivalent measuxed, s ~ m p a r e d  to t h e  a c t u a l  amount 

of  water p r e s e n t ,  c o u l d  e a s i l y  apprdach $0 p e r  cens, 

Detecton and Wadration Saur5ce Lccatian 

The d e c i s i o n  t o  use a s c r n r ~ l l a t i o n  type  r a d i a t i o n  

de tec to r  p rov ide s  u s e f u l  i n f o r m a t i o n  t o  dese rmine  t h e  

r e l a t i v e  p o s i t i o n i n g  o f  t he  r a d i a t i o n  source and d e t e c t o r ,  

Rela t ive  positioning i s  t aken  t o  mean whether  t h e  d e t e c t o r  
i s  t o  be p l aced  above ths sn'ow pack and ehe source u n d e r -  

n e a t h ,  ~r to position t h e  nsurae overhead and t h e  d e t e c t o r  
undernea th ,  Both cases will be d i s c u s s e d , ,  

First c o n s ~ d a r  t he  case i n  which zhe detector is 
p l aced  above the  snow pack and t h e  source i s  b u r i e d  $em 

neath  t h e  snow pack,  'This has t h e  advantage sf hav ing  
l i t t l e  me9aslurement esro;y from t h e  B e x s c t l o n  of  i n h e r e n t  

background radiation sin.ee I s a d  s h i e l d i n g  can be used in 
t he  d i r e c t i o n  of :he s k y ,  Unfortunately, t h i s  p a r t i c u l a r  
gage configuration has  a major d i s a d v a r ~ t a g s ,  Since  t h e  
seintfllatFom t,ype raduatisw d e t e c t o r  con ta in s  c o n s i d e r a b l e  

e l e c t r o n i c  cireuitry which m w t  be erawsisto~ized f a r  
e l e c t r i c a l  power e o n s e r c # ' a t i e % ~  I t s  ekposare t o  t h e  exo 
trsrnely inclement weather conditions would cause excessive 
system var iance ,  T h i s  vssian8:e i s  caused by %he i n h e r e n t  

t empe ra tu r e  s e a b i l % t , y  pssbIems conmon t o  many t r a n s i s t o r i z e d  
cf r c u i t s ,  





Figure 4 ,  S e l e c t e d  snow gage c o n f i g u r a t i o n  



q u i t e  apparen t  t h a t  t h i s  cross-sectional area  v a r i e s  with 
histance from $he r a d i a t i o n  ssurcs, Csnceivably ,  this 
could cause e r ro r  as t he  snow mel ts  due t o  a change i n  
goeffect ive  !=ros-sec'ciona88 a r a a H 0  

As a f u r t h e r  eonskderae i sn  sf r a d i a t i o n  geometry, 
ii i s  i m p a r t a n t  t h a t  t h e  radiation beam w i d t h  s h o u l d  be 

k e p t  as small as p o s s i b i e  i n  o r d e r  t o  minimnze v a r i a n c e  
0% t h e  beam avea wn%h v a r a o r l o n  nn d n s t a n z e  from t h e  

source, The beam v n d ~ h  i s  minnmired by so iP~rna t9sn  which 
then  xsquires v e r y  ~ a r e f u l  physneal aP;gnment sf source and 
detector , ,  

The S c i n t i l l a t i o n - T y p e  D e t e c t o r  

A b l ack  diagsesn s f  a s c i n t a f l a r i o n - t y p e  r a d i a t i o n  
d e t e c t o r  is shown sn  F i g u r e  5 ,  The e s s e n t i a l  zomponents 
0 %  such a d s$es to r  a re   he s r y s t a E ,  pRotomuPtipl~er t u b e ,  
l i n e a r  amp?.idxer and pu2se h e ~ g h t  d ~ s c a s m s n a t s r ,  Hw ado 
d i t a o w  to these csmponswgs, dxuxder  cxrcuxas and a pulse 
generator  a re  added s o l e l y  f o r  compatLbi l r ry  wxth  r a d i o  

transmissaon requirements,  
A s c i n t i l E a t S o n  system der ives  i t s  name from tRe 

f leshes of $bight9 ,calbl.ed s c l n t i % ~ a t B . o n s  emanated from 
c e r t a i n  c r y s t a l s  as a r e s u l t  af r a d i a t i o n  incident on t h e  

crystaB, "Re wuwbez' of  ~ c i g b t i ? ~ l a t i ~ n l n $  1 s  dependant  upon 
radiation intsnsiky nf  &he c r y s t a l  and t h e  i n t e n s i t y  

depends on energy l eve l s  sf t h e  impingent r a d i a t i o n ,  These 
s c i n t i l l a t i o n s  may be  e JLe~xron iea l ly  dtezected by a photo-  
m u l t i p l i e r  tube  y x e l d i n g  an overall i n p u ~ c - a ~ t p u t  c amaspon -  
dence o f  radsatnon x n t w n s i t y  t o  e l e c t r i c a l  pu l se  magni- 

%u$@, I t  YS, of C O U . ~ S B ~  t h e  a b i l i t y  to de tec t  energy  
l eve l s  t h a t  moles t h e  scint~ldatsan system a t t r a c t i v e  f o r  

The ~omp%ex~tv sf t h e  s c i n t i % I a ~ x o n  type  de tec to r  
caused coaskderable  d%fiicul%~es I n  its deselsprnent f o r  





B o e a t i ~ n  i n  inclement weaxher l c . ~ n d i t a o n s ,  Taksng each  

d e t e c t o r  component s e p a r a t e l y ,  t h e s e  d i f f i ~ u l t i e s  will 
be  d i s cus sed ,  

i n  c r y  The genera l  c lass  of  - 

c r y s t a l s  most s u i t a b l e  f o r  use in s e i n t i l l a x i s n - t y p e  
detectors are t h ~ s e  5x1 t h e  a l k a l i  h a l i d e  f ami ly ,  The 
most  efficient o f  these is the t h a f f ~ u m - a c t i v a t e d ,  sodium 
i o d i d e  e r y $ t a f ,  usuaflly referred ts as a N a l  (TI] c r y s t a l ,  

S ~ d i u s n  i o d i d e  is a h ~ g h l y  hygroscop ic  m a t e r i a l  and 
hence must be encapsula ted  f o r  p r o t e c t i o n  from mo i s tu r e ,  

The encapsulawt  conflgurataow is t h a t  o f  a metal c y l i n d e r  
w i t h  a t r a n s p a r e n t  g l a s s  f a c e p l a c e  through which s c i n e l l -  

I a t i o n s  may bs deteceed by t h e  photomulziplier t ube ,  The 
maina d i f f i c u l t y  e n c o u r ~ t s r e d  i n  usnng ~ h e s a  c r y s t a l s  in 

non-laboratory app%iea&iowa as t h a t  'there exists a t e n =  
dewcy, a s  icernperaturea vary wide ly ,  f o r  t h e  crystal to 

s e p a r a t e  from a t s  t r a n s p a r e n t  f acep ia te ,  Th i s  c r e a t e s  an 

opaque o p t i c a l  woad, diminishxng t h e  e f f i e ~ e n c y  and e a l i -  

b r a k i o n  0 %  t h e  s c i n t i % I a t i o n  detector, It shou ld  be no t ed  
t h a t  t h i s  problem i s  more p r e v a l e n t  i n  larger c r y s t a l s  t han  
i n  s m a l l e r  ones ;  t h a t  i s ,  1-112 inch d ~ a m e t e r  c r y s e a l s  are 
less s u s c e g t a b % s  t o  this e f f e c t  t han  a r e  3 i n c h  d iamete r  
c rysEa%s,  A p o s s i b 8 e  s o l u t i o n  i s  t o  sansert a t r a n s p a r e n t  
epoxy bonding ma te r i a l  begween t h e  c r y s t a l  and t h e  f a e e -  
p l a t e ,  %has  problem 1 s  ~ u r r e n t l y  under  ~ n v e s ~ i g a t i o n  by 
c r y s t a l  rnanu%alz~urers, such as t h e  liarshaw Chemical Csm- 
pasky, but no solution has yet been announced, 

Another p r e v e n t i v e  measure i s  t.o e n c a p s u l a t e  t h e  

c r y s % a l  in a  xwggedized mounting assembly con ta in ing  a 
s p r i n g  to f o r c e  $he c r y s t a l  a g a i n s t  t h e  f a c e p l a t e ,  T h i s  

method has  been shown ts be qux te  s a t i s f a c t o r y  and minim 
mizes t h e  crystal warpage with v a r y i n g  temperature, Not 
on ly  does t h e  e f f e c t  o f  t h a s  warpage cause opaque s p t i e a f  



v o i d s  b u t  it can cause c r y s t a l  f r a c t u r i n g  a s  w e l l ,  A 

31-112 i n c h  d i a m e t e r  NaE(T%l crystaFB, e n c a p s u l a t e d  i n  a  

rugged ized  mounting assembly,  has  proved t o  be e x t r e m e l y  
r e l i a b l e  i n  t e s t s  over  long  p e r i o d s  s f  t ime and w i t h  
r e p e a t e d  t e m p e r a t u r e  e y e l i n g  from -30'C t o  +25'C0 

P h o t s r n u % t i p l i e r  % , A photomu8t ipP ie r  t u b e  eona 

t a i n s  a pho toemiss ive  c a t h o d e ,  a e o l l e ~ t i n g  anode,  and a 
number of  i n t e r s t a g e  anodes c a l l e d  dynodes, E igh t  impin-  
i n g  on t h e  ca thode  r e s u l t s  i n  e m i s s i o n  o f  e l e c t r o n s ,  Once 

e m i t t e d ,  t h e s e  e l e c t r o n s  a r e  a t t r a c t e d  t o  .a dynode which 
h a s  a  more p o s i t i v e  e l e c t r i c a l  p o t e n t i a l  t h a n  t h a t  s f  t h e  

ca thode ,  From t h i s  f i r s t  dynode b o t h  t h e  p r imary  and 
secondary  e m i s s i o n  e l e c t r o n s  move t o  a second dynode hav ing  

a p o t e n t a a l  exceed ing  t h a t  o f  t h e  f i r s t  dynode, T h i s  
p r o c e s s  c o n t i n u e s  from dynode t o  dynode u n t i l  t h e  g r e a t l y  
i n c r e a s e d  number of  e l e c t r o n s  f i n a l l y  a r r i v e s  a t  t h e  c o l a  
l e c t i n g  anode whieh i s  t h e  most e l e c t r i c a l l y  p o s i t i v e  

e lement  i n  t h e  t u b e ,  I t  can be s e e n  t h a t  c u r r e n t  ampl i -  

f i c a t i o n  is ach ieved  i n  such a m u l t i - s t a g e  t u b e ,  t h e  
number of stages t a k e n  t o  be e q u a l  t o  t h e  number o f  dy- 
nodes i n  t h e  t u b e ,  

I t  i s  known t h a t  p h o t o m u l t i p l i e r  t u b e s  a re  s u s e e p n  

t i b l e  t o  d r i f t s  o f  v a r i o u s  t y p e s ,  S ince  t h e  aeeuraey  of  
measur ing  snow peck w a t e r  c o n t e n t  i s  dependent  upon s t a b i l -  

i t y  o f  t he  s c i n t i l l a t i o n  t y p e  d e t e e t o ~ ,  two t y p e s  o f  d r i f t s  
must be exarnxned, A t  t h e  o u t s e t  of  t h i s  i n v e s t i g a t i o n ,  a 
v a r i e t y  o f  p h s t o m u % t i p l i e r  t u b e s  were t e s t e d  i n  U n i v e r s i t y  
s f  Idaho l a b o s a t o r f e s ,  Based on t h e s e  i n v e s t i g a t i o n s ,  whieh 

a r e  fully d i s c u s s e d  i n  r e p o r t s  [ t ,  101, an EM1 brand ,  
t y p e  9536B t u b e  was s e l e c t e d  f o r  t h i s  a p p i i c a t i o n ,  A s  
each  t y p e  s f  d r i f t  is d i s c u s s e d ,  t e s t i n g  r e s u l t s  w i l l  be 
g i v e n  f o r  this p a r t i c u l a r  t y p e  s f  t u b e ,  

The f i r s t  of t h e s e  t ypes  of  pRs to rnu l t fpP ie r  d r i f t s ,  
c a l l e d  t ime d r i f t ,  i s  t h e  e f f e c t  of changing g a i n ,  or 



current  ampkrfacatisn, w , t h  Lncueasnng time ~ P L ~ P  applio 

cation of ~ . L C L T ~ T . ~ L ~ I ,  p\u^+-r t o  t h e  t u b e ,  The cause sf 

t h i s  d r i f . ~ ,  a s  :chle TL a. : s5:zon of  t h e  phota~athode w o ~ k  
funchioaa asi ;;FL zh,,8ng,~7g ~81:hade fenpeF~kUrd 6 8 8 ~ 1  tfng 

61~2 ~f:tn:1? '$6 - 5  5 7,CTh arid. Lhi? C.6ai2iRge 2 2  n@dr-ci?i$h~de 
space poce5?y ,. j l  2. i 5 t r  ; b , , l _ ~ ~ c n ,  

T i m e  d r a f t  n ?  d $  1 r n p o ~ t d n ~ e  9 0  ihe  application under  

d a s ~ u s s , i o ~ , ~ .  since , ; 9 -an%erve power a t  a remote measuring 
$ o c a t i o n ,  c~F+-,nlu,"d[: j j o w i ~ ~  apylicazisn is no7c p ~ a e t i e a l ,  
A rube  wh;~h % I ~ S  9 8  d a i f  t dust,Fng t h e  s h o r t  measure- 
men? p e r * ~ o d  would n a t  p : r o b ~ b e  yepea tab le  da ta  % $  i2 became 
necessaspf c.-s ~ c z a l l  n aadtat~an snow gage f o r ,  say, a 
cheek count,  F u r r h e ~ r m - e ,  severs d r a f t  would g r e a t l y  
a f f e c t  gage caf i i t9~a%:~a~-J  wf:n_h WLI% Later be  d i s c u s s e d ,  

Qf a%% t h e  ~ I I ~ L ~ Y  :>an,,l~ : l s l i g p  ~ ~ b e s  t e s t e d  , t h e  EM1 

9536B p ~ o v e d  TO b r  *:kke 7.es4.t dLi'Feeteed by time d s ~ i f c ,  A 

t y p i c a l  t a m e  d x s i i  p h a  fox s9~ch a t u b e  is shown i n  
Figure 6, 

S i n - s  ~t nai7 b e  Q F  - ~ ? S S ~ P Y  $ 0  T ~ C B ~ I !  61 gage f o r  a 
check c o u n t ,  X P  is d ~ s i r ; < b X e  98 know how I o P . ~  a t u b e  

remains O'on" m d  chen 11cw Ysng s t  must remain Q 'a f foo  b e f o r e  
t h e  nex t  power applacatxow, One s u i t a b l e  figure f o r  t h e  
EME 9536B t u b e  is t h a r ,  f3% power a p p l i c a t i o n  o f  f i v e  
minu tes ,  t h e  g a l n  w x k 4  FetuFw eo I t s  o ~ n g i n a . 1  ga in  v a l u e  
fifteen minutes & % f e z  po3wx has  been removed from t h e  t ube ,  

The s s ~ o n d  t y p e  o f  p l r ~ t s m u l t i p l i t e r  d r a f t  t o  be eond 
s i d e r e d  i s  rhkia 0 2  c h a n g ~ r ~ g  g a i n  with changang t empe ra tu r e ,  
Although t h s  s,inxLSXafioxa i lerector w i l l  'be b u r i e d  in 

t h e  ground which m ~ i  P-1- ,12115 n e a r a f r e e z x n g  rempe~atures, c a l f  
bratian u s u a l l y  ~ ~ A P S  p:-i~.j.e 11: the  fa%;  when t e n p e r a t u r e a  
a re  c o n s 4 d e ~ a b B y  5,.gY-iLr, E a g u ~ e  7 shows rhe e f f e c t  s f  
temperature on t h e  k K L  t u b e ,  'IT (can be seen t h a t  tempera- 
tu re  eoilppe~xsa?s,sn f o A c t - , r  s shou id  be taken  i n t o  account  when 

actualf ly mea.rJz Lng -now pa:&; water con ten&,  







Linear arfipb~ k-iex - -  and. P I J L ~ ~  La-- h e ~ ~ h g  d i s c p i m ~ l p n a t o ~ ~  
e_- _- ---- - -  - _ -  - -  - _______I 

The p u l s e s  ohtaxfiiit:% f:2it1 t h e  p~s~oeomt .n l$ ip f i e~  2ube cano 
t a m  t h e  anformacaon xlLt:essa;ry, namely, the repetition 

rate o f  pu:$ew ,*n a ; e ~ t d ~ n  h e i g h t  ~ n t e ~ v a l ,  Before 
these puP$es :an kr; , oan ted  to detexmkns r e p e t i t i o n  r a t e ,  
the  unwanted passes  rn-J.s~ be e l~ rnxna t ed ,  Thxs elimination 
technique, C Z X ; L C ~  Sibs C E : ~ Y K ~ ~ ~ L I W  i5 a c c ~ r n p l ~ s h e d  with a 

p u l s e  h e i g h t  d > ~ i ; r b " ~ l ~ ! e i ~ a t ~ ? :  :lreuito 

Before pulse h e ~ g b c  disc~amination i s  p o s s i b l e ,  

a a n p l i f i c a e ~ o n  - s rse ,e ,- -: airy go elxmenate extreme c r i z i e a l -  
ity of d~s.irn.afi~aalii  -ri - ,?r t b r e s h s l ~ d  adjustment, Pulses 

emanating from p l i i c t ~ o ~ ! ; , ~ ~ ~ i ~ : ~ ~ ~ B ~ ~ r  t u b e s  have ar range sf pulse 
heights cen ize~ed  in 9 1 - 1 ~  - c r e x n f t 3  o i  50 mBfPnvol.ts, Hn 
o r d e r  "c ppiresvrsi;e bkh~; 2 i i~hed~ .iepen$ence of  radiation photon 
energy %a p$.x?,se he l g h t :  cheae photomultaplier pulses a re  
amp%ffae$ Piwaarciy, K8,~nce a Zsnear a m p l i f i e r  i s  i n t e r -  
posed between the p ~ a o c o r n u Z ~ s p X , ~ s ~ ~  t u b e  and the p u l s e  height 

i n d i c a t e d  t h a t ,  fax g m a  s t a b , i ~ u y  and Bow power consump- 

tion, the b a s t  csmcrerc I a ~ i y  ava ,~l labfe  combination of  

l i n e a r  arnpbif ~ e r  and pckdbe h e s g h t  d ~ s c r a r n i n a t s r  was manu- 

factured by P ~ c k e r  C o ~ p o ~ a t ~ o n ,  To p r o v i d e  a readily 
available supply s i  r h e s e  C L T C U ; + ~ , ,  these P ~ e k e r  circuits 

were i n coxpo ra t ed  s n  the snGv gage ,  Test d a t a  r evea l ed  
these  sxrcunrs  to be cearLg *-otaiLy nnsemsitnve t o  changes 
in ~ ~ M B I O A I F ~ ~ ~ ~  A'. t elrlpGt,, :r:u;Fe sax the range from - 5 ' C  to 
+ ~ o @ c ,  Furti~e::^~!:oxe a p e r  cen t  d e v i a t i o n  from r a t e d  
s u p p l y  v o % c a g ~  c a u + g b ,  1.c s;gn,fncan? change in operating 

S t a t i s t i c a h  k - c i l  a ty 
. ---- - - - -- - - - - - - 

R a d ~ a t z ~ ~ ~  $ 4 8 7  a DUB t o  rhe  random naeure sf --- - - -. - - - - - - - 

t h e  gamma e v e n ) ~ %  x ~ h l ~ h  a l e  d e % e ~ t e d  by t h e  r a d i a t i o n  snow 



gage, The 'i;k~ned : . ~ ; : ~ n ~ . ? r .  ii'3l":xsined by 3~l.n~ system w f I . 1  show 

f 1 la e t IJ a j zjn s "a ;* ;:~a #;3 !& ;;$ t: a?:', ,: a~i~auast o f  snow p a k  w a t e r  
b, *.: 2. +!. 5. ;; :: 2 !> Li-;; ,>! f i-, con'tsn.t ,  ": ,\,... eErne intsrvals between 

p u 1 s 9 w a 9 :L J:., 0 ~ , 2 !  2:. ;: Q k! a ,  9, ;< s i>n Law except  f o r  a 

s l i g h t  de:yrZg.,t<oa.r ;nnc-..;.;J b y  (;:ir<-; :J~adnff;inid""f t h e  d e t e c t o r  
: c r y  , A ,  } . P ; T ~  Tc;:ir3i9 ~f ~ 3 ~ t e ~ ? n  ~ ~ u P ~ Q P ~ B ~ P B ~ ,  t h e  

aanacsrt;ajbnty ~ x l ; : . - . i ! c i ~ ~ . , , ~ . ~ ~ . ,  13. ;  .<..iic::.,e stagistical variations 

p r e s e n t s  oaae kL?n-~:: !.r:- 5.~:\o'i,: sj;$ge ~ C C I J ~ ~ C ~ P ,  

Staris j-fLcajL :-?-.. I ,. :., .. 3 .. ikljr-i:,:a 2.ha.C minimize measureo  

merit d s v i * . t a ~ . - ? : ~  d';:\!:- * :-:I - : , t : : sr ;  rsn&2nness, t h e  l a r g e s t  p s s -  
sSbBe numbex af :-:.i' ;..-.: s'h.i;i~j.,.i :2ourn-ced9 from which c o u n t  

..,~ r a t e  w i l l .  !,ha?-"": i:c- ..j+:: ~ t :  :.!T,'?:;B$,, s i m p l i c f  tg;, nomograph$ 
. . "  ]lave ~ ~ F ; J D ~  dpa;e?~.:::,~e:a , :~ : ;L , . . I I  ,j:,at;* ,, f o r  any t o t a l  c o u n t  ob-  

t a i n e d ,  ~ 1 ~ ~ ; k . t  ~cr-i~,:r,:i,:., -n!,.:!lul?b . i  be .?itLxkei~ut.ed t o  the data. 

w i t h  y a y t  .!-c.l;?.,.~.: ;:oa.;i ! !.!;-al,<< ",~,vs;~, Such a nomograph ( 7 )  

i s  presexxtcd sxr 6: i ,;,,..:-8-.: ii :, ,:; c , . - j r l i  dewce Bevel  o f  0, 9 means 

t h a t ,  9 tjsfies 0 u . t  ;-if hht: dryr,,; ;,:i.ll be within t h . 8  p e r  
, ', . . 

eifroq 6 I. , e l ; _ ; " , ~ r , ;  t:;' A i ;.!i.~ dj;a\rfi fpbng3m t h e  e;espsf i d e n e e  

Bevel f i g ~ i : ~ ~  t:c ti-\.. i :"::<i v;;.o),R;x?- S Z P ~ ; ~ $ ~ P . ~  I n  t h i s  example, 

 on^.:&; i n  1.0 X.E. * d j L l ~ i v ~  ci , I: i:;e;.. t ;r j~~i4.y b5 somewhat i n  e r r o r  
F .  . . t h an  i w d i c a t c ~ i ,  :,!a,.rir. . , ; ~ : ; : e ~ a  %ha2 if B g r e a t e r  c o n f f -  

$elrace Bevel is d.e,s?,;tetic an il~,;aea;e$: number of  t o t a l  

coun ts  must be  cies.su~:::J.,., In khi,s  ~ ~ S L ~ Q S S ~  o n g  t o t a l  c o u n t s  
a re  $hose ixom '.;he pf . .  , ~ i s s , ~ , : ~ . i ~ ~ ~ . L ; a  ' .-.-,: 1p1-ier ,cube p r i o r  t o  any d f v f  - 

~ s i s n  fast. parapozsc. oi ; , - h , j . k ~ ~  ' ? . Y B R " , S ~ : ~ ; S Y ~ O ~ ~  

A f ina lb  -omr;eni: . - a n c e ; - ~ c i ~ g  tbi.ie gxonrrsgraph o f  F i g u r e  8 

applies to urzcti:: t'a: xi?,., ,%rx C + P ; > : ~ Y  i n d i c a t e d  on t h e  nomo- 
g raph  i s  a de?~*iat is r r  f::-:j:~ \,:lls s ~ ~ % t , i a f i c a l  average of  . rad io-  

> r ,t 3 * .  i s s t o p e  dgssarr;g 5 :  - 9 ; : i t 1  - ;li;:s,, A>.. , h,ough zhe ~ : c l i b . m ~ a t f  on d a t a  

are p r e ~ e n & e : j  ~ , I K C , T  21, ?l;o rtix I... if these d a t a  a re  used 

$0 canvex-t c:t;iinn:s ;. ,J.;F i.i:i:; : ~ : : " . c 1 ~ ; ~ a  , i n t o  measured w a t e r  

egui,wa%ent, K P  S A D  l.c, s ~ e d e  :.9.;2% xhe nornograph i n d i c a t e d  
error  i5 ~ B S S X ~ ! ~ ~ ~ I  : c o  Gn?:' k..~;,~mpPe, a ;sarirr$%ng error of 

a3,5 o p e r  Lesrx - c r x  j j ~ t r ~ ~ d ,  *:, a water ~ t i j ~ i ~ 8 P e n t  d e t e r m i n -  



Figure 8. Nomograph f o r  statistical count ing e r ro r ,  I 

1, 

i 



a k i ~ n  unchhy c,~:  r-, 
<, * c' - o'i, graph  r e f a t i n g  tine 

., .- ;., . ~ ., .. ,~ 2 i J . . , : - 5;ip1m2e $,he to'ta'jl -_-_- -.,. - --?- .. ._ _ 
~ - -  . - - - .. - - .- 

~f ~ I J ? ~ S F B  L 3 7 . X P  t..:.:,? 'I?, .#i :;(:.: r ; :.. ~ ~ h e  : , ; ra tsss ica% accuracy sf 

B " $ ~ ' I X A P ~ $  3 :,r--e - - SIO .-)?zi,f bc appTax6mated due to 

t h e  nany " ~ z J L ~ ~  L+F:- 1 -  3 "  2n~Kasdang aP~gnmeabt sf source 

t h e  gea;pF,,i;:,tj:y QP L:::"'. r.c:al,o, zL:i:, ti.hi*ch t h e  r~&ia9~.p'ferne:118. is 
made and, %hie nax:T!::r:.~.;cz ;'.s:.im+,. ;;;a,~e. w h i c h  will ravold system 

. . '%"he y a j  :, o : -!-x t ~'."r' , A , , -  Xhe 5ele;;tiiion CBE r a d i o  link equip-. .------.-- -. -- . - - - - . . . . - - - 





Federal  C0~6rri;',~;:c":i.i~~,;:\j; : . . : ~ l i , , ~ i ~ ~ ~ ~ i > ~  ; r e g ~ , j a ' c ~ i j % ~ ~  of + ~ K H z  c, 

baaadwid!:h, 8a.d G " , , ? < : ; "  .,-:,,? ;-;,+:T:;, n:;r<sql,,~>~?,~;:-: ' , - .  S L & ~ : ; I ; ~ ] . ~ $ M  were 

jim&pl.e:,aaeo$~sj;y j:..~:s~lj:;,:p.,j ,,, 

' ~ W Q  ~e k,t: ,:;,.hi.+ ; ! r ,  :; ::"4.~:;~~:.,~ jr,~da:~;~a :;alg a ,i:rijins~nigter 

j . . ; : , 1 ' ;  2 , ; , j j ; j i ? , One 

method t 0 ;:sit ti .. : . ; . , , - ~ 5 : f : ~  gy  F:~eyj:ikng msduf ation 

and ~ k k ~ ~ ~ z  . i . ~  :;J :'::3.! $;.k:..;$,:.62 d>".djt ~ ~ ~ ~ ~ ~ , & $ , j ~ y ~ , ;  The method 
~f direct ,  z"~e<~ut;j;,;. . ,  :.:.. : * -  'kb:.yirig pcuer.Prl::-.:,5 ;, ~dj.recx c a r m  

r i e a  s h i f t  d*ic .;.J;:? A -  '..i:.: a 4: A ( A  Y ,p Ti, .* ,; , e! I$ has  been 
' .  shown "Idrat. jnlr;l.?,:;,;[,a: ; , y l . ~  ~ t - v t - h ,  . . & .  ~hp-:!d , , I=- -A, less t han  

. , .~ . 1 , ~  m ~ ~ ~ ~ : ; , ; ! , e : - . : ~ ! ; ; ~ ~ ~ ~ , ,  ; r ,.:,.? : , ~ , q , : ~ , a ~ ~ J . ~ - j . h  ;= , .."J x.,ssmain i n  t h e  
* +8MlIz # ; a ~ , e ~ ~ ~ i ; : : . ~  i , . , , TJle r!ki,3s~3  ha$+^ modula,ting 

method user  ax;. ,:>:.. ' : ;. i :. ., ~. ii:,,la;3e $a'eqkhe~acg~ ,i 5 U S ~ ~ B I ~  
y8 ,, ,>, ;,; <: cjki rt ' I  Ale :{ 

', ' . J? - " $' abou t  2 ~;fi: , '.s:!l,:. ::,. . .., . . ..,. a),: the reso 
, ,,,.,.,.. ~< ..i:" pe~t i11 ,~e  : . ' -T ' : . : .&,;~:  A!+! :.i..r -. ,. . ,., :,,~.,,~,,. ' ,qf 5 .q.')>,,;-? i .~ ,, , .: ,? T j ~ a s ~  

_ 1 < ,  - tlxese p!~,.s,!c'< ~ : . . + , ~ :  'i,$ : ! ~ ~ j ~ ~ ; , ~ ~ ~ 3 ~ ~ . ~  2.11 dup3a- 

t i o n ,  
. - . .- Based : ~ 5 ,  4,. ',j:;l,:; .: :. -. 2 - c$:is. ;I dajlo , - I  , k l i , :  . - - . , , - -~--  ,,-:y of  raFli;a - .Ly 

, _, 7, @quipmea.$ ~ ~ ~ , ; i ' l a ! i ? ~ i t : .  ; ,J:: ..;,,a';: f.s ' :b,pTEerl]- & p ; : ) ~ ~ ~ a i ~ ~ ~ ~ ,  it was 
f 7; , , ' . ...cLi. ' 7  .: . ;.; ;:: ,, :' c>;> rli,W : I ~r ! , ?  Z j p ~  d s  we re c - 
nasrc.fba132~y- 6;:-.:.,:b.i2 ?.. :<,?:.L;c, c, :L':,,+. ~ : ~ q r ~ ~ ~ ' l ; ~ ~ ~ , ~ ~ ~ . i : .  ;>fi ~ f f - t h e ~ s h e f  f 

a ~ f a L l a b i I i r y  ;Lxr,J ; L a ?  ,!: ., ! ,!i-,al$_ ib;,;2~ l f i~s t  ~ 8 . i l ~ - ~ ~ ~ ~ ~  eq,uj.pfi@ne 
~?. ,~ ma& $& b { . i ' i y - - i ' ; : ~ l . :  : .  ;;;ir,Zfi:i~::,~,'~:i3~~ scL:l , p , P e ! ~ ~ ~ ~ ~ i , i i ~ ,  In.. 

coypoaatcd  

' . ry.ti:i:::~, .:!,f;t.c Ga+ g:y~:j~_~!iq;;te~j. and found 
c .  m#3e$ a].; ~ , ' I ; . : ! P ~ x . Q P : ~ ! ~ ~ ~ * : ~ ~ , ~ .  c : . : ~ , < . ; t : ~ ~ a " , . ~ o n ~ . ,  FQ:~. ~Pna Tvfseoyf~Pa 

00 "'. : -:' 

:$,- jsi3. f. =I \\-.~la:?;;ac..s nc$ power a t  s t andby  Raddophc~;n~:~' '  , ..-- . . . - 

and 1?.,385 w$;?!;ts $ . I ?  :-:,; .: : ,,+,,, :~ : cm+>j . z3n , ,  'It412 ? : g ~ e I ~ g y  of  t , h f s  
- .  same u w i i c  i r . ~ - , : ; . . ~ . : : ~ c ~  ;.:: i l :  ~ r i : , ~ ~ ; t ~ . i & . < , , { , , ~  du;ri~l;? 5fandb.g an$ 206 

c: 2. j-;;A l5 ifilr:y a Y . . A  =.A a - ,- L ; ."-- L S E ~ ~  

. ~ A saoi::;e ia:3,,;;;,le i>f. A p:iid;sd s h i f t  FM 
. ~ sys tem E;(~~:$:;g-:y,: I:., . 13)1+c 5 3 ~ 2 3 . ~ ~ ; .  c";2~q;:.~-' ,. blminaeian 



a'he xg : t f ?g  j)",. 2 . : :  ? .  ". ;,I. :..)!<" i,i g ; ;.iep;.g ?bn &f  e ~ t ~ n "  

causes a d a i  a j . .  ~ ; ~ l ~ ~ " ' : ~ ~ ~ ~ . i ~ T ~ ~ ~ ~  .. ..  atpu put, C Q U ~ $ ;  The 

number sf . d ~ i ~ ; i : l - ;  : ,. ,, k- . ., i ,% pro:: j { j ~  8 ~ ' . ~ V , ~ . S Q K  of  s zP", 
system hgiak~ip:'::~ j ;  c r j ~ : : s < t : . i ~  z. :r,;;c ,, 

> z n .  
P M ~ S B  COkF13't,iLng Wk,. l '"5i'::: ' p j . ' ?Lt - ,  ;"lJ;:'*..Plg $$, t i ;ne ~ , ~ ~ ~ P ? , F ~ ~  

S ~ B ~ L ~ Q # A  C ~ U I l t - r i ~  + , i k t m  ' : - , t o  .,fa j k , ~ n l k l ! i ; ~  8 P T Q T  CaPB 

csseznx a t  lthe be ;,.t f .  ~1; )  U: 3 116 .ming i n t e r v a l  which will 
cause ",e -21, , 8  c ,,, c h t  f 2  - .* 2 i -,I. ;=unt~, T h i s  U P % C ~ P " -  

i n ~ ~ $ p o ~ y . p d  :..T:.~.:. k.:x:t.:,. . :.:,e ri.' s p d  base  stations, I n  
* .  

j, . ,: -1' ,I .? t h i s  sgYs:ein c?. 3 g . j  t .  :'!. i.:< .,.,, . . b . ~ , j ~ .  t:.oi:nt % a t e  i s  d i v i d e d  
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T., * ;:ando:nnn,e-rrs, ..ib;.: j f ~ g i i : : ~ y - . z ~ i ; a  y - 3  ,:?fft?c;;., ij~#:reases with 
% ,,.. t h e  $ 3 ~ ; :  easek i  ,,~a;l.l..a,. ;;i ;. ;. i, lLq;e y ~ q ~ ~ ~ y  , ~ : s i  benefits 

[,? 3 t, .. - 0 

are - , 6.e a:: - - d,: :;,:ilk .!f t. & ; ~ ~ , , E ~ ~ ~ . - ; ~ L s  ~ e t w e e n  
> ~~ bnnary pu:j%p,64 f;i. ;:..'?;; . U :  t . i~k;  ;.zu.i:r5:r!;?(~t,~d 1 9 ~ 1 ~ t 3  l e n g t h  

,= - 
t o  be fias';,',:$.:rtj(~,,. ': r 2 :,,v,'li. , l t :  L?..:b~:;i;i:~ .,. B X  .!pz1ng p u i ~ e s  
dgge t ' ~  k j -ne  :.-::!.:. ::. :. , . . ,i;,.:; ,,',;,r,~ :,!:gl ir,f;e ~&,ranimi-tea,j  pp~ase 

, - ,  . >. Benth; I . ;.$ ...! :. <,. >. - - --. 
, I/ r..a!,t: c L , ~ ~  ?:\$ ::,;,$.;* ?% be  ~x,pcf i~ .  ~pj.i2~ ze s is 

4 . ~ .z o I 't, ,jsjl-b. ;j, !: :- ;. : j ,t ;: I~: :Ls ;,, 2~ <. iji , y  &%;e raG;,.o 1 x-ansnrission 
,$y5 .z pm .2 ,t:; ;:. J<; 2 .Ell!? .i,p -J ;- h QP .- 

i- 
,5  A, , ;,he: transmitted 

% '3 ,) ,?, "'. ;. yu ise?, , ,  , . , .,* .~ic,ai ,  u s e  <.~f b t ~ i ~ ~ r l ~ i l 2 t . h G  two S U C ~  
c ; ~ ~ ~ ~ , ~ ~ , F ~  . -,;:>.,( 1; ' ; ? ~ h : ~ i $  52 ~c j ' j t :~3 i ;ed  an 

+' 
., ,PqU:.t,.. , "  r.>ij,f ~ i A z . ~ , ;  i k " ~ g ' ~ ~ L o  . 

rr  fie . ~ ~ g ~ ~ r d t . _ ; : : a ~  ::k z y z : c . e i ~  :r: k j~guz . e  is descrj .bedo 

FOB" B ~ c , . B . L  $ p ~ a ~ a X 5 ~ 6  C T T H ~ :  :he J ~ k , o t c ~ r ~ ~ ? b ~ ~ p I ~ L e ~ p  ezbe a s i n g l e  
- *- ougpue pulse ' ~ ; : . ? ~ 3 .  ri..:...i-~~a,,.a-LPI1,, i:f!t> ixansni2&tekO One of  these 

rnsdrrll,ating y;tuX$.:., IU:) i , ~  'L.; ~*::ed i.-o ,,i.ns.z,i ace t.S-be timing 
L, v imaexval  6 4  ~ h : .  tl2.r ~ . . ,  .:,, t,%i:ib ixlscan'r a time 

i n t e ~ w - a l  ;&s beg.:.:;!-! a:. i:, Yt.lgc p?:;..,u?T, , : .@~3,2 .$~  ,;~j,ltin~jies tt3 

Q t he  . : : , , , T  7 , .  , Tt1j.3 c o u n t e r  .i.s s e t  

f a r  N pul..+ev: ;kc.ci-':r.ii,~,::; i : ~  -:I;&: 3e,s;ge& a:--u:i;acy- ' r  b, determined 

by sN, Whsr~ ? X - +  $ 7 . : .  ~:~:lse ti:,;: :,;?k s ,ac. t h e  prc;4e$ ~ i ; ~ u n f e r ~  
t h e  caun?:ag i : ~ ~ 2 -  + ,  ',.. ;I:~,:. i: ' ; . :~ ,(vy'a'i P C ~ B , ~ I I : : ~ ~ J $  ~ l l i t  .i Thus 
a ng!mbg 0 f ~ ; t t : .  t- ?; ; ~,Lc,,l,-k i:f.! c.,x:. (1 oc*c ;I- a known time 

i n t s  ~ 3 1  ax, 



r epor t .  ~5 app>L:-Lci3.1 t;9 a p:,.i;st:,la,i-. Ttile.;Bl:;d 6.:  i:alSbrat,iasg a 

$ ~ ~ , ~ , ~ ; ~ , T : ~ ~  h:ll . t .bl .  ; ~ x : i : . , ; . j ~ ~ ; ~  a:l : f ;36~i ~ r . . ; ; : ~  zi!. ;.;, p ~ s s i b l e  
$ 0 ~c a -,[ !: 1 % -.. ,t . ., 1 ; .!,.: ; ::* *", :c 6 r~ ;y. - ; ~i Y : ~  q-7 ;a ,c G; A 1" - a . , >  . .  h L , ,,.I j; .. j l 2$~n t , '%  of 

p 2 -  ;& ,A .,, ' .  . . * 
f v d4 ' f Z  ,,,/ ;* ,, ,: '::, =- :,. 5; ,,.>- ;). ;\ L 23 .!.Se ;-,*:I i:. :& ,::' fi !$ :L A u .'I 0 

,& ? ' , ; B ~ T . F -  ;.i:aj, \,!e l>la;:,j.d c , j a ~ p c : ~ ' j , j '  d$.z;~e r ' i 1 ~  d,etecq,ar 

.it- x$ .: ;, '! J , ,  i : :J :: 6 :: ;:%x 2.3 ,%:> -qjc1r,p;.- jc, added t o  
, 

i,!? c &,:* ;i,,, ', < - t 3  :;);j q.:$ i,' ;:p 5 2-; 5 f'a2.p pF<,-. *,.he h s r : : ~ : ~ ,  + . . . .  .- - . $  + ,  i i - , . . , . , r  when. a 2 2 -  
inch  &Sdme.f-elf. i ; , ~ ; j ; : . ~ ~ : ;  1;. . 1 ~ - ' -  ug.r;:'gj 1~; f  ?%,t:$';'.'i,s cf 'ii'a-teb. ~ P ~ T C J ~ E & -  

illg 4 g  ;ipLc5e$, A,s :..;t;:;;. t;:.' ze:-ela rl?~ F j g ; , b ~ e  i:;, :has method 
T - , 2  ~ ~ - , ~ ; < ~ ~ I  ? * * , , '  causes a i~+,~...! , ',',fu,j:3 r*,--pdl(;;!.,:,j. b4 ' ;j.n,E:2x*+cv ow a semi-  

... . . ,- w - .-, 1,ogarit . i la~~. : i.s,:!.i;~-, . . . - I . . ,* .~ .  ~ ! l ; c  x ~ ~ r ~ ~ x . - f ' i A H e d  ba-. A ~ e ;  does not 
. . . . . .. 

j ,  3 ;  . ~ $ ; : 3 y : ) : i ~ ; ( ~ ~ : ~  a rea\ ,  d~ l n p P ~ f ? d  by P -- ~ ~ 

, , 
j at.';. : j . , . g ~ l i 3 2  ~ q i . i j t : , ~ ~ ~ ,  A L ~ I T ~ B L ~ ~  ~4 iibratfon 

W , & $  ,Ie27?,%:kj" :i ~~,*;~,;Ta;;~!-;~]~~ ]7[>:zjj.<, 
. . F 5 ;.:f ; I-, -; 5, ;: ., , ! i : : i L ~ ~ r ~ ~  ~ > ~ j < ; l ~  { @,< :. :, P>.e r 3 d ~ l 4 ~ ~ 3 4 3 .  d8 '6 .~~"e0g" 

. . was 5, l:5b y r ,  :: z~ :? f :.iL ., 5 .  , - -  !.;\,,,;:?.'+ ~ r t d  ;i ~ * ~ i t j , ~ ,  3,,ciLi>>y sl;$a;{'g,e i%~as SUJ 

]pe.ln$e;i d3u7.:p: ':;>?. , . , , Ocrecisr  
,+,r:xF ? . $  

. .. ga~z:; x p'~i,!- , % > :  ,,:!I.+ .i.;u8..\. ;. ^ I . J & ~  ~ T A  !..f8::i t h e  
-t. , 3 : .Y .~ .- 

_a;+ . ..6r pi ,- ,,,a~ .2 a x e  ;>* , := r :  $>\.I ';,G<~; 2 rf i,; gul:'e a sw ji fr;m, 2 ?p, ,I; 7%. :? -.,, .: 
s L o  

f i ,C 'G:;f j '  .:-;:*,;\:,+ !;ist ', i>'$;.c-. ,cf a $?:?3,::.  j ~ ; $ i ~ r p , : .  W l f q  not 
-. 

3 ? g i v e  a h&sc 3 , e  j;:. a ~ - . , $  q 1, r lac i c  11 ; ~ t  j ~ , i ~ ; h  wa::e4 Hevelj i4 

8 5 ,  i; ~b,tr ~za.3;: , . ,  ' ,  ,$.;;.e>a $ i f  r&te gwjmming 

p 0 0 :- ,, -(jyG:;:;., $,2jr t11.c p \ ~ ~ - ~ > ~ ~ p ~ ~  :)f f i :~- ,>~fi  ~ ~ ~ J ~ ~ ; ~ ~ ~ ~ ~ ~ ~  a 

sln,,all ha.;:.'- 'r ,aa;; I:~tz. g~::~i.  $@:c j n : : ~ ~ ~ . a s ~ n e !  w a t ~ j r  :e.-?s%a urn.- 
-, - ti1 %Ixe ~ ~ c a L . . b ; ; r 3 , .  ,~.t:l::v~e. ' k , f e - ~ ~ g i i l i 2 ~  4.)1c.rt:.~n~9gi .,%,ii, - t h i s  point 

t he  ca:,,bxait.;.an ;l,k:i-,: i.5 ; ; - ~ ~ ~ ~ ~ ~ l c * ( ~ d  b$- 7L;;ce$~, *.. excrapolatisn 
of th .<  T J & C ~ ! ,  f : !  : . ,; .$~@ff w 5 i . e ~ ~  ~ k ~ ~ . ~ , ~ c + ~ ~ ~ ~ ~  

Siin'c, , . t , j ,  1,s c$lii'::,z,ii: ~ b . ~ j i a ~ , ~ p ~ ~ ! ' $  
i: ,. , , 

~ < .  - .  e ? .ypi  c a l  ,. , , <j,;t: ;41'3'L:; ‘- - "" hb j - ig?yi  ~ J I  ,id,i;b: i r ii -.ti; .  OH% w P t , h  
Y I * ,  1 .  : - , ,. - 0 
~ i . , ~ :  ;!,cad t::;t,sR cpse was .-,on- 

, . , "":..+: t;bz;~jc ~ * : : : t ' a ~ ~ ?  .. y e s t :  ., . r>ta hre'ffe 
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t h e  photomul t ip2 . ie r  t u b e  r e p r e s e n t i n g  t h e  Coba l t -60  
pho topeaks  a re  i n  t!le range  3 u s t  below z h a t  r e q u i r e d  t o  

s a t u r a t e  t h e  l i n e a r  a m p l i f i e r ,  

The l i n e a r  a m p l i f i e r  o u t p u t  p u l s e s ,  which e o r r e -  

spond t o  photopeak  e n e r g i e s ,  a r e  a p p l i e d  t o  t h e  p u l s e  

h e i g h t  d i s c r i m i n a t o r  which ns c a p a b l e  sf o p e r a t i n g  i n  

any o f  t h r e e  modes; [ I )  The arpper and lower l e v e l s  o f  

d e s c r i m i n a t i o n  may be s e l e c t e d  i n d e p e n d e n t l y ;  ( 2 )  A 

window w i d t h  may be s e l e c t e d  which i s  from 0 t o  10 p e r  

c e n t  o f  t h e  lower l e v e l  d i s c r i m i n a t i o n  s e t t i n g ;  ( 3 )  An 

i n t e g r a l  mode o f  o p e r a t i o n  can  be s e l e c t e d  i n  which a l l  

p u l s e s  above a  ~ e r t a i n  a m p l i t u d e ,  as de te rmined  by t h e  

lower l e v e l  d i s r r i m i n a r i o n  s e t t i n g ,  a re  p a s s e d  by t h e  

d i s c r i m i n a t o r ,  T h i s  l a t t e r  mode of  o p e r a t i o n  i s  used  i n  
t h e  r a d i a t i o n  snow gage w i t h  t h e  Bower l e v e l  of  d i s e r i m i n -  

a t i o n ,  o r  t h r e s h o l d ,  s e t  s l i g l l t k y  belsas  th.e Coba l t -60  

pho topeaks  as shown i r a  F i g u r e  3 ,  

The o u t p u t  p u l s e  s a t e  from t h e  p u l s e  h e i g h t  d i s -  

c r i m i n a t o r  i s  r educed  b y  b i n a r y  d i v i d e r s  t o  a  r a t e  com- 

p a t i b l e  w i t h  t h e  r a d i o  t ra .nsmissnon sys t em,  A monostable  

m u l t i v i b r a o o r  p u l s e  g e n e r a r o r  shapes  t h e  o u t p u t  waveform 

which i s  used  t o  modula te  t h e  r a d i o  t r a n s m i t t e r ,  

SNOW GAGE SYSTEM RESULTS 

S i n c e  t h e  development sf t h e  r a d i a e i o n  snow gage ,  

t h r e e  o f  t hese  g a g e s  have each had f o u r  s u c e e s s f u l  y e a r s  

o f  o p e r a t i o n  I n  t h e  Clearwater Raver Ras incg ,  103 ,  The 

snow gages  have had n 3  o p e r a t i o n a l  fanlures, Before  

men t ion ing  t h e  d a t a  o b t a i n e d  from t h i s  sys t em,  it s h o u l d  

be n o t e d  t h a t  no r e l i a b l e  s t a n d a r d  o f  measur ing  snow pack 

w a t e r  c o n t e n t  i s  avai%abBe,  The fnherenr  i n a c c u r a c i e s  i n  

t h e  more c o n v e n t i o n a l  means of  measurement, such  as t h e  

snow t u b e  method, a r e  s u f f i c i e n t l y  l a r g e  t h a t ,  a t  b e s t ,  

normal  d e v i a t i o n s  i n  r e a d i n g s  exceed  t h e  e x p e c t e d  e r r o r  
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