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ABSTRACT 

Snowpack has  been t r a d i t i o n a l l y  monitored by o n - s i t e  recording s t a t i o n s  

supplemented by pe r iod ic  sampling f o r  water con ten t ,  

from Landsat imagery can be used t o  e f f e c t i v e l y  augment these  measurements 

Snowcover es t imates  

and improve water  f o r e c a s t s .  The method used i s  t o  i n t e r p r e t  snowcover 

a rea  from a sequence of  images obtained during seve ra l  snowmelt seasons.  

The snowcover measurements a r e  p l o t t e d  aga ins t  measured streamflow summed 

over t h e  melt  season, As cumulative runoff  i nc reases ,  snowcover decreases  

each year .  

and compared t o  s i m i l a r  curves f o r  o the r  snowmelt seasons t o  de r ive  a com- 

p o s i t e  r e l a t i o n s h i p  t h a t  r ep resen t s  t h e  " typica l"  p a t t e r n  of snowmelt v s .  

runoff  f o r  each watershed. The curves der ived i n  t h i s  fashion can be used 

t o  f o r e c a s t  volume and t iming of runoff  during t h e  spr ing  snowmelt, us ing 

t h e  cu r ren t  Landsat imagery t o  a s ses s  t h e  condi t ion  of t h e  snowpack i n  a 

given watershed. 

where adequate d a t a  were a v a i l a b l e  f o r  s eve ra l  seasons.  

and composite curves are use fu l  for p r e d i c t i n g  t h e  expected runoff  from t h e  

most r ecen t  s a t e l l i t e  images. Dates f o r  beginning, peak, and end of  spr ing  

snowmelt can be p red ic t ed .  

The empir ical  r e l a t i o n s h i p  der ived  from these  d a t a  i s  evaluated 

Composite curves were compiled f o r  each Wyoming watershed 

Both t h e  annual 



INTRODUCTION 

Landsat i s  t h e  key element i n  a system t h a t  provides  a new and broader 

Among t h e  resources  t h a t  can perspec t ive  on many e a r t h  resources  problems. 

be e f f e c t i v e l y  monitored using Landsat i s  t h e  snowpack t h a t  accumulates i n  

mountain watersheds each year .  Landsat provides  an exce l l en t  platform f o r  

p e r i o d i c a l l y  observing t h e  snowpack so  t h a t  i t s  accumulation and deple t ion  

can be e f f i c i e n t l y  measured. 

by Landsat t o  monitor t h e  s i z e  and condi t ion  of  t h e  accumulated snowpack, and 

have developed methods f o r  r e l a t i n g  t h e  s a t e l l i t e  snowpack measurements t o  

t h e  annual runoff  t h a t  i s  r e l eased  a s  t h e  snowpack mel t s .  

Researchers have used t h e  c a p a b i l i t y  provided 

We have attempted t o  b u i l d  on t h e s e  e f f o r t s  i n  an attempt t o  apply 

t h i s  new technology t o  water f o r e c a s t i n g  on a s ta tewide  s c a l e .  

regions were t h e  mountain watersheds of  Wyoming i n  which snowpack con t r ibu te s  

s i g n i f i c a n t l y  t o  t h e  annual runof f .  

t o  be as simple and economical a s  p o s s i b l e  while  maintaining both f l e x i b i l i t y  

and accuracy. 

development of an opera t iona l  system f o r  monitoring snowpack and es t imat ing  

runoff ac ross  much of Wyoming. 

Our t e s t  

The procedures f o r  ana lys i s  were t a i l o r e d  

We be l i eve  t h a t  our  r e s u l t s  represent  a f i r s t  s t e p  i n  t h e  
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BACKGROUND 

J u s t  one year  a f t e r  t h e  launch of t h e  f i rs t  Landsat system (ERTS), 

t h e  first r e s u l t s  of a p p l i c a t i o n s  t e s t s  were publ i shed  d e t a i l i n g  t h e  use  

of Landsat as a t o o l  f o r  p e r i o d i c a l l y  mapping snowcover. In  October,  1973, 

Barnes and o t h e r s  r epor t ed :  

".. .snow ex ten t  can be  mapped from ERTS imagery i n  more 
d e t a i l  than  i s  depic ted  on aer ia l  survey snow c h a r t s .  
For t h e  areas t e s t e d ,  t h e  agreement between t h e  pe rcen t -  
age snow cover as determined from ERTS d a t a  and from 
aer ia l  survey snow c h a r t s  i s  of  t h e  o rde r  of  5 percent  
f o r  most cases. Moreover, it appears  t h a t  a l though 
small d e t a i l s  i n  t h e  snowline can be mapped b e t t e r  from 
h ighe r - r e so lu t ion  a i r c ra f t  photographs,  boundaries  of 
t h e  areas of s i g n i f i c a n t  snow cover can be  mapped as 
a c c u r a t e l y  from t h e  ERTS imagery as from t h e  a i r c r a f t  
photography. Moreover, t h e  c o s t s  involved i n  de r iv ing  
snow maps from ERTS imagery appear  t o  be  very  reason-  
a b l e  i n  comparison wi th  e x i s t i n g  d a t a  c o l l e c t i o n  methods ." 

The work cont inued,  and i n  1975 a symposium was he ld  (Rango, 

1975 ( ed . ) )  t o  d i s c u s s  r e s u l t s  of a number of s t u d i e s  i n  which t h e  u t i l i t y  

of  sa te l l i t e  d a t a  f o r  mapping snowcover and f o r  p r e d i c t i n g  runoff  had been 

demonstrated (Katibah, 1975; Leaf,  1975; Rango and Salomonson, 1975; and 

Thompson, 1975),  Thompson (1975) and Rango and Salomonson (1975) demon- 

s t r a t e d  t h e  a p p l i c a t i o n  of snowcover mapping t o  runoff  f o r e c a s t i n g  i n  

Wyoming watersheds.  Even so ,  t h e  techniques  were n o t  immediately accepted as 

ope ra t iona l  procedures ,  a l though t h e  t e s t  s t u d i e s  i n d i c a t e d  p o t e n t i a l  f o r  

e f f i c i e n t  and c o s t - e f f e c t i v e  a p p l i c a t i o n .  

Four years l a t e r ,  another  conference was h e l d  t o  d i scuss  "Operational 

Appl ica t ions  of S a t e l l i t e  Snowcover Observations" (Rango and Pe terson ,  1979 

( e d s . ) ) .  Severa l  newly t e s t e d  procedures  f o r  e s t ima t ing  runoff  from 

s a t e l l i t e  snowcover measurements were p re sen ted  (Schumann and o t h e r s ,  1979; 

Shafer  and Leaf, 1979; Moravec and Danielson, 1979; Brown and o t h e r s ,  1979; 
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Hannaford and Hall ,  1979; Mart inec and Rango, 1979).  Some workers used 

Landsat d a t a  t o g e t h e r  with d a t a  from meteor logica l  s a t e l l i t e s  (Schumann 

and o t h e r s ,  1979),  o t h e r s  c o r r e l a t e d  t h e  snowcover d a t a  with more s o p h i s t i c a t e d  

models f o r  runoff  p r e d i c t i o n  ( D i l l a r d  and Orwig, 1979; Moravec and Danielson, 

1979; Hannaford and Hall, 1979).  Rango and Martinec (1982) incorpora ted  

d a i l y  temperature  d a t a  i n t o  a p r e d i c t i o n  model. 

n e c e s s i t y  f o r  de f in ing  s p e c i a l l y  t a i l o r e d  snowcover/runoff r e l a t i o n s h i p s  

f o r  each dra inage  area i n  o rde r  t o  accommodate v a r i a t i o n s  i n  p a t t e r n  due t o  

topography, s lope  a s p e c t ,  vege ta t ion  cover ,  e l e v a t i o n  and o t h e r  l o c a l  con- 

d i t i o n s ,  

Landsat as a base  f o r  e s t ima t ing  snow cover .  

Most s t u d i e s  emphasized t h e  

Most workers r epor t ed  t h a t  good r e s u l t s  could be  obta ined  us ing  

4 



METHODS 

The methods used were l a r g e l y  those pioneered by Rango and Salomonson 

(1975), Thompson (1975), and Moravec and Danielson (1979). Every e f f o r t  has 

been made t o  keep i n t e r p r e t a t i o n  and a n a l y s i s  procedures a s  simple and cos t -  

e f f e c t i v e  a s  poss ib l e ,  without unduly jeopard iz ing  accuracy of r e s u l t s .  In  

t h i s  contex t ,  t h e  methods used by e a r l y  i n v e s t i g a t o r s  have been appl ied  with 

only minor modif icat ion and without embellishments t h a t  could produce 

s l i g h t l y  improved f o r e c a s t s ,  but  a t  cons iderable  cos t  i n  terms of manpower 

and da ta  ana lys i s  time. 

Bulk-processed Landsat image t r anspa renc ie s  of s p e c t r a l  band 5 ( red 

band] were s e l e c t e d  f o r  i n t e r p r e t a t i o n  because they provided s t rong  con- 

t r a s t  between snow and vege ta t ion  even during t h e  l a t e  sp r ing  snowmelt 

per iod .  

because of g r e a t e r  a v a i l a b i l i t y  and lower cost .  

because they  a r e  more r e a d i l y  input t o  v ideo  a n a l y s i s  and provide b e t t e r  

image d e t a i l  than p r i n t s .  

Single-band scenes were p r e f e r r e d  t o  color-composite scenes 

Transparencies were used 

Streamflow d a t a  from s e l e c t e d  gauge s t a t i o n s  were obtained from t h e  

Wyoming Water Research Center i n  t h e  form of computer l i s t i n g s  of d a i l y  

discharge va lues  and monthly d ischarge  t o t a l s  (Table 1). Drainage sub-areas 

were def ined t o  provide f o r  s ing le-scene  coverage of ind iv idua l  regions with 

cons idera t ion  made f o r  a v a i l a b i l i t y  of appropr i a t e  streamflow da ta .  

charge va lues  f o r  most sub-areas  a r e  represented  by measurements from a 

s i n g l e  gauge s t a t i o n .  

D i s -  
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Table 1. Example of a t yp ica l  p r in tou t  of t he  streamflow da ta  used t o  
compile reference curves for each watershed, 
values (cfs) f o r  a rea  Y - 1 .  Values were summed f o r  periods 
preceeding each coverage cycle.  

Daily discharge 
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An image mask was cons t ruc ted  f o r  each sub-area s o  t h a t  t h e  reg ion  of 

i n t e r e s t  could be  i s o l a t e d  on each 1:1,000,000-scale  Landsat scene (F ig .  1) .  

Use o f  t h e  image mask a s s u r e s  t h a t  t h e  same area i s  eva lua ted  on each suc- 

c e s s i v e  Landsat scene .  I t  a l s o  enables  t h e  i n t e r p r e t e r  t o  e a s i l y  s e p a r a t e  

t h e  sub-area t o  be  eva lua ted  from t h e  surrounding areas with t h e  e l e c t r o n i c  

image ana lyze r .  

The S p a t i a l  Data Systems model 70 image ana lyze r  was used t o  make 

e s t ima t ion  of snowcovered areas more e f f i c i e n t  (Fig.  2 ) .  This  device  al lows 

t h e  i n t e r p r e t e r  t o  c o l o r  s l i ce  t h e  image of t h e  s e l e c t e d  dra inage  area 

according t o  image grey  tones  (Fig.  3 ) .  The d e n s i t y  ana lyze r  i s  ad jus t ed  

s o  t h a t  a s e l e c t e d  c o l o r  boundary corresponds t o  t h e  snowline d isp layed  on 

t h e  image. An e l e c t r o n i c  p lan imeter  t hen  al lows t h e  i n t e r p r e t e r  t o  

in s t an taneous ly  estimate t h e  area of b a s i n  and t h e  a r e a  of snowcover, 

Dai ly  d ischarge  volumes measured a t  appropr i a t e  gauge s t a t i o n s  

(obta ined  from t h e  d i g i t a l  d a t a  base  of  t h e  Wyoming Water Research Center)  

are summed t o  produce cumulative runoff  va lues  f o r  d a t e s  corresponding t o  

t h e  d a t e s  of t h e  Landsat imagery. The cumulative runoff  va lues  are p l o t t e d  

a g a i n s t  snowcover and a g a i n s t  time t o  y i e l d  curves  r ep resen t ing  t h e  snowmelt/ 

runoff  p a t t e r n  f o r  t h e  dra inage  area (Appendix A ) .  Runoff ve r sus  time d a t a  

are de r ived  e n t i r e l y  from streamflow measurements and s e r v e  only  as a guide 

t o  h e l p  d e f i n e  t h e  snowcover/runoff r e l a t i o n s h i p  more a c c u r a t e l y .  

two curves  t o g e t h e r  a l lows t h e  i n t e r p r e t e r  t o  more a c c u r a t e l y  i n t e r p o l a t e  

snowcover values between t h e  widely spaced samples provided by Landsat images. 

Using t h e  
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Separa te  curves a r e  generated f o r  each season ' s  da t a ;  then t h e  curves a r e  

combined t o  produce a composite snowcover/runoff curve f o r  each drainage 

a rea .  The composite curve i s  cons t ruc ted  by inve r se ly  weighting each 

season ' s  d a t a  r e l a t i v e  t o  i t s  dev ia t ion  from t h e  long-term average runof f .  

As a r e s u l t ,  t h e  composite curve p resen t s  t h e  snowcover/runoff r e l a t i o n s h i p  

expected f o r  an average year .  

curves represent ing  ind iv idua l  seasons so  t h a t  runoff  p red ic t ions  can be 

made us ing  t h e  composite curve as a s tandard  and using t h e  ind iv idua l  

The composite curve is  presented along with 

season curves t o  a d j u s t  f o r  observed 

o r  unusual ly  l i g h t  snowpack o r  o t h e r  

For each drainage a rea ,  a b r i e f  

condi t ions  i n d i c a t i n g  unusual ly  heavy 

abnormal condi t ions .  

d i scuss ion  was prepared d e t a i l i n g  t h e  

q u a l i t y  of  t h e  da t a  used i n  cons t ruc t ing  t h e  s tandard  curves,  c r i t i c a l  

va lues  determined i n  t h e  a n a l y s i s ,  and o t h e r  important cons idera t ions  with 

regard t o  i n t e r p r e t a t i o n  of graphs.  

One problem t h a t  c r i t i c a l l y  a f f e c t s  a n a l y s i s  i n  a few a reas  i s  t h a t  of 

a v a i l a b i l i t y  of streamflow d a t a .  Gauge s t a t i o n s  have no t  been i n s t a l l e d  on 

some drainages;  and, f o r  s m e o t h e r s ,  t h e  streamflow d a t a  a r e  a v a i l a b l e  only 

f o r  a few yea r s  o r  only during c e r t a i n  p a r t s  of t h e  year .  If no streamflow 

d a t a  are a v a i l a b l e ,  t h e  snowcover information can provide only a r e l a t i v e  

e s t ima te  of  expected runoff .  

f o r  measuring t h e  a c t u a l  water t h a t  r e s u l t s  from snowmelt. 

gauge s t a t i o n s  a r e  below dams o r  along heav i ly  used po r t ions  of t h e  drainage 

where flows are regula ted  i n  one fash ion  o r  another .  

Also, few gauging s t a t i o n s  a r e  i d e a l l y  loca ted  

Often, t h e  

The i d e a l  gauge s t a t i o n  
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f o r  this application would be located along a major drainage, but above the 

region where large amounts of runoff are removed for storage, agriculture or 

other uses. The gauge station should, ideally, be located near the point 

where streams emerge from mountain canyons, so that it records only runoff 

that originates in that portion of the watershed where the snowpack accumu- 

lates. Thus, the recorded data would not be strongly influenced by water 

management or non-snow precipitation (such as thunderstorms) outside the 

area of snow accumulation. Some runoff curves used in this work were 

distorted by changes in flow rates that relate to water management practices 

or occasional spring storms that occurred during the snowmelt season. 

These distortions do not preclude the use of the data for correlation with 

snowcover estimates, but they do complicate the interpretation of the data. 

During seasons when such distortions are severe (especially during drought 

years), the accuracy of predictions is greatly diminished; and, in fact, if 

the distortions are very large, the data may not be adequate for defining a 

useful runoff/snowcover relationship, 

A more severe problem is that of limited satellite coverage due to 

equipment failures o r  cloud cover, 

1, 2 ,  and 3 and the 16-day cycle of Landsats 4 and 5 are marginally adequate 

for runoff forecasts, even if every image acquired during the snowmelt 

The 18-day cycle of Landsat satellites 

season is  cloud-free. Unfortunately, at least half of the imagery acquired 

during the snowmelt season in the Rocky Mountain region is not useable 

because of cloud cover. Cloud cover i s  not a critical limitation in 

12 



cons t ruc t ing  snowcover/runoff re ference  curves because fourteen years  of  

almost continuous opera t ion  of Landsat s a t e l l i t e s  has produced severa l  

seasons of  good, c loud-f ree  coverage f o r  most a r eas .  These da t a  can be 

used t o  de f ine  t h e  re ference  r e l a t i o n s h i p s .  But, i f  f o r e c a s t s  a r e  t o  be 

made, t h e  t ime l ines s  and a v a i l a b i l i t y  of c loud-f ree  images a r e  c r i t i c a l ,  

and t h e  imagery should be a v a i l a b l e  f o r  each a rea  every few days. The 

p resen t  Landsat system provides  no p o s s i b i l i t y  f o r  so lu t ion  of t h i s  l a t t e r  

problem, bu t  s e v e r a l  eventual  s o l u t i o n s  a r e  poss ib l e  with l a t e r  systems. 

1. The frequency of s a t e l l i t e  d a t a  o r b i t s  could be increased t o  
provide g r e a t e r  opportuni ty  t o  image on cloud-free days. 
This  could be accomplished by us ing  more than  one s a t e l l i t e  
i n  a l t e r n a t i n g  o r b i t  cyc les  o r  by us ing  a po in tab le  s a t e l l i t e  
imaging system (such a s  t h e  planned SPOT s a t e l l i t e  t o  be  
launched by t h e  French).  

2 .  Landsat d a t a  might be supplemented by images from geos ta t ionary  
weather sa te l l i t es .  The coverage provided by these  systems has 
been used success fu l ly  f o r  broad, r eg iona l  snow surveys;  and 
previous research  suggests  t h a t  i t  might be poss ib l e  t o  e f f ec -  
t i v e l y  combine d a t a  from t h e  geos ta t ionary  s a t e l l i t e s  with t h e  
less f requent ,  bu t  h igher  r e s o l u t i o n  d a t a  from Landsat. 

3 .  Cloud-penetrat ing r ada r  systems could be used in s t ead  of  t h e  
v i s i b l e  and near-IR imaging systems c a r r i e d  by Landsat. Such 
systems would allow imaging a t  n igh t  and through cloud cover.  
Seasa t  and Space S h u t t l e  r ada r  systems have a l ready  demonstrated 
p o t e n t i a l  f o r  an ope ra t iona l  system with r a d a r  imaging c a p a b i l i t y .  

One f i n a l  cons idera t ion  i s  t h a t  snowcover measurements can not  be 

used t o  f o r e c a s t  runoff  u n t i l  t h e  snowmelt season i s  a l ready  underway and 

t h e  snowpack has  begun t o  diminish.  This l i m i t a t i o n  precludes very e a r l y  

p r o j e c t i o n s  of expected runoff  and n e c e s s i t a t e s  continued use of snow-course 

measurements and o t h e r  methods t h a t  might provide e a r l y  es t imates  of  snowpack. 
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RUNOFF PREDICTIONS: 1985 

Prel iminary t e s t s  were designed t o  a s ses s  t h e  p r e d i c t i v e  c a p a b i l i t y  

of t h e  snowcover/runoff curves f o r  s eve ra l  Wyoming watersheds.  Very l imi ted  

resources  were a v a i l a b l e  f o r  conducting t h e  t e s t s ;  s o  a s i n g l e  image a r e a  

was chosen t h a t  would cover seve ra l  watersheds.  The a rea  chosen was t h a t  of  

Landsat pa th  39 row 30 (Landsat 1,2, and 3) covering po r t ions  of  t h e  Snake 

River ,  Wind River ,  and Green River drainage bas ins .  This s i n g l e  Landsat 

image covers seven watersheds i n  which snowpack provides  a major po r t ion  of 

t h e  sp r ing  runof f .  The a reas  covered a r e :  

S-1, Buffalo Fork of  t h e  Snake River 

G-I, Green River Bend 

G-2, New Fork River 

G-5, Big Sandy a r e a  

G-6, L i t t l e  Sandy a rea  

W-., Upper and Middle Wind River 

W-2, Pop0 Agie and L i t t l e  Wind River 

A sequence o f  s i x  Landsat scenes was obtained f o r  t h i s  region spanning 

t h e  per iod  from 17 March t o  2 1  June,  1985. 

beginning of measureable decrease i n  snowcover, s o  es t imates  of expected 

runoff  could not  be made u n t i l  imagery was obtained f o r  Apr i l  2 and la ter  

The March 17 d a t e  preceded t h e  

d a t e s .  

runoff  and peak flow were modified by c o r r e l a t i n g  t h e  observed ra te  of 

snowpack dep le t ion  with t h e  appropr ia te  snowcover/runoff curve der ived from 

d a t a  f o r  previous years .  

1985 snowmelt season. 

f o r  1985, so we have not  y e t  checked t h e  accuracy of these  p r e d i c t i o n s .  

With each success ive  d a t e  of coverage, the estimates of expected 

Table 2 summarizes t h e  p red ic t ions  made f o r  t h e  

So fa r ,  we have been unable t o  ob ta in  streamflow da ta  
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Table 2 .  P r e d i c t i o n s  o f  expected runoff  and peak runoff  va lues  f o r  t h e  1985 
snowmelt season .  These p r e d i c t i o n s  a r e  based e n t i r e l y  on e s t ima tes  
of snowcover de r ived  from t h e  1985 Landsat images and i n t e r p r e t e d  
us ing  t h e  curves  der ived  from d a t a  accumulated dur ing  previous  
seasons .  

Date of  Percent  Estimated Estimated Date of  
Peak Flow Peak Flow - Area Coverage Snowcover Runoff 

S-1 Buffa lo  Fork  17 Mar 100% 
2 Apr 100% , 

18 Apr 82% 123,395cfs 3 ,080cfs  June 9 
4 May 57% 101,361 2 , 600 June 8 

20 May 56% 130,482 3,230 June 9 
2 1  June 28% 126,230 3,140 June 9 

( a c t u a l )  

G - 1  Green Rive r  17 Mar 100% 
Bend 2 Apr 100% 

18 Apr 79% 144,712cfs 2 ,307cfs  June 13 
4 May 59% 146,277 2,314 June 14  

20 May 40% 124,650 2,214 June 13 
2 1  June 1 2 %  90,387 1,983 ? 

( a c t u a l )  

G - 2  New Fork 17 Mar 100% 
2 Apr 92% 202,134cfs 3 ,638cfs  June 1 2  

18 Apr 34% 141,569 2,475 June 10 
4 May 28% 198,876 3,578 June 1 2  

20 May 19% 2 10,469 3,790 June 1 2  
2 1  June 6% 209,672 3,605 June 13 

( a c t u a l )  

G-5 Big Sandy 17 Mar 100% 
2 Apr 95% 22,396cfs  400cfs June 2 

18 APT 24% 17,881 316 June 5 
4 May 10-14% 17,690 313 June 5 

20 May 8% 18,071 319 June 5 
21  June 0% 18,642 329 June 5 

( a c t u a l  ) 

G - 6  Li t t le  Sandy 17  Mar 100% 
2 Apr 100% 

18 Apr 28% 3 ,500cfs  95cfs June 9 
4 May 14% 3,866 100 June 9 

20 May 10% (max) 4,386 107 June 8 
2 1  June 2% 9,223 175 June 17  

( a c t u a l )  
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Table 2 .  (continued) 

Date of 
Area Coverage 

W - 1  Upper 6 Middle 17  Mar 
Wind River 2 Apr 

18 Apr 
4 May 

20 May 
2 1  June 

( ac tua l )  

W-2 Pop0 Agie 17 Mar 
L i t t l e  Wind 2 Apr 

18 Apr 
4 May 

20 May 
2 1  June 

( ac tua l )  

Percent Estimated Estimated 
Snowcover Runoff Peak Flow 

70% 
61% 338,116cfs 3,504cfs 
43% 246,863 2,666 
31% 241,975 2,614 
23% 246,863 2,666 
11% (max) 244 , 419 2 , 640 

60% 
42.5% 113,341cfs 4,000cfs 
24% 113,341 4,000 
15% 106 , 257 3,750 

4% 80,958 2,857 
16% 141,676 5,000 

Date of 
Peak Flow 

J u l y  1 ? 
June 6 
June 6 
June 6 
June 6 

June 9-10 
June 9-10 
June 9-10 
June 9-10 
June 9-10 
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CONCLUSION 

The groundwork i s  now s u f f i c i e n t l y  complete and t h e  accumulated d a t a  

base is  minimally adequate f o r  ope ra t iona l  app l i ca t ion  of t h i s  technique t o  

water management i n  Wyoming. The techniques appear t o  be both e f f e c t i v e  and 

p r a c t i c a l .  Current and proposed t e s t s  w i l l  e s t a b l i s h  t ime l ines s  and 

r e l i a b i l i t y  with which these  new techniques can provide runoff es t imates  

from s a t e l l i t e  da t a .  

decide whether o r  no t  t o  implement t h e  technique as a rou t ine  p a r t  of a 

s ta tewide  water management program, 

es t imat ion  procedures i n  water management w i l l  involve d a t a ,  equipment, and 

We a r e  fast  approaching t h e  po in t  where we must 

The commitment t o  use t h e  Landsat 

manpower; b u t  t h e  t o t a l  cos t  should be very small r e l a t i v e  t o  t h e  p o t e n t i a l  

gains  t o  be r e a l i z e d  through even t h e  most modest improvement i n  runoff 

f o r e c a s t s .  

d a t a ) ,  analyzing t h e  da t a ,  and i s s u i n g  f o r e c a s t s  of expected runoff  each 

month during t h e  snowmelt season should be on t h e  order  of $20,000-30,000 

p e r  year .  The investment i s  c e r t a i n l y  appropr ia te  i f  even one mistake i n  

water  management can be aver ted  due t o  improved fo recas t ing  c a p a b i l i t i e s .  

Tota l  c o s t  f o r  upgrading t h e  d a t a  base (imagery and streamflow 
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APPENDIX A: SNOWCOYER/RUNOFF RELATIONSHIPS FOR EACH WYONING WATERSHED 

’ Forty-four  drainage a reas  were s e l e c t e d  f o r  eva lua t ion  (Fig.  A - 1 ) .  

These a reas  cover e s s e n t i a l l y  a l l  a r eas  of Wyoming i n  which an annual snow- 

pack accumulates i n  q u a n t i t i e s  s u f f i c i e n t  t o  provide s i g n i f i c a n t  component 

of t h e  sp r ing  runof f .  

ad jacent  a r eas  t o  e s t a b l i s h  an expected (or average) r e l a t i o n s h i p  between 

diminishing snowcoyer and runoff  augmented by snowmelt during t h e  sp r ing  

and summer months. 

average curves ( i f  da t a  were adequate t o  de f ine  an average) and snowcover/ 

runoff  curves f o r  abnormally dry and abnormally wet seasons t h a t  r evea l  t h e  

manner i n  which t h e  runoff  p a t t e r n  s h i f t s  with below- o r  above-normal snow- 

pack. A b r i e f  d i scuss ion  of t h e  s i g n i f i c a n t  c h a r a c t e r i s t i c s  of each water- 

shed, t h e  d a t a  q u a l i t y ,  and cons idera t ions  made i n  t h e  i n t e r p r e t a t i o n  and 

a n a l y s i s  of  each d a t a  s e t  accompanies t h e  c h a r t s ,  The c h a r t s  and summary 

provide information t h a t  w i l l  enable  a reasonable  f o r e c a s t  of expected 

runoff  t o  be made from t h e  most cu r ren t  Landsat imagery i f  such imagery i s  

acquired dur ing  t h e  onse t  of t h e  sp r ing  snowmelt, In  many cases ,  t h e  d a t a  

may a l s o  a s s i s t  i n  f o r e c a s t i n g  t h e  expected peak and dura t ion  of snowmelt 

runof f .  

Each a rea  was evaluated ind iv idua l ly  and compared t o  

The summary of information for  each a rea  inc ludes  

New d a t a  should be added t o  t h e  d a t a  set  each year  as Landsat cont inues 

t o  provide coverage, The new da ta  may be used t o  r e f i n e  t h e  p r e d i c t i o n  

r e l a t i o n s h i p s  and improve t h e  a b i l i t y  of t h e  i n t e r p r e t e r s  t o  accu ra t e ly  

f o r e c a s t  runoff  from snowmelt, 
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I t  i s  important t o  consider  t h a t  t hese  d a t a  can be used t o  g r e a t e s t  

advantage i n  s i t u a t i o n s  where they augment d a t a  gathered a t  appropr ia te ly  

loca t ed  snowcourses. The technique i s  one t h a t  g ives  a reg iona l  perspec t ive  

of t h e  ex ten t  and con t inu i ty  of t h e  annual snowpack. 

r e l i a b l e  es t imates  of t h e  v a r i a t i o n s  i n  runof f  t y p i c a l l y  a s soc ia t ed  with 

f l u c t u a t i o n s  i n  snow-water content  and l o c a l  v a r i a t i o n s  i n  snow depth.  Snow- 

course measurements provide t h i s  type of  information;  s o  t h e  two techniques 

should y i e l d  b e s t  r e s u l t s  i f  used toge the r .  

I t  does not  y i e l d  
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cp-'?I Areas in which snowcover/runoff 
relationships were evaluated. 

Figure A-1 .  Index of areas f o r  which ana lys i s  of snowcover and runoff 
were made, 
region ( i . e ,  BH=Big Horn River).  

Le t t e r s  designate the  major drainage i n  the  
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Area Number - 
. Y - 1  

Area Name 
-__* 

Y - 2  

Y - 3  

hi- 1 

s- 1 

s- 2 

s- 3 

s- 4 

B- 1 

B -2 

G- 1 

G- 2 

G-3 

G-4 

G- 5 

G-6 

G- 7 

w- 1 

w- 2 

w-3 

w-4 

BH- 1 

BI-J- 2 

BH- 3 

BH- 4 

BH- 5 

Yellowstone Lake  

Yellowstone River  below Yellowstone Lake 

C l a r k s ' s  Fork of t h e  Yellowstone 

Madison River 

Buffalo Fork of t h e  Snake River  

Upper Snake River  

Hoback River 

S a l t  and Grey 's  Rivers 

North and Sauth Forks of t h e  Bear River  

Thomas Fork of t h e  Bear River  

Green River  Bend Area 

New Fork River  Drainage 

Green River above La Barge 

Fontene l le  Creek  

Big Sandy Area 

L i t t l e  Sandy Creek 

, 

BlackIs Fork of t h e  Green River  

Upper and Middle Wind River  

L i t t l e  Wind and Pop0 Agie Rivers  

Muddy and Fivemile  Creeks 

Badwater Creek 

Shoshone River (North and South Forks) 

Greybull  River 

Bighorn River 

Nowood Creek 

L i t t l e  Bighorn River  
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A- 6 

A- 9 

A-12 

A-16 

A- 18 

A-22 

A- 25 

A-27 

A-31 

A-34 

A-37 

A-41 

A-44 

A-48 

A-51 

A-55 

A- 59 

A-62 

A-65 

A-67 

A-68 

A- 72 

A- 76 

A- 80 

A- 83 

A-87 
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Area Number 

T- 1 

PR- 1 

PR- 2 

PR- 3 

PR- 4 

P- 1 

P- 2 

P-3 

P- 4 

P- 5 

P-6 

P-7 . 

P- 8 

P- 9 

P- 10 

P-11  

P-12 

P- 13 

Area Name -- 
Tongue River 

Page - 
A- 89 

Upper Powder River above Sussex A-93 

Middle Powder River between Arvada and Sussex A-96 

Clear  Creek A-100 

Crazy Woman Creek A- 103 

North P l a t t e  River near  Northgate,  Colorado (N. Park) A-106 

North P l a t t e  River above Seminoe Reservoir  A-110 

Medicine Bow River above Seminoe Reservoir  A-115 

North P l a t t e  River below Alcova Reservoir  A-120 

North P l a t t e  River below Casper A- 124 

North P l a t t e  River below Orin Junc t ion  A-124 

North Laramie River, Chugwater, and Fish Creek A-126 

Laramie River  above U v a  A- 130 

Laramie River above Bosler A- 135 

Horse Creek above Lyman A-140 

Lodgepole Creek A- 144 

Upper Sweetwater (South Pass) A- 148 

Lower Sweetwater River A-151 
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AREA Y - 1  

SNOWMELT AND RUNOFF PATTERNS: YELLOWSTONE LAKE DRAINAGE AREA 

Landsat imagery f o r  1973 and 1977 were used t o  determine t h e  
snowmelt/runoff r e l a t i o n s h i p  f o r  t h e  Yellowstone Lake drainage.  
Four d a t e s  of coverage were a v a i l a b l e  f o r  each of  t hese  yea r s ,  but  
t h e  1973 coverage i s  somewhat b e t t e r  d i s t r i b u t e d  during t h e  melt 
season,  s o  t h e  r e s u l t i n g  curves developed f o r  t h e  1973 season a r e  
considered more r e l i a b l e .  Streamflow d a t a  from s t a t i o n  no 61865 
on t h e  Yellowstone River a t  t h e  o u t l e t  from Yellowstone Lake were 
used t o  determine cumulative runoff  va lues .  The flow a t  t h i s  
s t a t i o n  should show e s s e n t i a l l y  no in f luence  of  water management 
because t h e  outflow from Yellowstone lake  is  not  con t ro l l ed .  Flow 
d a t a  were a v a i l a b l e  each day f o r  t h e  yea r s  eva lua ted .  

In both t h e  1973 and 1977 water yea r s ,  t h e  sp r ing  runoff  doubles 
as snowmelt i n t e n s i f i e s  during t h e  month of  May (from approximately 
500cfs t o  1000cfs).  The d i f f e r e n c e  between an average flow r a t e  i n  
January,  1973 of 600cfs and i n  January,  1977 of  290cfs is  probably 
due both t o  t h e  extremely l i g h t  accumulation of  snow i n  1977 and t h e  
perhaps,  co lder  temperatures .  Runoff from snowmelt u sua l ly  begins 
e a r l y  i n  May (between t h e  5 th  and 15th)  a f t e r  t h e  snowpack a rea  
has diminished t o  40-50% of t h e  bas in  area. Peak runoff  occurs i n  
l a t e  June o r  e a r l y  J u l y  (June 2 2  - J u l y  13) with a s t rong  tendency 
f o r  l a r g e r  peak runoff  rates t o  occur a t  l a t e r  da t e s .  The 1977 
water year  shows extreme draught condi t ions  i n  which peak flow occured 
on June 22 a t  only 2120cfs. 1973 was a more t y p i c a l  year  w i t h  peak 
flow ocurr ing  on J u l y  1 a t  3460cfs. Peak flows a s  high as high a s  
9120cfs (June 28-30, 1974) were recorded a t  t h i s  s t a t i o n  during t h e  
eleven-year per iod  used i n  t h i s  eva lua t ion .  
a t  t h i s  s t a t i o n  would be about 5800cfs and should occur on J u l y  4 o r  5. 
The snowmelt should a l s o  peak a t  t h i s  time o r  j u s t  p r i o r .  

Discharge from t h e  Yellowstone Lake dra inage  was below normal f o r  
both t h e  1973 and 1977 water yea r s ,  bu t  1973 was only s l i g h t l y  below 
normal (433,447cfs i n  1973 compared t o  t h e  11-year average of 475,370cfs). 
Consequently, we be l i eve  t h a t  t h e  1973 snowmelt curve is  reasonably 
r e p r e s e n t a t i v e  of  t h e  normal snowmelt p a t t e r n  f o r  t h i s  a r ea .  
expect t h e  snowmelt curve f o r  a t r u l y  average year  t o  be s l i g h t l y  
s t e e p e r  during t h e  per iod  of  maximum snowmelt than t h e  curve der ived 
from t h e  1973 s a t e l l i t e  da t a .  
our  b e s t  estimate of t h e  conf igu ra t ion  of t h e  snowmelt vs .  runoff  curve 
f o r  an "average" year .  

The 1973 d a t a  suggest t h e  water suppl ied  from t h e  melt ing of t h e  
snowpack r ep resen t s  about one t h i r d  of  t h e  t o t a l  discharge from t h e  
Yellowstone Lake drainage,  y e t  peak flow r a t e s  can be increased by a 
f a c t o r  o f  t e n  o r  twenty times dur ing  t h e  r e l a t i v e l y  b r i e f  per iod  of r ap id  
snowmelt t h a t  occurs between l a t e  May and e a r l y  August. 

A t y p i c a l  peak flow r a t e  

We might 

The average snowmelt curve given i s  

CRITICAL VALUES (approximate f o r  a normal y e a r ) :  

Beginning of runoff  from snowmelt: 
Peak of  runoff  augmented by snowmelt: 
Snowmelt complete (no v i s i b l e  snow): 
Percent runoff  provided by snowpack: 
Peak runoff  volume (normal y e a r ) :  5800 cfs 
Guage number used i n  e s t ima t ing  runof f :  

May 10 
J u l y  3 

August 1 
33% 

#61865 a t  Yellowstone Lake 
out  l e t .  
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Ip-rl Areas In which rnowcoverlrunolf 
relatlonthlps were evafualed. 
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RUNOFF VS. TIME AND SNOWCOVER (%), Average 

Weeks (after October 1) 
5 10 15 20 25 30 35 40 45 50 
1 . 

KEY 
Runoff vs. Time 

Runoff vs. -*- Snowcover 

Runoff from Snowmelt Peak 
=July 7 

Base Level 25% 

Annual Runoff 507,566, CFS 
Peak Runoff 5812 CFS 

sb do 4b 20 0 

Snowcover (%) 

A- 7 



Yellowstone Lake 
RUNOFF VS. TIME AND SNOWCOVER ("/oh 1972-73 
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AREA Y - 2  

SNOWMELT AND RUNOFF PATTERNS: UPPER YELLOWSTONE R I V E R  (below Yellowstone Lake) 

Landsat imagery f o r  1973 and 1977 was used t o  determine t h e  snowmelt- 
runoff  r e l a t i o n s h i p  f o r  t h e  upper Yellowstone River.  Five da t e s  of  coverage 
a r e  a v a i l a b l e  f o r  1973 and 1977. Each d a t a  s e t  i s  equa l ly  wel l  d i s t r i b u t e d  
and, t h e r e f o r e ,  both t h e  1973 and 1977 snowmelt curves a r e  equal ly  r e l i a b l e .  

Discharge f o r  1973 was 14% below t h e  11-year average of 1,184,181 c f s ,  and 
r ep resen t s  a d r i e r  than normal year .  This  estimate o f  d r i e r  c l imate  f o r  1973 
i s  confirmed by a snow course a t  e l eva t ion  of 7380 f e e t  on t h e  Yellowstone 
Plateau.  In  f a c t ,  t h e  14% below normal discharge of  1973 coincides  exac t ly  
with t h e  14% below normal water equiva len t  of  snow i n  t h e  Lupine Creek Snow 
course.  However, t h e  Parker ' s  Creek Snow course a t  an e l eva t ion  of  9400 f e e t  
i n  t h e  g l a c i a t e d  a rea  of t h e  Lamar River ,  shows 1973 t o  be 46% below t h e  20 year  
average water  equiva len t  va lues .  

Peak Snow courses  a l s o  i n d i c a t e  two d i f f e r e n t  c l imates .  In  t h e  lower e l eva t ion  
Lupine Creek Snow course,  1977 is a drought year  because t h e  water equivalent  
values  are only 29% of t h e  20 year  average. However, t h e  shape of  t h e  1977 
d ischarge  curve i s  not  t h e  t y p i c a l  s t r a i g h t  l i n e  curve c h a r a c t e r i s t i c  of 
extreme drought i n  most a r eas .  

In  t h e  high e l eva t ion  Parker ' s  Peak Snow course,  1977 appears a s  a very 
dry year .  This  climate es t imate  i s  cons i s t en t  with d ischarge  va lues .  Also, 
t h e  s l i g h t  degree of  d i f f e r e n c e  between water  equiva len ts  va lues  f o r  1973 and 1977 
i n  t h e  Parker ' s  Peak Snow course i s  cons i s t en t  with t h e  s l i g h t  depression of 
base l e v e l  between t h e  1973 and 1977 d ischarge  curves.  

O f  course,  it is  poss ib l e  t h a t  even extreme drought condi t ions  i n  t h i s  
drainage would not  produce s t r a i g h t  l i n e  d ischarge  curves t y p i c a l  of o the r  
drainages.  If t h i s  is  t r u e ,  then t h e  above arguments regard ing  change i n  
curve shape and c o r r e l a t i o n  with water equiva len t  va lues  a r e  i r r e l e v a n t .  

The average d ischarge  curve f o r  t h i s  a r ea  was cons t ruc ted  by averaging 
t h e  11 years  of discharge d a t a  f o r  each month. 
our  b e s t  guess.  I t  is a modified 1973 snowmelt curve.  

For 1977, t h e  water equiva len t  values i n  t h e  Lupine Creek and Parker ' s  

The average snowmelt curve i s  

CRITICAL VALUES (approximate f o r  a normal y e a r ) :  

Beginning of runoff  from snowmelt: 
Peak of runoff :  June 10 
Snowmelt complete (no v i s i b l e  snow): mid-August 
Percent runoff  provided by snowpack: 57% (?) 
Peak runoff  va lue  (average):  18,073 c f s  
Gauge S t a t i o n  used: 

mid-April 

#Of31915 Yellowstone River a t  Corwin Springs 
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Areas In which rnowcover/runoll 
relationthlps were evaluated. 

Yellowstone River 
RUNOFF VS. TIME AND SNOWCOVER (%), Average 

Weeks (after October 1) 
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Snowcover (%) 
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Y ellowstone River 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 (dry) 
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AREA Y-3 

SNOWMELT AND RUNOFF PATTERNS: CLARK'S FORK DRAINAGE AREA 

S a t e l l i t e  da ta  from four d i f f e r e n t  snowmelt seasons were used t o  
determine snowmelt-runoff pa t t e rns  f o r  t h e  Clark ' s  Fork drainage i n  
northwest Wyoming; but only a few da tes  of  usefu l  coverage were ava i lab le  
f o r  each of  t h e  four  seasons. O f  t he  four  years '  coverage, 1981 appears 
t o  b e s t  represent an average year.  In the  severa l  years s ince  Landsat 
was first launched ( in  1972), average annual discharge a t  t he  Belfry, 
Montana gauge s t a t i o n  has been 371,433 c f s .  
f o r  a l l  four  seasons f o r  which useable s a t e l l i t e  coverage was ava i lab le  
(cloud cover was more frequent i n  wet te r  yea r s ) .  
dry year ,  so  da ta  f o r  1977 were not used i n  constructing the  composite 
snowcover-runoff curve f o r  t he  Clark's  Fork drainage a rea .  

through t h e  spr ing  and summer months, ending i n  l a t e  August. Peak runoff 
v a r i e s  g rea t ly  from year t o  year and i s  expected i n  e a r l y  June (June 11). 
Annual runoff volume is highly dependent on t h e  annual snowpack, with about 
70% of t h e  t o t a l  discharge occurring during t h e  May, June, Ju ly  snowmelt 
season. 
s o  t h e  snowcover-runoff curves should provide r e l i a b l e  runoff fo recas t s .  
In t h e  Clark ' s  Fork a rea ,  cloud cover is  a frequent problem i n  making 
estimates of snowcover from t h e  Landsat imagery; s o  opportunity i s  l imited 
f o r  obtaining t h e  c r i t i c a l  April-May coverage needed f o r  water-supply 
fo recas t s .  

has highest  discharge of a l l  cha r t s ;  y e t ,  according t o  snow course da ta ,  
i t  was a dry year. 
snow courses and above normal snowpack a t  low-elevation snow courses. 

Discharge was below average 

1977 was a p a r t i c u l a r l y  

Snowmelt usua l ly  begins i n  l a t e  April on t h e  Clark's  Fork and continues 

The pa t t e rn  of runoff i s  f a i r l y  cons is ten t  for t h e  sample years,  

Snow course da ta  do not c o r r e l a t e  well  with runoff.  For example: 1981 

1979 shows below normal snowpack a t  high-elevation 

CRITICAL VALUES 

Beginning of runoff from snowmelt: April  24 
Peak of runoff augmented by snowmelt: June 11 
Snowmelt complete (no v i s i b l e  snow remaining): August 27 
Percent runoff expected from snowpack: 
Gauge s t a t i o n  used i n  estimating runoff:  

70% 
#62075, C l a r k ' s  Fork 

of t h e  Yellowstone River near  Belfry,  Montana 
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a Aroar of no rnowpach are 

Ip-.rl Arena In which rnowcovcrlrunoll 

Inrufflclent data lor analyrls. 

relationships were ovalualed. 

Clark‘s Fork 
RUNOFF VS. TIME AND SNOWCOVER (%I, (composite) 
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Clark's Fork 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1 9 7 3  (dry)  
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Clark's Fork 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1979 (dry) 
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Area )I-1 

SNOWMELT AND RUNOFF PATTERNS: MADISON RIVER DRAINAGE 

The da ta  s e t  f o r  t he  Madison River drainage i s  severely l imited 
because only two years of discharge da t a  were ava i l ab le .  
Landsat da t a  i s  only ava i lab le  f o r  one of t he  two years of discharge da t a ,  
we could only construct one snowmelt and runoff curve f o r  t h i s  a rea .  
Also, t h e  ava i l ab le  Landsat da t a  f o r  t he  1973 water year i s  not well 
d i s t r i b u t e d  over t h e  season of snowmelt. Therefore, t h e  snowmelt-runoff 
curve f o r  t h e  Madison River drainage is a very preliminary one. 

"drought" curves of 1977 f o r  t h e  Bear, S a l t  and Greys r i v e r s .  Yet, 
according t o  estimates of climate,  based upon 11 year average discharge 
values and snow course da ta  i n  adjacent a r eas ,  1973 i s  d r i e r  than the  
average year,  but not a drought. 
drainage confirms t h a t  t h e  water content of t h e  snow was 25% below the  
20 year average during t h e  winter snowmelt months (Jan-May). 

Bet te r  snowmelt-runoff curves might be derived by using da ta  from a 
gauge s t a t i o n  f u r t h e r  downstream i n  Montana. 
a rea ,  snowmelt-runoff curves might be based upon more r e l i a b l e  da ta .  

Because 

The near ly  s t r a i g h t - l i n e  discharge curve f o r  1973 resembles the  

A snow course i n  t h e  Madison r i v e r  

By enlarging t h e  drainage 

CRITICAL VALUES (based upon 1973 da ta  only) 

Beginning of runoff from snowmelt: 
Peak of runoff: May 2 1  
Snowmelt complete (no v i s i b l e  snow) : Ju ly  '15 
Percent of runoff provided by snowpack: 
Peak runoff volume: 1280 c f s  
Gauge s t a t i o n  used i n  estimating runoff:  

May 6 

10% 

#060375 Madison 
River near West Yellowstone 

A-16 



Madison River 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 (dry) 

Weeks (after October 1) 
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AREA S - 1  

SNOWMELT AND RUNOFF PATTERNS: BUFFALO FORK OF SNAKE RIVER 

Landsat imagery f o r  1973, 1977 and 1978 were used t o  determine the  
snowmelt-runoff r e l a t ionsh ip  f o r  t he  Buffalo Fork of t he  Snake River, 
The da tes  of coverage a r e  wel l -d is t r ibu ted  over t h e  season of snowmelt f o r  
a l l  three years.  Because each year represents  a d i f f e r e n t  c l imat ic  regime, 
we have been ab le  t o  confidently def ine  t h e  snowmelt-runoff r e l a t ionsh ip  
i n  t h i s  drainage f o r  a dry year, wet year and drought year.  

computed by averaging t h e  1973 (dry season) and 1978 (wet season) graphs. 
The 1972-82 average annual flow of 205,154 c f s  i s  within f i v e  percent of 
t he  averaged 1973 and 1978 va lues ,  In a "normal" year,  snowmelt begins i n  
l a t e  April ,  peaks i n  mid-June and ends i n  Ju ly .  The discharge recorded 
during the  period of peak snowmelt is  s u b s t a n t i a l l y  augmented by r a ins .  
The range of snowmelt peaks v a r i e s  between 2700 and 5900 cfs i n  t h e  11 
year  period from 1972-82. 
a r e  f a i r l y  cons is ten t  i n  t h i s  drainage a rea .  

course da ta  from the  Blackrock s i te ;  but  estimates of expected runoff from 
snowcover da t a  do not c o r r e l a t e  well with estimates based upon water 
equivalent- content of snow a t  t h e  Blackrock snowcourse. The lower Yount's 
Peak y i e lds  water equivalent va lues  ind ica t ing  t h a t  1973 is  much d r i e r  than 
1977 and i s  contradictory t o  a l l  reg iona l  estimates of climate.  

noted i n  t h e  Upper Yellowstone River drainage, 
t h e  Yellowstone River and Buffalo Fork drainages were a t  d i f f e r e n t  
e leva t ions .  Our bes t  co r re l a t ion  of discharge and water equivalent values 
should occur a t  higher e leva t ion  s i t e s  because t h e  permanent snowpack is  
t h e  dominant f a c t o r  a t  higher e leva t ions .  

Consequently, t h e  average snowmelt-runoff r e l a t ionsh ip  was e a s i l y  

Timing of runoff peaks and t h e  range of values 

Discharge values should c o r r e l a t e  bes t  with the  water-equivalent snow 

A s imi l a r  d i s p a r i t y  between discharge and water equivalent da t a  was 
The chosen s i t e s  i n  both 

CRITICAL VALUES ( fo r  a normal year ) :  

Beginning of runoff from snowmelt: 
Peak of runoff (augmented by r a i n s ? ) :  June 18 
Snowmelt complete (no v i s i b l e  snow): August 4 
Percent of runoff provided by snowpack: 57% (approximately) 
Peak runoff volume (normal year ) :  3949 c f s  
Gauge s t a t i o n  used i n  estimating runoff:  

April  30 

#130119 Buffalo Fork 
above Lava Creek, near Moran 
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u 1 p o  

Arons of no rnowpack are 
tnsulficlent data lor anolyrlr. 

Arena In which rnowcower/runoff 
relntionrhlpr were evaluated. 

Buffalo Fork of Snake River 
RUNOFF VS. TIME AND SNOWCOVER (%I, Average 
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Buffalo Fork of Snake River 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 (dry) 
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Buffalo Fork of Snake River 
RUNOFF VS. TIME AND SNOWCOVER (%), 1977 (drought) 
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Buffalo Fork of Snake River 
RUNOFF VS. TIME AND SNOWCOVER (%Is 1978 (wet) 

n L 
Snowcover (%I 

ugurt 

A -21  



AREA S-2  

SNOWMELT AND RUNOFF PATTERNS: UPPER SNAKE R I V E R  

Unfortunately, Landsat imagery was ava i l ab le  only f o r  1977 (a dry year ) ,  
The seven da te s  of  ava i lab le  coverage a r e  wel l -d is t r ibu ted  throughout t h e  
season, but one year of snowcover and discharge da ta  cannot adequately 
define the  snowmelt-runoff r e l a t ionsh ip  f o r  an a rea .  Drainages containing 
3 years o r  more of wel l -d is t r ibu ted  coverage and complete discharge da ta  a r e  
the  ones t h a t  bes t  def ine  the  snowmelt-runoff r e l a t ionsh ip .  Therefore, it 
is  bes t  t o  use  the  1977 curves f o r  t he  Upper Snake River i n  conjunction 
with year ly  curves f o r  the  Buffalo Fork of t he  Snake t o  approximate the  
snowmelt-runoff r e l a t ionsh ip  f o r  the  drainage of t h e  Upper Snake. The 
well-defined va r i a t ions  i n  snowfall and runoff f o r  t h e  Buffalo Fork of 
t h e  Snake River should most c lose ly  match those of t h e  Upper Snake. 
discussion of regional c l ima t i c  v a r i a t i o n s  i n  t h e  Buffalo Fork a rea  f o r  
t h e  1972-82 period) 

average annual flow (1,168,063 c f s ) ,  t he  average peak flow (11,730 c f s )  
and the  construction of an average discharge curve for t h e  Upper Snake 
River. On t h e  average, snowmelt appears t o  begin gradually i n  April and 
t o  end i n  mid-July. 
flows range from approximately 10,000 t o  15,000 cfs. 
flow vs .  t i m e  f o r  t h e  Upper Snake River is  very s imi l a r  t o  t h a t  of t he  
Buffalo Fork of t he  Snake. 

(See 

The seven years of complete discharge da t a  allowed t h e  determination of 

The average time of peak snowmelt is  mid-June. Peak 
Thus, t he  pa t t e rn  of 

CRITICAL VALUES (approximate f o r  a normal year ) :  

Beginning of runoff from snowmelt: 
Peak of runoff augmented by snowmelt: mid-June 
Snowmelt complete (no v i s i b l e  snow): l a t e  J u l y  
Percent runoff provided by snowpack: 49% (approximate) 
Peak runoff volume (normal year):  11,730 c f s  
Gauge s t a t i o n s  used i n  estimating runoff:  #130110 (South Fork) 

mid-April 

Snake River a t  Moran, l e s s  flow va lues  measured a t  s t a t i o n  
#130187,5 Snake River below F l a t  Creek near Jackson 
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Aroas of no rnowpsck are 
Insufficlenl data lor anoly6lS. 

Ip-.rl Arean In whlch cnowcover/runoft 
relationships were aVAlUalad. 

Upper Snake River 
RUNOFF VS. TIME AND SNOWCOVER (%), Average 

Weeks (after October 1) 
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Runoff from Snowmelt 
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e Level  221.932 CFS 

al Runoff 1,168,062. 
Peak Runoff 11,730 CFS 
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Upper Snake River 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1977 (drought) 

Weeks (after October 1) 
30 35 40 45 50 

4 Runoff vs. Time 

-*- Snowcover 

Annual Runoff 796,772 CFS 
Pssk Runoff 7,720 CFS 

Snowcover (%I 

CFS 
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AREA S - 3  

SNOWMELT AND RUNOFF PATTERNS: HOBACK RIVER 

Landsat images f o r  1973, 1977 and 1978 were used t o  determine t h e  snowmelt 
p a t t e r n  i n  t h e  drainage a r e a  of t h e  Hoback River .  
coverage a r e  we l l -d i s t r ibu ted  through t h e  season o f  snow accumulation and 
snowmelt f o r  each of t h e  t h r e e  water  years .  

The annual d i scharge  measured i n  1978 is  approximately normal, s o  we 
expect t h a t  t h e  snowmelt p a t t e r n  f o r  1978 was a l s o  near  normal. 
course measurements show t h e  water  equiva len t  of snowpack f o r  1978 t o  be 
about normal o r  s l i g h t l y  g r e a t e r  than normal. The 1973 and 1977 water 
years  were dry years .  Both t h e  average discharge va lues  and water  
equiva len t  snowpack d a t a  confirm t h e s e  lower than normal snowpack 
es t imates .  

should begin i n  l a t e  March, should peak about June 10, and end i n  e a r l y  
J u l y .  For t h e  11 water yea r s  of record  (1972-82) t h e  peak volume of 
runoff  ranges from 11,000 t o  29,000 cfs, 
e a r l y  June. 

Seven o r  e i g h t  da t e s  of 

Snow 

If 1978 i s  considered as a normal yea r ,  then ,  on t h e  average, snowmelt 

Snowmelt gene ra l ly  peaks i n  

CRITICAL VALUES (normal yea r ) :  

Beginning of  runoff  from snowmelt: 
Peak of runoff  augmented by snowmelt: June 10 
Snowmelt complete (no measureable snow): J u l y  4 
Percent runoff  provided .by snowpack: 
Peak runoff  volume: 20,246 cfs 
Gauge s t a t i o n  used i n  es t imat ing  runoff :  

Greys Reservoir ,  near  Alpine 

March 26 

58% 

#130225 Snake River above 
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A r e a s  of no anowpack are 
Insufficient data for analyrls. 

Ip-ll A r e a s  In whlch cnowcoverlrunot! 
re let ionshlps  w e r e  evstualad. 

Hoback River 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1 9 7 8  (average) 

Weeks (after October 1) 

KEY 
d Runoff vs. Time 

-*- Snowcover 
80- Runoff vs. 

E a r l y  J u l y  
Snow melt Complete 
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3 
0 
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Annual Runoff 1 . 7  5 4 , 9  5 0 C F S 
Peak Runoff 2 2 , 8 0 0  C F S  
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Snowcover (%I 
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Hoback River  
RUNOFF VS. TIME AND SNOWCOVER (%I, 1 9 7 3 ( d r y )  

Weeks (after October 1) 
0 5 10 15 20 25 30 35 40 45 50 

100 ' 
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Hoback River 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1 9 7 7  (drought )  
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AREA S-4 

SNOWMELT AND RUNOFF PATTERNS: SALT AND GREYS RIVERS 

Landsat imagery f o r  t h e  1973, 1977 and 1978 water years  was used t o  
determine t h e  snowmelt-runoff r e l a t i o n s h i p  f o r  t h e  S a l t  and Greys Rivers.  
Only fou r  d a t e s  of  coverage were a v a i l a b l e  f o r  1973. 
der ived from these  d a t a  is not  as r e l i a b l e  a s  t h e  1977 o r  1978 snowmelt 
p a t t e r n s  because of t h e  lack of adequate coverage during t h e  t ime of  
snowmelt. In  c o n t r a s t ,  both t h e  1977 and 1978 snowmelt curves were der ived 
from seven d a t e s  of coverage t h a t  were we l l -d i s t r ibu ted  through t h e  season 
of  snowme 1 t . 

The average d ischarge  va lues  f o r  t h e  Greys and S a l t  Rivers c o r r e l a t e  
well with t h e  average water  equiva len t  snowpack da ta  from snow courses .  
However, t h e  1973 water equiva len t  va lues  f o r  t h e  S a l t  River do not  
agree with t h e  dry  year  e s t ima te  based upon discharge va lues .  
t o  above average snow-course measurements f o r  t h e  S a l t  River i n  1973 
c o n t r a s t  wi th  t h e  below average measurements f o r  t h e  Greys River ,  
poss ib l e  t h a t  t h e  S a l t  River experienced average t o  above average snowfall  
while  snowfall  i n  t h e  Greys River drainage was below average. 
e f f e c t  when t h e  d ischarge  from t h e  S a l t  and Greys are combined i s  a 
s l i g h t l y  be.low normal water year  f o r  1973. 

The average snowmelt-runoff curve was der ived by combining t h e  dry 
year  d a t a  of  1973 with t h e  wet year  curve of  1978. We expect t h a t  t h i s  
average snowmelt-runoff r e l a t i o n s h i p  approximates a normal year  because 
t h e  averaged 1973 and 1978 d ischarge  i s  a c t u a l l y  3% above t h e  1972-82 
average annual d i scharge  of 276,280 cfs.  

between 1500 t o  3800 c f s .  

The snowmelt curve 

The average 

I t  i s  

The n e t  

The peak d ischarge  normally occurs i n  l a t e  May. Peak flow is normally 
The 1972-82 average peak flow i s  2600 c f s .  

CRITICAL VALUES (normal yea r ) :  

Beginning of runoff  from snowmelt: 
Peak o f  runoff  augmented by snowmelt: 
Snowmelt complete (no measureable snow): August 2 
Percent runoff  provided by snowpack: 50% 
Peak runoff  volume (normal yea r ) :  2600 cfs 
Gauge s t a t i o n s  used i n  es t imat ing  runoff :  

Apr i l  15 
May 23-June 21 

#130275 S a l t  River above r e s e r v o i r  near  Elna 
#130230 Greys River above r e s e r v o i r  near Alpine 
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U T l C O  

a Afoas of no rnowpock are 
lnsufficlent date tor analysls. 

Areas In whlch snowcoverlruncfl 
rolallonrhips were evetunled. 

Salt and Greys  R ivers  
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973, 1978 
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Salt and G r e y s  R i v e r s  
RUNOFF VS. TIME AND SNOWCOVER (%I, 1 9 7 3  ( d r y )  

Weeks (after October 1) 
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Salt and Greys Rivers 
RUNOFF VS. TIME AND SNOWCOVER (%), 1 9 7 7  (drought) 
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Salt and Greys Rivers  
RUNOFF VS. TIME AND SNOWCOVER (4101, 1 9 7 8  ( w e t )  

Weeks (after October 1) 

Runoff vs. Time 

80 60 40 20 0 
Snowcover (%3 
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AREA B - 1  

SNOWMELT AND RUNOFF PATTERNS: NORTH AND SOUTH FORKS OF BEAR R I V E R  

Landsat imagery f o r  t h e  water years  1973 and 1977 were used t o  a s ses s  
t h e  snowmelt p a t t e r n  i n  t h e  Bear River dra inage .  The f o u r  da t e s  of coverage 
a v a i l a b l e  f o r  1973 enable  t h e  cons t ruc t ion  of a f a i r l y  r e l i a b l e  average 
curve.  1973 was a year  of near  normal d ischarge  i n  t h e  Bear River drainage,  
and t h e  1973 snowmelt p a t t e r n  i s  considered f a i r l y  r ep resen ta t ive  of  a 
normal year .  Snowcover on f o u r  of t h e  f i v e  da t e s  of coverage f o r  1977 
r evea l  t h e  unusual ly  low snow accumulation f o r  t h i s  drought year .  The 
Apr i l  3 d a t e  f o r  1977 probably r ep resen t s  a sp r ing  storm which o f fe red  
a temporary break i n  t h e  drought p a t t e r n ,  but  d id  not  s i g n i f i c a n t l y  
inc rease  t h e  snowpack. Thus, t h e  1977 snowmelt curve honors t h e  da t a  
from t h e  February 8,  Apr i l  9 ,  Apr i l  2 1 ,  and May 15 coverage dates and i s  
considered r ep resen ta t ive  of  t h e  snowmelt p a t t e r n  f o r  a very dry year .  

No snow course d a t a  i s  a v a i l a b l e  f o r  t h i s  drainage o r  t h e  adjacent  
Black 's  Fork drainage.  
from discharge  and snowcover v a l u e s ,  

and drought yea r s  i n  t h i s  dra inage  as well as t h e  Thomas Fork and S a l t  
River areas. 
s t r a i g h t  l i n e  curve of a drought year  i s  probably most pronounced i n  
southeas t  Wyoming where t h e  drought was most severe  (North and South Bear 
River ,  78% less than average; S a l t  River a rea ,  61% l e s s  than average; 
Thomas Fork of  Bear River,  79% less than average) ,  

Therefore ,  we must r e l y  on runoff  es t imates  

Dras t i c  changes i n  shapes of curves were no t i ced  between near  normal 

The change from t h e  normal S-shaped curve t o  t h e  almost 

CRITICAL VALUES ( f o r  a normal yea r ) :  

Beginning of runoff  from snowmelt: 
Peak of runoff  augmented by snowmelt: 
Snowmelt complete (no measureable snow): June 8 
Percent of runoff  provided by snowpack: 
Peak runoff  volume: 1,752 cfs 
Gauge s t a t i o n  used i n  es t imat ing  runoff :  

Apr i l  6 
May 21 

47% 

#lo0395 Bear River a t  
Border, Wyoming 
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U T ~ C O  

Areas 01 no rnowprck are 
Insufiiclent data for analysls. 

Areas In whlch cnowcoverlrunoii 
relsiionshlps were evaluated. 

North and South Fork of Bear River 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 (= 'Average) 
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North and South Forks of Bear River 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1977 (drought) 

Weeks (after October 1) 
0 5 10 . 15 I 20 25 30 35 40 45 50 

100 - . 
KEY 

& Runoff vs. Time 

Runoff vs. 
Snowcover -*- 

Annual Runoff 37,732 CFS 
Peak Runoff 125 CFS 

Snowcover (%) 

A-33 



AREA B - 2  

SNOhMELT AND RUNOFF PATTERNS: THOMAS FORK OF BEAR R I V E R  

Landsat imagery f o r  t h e  1973 and 1977 water years  were used t o  cons t ruc t  
snowmelt curves  f o r  t h e  Thomas Fork drainage.  Four i r r e g u l a r l y  d i s t r i b u t e d  
d a t e s  o f  coverage were a v a i l a b l e  f o r  1973. Unfortunately,  t h e  Apr i l  and May 
coverage necessary t o  r e l i a b l y  map t h e  p a t t e r n  of snowmelt was very 
spa r se .  Therefore ,  t h e  1973 snowmelt curve i s  not  very r e l i a b l e .  However, 
t h e  f i v e  d a t e s  of coverage f o r  1977 provide a ve ry  good snowmelt curve 
f o r  a drought yea r ,  but  t h e  snowpack amounts t o  only about 5% of t h e  t o t a l  
runoff  i n  1977. 

1977 a r e  both dry  yea r s .  
was cons t ruc ted  by averaging 11 years  of d i scharge  da t a .  The average 
snowmelt curve is based upon t h e  1973 imagery because it i s  more nea r ly  
a "normal" yea r  than 1977. However, as noted i n  t h e  preceeding paragraph, 
t h e  1973 d a t a  set  i s  of l imi t ed  u t i l i t y .  

f lows gene ra l ly  occur i n  e a r l y  May. The va lues  of  peak flow range from 
275 t o  730 cfs,  with 471 cfs being t h e  1972-82 average va lue .  The peak 
flow of  t h e  Thomas Fork drainage u s u a l l y  occurs wi th in  a few days of May 22.  

According t o  average discharge values  and snow course d a t a ,  1973 and 
An average discharge curve f o r  t h i s  drainage 

The beginning of snowmelt v a r i e s  from late March t o  e a r l y  Apr i l .  Peak 

CRITICAL VALUES (approximate f o r  a normal yea r ) :  

Beginning of runoff  from snowmelt: Late March - e a r l y  Apr i l  (April  1) 
Peak of runoff  augmented by snowmelt: 
Snowmelt complete (no measureable snowpack) : June 15 
Percent  of runoff  provided by snowpack: 
Peak runoff  volume: 471 c f s  
Gauge s t a t i o n  used i n  es t imat ing  runoff :  

May 22 

64% 

#lo0410 Thomas Fork near  
Wyoming - Idaho S t a t e  l i n e  
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Thomas Fork of Bear River 
RUNOFF VS. TIME AND SNOWCOVER (%I, Average 

Weeks (after October 1) 
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Thomas Fork of Bear River 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 (dry) 
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Thomas Fork of Bear River 
RUNOFF VS. TIME AND SNOWCOVER (%), 1977 (drought) 
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AREA G - 1  

SNOWMELT AND RUNOFF PATTERNS: GREEN RIVER I N  THE GREEN RIVER BEND AREA 

Imagery f o r  t h e  snowmelt seasons of  1973, 1977, and 1978 were used t o  
estimate snowcover deple t ion  f o r  t h e  Green River Bend watershed. 
a year  of extremely l i g h t  snowpack, so t h e  d a t a  from 1973 and 1978 were 
averaged toge the r  t o  y i e l d  a composite snowcover-runoff r e l a t i o n s h i p .  
1973 snowpack was s l i g h t l y  below normal and t h e  1978 snowpack was above 
normal i n  t h e  Green River Bend a rea .  
snowcover-runoff r e l a t i o n s h i p ,  with peak of runoff  occurr ing later when 
t h e  snowpack is  l a rge  and t h e  s lope  of  t h e  snowcover-runoff curve becomes 
s t e e p e r  f o r  seasons of l i g h t e r  snowpack. 

Snowpack i n  t h e  Green River Bend area supp l i e s  70-75% of  t h e  annual 
runoff  f o r  t h e  area. 
Green River inc reases  from nea r  130 cfs just p r i o r  t o  t h e  onse t  o f  snow- 
melt t o  an average d a i l y  discharge of  n e a r l y  2000 cfs during t h e  main 
snowmelt per iod  i n  June. 
c f s  on June 9 ,  1972, Peak volumes i n  t h i s  range r e q u i r e  both a l a rge  
snowpack and favorable  melt condi t ions  augmented by r a i n f a l l .  
f o r  a t y p i c a l  melt  season i s  about 2200 cfs ,  

1977 was 

The 

The curves demonstrate t h e  t y p i c a l  

Discharge a t  t h e  Warren Bridge gauge s t a t i o n  on t h e  

The g r e a t e s t  volume recorded s i n c e  1972 was 4760 

Peak runoff  

CRITICAL VALUES (normal year)  : 

Beginning of runoff  from snowmelt: Apri l  24 
Peak of runoff  augmented by snowmelt: June 15 
Snowmelt complete (no v i s i b l e  snow): August 2 
Percent runoff  provided by snowpack: 
Peak runoff  volume: 2200 cfs 
Average annual discharge:  183,000 
Gauge s t a t i o n  used i n  es t imat ing  runoff :  

Warren Bridge, near  Daniel ,  Wyoming 

75% 

#91885, Green River a t  
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Green River Bend Area 
RUNOFF VS. TIME AND SNOWCOVER (%I, Average 

Weeks (after October 1) 
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Green River Bend Area 
RUNOFF VS. TIME AND SNOWCOVER (%), 1972-73 

Weeks (after October 1) 
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Green River Bend Area 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1976-77 
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Green River Bend Area 
RUNOFF vs. TIME AND SNOWCOVER w), 1977-78 
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AREA G - 2  

SNOWMELT AND RUNOFF PATTERNS: NEW FORK RIVER DRAINAGE 

Three snowcover-runoff curves were compiled f o r  t h e  New Fork drainage.  
The 1973 snowmelt season proved t o  be near-average i n  t h e  New Fork drainage 
b a s i n  and d a t a  r ep resen t ing  t h e  1973 snowmelt season is  considered f a i r l y  
r e p r e s e n t a t i v e  of  a " typical"  year .  Runoff i n  sp r ing  1977 was very low and 
t h a t  i n  t h e  sp r ing  of 1978 was abnormally high.  The t h r e e  curves (1973, 
1977, and 1978) span t h e  expected range of snowcover-runoff condi t ions  f o r  
t h e  New Fork drainage.  The t h r e e  curves i n d i c a t e  a f a i r l y  normal runoff  
p a t t e r n  except t h a t  t h e  inc rease  i n  r a t e  of  snowpack dep le t ion  usua l ly  
apparent  i n  dry  years  i s  not  suggested i n  t h e  curves f o r  t h e  New Fork area. 

less o f  volume of accumulated snowpack. 
only 25% of  t h e  annual discharge;  b u t ,  i n  1978, about 65% of t h e  t o t a l  
d i scharge  was due t o  snowmelt. 
t h e  annual d i scharge  from snowmelt. The flow ra te  u s u a l l y  inc reases  from 
nea r  230 cfs t o  about 2500 cfs during t h e  snowmelt season on t h e  New Fork. 
A peak flow of  4540 cfs can be  expected during a normal year ,  bu t  rates as 
high as 9100 cfs have been recorded (1972). 

The cons is tency  of t h e  snowmelt and runoff  d a t a  f o r  t h e  New Fork 
dra inage  are such t h a t  t h e  1972-73 curve can be  considered an "average" 
curve and t h e  1977 and 1978 melt season provide examples of  changes t o  be 
expected f o r  abnormally low o r  high accumulations of snow. 
curves  toge the r  provide an exce l l en t  d a t a  base  f o r  p r e d i c t i n g  runoff  from 
Landsat-derived snowcover es t imates .  

Rate o f  runoff  i s  f a i r l y  cons tan t  f o r  t h e  non-snowmelt season, regard-  
In  1977, t h e  snowpack produced 

An average year  produces about 5 5 6 0 %  of 

The t h r e e  

CRITICAL VALUES: 

Beginning of runoff  from snowmelt: Apr i l  1 
Peak of runoff  augmented by snowmelt: June 16 o r  17 
Snowmelt complete (no v i s i b l e  snow remaining):  August 15 
Percent  runoff  provided by snowpack: 
Peak runoff  volume (normal yea r ) :  4550 c f s  
Gauge s t a t i o n  used i n  es t imat ing  runof f :  

55-60% 

#92050, New Fork River nea r  
Big Piney, Wyoming 
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New. Fork River Drainage 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1976-77 (drought) 
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AREA G - 3  

SNOWMELT AND RUNOFF PATTERNS: UPPER GREEN RIVER (above LaBarge) 

Landsat imagery f o r  t h e  1973, 1977 and 1978 water  years  were used t o  
determine t h e  snowmelt-runoff r e l a t i o n s h i p  f o r  t h e  Upper Green River 
drainage.  
t h r e e  water years .  The we l l -d i s t r ibu ted  da te s  of coverage allow t h e  
cons t ruc t ion  of r e l a t i v e l y  r e l i a b l e  snowmelt curves .  

with those  based upon water  content  of  snow. 
t h e  ve ry  c l o s e  agreement between d ischarge  and d a t a  from s i x  snow courses .  

d ry  yea r  curves of 1973 with t h e  wet year  curves of 1978. 
1978 average d ischarge  of 634,170 cfs is a c t u a l l y  4% above t h e  1972-82 
average d ischarge  of 610,629.73 cfs. 

i n  t h e  wet yea r s  of  1972 and 1982, r e spec t ive ly .  
3,640 cfs occurred i n  t h e  extreme drought year  of  1977. 
t h e  peak flow is  about 10,000 cfs and should occur about June 1 2 .  

Five o r  s i x  coverage cyc les  were a v a i l a b l e  f o r  each of t h e  

Climate es t imates  based upon average d ischarge  va lues  c o r r e l a t e  well 
This drainage i s  unique i n  

The normal snowmelt-runoff graph was cons t ruc ted  by averaging t h e  
The 1973 and 

Peak d ischarge  va lues  as high as 17,800 cfs and 13,200 cfs were recorded 
The lowest peak flow of 

On t h e  average, 

CRITICAL VALUES (normal year )  : 

Beginning of  runoff  from snowmelt: Apr i l  1 
Peak of runoff  augmented by snowmelt: June 1 2  
Snowmelt complete (no measureable snowcover): l a t e  June 
Percent of runoff  provided by snowpack: 
Peak runoff  volume: 9,788 cfs 
Gauge s t a t i o n  used i n  es t imat ing  runoff :  

57% 

#92094 Green River near  
La Barge 
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Green River above La Barge 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 (dry) 
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Green River above La Barge 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1978 (wet) 
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AREA G-4 

SNOWMELT AND RUNOFF PATTERNS: FONTENELLE CREEK 

Landsat imagery f o r  t h e  water years 1973 and 1977 were used t o  
construct snowmelt curves f o r  t he  Fontenelle drainage area.  The four 
da tes  of coverage f o r  1973 def ine  a f a i r l y  r e l i a b l e  dry year snowmelt 
curve. Six da tes  of coverage f o r  1977 def ine  a r e l i a b l e  snowmelt curve 
f o r  a very dry year.  

Because both 1973 and 1977 water years were below the  1972-82 11-year 
average discharge of 28,863 c f s ,  a normal discharge curve was constructed 
by averaging the  11 years of discharge da ta .  The average snowmelt curve 
is  a modification of t he  dry year curve of 1973. Because of t he  l imi ted  
Landsat imagery, we can only estimate an average snowmelt curve. 
Estimates of expected runoff from snowcover measurements w i l l ,  undoubtedly, 
be improved i n  t h i s  a rea  as da t a  f o r  years of normal and above normal 
p rec ip i t a t ion  a r e  added t o  the  da ta  base. 

CRITICAL VALUES (approximate f o r  a normal year ) :  

Beginning of runoff from snowmelt: early-mid-April (April 6) 
Peak of runoff augmented by snowmelt: e a r l y  June (June 12) 
Snowmelt complete (no measureable snow): l a t e  June (June 25) 
Percent of runoff provided by snowpack: 
Peak runoff volume: 426 c f s  
Gauge s t a t i o n  used i n  estimating runoff:  

63% 

#92105 Fontenelle Creek 
near Herschler Ranch near Fontenelle 
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Fontenelle Creek 
RUNOFF VS. TIME AND SNOWCOVER (%), 1973 (dry) 
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AREA G - 5  

SNOWMELT AND RUNOFF PATTERNS: B I G  SANDY DRAINAGE AREA 

Three snowmelt seasons were used t o  determine the  average snowmelt- 
runoff r e l a t ionsh ip  f o r  t he  Big Sandy drainage a rea .  The 1972-73 
season compares very favorably t o  the  11-year average, and i s  very 
c lose  t o  the  "average" curve constructed from the  th ree  years '  da t a  
f o r  which s a t e l l i t e  imagery were ava i lab le .  Discharge was below average 
i n  1976-77 and above average f o r  t he  1977-78 snowmelt season. Together, 
these  th ree  da ta  s e t s  represent a very good base from which t o  determine 
a "typical" snowcover-runoff r e l a t ionsh ip ,  and f o r  water-supply fore-  
ca s t ing  i n  f u t u r e  years .  
from year t o  year and should allow reasonably accurate forecas ts  t o  be 
made. 

Only one major problem was encountered i n  t h e  evaluation of t h e  Big 
Sandy area: 
March por t ion  of each year.  
through March of each year were in t e rpo la t ed  from average discharge r a t e s  
recorded i n  September and April .  
estimated f o r  these  periods of no da ta ,  
values f o r  each year a r e  a l s o  a f f ec t ed  by t h i s  estimate.  
during periods of snowmelt, discharge va lues  were measured; s o  t h e  derived 
r e l a t ionsh ips  should be accura te ,  even i f  t h e  estimates f o r  t he  remainder 
of t h e  year a r e  incor rec t .  

The snowcover-runoff curves f o r  t he  Big Sandy area  show no apparent 
a f f e c t  of water management, probably because runoff was not recorded when 
management p rac t i ces  would have been i n  e f f e c t  (during summer months). 
Peak discharge due t o  snowmelt usua l ly  occurs near  t he  f i rs t  week of June, 
but tends t o  s h i f t  t o  a few days e a r l i e r  i n  years of low snowpack and a 
few days l a t e r  i n  years of abnormally l a rge  snowpack. O f  course, d a i l y  
temperature va r i a t ions  produce somewhat unpredictable f luc tua t ions  i n  the  
amount and timing of t h e  peak discharge each year.  Snowpack i n  the  Big 
Sandy drainage provides near ly  70% of t h e  annual runoff ( fo r  a normal 
year ) ,  s o  it is  a very important quant i ty  f o r  e f f e c t i v e  water management 
i n  t h e  Big Sandy region. 

The th ree  curves demonstrate a cons is ten t  p a t t e r n  

stream flow da ta  were not  recorded f o r  t he  October through 
Consequently, runoff values f o r  October 

An average value of 33 cfs/day was 
Accordingly, t h e  annual runoff 

Fortunately, 

CRITICAL VALUES (approximate f o r  a normal year ) :  

Beginning of runoff from snowmelt: April  29 
Peak of runoff augmented by snowmelt: 
Snowmelt complete (no v i s i b l e  snow): July 7 
Percent runoff provided by snowpack: 
Peak runoff volume (normal year):  7850 c f s  
Gauge s t a t i o n  used i n  estimating runoff :  

June 8 

67% 

#92135, Big Sandy River 
a t  Farson, Wyoming 
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Big Sandy Area 
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Big Sandy Area 
RUNOFF VS. TIME AND SNOWCOVER (%), 1972-73 
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AREA G - 6  

SNOWMELT AND RUNOFF PATTERNS: LITTLE SANDY CREEK 

Landsat imagery f o r  t he  1973, 1977 and 1978 snowmelt seasons was used 
t o  determine t h e  snowmelt-runoff pa t t e rn  i n  t h e  L i t t l e  Sandy Creek drainage. 
The da tes  of imagery a r e  well d i s t r i b u t e d  throughout t he  season of snowmelt 
f o r  a l l  t h ree  water years .  A l l  t h r ee  snowmelt curves a r e  considered 
r e  1 iab  le  . 

By comparing the  1973, 1977 and 1978 annual discharge t o  t h e  average 
annual discharge (8,399 c f s ) ,  t h e  1973, 1977 and 1978 water years represent 
wet, drought and wet years respec t ive ly .  However, ana lys i s  of water 
content of snowpack f o r  these  years from a nearby snowcourse ind ica t e s  t h a t  
only 1978 was a year of above-average snow accumulation. 1973 was s l i g h t l y  
below average and 1977 snow accumulation was much below average. 

t o t a l  monthly values over t h e  10 years of record. 
curve i s  somewhat harder t o  def ine  because none of t he  years f o r  which 
imagery was ava i l ab le  was near average. 
1973 and 1977 o r  1977 and 1978 snowmelt curves may not provide a r e l i a b l e  
average curve; but i f  t h e  climate estimates of dry and wet years for 1973 
and 1978 a r e  f a c t u a l ,  then an average of these  snowmelt curves may provide 
a f a i r l y  r ep resen ta t ive  pa t t e rn .  

We e l ec t ed  t o  consider t he  1978 snowmelt-runoff pa t t e rn  most near ly  
representa t ive  of a t yp ica l  year, but constructed t h e  "average" curve 
using t h e  1973 da ta  a s  a reference f o r  modifying the  curve t o  represent a 
somewhat dryer season than t h e  1978 snowmelt season. 

The average discharge curve f o r  t h i s  a rea  was constructed by averaging 
The average snowmelt 

Averaging of t h e  1973 and 1978, 

CRITICAL VALUES (approximate f o r  a normal year ) :  

Beginning of runoff from snowmelt: 
Peak of runoff augmented by snowmelt: 
Snowmelt complete (no measureable snowcover): Ju ly  6 
Percent of runoff provided by snowpack: 
Peak runoff volume (normal year ) :  164 cfs/day 
Gauge s t a t i o n  used i n  estimating runoff: 

March 27 
June 14  

68% 

#092145 on L i t t l e  Sandy Creek 
above Eden, Wyoming 

A-55 



Little Sandy 'Creek 
RUNOFF VS. TIME AND SNOWCOVER (%I, Averaye 
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Little Sandy Creek 
RUNOFF VS. TIME AND SNOWCOVER (%), 1973 (wet) 
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Little Sandy Creek 
RUNOFF VS. TIME AND SNOWCOVER (%) 1978 (wet) 
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AREA G-7 

SNOWMELT AND RUNOFF PATTERNS: BLACK'S FORK OF GREEN RIVER 

Landsat imagery f o r  t he  1973 and 1977 water years were used t o  construct 
snowmelt curves f o r  t h e  Black's Fork drainage. Only four da tes  of coverage 
were ava i l ab le  f o r  1973, Additional coverage i n  l a t e  April t o  mid-May 
would be needed t o  make the  1973 da ta  more r e l i a b l e .  Five da tes  of coverage 
a r e  ava i l ab le  f o r  t h e  1977 water year.  However, t h e  April 3 da te  r e f l e c t s  
t he  increased snowcover immediately following a spr ing  storm. 
storms generally blanket t h e  drainage a rea  with a t h i n  cover of snow 
and do not s i g n i f i c a n t l y  add t o  t h e  permanent snowpack. 
curve i s  probably most r e l i a b l e  because it shows a pa t t e rn  s imi l a r  t o  
t h a t  of t h e  discharge curve i f  t he  April  3 da ta  a r e  disregarded. 
t he  1977 da ta  a r e  not considered near  t y p i c a l ,  because 1977 was a very 
dry year.  

In  1977, t h e  Black's Fork discharge was 91% below the  11-year average 
of 113,178 c f s .  
severely a f fec ted  by the  1977 drought. Yet, t h e  1977 discharge curve is  
not near ly  as s t r a i g h t  a s  t he  1977 discharge curve of t h e  Thomas Fork 
of t h e  Bear River (79% less than average discharge).  No snow-course da ta  
a r e  ava i l ab le  f o r  comparison with runoff-snowcover estimates i n  t h e  Black's 
Fork drainage. 

The average snowmelt-runoff curves f o r  t h e  Black's Fork a r e  a bes t  
guess, Because the  1976 t o t a l  discharge i s  approximately normal, t h e  
1976 runoff da t a  were used t o  cons t ruc t  an average discharge curve. 
average snowmelt curve is  a modified 1973 (wet year) curve. We f e e l  t h a t  
t h e  average snowmelt pa t t e rn  would be b e t t e r  represented by t h e  1973 da ta  
than by t h e  da ta  obtained during t h e  extreme drought of 1977. 

Spring 

The 1977 snowmelt 

However, 

Of t h e  28 western drainages,  t h i s  a rea  was the  most 

The 

CRITICAL YALUES (approximate f o r  a normal year ) :  

Beginning of runoff from snowmelt: March 10 
Peak of runoff augmented by snowmelt: 
Snowmelt complete (nomeasureable snow): June 6 
Percent runoff provided by snowpack: 
Peak runoff volume: 1,907 cfs 
Gauge s t a t i o n  used i n  estimating runoff:  

May 17  

57% 

#92247 Black's Fork near 
L i t t l e  America 
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Black's Fork 
RUNOFF VS. TIME AND SNOWCOVER 4 (%I, 1973 (wet) 

Weeks (after October 1) 
5 . 10 I 15 1 2 0 2 5 3 0 3 5 4 0 4 5  50 

KEY 
4 Runoff v8. Time 

Runoff vs. 
Snow cover .I.*- 

Early Jun.7 / 
Snowmelt completm 

I 2 1  May f 

Peak Runoff 2,210 CFS 
. . I 

80 6Q 40 20 0 

Snowcover (%I 

Black's Fork 
RUNOFF VS. TIME AND SNOWCOVER (%), 1977 (drought) 

, Weeks (after October 1) 

4 Runoff vs. Time 

--*- Snowcover 
80- Runoff vs. 

w- * 

Annual Runoff 10,581.73 CFS 
Peak Runoff 166.00 CFS Wring 

Snowcover (%I 

A-61 



AREA W - 1  

SNOWMELT AND RUNOFF PATTERNS: UPPER AND MIDDLE WIND RIVER DRAINAGE AREA 

Landsat imagery f o r  t h e  1973, 1977, and 1978 water years  were used 
t o  a s ses s  t h e  snowmelt p a t t e r n  i n  t h e  upper and middle Wind River drainage.  
In t h i s  a r e a  runoff  procedes i n  a nea r ly  l i n e a r  fashion during t h e  win ter  
and e a r l y  s p r i n g  while  t h e  snowpack accumulates. 
t h i s  per iod  i s  normally i n  t h e  range of 300 c f s  p e r  day. 
i n  l a t e  Apr i l  (about Apr i l  25) and t h e  d a i l y  runoff  increases  accordingly 
t o  approximately 4500 cfs p e r  day. 
years  of low snowpack mainly because t h e  lower cont r ibu t ion  of snowmelt t o  
t h e  t o t a l  runoff  r e s u l t s  i n  h igher  percentage va lues  even’though t h e  a c t u a l  
r a t e  of runoff  f o r  t h i s  per iod may be lower. 
June o r  e a r l y  J u l y  (average - J u l y ,  1) a t  approximately 6880 c f s ,  al though 
runoff  volumes a s  high a s  8200 cfs have been recorded i n  t h e  p a s t  t e n  yea r s .  

The snowmelt p a t t e r n  i s  somewhat d i f f i c u l t  t o  de f ine  i n  t h i s  a r ea  
because of  wide f l u c t u a t i o n s  i n  snowcover a s soc ia t ed  with t h e  sp r ing  storms. 
These storms inc rease  t h e  snowpack by only a minor amount but  s t rong ly  
inf luence  t h e  snowcover p a t t e r n  f o r  a few days fol lowing t h e  storm. The 
snowcover va lues  es t imated f o r  t h e s e  per iods  tend t o  f a l l  above t h e  
normal snowcover/runoff curve i n  an i r r e g u l a r  p a t t e r n .  Such va lues  must 
be l a r g e l y  ignored i n  i n t e r p r e t i n g  t h e  r e l a t i o n s h i p  of t h e  win ter  snowpack 
t o  runof f .  

Snowpacks f o r  t h e  1976-77 and 1972-73 seasons were appreciably below 
average and t h e  snowmelt p a t t e r n s  were likewise somewhat abnormal. 
t h e  1977,78 d a t a  appear t o  r ep resen t  a near-normal year .  The t o t a l  runoff  
was only  6% above t h e  10-year annual average f o r  t h a t  season. 
we feel  t h a t  t h e  snowcover/runoff curve der ived f o r  t h e  1978 snowmelt 
season g ive  us  t h e  b e s t  a v a i l a b l e  r ep resen ta t ion  of  a t y p i c a l  p a t t e r n .  
Var ia t ions  from t h i s  p a t t e r n  can be i n t e r p r e t e d  from t h e  1973 and 1977 d a t a .  
Most prominent are t h e  tendency f o r  peak of runoff  t o  occur ear l ie r  i n  t h e  
year  when t h e  snowpack i s  below normal and f o r  t h e  snowpack t o  be 
exhausted a t  an e a r l i e r  da t e .  Both of t hese  v a r i a t i o n s  a r e  cons i s t en t  
with expected p a t t e r n s  and should be p red ic t ab le .  

The runoff  ra te  during 
Snowmelt i nc reases  

Base l eve l  va lues  (%) a r e  l a r g e r  f o r  

-Peak runoff  occurs i n  l a t e  

However, 

Consequently, 

CRITICAL VALUES (approximate f o r  a normal yea r ) :  
Beginning of runoff  from snomelt: 
Peak of runoff  augmented by snowmelt: 
Snowmelt complete (no measureable snowcover) : August 1 2  
Percent runoff  provided by snowpack: 
Peak runoff  volume (normal year ) :  6500 cfs /day 
Guage number used i n  es t imat ing  runoff :  

Apr i l  25 
J u l y  1 

55% 

#62255 on t h e  Wind River 
near  Crowheart 
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Upper & Middle Wind River 
RUNOFF VS. TIME AND SNOWCOVER (%),1977-78 
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Upper 8 Middle Wind River 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1972-73 

Weeks (after October 1) 

KEY 
Runoff vs. Time 

Snowmelt Complete 
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Runoff from Snowmelt Peaka 

Annual Runoff 37 1,556 CFS 
Peak Runoff 3850 CFS 
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Upper & Middle Wind River 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1976-77 
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AREA W-2 

SNOWMELT AND RUNOFF PATTERNS: POP0 A G I E  AND LITTLE WIND RIVER 

Landsat imagery f o r  only one snowmelt season was ava i l ab le  f o r  t he  
r e l a t i v e l y  b r i e f  period of recorded runoff on the  Pop0 Agie and L i t t l e  
Wind r i v e r s .  Only one snowcover/runoff curve could be constructed (1981). 
However, seven da tes  of coverage a r e  ava i l ab le  f o r  t h e  1981 snowmelt 
season; s o ,  t h e  curve is  considered very r e l i a b l e ,  bu t  i t  provides only 
a s i n g l e  record f o r  a year i n  which the  annual discharge was somewhat 
below normal (141,646 c f s  a s  compared t o  the  1980 t h r u  1982 average 
discharge of 186,224 c f s ) .  Thus, 1981 i s  considered a dry year (runoff 
76% of normal). Four snowcourses i n  the  a rea  a l s o  show t h a t  1981 was 
a dry year with snowfall well below normal. I t  is  i n t e r e s t i n g  t o  note 
t h a t  t h e  snowcourse da ta  f o r  t he  Pop0 Agie and L i t t l e  Wind r i v e r  areas 
fo r  1973 and 1978 ind ica t e  t h a t  t h i s  a rea  sometimes has snow accumulations 
t h a t  con t r a s t  sharply with those recorded i n  o ther  p a r t s  of t h e  Wind 
River Range. 
snow accumulation pa t t e rns  f o r  t he  e n t i r e  region. 

be s l i g h t l y  lower i n  terms of percent runoff ,  but higher or about t he  same 
as recorded i n  1981 i n  terms of volume of runoff ( c f s ) .  Also the  peak flow 
period and the  end of snowmelt should occor a t  a s l i g h t l y  l a t e r  time than 
i n  1981. ‘The snowmelt season might be expected t o  extend i n t o  mid-August 
f o r  a year of normal snow accumulation. 
should a l s o  increase t o  70 o r  75 percent f o r  a t y p i c a l  year. 
flow r a t e  and average discharge f o r  t h e  season would probably be 20 t o  25% 
higher f o r  a normal year. 

However, i n  1977 and 1981 t h e  snowcourse da ta  show similar 

During a normal snowmelt season, t h e  base leve l  f o r  runoff would probably 

Percent runoff from snowmelt 
Both peak 

CRITICAL VALUES ( fo r  1981, a dry year) 

Beginning of runoff from snowmelt: April 24 
Peak of runoff augmented by snowmelt: June 9 o r  10 
Snowmelt complete (no v i s i b l e  snow): August 3 (runoff decreases 

markedly about J u l y  13, p r i o r  t o  completion of snowmelt) 
Percent runoff provided by snowpack: 58% 
Peak runoff volume: 5000 cfs/day 
Guage s t a t i o n s  used i n  estimating runoff:  #06239 on the  Pop0 Agie 

River above Arapahoe and #062310 on t h e  L i t t l e  Wind River above 
Arapahoe. Measured flows from these  p a g e  s t a t i o n s  were summed 
t o  obtain values f o r  runoff ,  
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Little Wind and Pop0 Agie Rivers 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1981 

Weeks (after October 1) 

4 Runoff w. Time 

J u n o O i l O  
RunoH from Onowmdl 

Annual Runoff 14 1,676 CFs 
Peak Runoff 5,000 CFS 

Snowcover (%I 
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AREA W-3 

SNOWMELT AND RUNOFF PATTERNS: MUDDY AND FIVEMILE CREEKS 

The d ischarge  d a t a  i s  l imi ted  t o  two water  yea r s  (1972 and 1973). 
Even though only f o u r  Landsat images were a v a i l a b l e  f o r  t h e  1973 water 
year ,  t h e  1973 snowmelt curve is  considered f a i r l y  r e l i a b l e  because t h e  
d a t a  a r e  wel l  d i s t r i b u t e d  through t h e  melt season. 

River Basin shows t h a t  1973 was a r e l a t i v e l y  dry yea r .  This  i s  cons i s t en t  
wi th  t h e  f l a t t e n e d  S-shape discharge curve f o r  1973. 
f o r  normal years  have a more pronounced S-shape; while  dry o r  drought 
yea r s  tend towards a s t r a i g h t  l i n e .  The snowmelt-runoff curve f o r  t h i s  
a r e a  i s  similar t o  t h a t  of Badwater Creek. 

The snowmelt-runoff r e l a t i o n s h i p  generated by t h e  ana lyses  of t h i s  
very l i m i t e d  d a t a  set probably g ives  a reasonable  r ep resen ta t ion  of p a t t e r n  
t h a t  would b e  observed on a normal yea r ,  
runoff  might be s l i g h t l y  h ighe r  most yea r s  and t h e  snowpack might l a s t  u n t i l  
mid-June i n  t h e  upper reaches of t h e  bas in .  
and propor t ion  of runoff  r e s u l t i n g  from snowmelt (50%) should not  vary  
s i g n i f i c a n t l y .  

Analysis  of water content  of snow from snow courses  i n  t h e  Upper Wind 

Discharge curves 

Both t h e  peak runoff  and annual 

Date of peak runoff  (May 15) 

CRITICAL VALUES (values  approximate--based l a r g e l y  on 1973 d a t a ) :  

Beginning of runoff  from snowmelt: 
Peak of runoff  augmented by snowmelt: 
Snowmelt complete (no measureable snow) : June 7 
Percent runoff  provided by snowpack: 50% 
Peak runoff  volume: 27 cfs /day 
Gauge s t a t i o n s  used i n  es t imat ing  runoff :  

Late February 
May 15 

to62575 Muddy Creek nea r  
P a v i l l i o n ,  #062445 Fivemile Creek above Wyoming Canal 
Runoff from t h e  area est imated as t h e  sum of va lues  recorded a t  

t h e s e  s t a t i o n s .  
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Muddy and Fivemile Creeks 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 

Weeks (after October 1) 

1 Runoff vs. Time 

CFS 

Snowcover (96) 
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AREA W-4 

SNOWMELT AND RUNOFF PATTERNS: BADWATER DRAINAGE 

Runoff measurements were ava i l ab le  only f o r  t he  1972-1973 snowmelt 
season i n  t h e  Badwater drainage. Fortunately,  Landsat da ta  were a l s o  
ava i l ab le  f o r  t h i s  same period. The 1973 snowmelt season was only s l i g h t l y  
below average i n  adjacent drainage a reas ,  so t h e  1973 da ta  f o r  t h e  Badwater 
drainage a r e  considered reasonably representa t ive  of an average year. 

Snowmelt begins i n  the  Badwater drainage i n  l a t e  February o r  ea r ly  
March and continues through April and May. 
depleted by e a r l y  June. In 1973, peak runoff occurred on May 2 1  with 800 
cfs/day of discharge measured a t  t h e  Bonneville gauge s t a t i o n .  
Creek i s  somewhat unusual because it i s  dry f o r  much of the  year and 
runoff is recorded only during spring snowmelt and f o r  b r i e f  periods of 
heavy r a i n .  The snowmelt produces about 80% of t h e  runoff i n  the  
Badwater drainage, s o  water supply from Badwater Creek is  g r e a t l y  
dependent upon the  snowpack, 
da ta  (1972-73) ind ica t e  t h a t  beginning da tes  and da tes  of peak discharge 
f l u c t u a t e  widely depending upon d a i l y  temperature during t h e  spr ing  
snowmelt. . Prediction of peak flow volumes and t h e i r  timing i s  extremely 
d i f f i c u l t  i n  t he  Badwater drainage, and the  da t a  i s  considered inadequate 
f o r  such predic t ions ;  but t h e  t o t a l  expected discharge may be fo recas t  
from snowcover estimates i f  t h e  1973 da ta  can be considered representa t ive  
of a near-average year.  The snowcover-runoff r e l a t ionsh ip  i n  t h e  Badwater 
drainage is  s imi l a r  t o  t h a t  of t h e  Muddy and Fivemile Creek drainages.  

The snowpack is  usua l ly  

Badwater 

Snowmelt is  r a t h e r  abrupt and the  sparse  

CRITICAL VALUES: 

Beginning of runoff from snowmelt: 
Peak of runoff augmented by snowmelt: 
Snowmelt complete (no v i s i b l e  snow remaining): Early June 
Percent runoff provided by snowpack: 
Peak runoff volume: 1600 cfs/day (two-year high) 
Gauge s t a t i o n  used i n  estimating runoff:  #62570, Badwater Creek near 

Late February o r  ea r ly  March 
(data i n s u f f i c i e n t  f o r  estimate) 

80-85% 

Bonneville, Wyoming 
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Badwater Creek 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 (laverage) 

Weeks (after October 1) 
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Badwater Creek 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 

Weeks (after October 1) 
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AREA BH-1 

SNOWMELT AND RUNOFF PATTERNS: SHOSHONE RIVER (NORTH AND SOUTH FORKS) 

Stream gauge da ta  f o r  t he  North Fork of the  Shoshone a r e  l imited t o  
1979-1982, so  only the  1981 snowmelt season could be evaluated separa te ly ,  
Although 1981 may have been a reasonably average year,  we e lec ted  t o  
combine the  da ta  from the  North and South Forks of t he  Shoshone River i n  
t h i s  ana lys i s .  
snowmelt-runoff p a t t e r n s ,  

Snowmelt and runoff da ta  €or  t h r e e  years (1977, 1979, and 1981) were 
used t o  der ive  a r e l a t ionsh ip  between snowmelt and runoff f o r  t he  drainage 
of t h e  Shoshone River. The 1981 da ta  a r e  most near ly  representa t ive  of 
an "average" year f o r  t h i s  drainage, with about 121,000 c f s  of t o t a l  runoff 
f o r  t he  year.  Consequently, t he  snowmelt p a t t e r n  in t e rp re t ed  from the  1981 
imagery i s  considered a reasonably c lose  approximation t o  t he  expected 
p a t t e r n  f o r  a normal year. 
a r ea  i s  taken from the  1981 da ta  adjusted t o  r e f l e c t  t he  s l i g h t l y  f a s t e r  
snowmelt and l a r g e r  runoff values expected i n  a year when t h e  discharge 
is  147,000 c f s  (approximately), 

Shoshone River. 
Reservoir (#62810) increases  from about 100 c f s  t o  3,800 average peak c f s  
f o r  a t yp ica l  runoff season. 
l i t t l e  influence on the  runoff p a t t e r n  and t h e  in t e rp re t ed  r e l a t ionsh ip  
i s  a f a i r l y  typ ica l  one f o r  a mountain drainage i n  which snowpack is  the  
major component of water supply. The runoff p a t t e r n  i s  cons is ten t  from 
year t o  year,  and water supply f o r e c a s t s  can be made from the  snowcover- 
runoff r e l a t ionsh ips  with considerable confidence. 

l a t e r  on years of heavy snowpack (1982, runoff peak-June 30, t o t a l  discharge- 
196,525 c f s )  and e a r l i e r  on years of l i g h t  snowpack (1977, runoff peak- 
June 5, t o t a l  discharge-66,525 c f s ) ,  Snowmelt i s  e s s e n t i a l l y  complete i n  
the  Shoshone watershed by Ju ly  20. 

Snowpack, a s  estimated from snow course measurements, was well below 
average f o r  1981, but runoff was s l i g h t l y  g rea t e r  than normal, ind ica t ing  
t h a t  much of t h e  1981 runoff was t h e  r e s u l t  of late snows and spring r a i n s .  
In  t h i s  a rea ,  t h e  snow courses a t  higher and lower e leva t ion  sometimes 
give conf l i c t ing  ind ica t ions  of moisture content. 
estimates of expected runoff from s a t e l l i t e  snowcover surveys w i l l  prove 
e spec ia l ly  he lp fu l  i n  a reas  such a s  t h i s .  

We be l ieve  t h a t  t he  two drainage a reas  have s imi l a r  

The average r e l a t ionsh ip  defined f o r  t h i s  

Spring runoff from snowmelt represents  6 0 4 5 %  of the  discharge of t he  
Discharge a t  t h e  gauging s t a t i o n  above Buffalo B i l l  

Water management appears t o  exe r t  r e l a t i v e l y  

Peak runoff t y p i c a l l y  occurs on June 15 o r  16, but tends t o  be s l i g h t l y  

We a n t i c i p a t e  t h a t  

CRITICAL VALUES : 

Beginning of runoff from snowmelt: 
Peak of runoff augmented by snowmelt: 
Snowmelt complete (no v i s i b l e  snow remaining): J u l y  20 
Annual average discharge: 146,924 c f s  (South Fork) 

343,073 c f s  (North Fork) 
Percent runoff provided by snowpack: 
Peak runoff volumes (average year ) :  3,812 c f s  (South Fork) 

8,250 c f s  (North Fork) 
Gauge s t a t i o n s  used i n  estimating runoff:  

April  6 
June 15 o r  16 

60-65% 

#62810, South Fork of  the  
Shoshone River above Buffalo B i l l  Reservoir, near  Cody, Wyoming; 
#62800, North Fork of t h e  Shoshone River near Wapati, Wyoming 
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South Fork Of Shoshone 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1977 

Weeks (after October 1) 

KEY 
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19,056 CFS 

Annual Runoff 66,522.48 CFS 
Peak Runoff 2150 CFS 

20 0 

Snowcover (%! 

South Fork Of Shoshone 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1979 

Weeks (after October 1) 
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North Fork Shoshone River 
RUNOFF VS. TIME AND SNOWCOVER (961, 1981 

Weeks (after October 1) 
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AREA BH-2 

SNOWMELT AND RUNOFF PATTERNS: GREYBULL R I V E R  

In o rde r  t o  determine snowmelt-runoff curves f o r  t h e  Greybull drainage 
above Meeteetse, e s t ima tes  of t h e  t o t a l  annual flow were pro jec ted  because 
o f  incomplete streamflow da ta  f o r  t h e  f i rs t  s i x  months of  t h e  year .  Com- 
p l e t e  streamflow records  f o r  o t h e r  western drainages i n  t h i s  s tudy show a 
s l i g h t  i nc rease  i n  moisture  during t h e  f a l l  and a decrease i n  a v a i l a b l e  
moisture  during in t ense  cold s p e l l s  during t h e  win ter  months. 
of assuming a cons tan t  d a i l y  flow f o r  t h e  s i x  months o f  missing d a t a ,  we 
assumed a changing flow through time. 

This  method of  es t imat ion  does not  t ake  i n t o  account t h e  v a r i a t i o n  due 
t o  climate f l u c t u a t i o n s  over t h e  11 water  yea r s  (1972-82). Therefore,  we 
expect t h e  s lope  of t h e  t ime/runoff curve dur ing  t h e  f i rs t  s i x  months of 
t h e  yea r  t o  be s t e e p e r  f o r  dry  yea r s  than  f o r  average o r  wet yea r s .  The 
est imated s lope  of t h e  p l o t t e d  runoff  curve f o r  t h e  f i rs t  s i x  months is  
r e p r e s e n t a t i v e  of  average o r  wet yea r s .  

Bighorn Basin. These curves compare favorably  wi th  t h e  d a t a  from drainages 
of t h e  eastern Bighorn Basin, t h e  t o t a l  Bighorn Basin, and t h e  Clark ' s  Fork 
River of  t h e  western Bighorn Basin. 

According t o  snow course da t a ,  t h e  snowpack accumulated f o r  1981 i s  
below average (dry t o  very  dry)  f o r  a l l  drainages on t h e  western s i d e  of 
t h e  Bighorn Basin. Yet, f o r  a l l  t h e  western drainages t h e  1981 discharge 
is t h e  h ighes t  of t h e  water yea r s  examined. The upper Greybull drainage 
i s  no except ion t o  t h i s  observat ion.  
abnormally high sp r ing  r a i n f a l l ,  

western Bighorn Basin drainage.  
average (wet) according t o  snow-course d a t a  and below average (dry) 
according t o  average discharge va lues .  
snow courses  a t  high and low e l eva t ions  showed a d i f f e r e n c e  i n  apparent 
climate. The Upper Greybull drainage has  only one snow course a t  which 
a v a i l a b l e  water content  of snow was est imated.  Thus, we could not  
determine whether t h e  accumulated snowpack f o r  t h e  e n t i r e  area was above o r  
below average i n  1979. 

Thus, ins tead  

Gauge s t a t i o n  #62765 provides  information on runoff  f o r  t h e  western 

This  i s  a t t r i b u t e d  t o  sp r ing  snows and 

The c o r r e l a t i o n  of  discharge va lues  and snow-course da t a  i s  poor i n  t h e  
For example, t h e  water  year  1979 i s  above 

In  o t h e r  drainages i n  t h i s  region 

CRITICAL VALUES: 

Beginning of runoff  from snowmelt: 
Peak of runoff  augmented by snowmelt: 
Snowmelt complete (no v i s i b l e  snow): July 
Percent runoff  provided by snowmelt: 
Peak runoff volume (normal yea r ) :  2,171 cfs 
Gauge s t a t i o n  used i n  es t imat ing  runoff :  

Late Apr i l - ea r ly  May 
l a t e  May-early June 

70% 

#062765, Greybull River a t  
Meeteetse 
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AREA BH-3 

SNOWMELT AND RUNOFF PATTERNS: BIGHORN RIVER DRAINAGE AREA 

The snowmelt-runoff curves f o r  t he  Bighorn River drainage were con- 
s t ruc t ed  d i f f e r e n t l y  from other  curves because stream da ta  i s  ava i lab le  
only a t  2 loca t ions  f o r  t he  Bighorn River, thus making it necessary t o  
use 3 Landsat scenes t o  cover t h e  t o t a l  drainage. 

Absaroka and Wind River Basin images were estimated along with snowcover 
f o r  each por t ion .  
t h e  appropr ia te  estimate f o r  100% of t he  drainage. 

A l l  of t h e  da tes  on the  1973 runoff curve, except February 19, a r e  
da tes  f o r  which snowcover was estimated f o r  100% of the  bas in .  The 
February 19 da ta  was taken from a Bighorn Mountain image and accounts f o r  
66% of t h e  drainage a rea .  I t  is assumed t h a t  t h e  proportion of snowcover 
measured i n  t h e  66% portion of t he  drainage i s  r ep resen ta t ive  of t he  whole. 

Unlike o the r  drainage a reas ,  t he  s t a r t  and end of snowmelt i s  gradual 
and d i f f i c u l t  t o  determine. 
( s t a t i o n  no. 062795.00) i s  considered the  bes t  ava i l ab le  estimate of bas in  
runoff p a t t e r n s  because it i s  not influenced by management a c t i v i t y  a s  
g r e a t l y  a s  t h e  s t a t i o n  immediately below Boysen Reservoir. 

increase  is  not evident a t  t h e  Kane gauge s t a t i o n  u n t i l  e a r l y  Apr i l .  
t h e  end of.March t o  mid-April, temperatures usua l ly  remain cool. Late 
spr ing  snows augment t h e  melting snowpack. 
May 21 and ends during the  f i r s t  week of Ju ly .  

The 11-year average flow a t  Kane is  836,472 cfs. 
Reservoir, measured a t  s t a t i o n  no. 62590, averages 539,537 c f s .  By 
subt rac t ing  Boysen's average outflow from t h e  flow a t  Kane, t h e  average 
annual flow f o r  t h e  Bighorn Basin is  295,243 c f s .  May and June a r e  t h e  
peak months of runoff.  The 11-year average peak discharge a t  Boysen is  
2731 cfs. 

flow between two gauging s t a t i o n s  can exceed loo%,  i f  water use i n  the  
a rea  exceeds t h e  inflow of water from t r i b u t a r i e s  i n  t h a t  region such 
t h a t  some water is  used from t h e  inflow from a higher por t ion  of t h e  
drainage. 
from t h e  Bighorn River be augmented by water from t h e  Wind River Basin 
flowing through Boysen Reservoir. The runoff pa t t e rn  recorded f o r  t he  
Bighorn River f o r  t h e  summer months of 1977 i s  much d i s t o r t e d  by water 
management. 

Percentages of t h e  drainage covered by the  Bighorn Mountains, Northern 

Snowcover estimates from each image were mul t ip l ied  by 

Runoff da ta  on the  Bighorn River near Kane 

Snowmelt i n  t h e  Bighorn drainage begins i n  l a t e  February, bu t  runoff 
From 

Snowmelt u sua l ly  peaks about 

Outflow from Boysen 

The 11-year average peak discharge a t  Kane is  7010 c f s .  
One unusual f e a t u r e  of t h e  Bighorn River runoff da t a  i s  t h a t  cumulative 

In t h i s  case,  t h e  drought year of 1977 required t h a t  t h e  runoff 

CRITICAL VALUES ( fo r  a normal year ) :  

Beginning of runoff from snowmelt: 
Peak of runoff augmented by snowmelt: 
Snowmelt complete (no v i s i b l e  snow): June 30 
Percent runoff provided by snowpack: 39% 
Peak runoff volume: 4,279 cfs (Kane less Boysen values) 
Gauge s t a t i o n s  used i n  estimating runoff:  

e a r l y  April 
e a r l y  June 

+lo62795 Bighorn River a t  Kane l e s s  flow values recorded a t  s t a t i o n  
#062590 Wind River below Boysen Reservoir 
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Bi horn River 
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AREA BH-4 

SNOWMELT AND RUNOFF PATTERNS: NOWOOD CREEK DRAINAGE 

Three years '  da t a  were ava i l ab le  f o r  assessment of t h e  snowmelt 
pa t t e rn  of t he  Nowood Creek drainage (1973, 1976, and 1979), but none of 
t h e  th ree  years were near average with regard t o  annual discharge. 1973 
was an unusually wet year ,  and 1976 and 1979 were dry years.  However, 
t h e  da ta  a r e  considered adequate t o  der ive  a composite snowcover-runoff 
curve which i s  considered r ep resen ta t ive  of an average year.  
annual discharge f o r  t h e  Nowood drainage i s  46,431 c f s  with snowpack 
providing 25-40% of the  annual discharge during the  spr ing  snowmelt. 
Runoff t y p i c a l l y  increases from about 50 cfs/day i n  l a t e  winter t o  
425 cfs/day during t h e  eight-week snowmelt period i n  April ,  May and June. 
Snowmelt usua l ly  peaks about May 14 a t  1100 cfs/day. With unusually 
heavy snowpack (1973, 1975, 1978) peak flow occurs about one week l a t e r  
(May 20) and can peak a t  volumes as high a s  3130 cfs/day (1978). 

The co r re l a t ion  of discharge and snowcourse da t a  i s  f a i r  t o  good f o r  
t h i s  area.  Two out of t h ree  estimates show an exce l len t  co r re l a t ion .  
The co r re l a t ion  i s  l abe l l ed  " fa i r"  because only one snow course with 
appropriate water content da t a  was located i n  the  Nowood drainage. 

wet te r  than normal year. 
average discharge values and water content of snow. 
shows l e s s  than t h e  average discharge (a dry  year) y e t ,  t h e  water content 
of t h e  snow a t  t h e  Middle Powder s i t e  is  near average. Thus, a s  noted i n  
severa l  northwestern drainages, t he  co r re l a t ion  between average discharge 
values and estimates of water content of snow is  f a i r  t o  good, but not 
exce l len t .  

The years f o r  which s a t e l l i t e - d e r i v e d  snowcover da t a  were obtained were 
not among t h e  wet tes t  o r  d r i e s t  years of t h e  pas t  11 years,  so f luc tua t ions  
i n  runoff from snowmelt can be expected t o  span an even broader range than 
indicated by the  p l o t t e d  curves. In t h e  Nowood Creek area ,  e a r l y  estimates 
of snowcover ( ea r ly  April)  may be c r i t i c a l  t o  forecas t ing  ava i lab le  water 
from snowpack. The snowpack-supplied water can range from 10% t o  more than 
50% of t h e  annual discharge. 
i n  wet years when snowpack i s  heavy. 

Average 

According t o  average discharge values and snow course da ta ,  1973 is  a 
Likewise, 1979 is  a dry year according t o  both 

The water year 1976 

Larger percentages of discharge a r e  expected 

CRITICAL VALUES: 

Beginning runoff from snowmelt: 
Peak runoff augmented by snowmelt: 
Snowmelt complete (no v i s i b l e  snow remaining): June 7 
Percent of runoff expected from snowpack: 
Peak runoff volume (normal year ) :  1123 cfs/day 
Gauge s t a t i o n  used i n  estimating runoff:  

March 20 
May 14 

28% 

#62700, Nowood Creek 
near Tensleep, Wyoming 
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Nowood Creek 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 (wet yead 
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Nowood Creek (dry year) 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1979 
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AREA BH-5 

SNOWMELT AND RUNOFF PATTERNS: LITTLE BIGHORN RIVER 

Landsat imagery f o r  t h e  1973 water year  was used t o  cons t ruc t  t h e  
average snowmelt-runoff curve i n  t h e  Upper L i t t l e  Bighorn River.  
d a t e s  of coverage were a v a i l a b l e  f o r  t h e  1973 water  year .  The average 
snowmelt curve i s  heav i ly  dependent upon t h e  May 20 and March 9 d a t a  
va lues .  
r e s u l t s  from a spr ing  storm. 
bas in  with a t h i n  cover of snow, but  do not  s i g n i f i c a n t l y  add t o  t h e  
permanent snowpack i n  t h e  mountains. The snowcover estimate from t h e  
imagery f o r  t h e  20th of May might a l s o  be a f f e c t e d  by l a t e  sp r ing  snows. 
The abnormally low snowcover e s t ima te  f o r  t h e  9 th  of March may be due t o  
an e r r o r  o f  es t imat ion  caused by cloud shadows. 
curve is  pro jec ted  between these  two va lues .  

yea r s  of  a v a i l a b l e  stream flow d a t a .  
4% below t h i s  average, t h e  1973 snowmelt-runoff p a t t e r n  c lose ly  approximates 
an average water  year .  
d i scharge  (dry o r  wet years )  may be est imated by examining curves from t h e  
ad jacent  Tongue River drainage.  

The es t imate  of a s l i g h t l y  dry  water  year  f o r  1973 c o r r e l a t e s  wel l  with 
water  equivalent  da t a  from t h e  Bald Mountain snow course.  
of 1790 c f s  f o r  t h e  1973 water year  i s  c l o s e  t o  t h e  5-year average peak 
flow of 1,752 cfs ,  Peak runoff  occurs i n  e a r l y  June. 

S ix  

The l a rge  snowcover es t imate  from t h e  May 2 image probably 
Spring snow storms genera l ly  blanket  t h e  

The snowcover-runoff 

An average annual d i scharge  of  156,339.80 c f s  was computed from f i v e  
Because t h e  1973 discharge is  only 

The change i n  shape of curves due t o  v a r i a t i o n  i n  

The peak flow 

CRITICAL VALUES ( f o r  a normal y e a r ) :  

Beginning of runoff  from snowmelt: Apr i l  24 
Peak of runoff  augmented by snowmelt: June 11 
Snowmelt complete (no v i s i b l e  snow): June 25 
Percent of runoff  provided by snowpack: 
Peak runoff  volume: 1,752 cfs 
Gauge s t a t i o n  used i n  es t imat ing  runoff :  

58% 

#062940 L i t t l e  Bighorn River 
nea r  Hardin, Montana 
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AREA T-1  

SNOWMELT AND RUNOFF PATTERNS: TONGUE RIVER DRAINAGE AREA 

Landsat imagery f o r  1973, 1977 and 1979 were used t o  determine t h e  
snowmelt-runoff r e l a t i o n s h i p  f o r  t h e  Tongue River a rea .  
included s i x  s a t e l l i t e  passes  f o r  1973 and seven passes  f o r  t h e  sp r ing  
season, 1977; both da t a  sets well d i s t r i b u t e d  through t h e  melt season. 
Only fou r  d a t e s  of  u se fu l  coverage were a v a i l a b l e  f o r  1979; but  t hese  
fou r  coverage da te s  a r e  d i s t r i b u t e d  well enough t o  allow cons t ruc t ion  
of a good snowmelt curve f o r  1979. 

t o  t h e  average d ischarge  f o r  t h e  eleven-year per iod  1972-1983 of  182,154cfs).  
Snow course da t a  f o r  1979 show t h a t  t h e  snowpack was, indeed, below average. 
The 1977 season was only s l i g h t l y  below average with regard t o  runoff  
(159,359cfs).  This  i s  a l s o  confirmed by snow course measurements i n  t h e  
region.  Discharge f o r  1973 was somewhat above average (202,750cfs).  

May, and ends i n  June. The average peak flow f o r  t h e  eleven-year per iod  
i s  4,010cfs.  The h ighes t  flow rate  recorded during t h e  re ference  per iod  
(1972-1983) was 15,400cfs i n  1973 when d ischarge  was 173% of  normal f o r  
t h e  season. 
produced by averaging t h e  snowcover va lues  f o r  1977 (dry year)  with those  
f o r  1973 (wet yea r ) .  
and t h a t  - t h e  computed snowcover/runoff r e l a t i o n s h i p  provides  a reasonable  
approximation t o  t h e  p a t t e r n  t h a t  would be observed i n  a "normal" year .  

The coverage 

O f  t h e  t h r e e  water years  examined, 1979 was t h e  d r i e s t  year  ( r e l a t i v e  

Snowmelt begins  i n  t h e  Tongue River drainage i n  e a r l y  Apr i l ,  peaks i n  

The r ep resen ta t ive  snowmelt/runoff curve f o r  t h e  a rea  was 

We be l i eve  t h a t  t h e  d a t a  f o r  t h e  a rea  a r e  r e l i a b l e  

CRITICAL VALUES (approximate f o r  a normal yea r ) :  

Beginning of runoff  from snowmelt: Apr i l  1 
Peak of  runoff  augmented by snowmelt: 
Snowmelt complete (no v i s i b l e  snow): J u l y  4 
Percent runoff  provide by snowpack: 60% 
Peak runoff  volume (normal y e a r ) :  4,010cfs 
Guage s t a t i o n  used i n  es t imat ing  runoff :  

May 21  

#063063 Tongue River 
a t  t h e  Wyoming-Montana s t a t e  l i n e  nea r  Decker, Montana 
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Tongue River 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 (wet) 
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Tongue River 
RUNOFF VS. TIME AND SNOWCQVER (%I, 1979 (dry) 
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AREA PR-1 

SNOWMELT AND RUNOFF PATTERNS: UPPER POWDER RIVER DRAINAGE AREA 
(ABOVE SUSSEX) 

Landsat images f o r  1979 only were used t o  determine the  snowmelt- 
The Casper runoff r e l a t i o n s h i p  f o r  t he  upper Powder River drainage. 

Landsat images were used. 
area covered by t h e  North Powder River Landsat images; so  they were a l s o  
used when ava i l ab le .  Six da tes  of coverage were ava i lab le  f o r  1979, t he  
only snowmelt season f o r  which good da ta  were ava i lab le .  The 1979 Land- 
s a t  da ta  s e t  lacks coverage i n  February; but a l a t e  January and an e a r l y  
March da ta  were ava i lab le .  Stream flow data.from s t a t i o n  no. 63135.00 
on the  Powder River a t  Sussex, Wyoming, were used t o  determine cumulative 
runoff values.  The flow a t  t h i s  s t a t i o n  shows l i t t l e  influence of water 
management because no major r e se rvo i r s  a r e  upstream from t h i s  gauge 
s t a t i o n .  No s ign  of water management i s  apparent from the  runoff  curve. 
Flow da ta  were ava i l ab le  each day f o r  t h e  years evaluated. 

During t h e  1979 water year,  t h e  spr ing  runoff increased 5-fold as 
snowmelt i n t e n s i f i e s  during t h e  months of mid-February t o  e a r l y  June 
(from approximately 110 t o  540 c f s ) .  A major problem with the  da t a  i s  
t h a t  only 5 years of gauge da ta  a r e  ava i l ab le ,  and 1979 runoff i s  near 
t h e  5-year average. 
a f t e r  t h e  snowpack area  has diminished t o  about 60% of the  drainage basin 
a rea .  
c lose  t o  t h e  5-year average runoff value i n  which the  peak flow occurred on 
March 14  a t  1570 c f s ,  Peak flows as high as 11,900 c f s  (May 19, 1978) were 
recorded a t  t h i s  s t a t i o n  during t h e  5-year period of record. 
peak flow r a t e  a t  t h i s  s t a t i o n  would be around 2,110 c f s  and should occur 
on May 21.  

normal (82,973 c f s  i n  1979 compared t o  82,426 c f s ) .  Consequently, it 
would appear t h a t  t h e  1979 snowmelt curve is  f a i r l y  representa t ive  of t h e  
normal snowmelt pa t t e rn  f o r  t he  upper Powder River (and the  only one f o r  
which d a t a  were ava i l ab le ) .  
t h e  1979 da ta ,  i s  our bes t  estimate of t h e  configuration of t he  snowmelt 
versus runoff curve f o r  an "average" year. 

Water supplied from t h e  melting of t h e  snowpack usually represents  
about 50% of t h e  t o t a l  discharge from t h e  Powder River drainage. 
flow r a t e s  increase  by a f a c t o r  of 20 during t h e  period of rapid snowmelt 
t h a t  occurs between mid-February and l a t e  June. 
f o r  t h i s  drainage is 29%. 

of Landsat imagery was ava i l ab le  of t h e  f i v e  years.  This drainage i s  not 
s t rongly  influenced by water use above Sussex and when snowpack bu i lds  up 
and melts, t h e  runoff volume r e f l e c t s  t h e  melt pa t t e rn  very well .  

Part  of t he  drainage area extends onto the  

Runoff from snowmelt normally begins i n  mid-February, 

Peak runoffs  usua l ly  occur i n  l a t e  May. The 1979 water year i s  

A t yp ica l  

Discharge from t h e  Powder River drainage i n  1979 was 1% above the  5-year 

The average snowmelt curve, modeled a f t e r  

Peak 

The average base l eve l  

This da ta  set i s  l imited t o  only 5 years of gauge da ta  and only one year 

CRITICAL VALUES (approximate f o r  a normal year ) :  

Beginning of runoff from snowmelt: 
Peak of  runoff augmented by snowmelt: 
Peak runoff volume (normal year):  2,110 c f s  
Snowmelt complete (no v i s i b l e  snow): 
Percent runoff provided by snowpack: 
Gauge s t a t i o n  used i n  estimating runoff:  

February 8 
May 2 1  

June 20 
50% 

#63135.00 a t  Sussex, Wyoming 
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Upper Powder River above Sussex 
RUNOFF VS. TIME AND SNOWCOVER (%I, (average, 5 years) 
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Upper Powder River above Sussex 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1979.(near average) 

Weeks (after October 1) 
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AREA PR-2 

SNOWMELT AND RUNOFF PATTERNS: MIDDLE POWDER RIVER DRAINAGE AREA 
(BETWEEN SUSSEX AND ARVADA) 

Landsat imagery f o r  1979 were t h e  only da ta  ava i l ab le  t o  determine t h e  
snowmelt-runoff r e l a t ionsh ip  f o r  t h e  middle Powder River drainage between 
Sussex and Arvada. The Casper and North Powder River Landsat images were 
used t o  obtain weighted percentages of snowcover f o r  each date.  Six da tes  
were used f o r  t h e  1979 coverage (which lacked coverage i n  February). Run- 
of f  da ta  were ava i lab le  f o r  only 5 years (1978-1982). Stream flow da ta  
from s t a t i o n s  63170.00 and 63135.00 on t h e  Powder River near Arvada and 
Sussex were used t o  determine cumulative runoff values. The d i f fe rence  
i n  flow between these  s t a t i o n s  shows considerable influence of water 
management. Flow da ta  were ava i l ab le  each day f o r  t he  years evaluated. 

l a t ed  averages of t h e  f i v e  years ) .  Runoff from snowmelt usua l ly  begins i n  
mid-January, a f t e r  t h e  snow covered a rea  has diminished t o  approximately 
50% (or l e s s )  of t h e  drainage a rea .  Peak runoffs u sua l ly  occur i n  late 
June. 
accumulation. Peak flow occurred on June 17 a t  1809 c f s .  Peak flows as 
high as 10,700 c f s  (May 20, 1978) were recorded i n  t h i s  drainage a rea  during 
the  5-year period used i n  t h i s  evaluation. 
snowmelt would be around 2,917 cfs/day and should occur on June 3 o r  4.  

Discharge from t h e  middle por t ion  of t h e  Powder River drainage was only 
h a l f  of normal f o r  t he  1979 water year (23,920 cfs i n  1979 compared t o  t h e  
5-year average of 46,892 c f s ) ;  bu t  it i s  only a l i t t l e  below the  11-year 
average of t h e  flow-volume of t h e  Powder River a t  Arvada. 
year and snowmelt curve i s  the  only year f o r  which both runoff and snowcover 
da ta  could be obtained f o r  t he  middle Powder River. 

Arvada) covers a small a rea  along t h e  east f lank  of t h e  Bighorn Mountains 
and a much l a rge r  a rea  of t h e  adjacent Powder River bas in .  
snowpack is e s s e n t i a l l y  r e s t r i c t e d  t o  t h e  higher e leva t ions ;  s o  the  bulk 
of t he  a rea  is  only snow covered immediately a f t e r  winter storms. 
t he  snowpack covered only 10% of t h e  drainage a rea  a t  t h e  onset of t h e  
spr ing  melt season, but 1979 was a very dry year,  and t h e  snowpack was 
undoubtedly below normal. 
t o  bu i ld  up over a s  much a s  20 o r  25% of t h e  drainage a rea .  

i s  severely complicated by water use ( e i t h e r  i r r i g a t i o n  o r  storage).  The 
average over t h e  five-year period of ava i l ab le  runoff da t a  shows t h a t  t h e  
months of April and August-September a r e  periods of heavy water use i n  t h i s  
region-so much so  t h a t  t he  flow i n  t h e  Powder River increases only s l i g h t l y  
(if a t  a l l )  during these  times because t h e  use i s  near ly  equal t o  t h e  inflow 
of t he  t r i b u t a r i e s  supplying t h e  r i v e r  along t h i s  s t r e t c h .  
of heavy use  show as " f l a t  spots" i n  t h e  runoff curve. 
shortage was such t h a t  u se  of water during t h e  period of February through 
April  and August through September ac tua l ly  exceeded the  water supply s o  
t h a t  t he  flow of t h e  Powder River decreased i n  volume between the  Sussex 
and Arvada s t a t i o n s  and the  cumulative flow values decreased accordingly 
during these  periods.  

During t h e  year,  t h e  flow r a t e s  u sua l ly  increase about 3-fold (accumu- 

The 1979 water year was much below average i n  runoff and snow 

A t yp ica l  peak flow r a t e  during 

The 1979 water 

The middle por t ion  of t he  Powder River drainage (between Sussex and 

The annual 

In 1979, 

For a normal year,  we might expect t h e  snowcover 

The runoff pa t t e rn  of t he  middle por t ion  of t h e  Powder River drainage 

Both periods 
In 1979, t h e  water 
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The combined problems of very l imi ted  snowmelt-runoff da ta  and the  
subs t an t i a l  seasonal water use evident i n  the  runoff records precludes 
the  development of a r e l i a b l e  runoff-snowmelt r e l a t ionsh ip .  
key values r e l a t i n g  runoff t o  snowcover can not be estimated from t h e  
1979 da ta  because 1979 was a drought year.  
below normal, and consumption was probably well above normal. However, t he  
use pa t t e rns  evident i n  1979 a r e  a l s o  apparent i n  t he  average runoff 
curve. 

Many of t he  

The ava i lab le  water was much 

CRITICAL VALUES (approximate f o r  a normal year ) :  

Beginning of runoff from snowmelt: mid-January 
Peak of runoff augmented by snowmelt: 
Snowmelt complete (no v i s i b l e  snow) : mid-June? 
Percent runoff provided by snowpack: 
Peak runoff volume (normal year): 2,917 c f s  
Gauge s t a t i o n s  used i n  estimating runoff:  

June 3 o r  4 

? 

#63170.00 a t  Arvada less 
flow values recorded a t  s t a t i o n  #63135.00 a t  Sussex, Wyoming 
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Aroar of n o  anowpack aro 
l n ~ u f i k i o n t  data tor mrulyalr. 

Aream In w h l c h  s n o w c o v o r f r u n o t ~  rP-11 relatlonmhips w e r e  ovaluatod. 

Middle Powder River Between Arvada and Sussex 
RUNOFF VS. TIME AND SNOWCOVER (%), (average) 

Weeks (after October 1) 
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Middle Powder River Between Arvada and Sussex 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1979 (dry) 

Weeks (after October 1) 

KEY 
4 Runoff vs. Time 

Runoff vs. 
Snow cover -*- 80- 

bp 
rc + Beginning of snowmelt Cannot 
0 5 m- management. be determined due to  water  

Snowcover (%I 



AREA PR-3 

SNOWMELT AND RUNOFF PATTERNS: CLEAR CREEK DRAINAGE 

Landsat imagery f o r  1973 and 1979 were used t o  determine the  snowmelt- 
runoff r e l a t i o n s h i p  f o r  t h e  Clear Creek drainage which flows i n t o  the  
Powder River. The North Powder River Landsat images were used. Four 
da tes  were used f o r  t he  1973 coverage, while s i x  da tes  were used f o r  1979. 
Both years lacked coverage i n  February. 
May 19 and Ju ly  30, while t h e  1979 da ta  covers t he  snowmelt season only 
t o  June 11 (12% snowcover remains). The 1979 imagery is  probably more 
r e l i a b l e .  Stream flow da ta  from s t a t i o n  no. 63240.00 on Clear Creek 
near Arvada were used t o  determine cumulative runoff values.  The exact 
loca t ion  of t h i s  gauge s t a t i o n  i s  questionable and it was assumed t o  be 
near where Clear Creek runs i n t o  t h e  Powder River, The flow a t  t h i s  
s t a t i o n  should show e s s e n t i a l l y  no influence of water management because 
no major r e se rvo i r s  a r e  upstream from t h i s  gauge s t a t i o n .  
ava i l ab le  each day f o r  t h e  years evaluated. 

a rea  has diminished t o  about 45% of the  basin a rea .  Peak runoffs 
usua l ly  occur i n  l a t e  May (May 27) .  The 1979 water year shows extreme 
drought conditions i n  which t h e  peak flow occurred on May 30 a t  only 496 
c f s .  
flow occurred on June 11 a t  1790 c f s .  
(May 19, '1978) were recorded a t  t h i s  s t a t i o n  during the  11-year period used 
i n  t h i s  evaluation. A t yp ica l  peak flow r a t e  a t  t h i s  s t a t i o n  would be 
around 1500 c f s  and should occur on May 27.  

Discharge from the  Clear Creek drainage was above normal f o r  1973 
(78,660 c f s  i n  1973 compared t o  t h e  11-year average of 64,791 c f s ,  21.4% 
above normal). The 1979 season was much below average (28,928 c f s  o r  
55.4% below average). Consequently, it would appear t h a t  the  1973 snowmelt 
curve is  c lose r  t o  representing t h e  normal snowmelt pa t t e rn  f o r  Clear 
Creek. The 1974 season i s  c loses t  t o  t h e  average t o t a l  runoff a t  
63,544 c f s .  The average snowmelt curve given is our bes t  estimate of 
t h e  configuration of t h e  snowmelt versus runoff curve f o r  an ffaverage" 
year.  

usua l ly  represents  about 50% of t h e  t o t a l  discharge from the  Clear Creek 
drainage. 
during t h e  r e l a t i v e l y  b r i e f  period of rap id  snowmelt t h a t  occurs between 
l a t e  April  and e a r l y  Ju ly .  
i s  32% 

The 1973 imagery had a gap between 

Flow da ta  were 

Runoff from snowmelt usua l ly  begins e a r l y  i n  April a f t e r  t he  snowpack 

1973 was a more typ ica l  year,  but a s l i g h t l y  above average peak 
Peak flows a s  high a s  4440 c f s  

The da ta  suggest t h e  water supplied from the  melting of t he  snowpack 

Peak flow r a t e s  can be increased by a f a c t o r  of 3.5 t o  7 

The average base leve l  f o r  t h i s  drainage 

CRITICAL VALUES (approximate f o r  a normal year ) :  

Beginning of runoff from snowmelt: April 1 
Peak of runoff augmented by snowmelt: 
Snowmelt complete (no v i s i b l e  snow): Ju ly  7 
Percent runoff provided by snowpack: 
Peak runoff volume (normal year ) :  1500 c f s  
Gauge s t a t i o n  used i n  estimating runoff: 

May 27 

50% 

#63240.00 a t  Arvada, Wyoming 
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Clear Creek 
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Clear Creek 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 (wet) 

Weeks (after October 1) 
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AREA PR-4 

SNOWMELT AND RUNOFF PATTERNS: CRAZY WOMAN CREEK DRAINAGE 

Landsat imagery f o r  1979 only were used t o  determine t h e  snowmelt- 
runoff r e l a t i o n s h i p  f o r  t h e  Crazy Woman Creek drainage because only 4- 
years  runoff d a t a  were a v a i l a b l e  (1978-1981). The North Powder River 
Landsat images were used. S ix  d a t e s  were a v a i l a b l e  f o r  t h e  1979 coverage. 
The major shortcoming i n  t h e  da t a  set  i s  t h a t  only four  years  of gauge 
d a t a  were a v a i l a b l e  f o r  es t imat ing  runof f .  
s t a t i o n  no. 63164.00 on t h e  Crazy Woman Creek, near  Arvada, Wyoming, were 
used t o  determine cumulative runoff  va lues .  The exact  l oca t ion  of t h i s  
gauge s t a t i o n  i s  unce r t a in ,  and it  was assumed t o  be near  t h e  junc t ion  
of Crazy Woman Creek with t h e  Powder River.  
s t a t i o n  should show e s s e n t i a l l y  no inf luence  of water management. 
d a t a  were a v a i l a b l e  each day f o r  t h e  1979 year  evaluated.  

snowmelt i n t e n s i f i e s  during t h e  months of March t o  e a r l y  June (from 20 
t o  100 cfs). Runoff from snowmelt u s u a l l y  begins  i n  mid-March, a f t e r  
t h e  snowcovered a r e a  has diminished t o  35-65% of t h e  drainage a rea .  
Peak runof f s  u s u a l l y  occur e a r l y  i n  June,  
on June 20 a t  307 cfs .  Peak flows as high a s  1380 cfs (May 19, 1978) were 
recorded dur ing  t h e  4-year per iod  used i n  t h i s  eva lua t ion ,  
peak flow r a t e  a t  t h i s  s t a t i o n  would be around 547 cfs  and should occur 
on May 18.. 

Discharge from t h e  Crazy Woman Creek drainage was s l i g h t l y  below t h e  
four.year average f o r  1979 (19,610 cfs i n  1979 compared t o  t h e  4-year 
average of 21,854 c f s ,  10% below normal) ,  
average of Clear Creek, 1979 was much below average (55.4% below average) .  
The 1979 season shows a more g e n t l e  runoff  s lope  when comparing it with 
t h e  average time versus  percent  curve.  
i s  our b e s t  es t imate  of t h e  conf igura t ion  o f  t h e  snowmelt versus  runoff  
curve f o r  an "average" yea r .  

The d a t a  suggest  t h e  water suppl ied  from t h e  melt ing of t h e  snowpack 
usua l ly  r ep resen t s  about 40% of t h e  t o t a l  discharge from t h e  Crazy Woman 
Creek drainage.  Discharge from Crazy Woman Creek flows i n t o  t h e  Powder 
River and is a l s o  included i n  t h e  eva lua t ion  of t h e  Powder River drainage 
above Sussex. 

Stream flow da ta  from 

The flow a t  t h i s  gauge 
Flow 

During t h e  1979 water yea r ,  t h e  sp r ing  runoff  increases  5 f o l d  a s  

The peak flow i n  1979 occurred 

A t y p i c a l  

When compared with t h e  11-year 

The average snowmelt curve given 

CRITICAL VALUES (approximate f o r  a normal yea r ) :  

Beginning of runoff  from snowmelt: 
Peak of runoff  augmented by snowmelt: June 1 
Snowmelt complete (no v i s i b l e  snow): June 15 
Percent runoff  provided by snowpack: 
Peak runoff  volume (normal yea r ) :  547 c f s  
Gauge s t a t i o n  used i n  es t imat ing  runoff :  

March 11 

40% 

#63164.00 a t  Upper S t a t i o n ,  
nea r  Arvada, Wyoming 
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Crazy Woman Creek 
RUNOFF VS. TIME AND SNOWCOVER (%I, (average) 
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Crazy Woman Creek 
RUNOFF VS. TlME AND SNOWCOVER (%), 1979 
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AREA P-1 

SNOWMELT AND RUNOFF PATTERNS: NORTH PLATTE RIVER DRAINAGE ABOVE NORTHGATE 
(NORTH PARK, COLORADO) 

The P l a t t e  River heads i n  North Park, Colorado, and much of t h e  d i s -  
charge o r i g i n a t e s  as snowmelt i n  t h e  high mountains surrounding North 
Park. This a r e a  was evaluated because t h e  con t r ibu t ion  of t h i s  water- 
shed is  a very  important p a r t  of t h e  P l a t t e  River water supply.  
images of  t h e  North Park a r e a  were ava i l ab le  f o r  four  snowmelt seasons 
(1973, 1974, 1975 and 1976). Runoff was above average i n  1973 (133%) 
and i n  1974 (137%) and below average i n  1976 (65%) as compared t o  t h e  
11-year average (1972-1983). 1975 was a near  average year  (runoff 100% 
of  normal).  As a r e s u l t ,  t h e  1975 snowmelt curve and runoff  curves serve  
as an e x c e l l e n t  model f o r  a " typica l"  yea r ,  

few days of  March as snowmelt begins .  Runoff peaks i n  e a r l y  June and is 
not  complete u n t i l  l a t e  J u l y  o r  e a r l y  August. 
r ep resen t  75-80% of t h e  annual runoff  i n  t h i s  reg ion ,  although only 40- 
50% of t h e  a r e a  accumulates a s u b s t a n t i a l  snowpack ( l a r g e l y  r e s t r i c t e d  t o  
t h e  mountain a r e a s ) .  
r ega rd le s s  .of whether t h e  accumulation i s  above o r  below average. 
runoff-snowcover r e l a t i o n s h i p s  should,  t he re fo re ,  prove very u s e f u l  f o r  
es t imat ing  runoff  with no adjustment necessary f o r  a t y p i c a l  years .  

Landsat 

The runoff  ra te  u s u a l l y  inc reases  sharp ly  (about 7 t imes) t h e  l a s t  

The meltwater from snowpack 

The snowmelt p a t t e r n  i s  much t h e  same i n  t h i s  a r ea  
The 

CRITICAL VALUES: 

Beginning of runoff  from snowmelt: 
Peak of runoff  augmented by snowmelt: 
Snowmelt complete ( runoff  diminishing):  August 1 
Percent runoff  provided by snowpack: 
Peak runoff  volume (normal yea r ) :  2564 cfs /day 
Gauge s t a t i o n  used i n  es t imat ing  runoff :  

March 30 
May 25 

75-80% 

#66200.00 a t  Pinkhampton, 
Colorado 
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North Platte River near Northgate Colorado 
RUNOFF VS. TIME AND SNOWCOVER (%I, (Average) 
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North Platte River near Northgate Colorado 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 (wet) 
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North Platte River near Northgate Colorado 
RUNOFF VS. TIME AND SNOWCOVER (%), 1974 (wet) 
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North Platte River near Northgate Colorado 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1975 (near average) 
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North Platte River near Northgate Colorado 
RUNOFF VS. TIME AND SNOWCOVER (%) 1976 (dry) 
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AREA P-2 

SNOWMELT AND RUNOFF PATTERNS: NORTH PLATTE RIVER DRAINAGE (NORTH PARK AND 
SARATOGA VALLEY) 

Landsat imagery f o r  1973, 1974, 1975 and 1976 were used t o  determine t h e  
snowmelt-runoff r e l a t i o n s h i p  f o r  t h e  North P l a t t e  River drainage, 
Park and Laramie Basin Landsat images were used. 
determined using the  Laramie Basin a s  t he  re ference  with which t o  compare 
t h e  North Park images, 
snowpack years ,  while four image da tes  were used f o r  both the  1974 and 1975 
snowpack years .  Both 1973 and 1976 were exce l len t  da ta  bases. 1973 lacked 
coverage i n  February; 1974 lacked coverage i n  March; 1975 lacked coverage i n  
January and March and 1976 lacked coverage i n  January. Stream flow da ta  
from s t a t i o n  no. 66300.00 on the  North P l a t t e  River above Seminoe Reservoir, 
near S i n c l a i r ,  Wyoming, were used t o  determine cumulative runoff values.  
The flow a t  t h i s  s t a t i o n  shows e s s e n t i a l l y  no influence of water management 
because no major r e s e r v o i r s  a r e  upstream from t h i s  gauge s t a t i o n .  
da ta  were ava i l ab le  each day f o r  t he  years evaluated. 

snowmelt i n t e n s i f i e s  during themonths  of l a t e  April t o  e a r l y  J u l y  (from 
approximately 354 t o  5611 c f s ) ,  
increases  15.4 f o l d  a s  snowmelt i n t e n s i f i e s  during the  months of l a t e  
April  t o  e a r l y  J u l y  (from approximately 344 t o  5644 c f s ) .  
water year,  t h e  spr ing  runoff increases 13.3 fo ld  a s  snowmelt i n t e n s i f i e s  
during t h e  months of l a t e  April  t o  ea r ly  J u l y  (from approximately 288 t o  
3838 c f s ) .  In 1976 water year,  t he  spring runoff increases only 9.7 f o l d  a s  
snowmelt i n t e n s i f i e s  during themonths  of e a r l y  April t o  ea r ly  J u l y  (from 
300 t o  2904 c f s ) .  The di f fe rences  between t h e  average flow r a t e  i n  
January, 1973, of 354 cfs; 1974 of 344 c f s ;  1975 of 288 c f s  and 1976 of 
300 c f s  i s  probably due t o  the  1975 and 1976 runoff being lower than the  
1973 and 1974 runoff.  Runoff from snowmelt usua l ly  begins i n  l a t e  March, 
a f t e r  t h e  snowpack ‘area has diminished t o  50% of the  drainage bas in  a rea .  
Peak runoffs  u sua l ly  occur mid-May t o  m i d J u n e .  The 1973 water year shows 
runoff t o  be much above average i n  which the  peak flow occurred on June 16 
a t  10,200 c f s .  
peak flow occurred on May 11 a t  7,710 c f s .  
i n  which t h e  peak flow occurred on June 9 a t  6,950 cfs. 
year was below average i n  which t h e  peak flow occurred on May 24 a t  only 
4,440 c f s .  Peak flows a s  high a s  10,200 c f s  (June 16, 1973) were recorded 
at  t h i s  s t a t i o n  during t h e  11-year period used i n  t h i s  evaluation. 
t yp ica l  peak flow r a t e  a t  t h i s  s t a t i o n  would be around 7,128 c f s  and should 
occur on June 4 .  
approximately 15 weeks before t h i s  da t e ,  
l ag  time it takes  f o r  t h e  snow t o m e l t  and then a r r i v e  a t  t h e  gauge 
s t a t i o n .  

(574,600 cfs i n  1973 compared t o  t h e  11-year average of 424,066 cfs, 35% 
above normal). The 1974 season was a l s o  above average (547,294 cfs, 29% 
above normal). The 1975 season was s l i g h t l y  above average (461,736 c f s ,  
9% above normal). The 1976 season was below average (337,275 cfs, 20% 
below normal). Consequently, it would appear t h a t  t he  1975 snowmelt curve 
is  c l o s e s t  t o  represent ing  t h e  normal snowmelt p a t t e r n  f o r  t he  North 
P l a t t e  River. The 1975 runoff curve is  s i m i l a r  t o  t h e  average runoff 
curve, except t h a t  t h e  runoff occurring before t h e  snowmelt begins i s  
s l i g h t l y  less s t eep  i n  1975 than on the  average curve. 

The North 
Weighted percents were 

Six image da tes  were used f o r  t he  1973 and 1976 

Flow 

During t h e  1973 water year,  t h e  spr ing  runoff increases 16 f o l d  as  

In 1974 water year,  t he  spring runoff 

During t h e  1975 

The 1974 water year was a l s o  above average i n  which t h e  

The 1976 water 
1975 was a more typ ica l  year,  

A 

The snowcoyer area generally decreases most r ap id ly  
This is  p a r t l y  a t t r i b u t e d  t o  the  

Discharge from t h e  North P l a t t e  River drainage was above normal f o r  1973 

The average snowmelt 
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curve given i s  our bes t  estimate of t he  configuration of t he  snowmelt 
versus runoff curve f o r  an "average" year.  

The da ta  suggest t h e  water supplied from t h e  melting of t h e  snowpack 
usua l ly  represents  about 70% of the  t o t a l  discharge from t h e  North P l a t t e  
drainage. 
r e l a t i v e l y  b r i e f  period of rapid snowmelt t h a t  occurs between mid-April 
t o  e a r l y  Ju ly .  

Flow r a t e s  increase by a f a c t o r  of 1 2 . 4  t o  136 during t h e  

The average base leve l  f o r  t h i s  drainage i s  18%. 

CRITICAL VALUES (approximate f o r  a normal year ) :  

Beginning of runoff from snowmelt: April  1 
Peak of runoff augmented by snowmelt: 
Peak runoff volume (normal year) : 7,128 cfs 
Snowmelt complete (no v i s i b l e  snow): July 1 
Percent runoff provided by snowpack: 
Gauge s t a t i o n  used i n  estimating runoff:  

Reservoir, near S i n c l a i r ,  Wyoming 

June 4 

70% 
#66300.00 above Seminoe 
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North Platte River above Seminoe Res. 
RUNOFF VS. TIME AND SNOWCOVER (%) Average 

(composite from 1975 and 19765 
Weeks (after October 1) 
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North Platte River above Seminoe Res. 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 (wet) 

Weeks (after October 1) 

4 Runoff vs. Time 
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*North Platte River above Seminoe Res. 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1974 (wet) 

Weeks (after October 1) 
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North Platte River above Serninoe Res. 
. RUNOFF VS. TIME AND SNOWCOVER (%I, 1975 (near average) 

Weeks (after October 1) 
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North Platte River above Seminoe Res. 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1876 (dry) 

Weeks (after October 1) 
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AREA P - 3  

SNOWMELT AND RUNOFF PATTERNS: MEDICINE BOW R I V E R  DRAINAGE 

Landsat imagery f o r  1973, 1974 and 1976 were used t o  determine the  
snowmelt-runoff r e l a t ionsh ip  f o r  t h e  Medicine Bow River drainage which 
flows i n t o  t h e  North P l a t t e  River. The Rock River o r  Laramie Basin Landsat 
images were used. S ix  da tes  of coverage were used f o r  1973, only four dates 
were ava i l ab le  f o r  1974, and s i x  coverage da tes  were ava i l ab le  f o r  t he  1979 
season. The 1973 coverage i s  missing a February da te ,  but coverage i s  
ava i l ab le  through June 23 when only 1% snowcover i s  remaining. 
coverage i s  missing a March da te  and then extends through May 31 when 
the re  i s  only 3% snowcover remaining. 
da t e  and extends u n t i l  June 7. This da t a  base is  extremely good f o r  t h i s  
drainage. Both t h e  1973 and 1976 imagery a r e  probably most r e l i a b l e  
because only four  coverage da tes  were ava i lab le  f o r  1974. 
da t a  from near Hanna, Wyoming, s t a t i o n  no. 66350 on the  Medicine Bow River 
above Seminoe Reservoir were used t o  determine cumulative runoff values. 
No major r e se rvo i r s  l i e  above t h e  gauge s t a t i o n  and the re  appears t o  be 
no s i g n i f i c a n t  influence of water management. Flow da ta  were ava i l ab le  
each day f o r  t h e  years evaluated. 

diminished t o  5 0 4 5 %  of t h e  drainage bas in  a rea .  
occur i n  May. 
t h e  peak flow occurred on May 11 a t  5330 c f s .  
year,  but i s  a l s o  s l i g h t l y  above average with peak flow occurring on June 1 2  
a t  1670 c f s .  The 1976 water year i s  below average. The peak flow occurred 
on May 25 a t  836 c f s .  Peak flows a s  high as  5330 c f s  (May 11, 1973) were 
recorded a t  t h i s  s t a t i o n  during t h e  11-year period used i n  t h i s  evaluation. 
A t yp ica l  peak flow r a t e  a t  t h i s  s t a t i o n  would be around 1878 c f s  and 
should occur on May 24 o r  25. 

average (144%) f o r  1973 (193,794 c f s  i n  1973 compared t o  t h e  11-year 
average of 79,452 c f s ) .  
98,395 c f s  (24% above normal). The 1976 season was below average a t  61p60 
c f s  (23% below average). Consequently, it would appear t h a t  when the  1974 
and 1976 snowmelt curves are averaged, they might approximate the  normal 
snowmelt p a t t e r n  f o r  Medicine Bow River. The average curve f o r  time 
versus cumulative percent should be f l a t t e r  than t h e  curve derived from 
the  1974 s a t e l l i t e  da t a ,  and s t eepe r  than t h e  curve derived from the  1976 
s a t e l l i t e  da ta .  However, both curves a r e  q u i t e  c lose  t o  t h e  average curve. 
The 1975 and 1982 seasons a r e  t h e  c loses t  t o  t h e  average t o t a l  runoff a t  
73,017 cfs and 83,442 c f s .  The average snowmelt curve given is  our bes t  
estimate of t h e  configuration of t h e  snowmelt versus runoff curve f o r  an 
"averageVV year ,  

The 1974 

The 1976 imagery has no January 

Stream flow 

Runoff from snowmelt usua l ly  begins about March 1, a f t e r  snowpack has 

The 1973 water year shows abnormally high runoff i n  which 
Peak runoffs usua l ly  

1974 was a more typ ica l  

Total  discharge from the  Medicine Bow River drainage was much above 

The 1974 season was s l i g h t l y  above average a t  
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The da ta  suggest t he  water supplied from t h e  melting of t h e  snowpack 
usua l ly  represents  about 70% of t he  t o t a l  discharge from the  Medicine 
Bow River drainage. 
times during t h e  r e l a t i v e l y  b r i e f  period of  snowmelt t h a t  occurs between 
l a t e  March t o  e a r l y  Ju ly .  The average base leve l  f o r  t h i s  drainage is 9%. 

should look l i k e  i f  water management is  minimal and snowmelt provides a 
l a rge  por t ion  of t he  annual runoff.  This drainage a l s o  has a very good 
image da ta  set .  By averaging t h e  1974 and 1976 runoff curves, a curve 
very c lose  t o  t h e  computed 11-year average was produced. 

Peak flow r a t e s  can increase  by a f a c t o r  of 11 t o  52 

This drainage provides an example of what a drainage runoff curve 

CRITICAL VALUES (approximate f o r  a normal year ) :  

Beginning of runoff from snowmelt: 
Peak of runoff augmented by snowmelt: 
Snowmelt complete (no v i s i b l e  snow): June 30 
Percent runoff provided by snowpack: 
Peak runoff volume (normal year ) :  1878 c f s  
Gauge s t a t i o n  used i n  estimating runoff:  

March 1 
May 24 o r  25 

70% 

#66350 above Seminoe Reservoir 
near Hanna, Wyoming 
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hhedich~e Bow River above Seminoe Reservoir 
RUNOFF VS. TIME AND SNOWCOVER (96) (avemw) 

Weeks (after October 1) 

) o m  rn 
Snowcover (%I 
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Medicine Bow River above Seminoe Reservoir 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 (wet) 

Weeks (after October 1) 
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Medicine Bow River above Seminoe Reservoir 
RUNOFF VS. TIME AND SNOWCOVER (%), 1974 (near normal) 

Weeks (after October 1) 
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Medicine Bow River above Seminoe Reservoir 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1976 

(slightly below average) 
Weeks (after October 1) 
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AREA P-4 

SNOWMELT AND RUNOFF PATTERNS: NORTH PLATTE RIVER DRAINAGE BELOW ALCOVA 

Landsat imagery f o r  1973 and 1977 were used t o  determine t h e  snowmelt- 
runoff r e l a t ionsh ip  f o r  t he  North P l a t t e  River drainage, 
County Landsat images were used; t he  bas in  extends i n t o  a reas  covered on 
t h e  Casper, Laramie Basin and Laramie Range Landsat scenes. These small 
a r eas  were not included i n  measurements. Five da t e s  were used f o r  the  1973 
coverage, and four  da tes  were ava i lab le  f o r  1977. The 1973 imagery was 
missing February coverage and the  1977 imagery had no January coverage. 
Otherwise, both years '  da ta  a r e  f a i r l y  r e l i a b l e .  Stream flow da ta  were 
taken from two s t a t i o n s  and subtracted t o  obtain t h e  snowpack-runoff da ta  
of a much smaller a rea ,  Orin Junction ( s t a t i o n  no. 66520.00) was the  lower 
s t a t i o n ,  so  the  flows measured a t  t h e  Alcova gauge s t a t i o n  (no. 66420.00) 
were subt rac ted  t o  obtain information on runoff from the  drainages t h a t  
flow o f f  t h e  Northern Laramie Range and Casper Creek a reas ,  The runoff 
p a t t e r n  f o r  t h e  a rea  is  much d i s t o r t e d  by water management between the  two 
gauge s t a t i o n s  (due t o  i r r i g a t i o n  on t h a t  s t r e t c h  of t h e  North P l a t t e  
River).  The e f f e c t s  of water use  a r e  p a r t i c u l a r l y  not iceable  during 
seasons of below normal runoff such a s  i n  1977. However, no major r e se rvo i r s  
a r e  present  between those two gauge s t a t i o n s .  
day f o r  t he  years evaluated, 

pack area  had diminished t o  30% of t h e  basin a rea ,  Peak runoffs usua l ly  
occur i n  l a t e  April .  Peak flow 
(d i f fe rence  of s t a t i o n  flow readings) occurred on May 21 a t  10,120 c f s .  1977 
was a more typ ica l  runoff year,  but s l i g h t l y  below average. A t yp ica l  peak 
flow r a t e  f o r  t he  a rea  would be around 3197 c f s  and should occur about May 5.  
The snowcover generally decreases most r ap id ly  approximately 10 t o  15 weeks 
before t h i s  da te ,  

Discharge from the  North P l a t t e  River drainage was way above normal f o r  
1973 (281,310 c f s  i n  1973 compared t o  the  11-year average of 110,642 c f s ,  
154% above normal). 
represent ing  a normal runoff year f o r  t he  North Plat te  River. 
1978 seasons a r e  c loses t  t o  t h e  average t o t a l  runoffs  a t  90,826 and 133,792 
c f s  r e spec t ive ly ,  
of t h e  configuration of t h e  snowmelt versus runoff curve f o r  an "average" 
year.  I t  represents  an average of t h e  1973 (wet) and 1977 (dry) snowmelt 
p a t t e r n s  with 1977 weighted more heavily.  

The da ta  suggest t he  water supplied from t h e  melting of t he  snowpack 
usua l ly  represents  about 60% of t h e  t o t a l  discharge from the  North P l a t t e  
River between Alcova and Orin Junction. Flow r a t e s  t y p i c a l l y  increase  by 
a f a c t o r  of 10 during t h e  r e l a t i v e l y  b r i e f  period of r ap id  snowmelt t h a t  
occurs between l a t e  March and e a r l y  June. 
drainage is  16%. 

The North Converse 

Flow da ta  were ava i l ab le  each 

Runoff from snowmelt u sua l ly  begins i n  mid-to-.late March, a f t e r  t he  snow- 

The 1973 runoff was much above average. 

I t  would appear t h a t  n e i t h e r  year is  very c lose  t o  
The 1976 o r  

The average snowmelt curve shown i s  our bes t  estimate 

The average base leve l  f o r  t h i s  
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Cumulative runoff  appears t o  r i se  above 100% during t h e  per iod  of June- 
J u l y  1977. This i s  due t o  t h e  f a c t  t h a t  water  consumption i n  t h e  a rea  of 
a n a l y s i s  a c t u a l l y  exceeds t h e  inf low from t r i b u t a r i e s  of t h e  P l a t t e  River 
during t h i s  per iod .  This e f f e c t  i s  marked during dry  seasons when snowmelt 
i s  minimal and consumption i s  g r e a t e s t  due t o  a g r i c u l t u r a l  demands. 

CRITICAL VALUES (approximate f o r  a normal year )  : 

Beginning of runoff  from snowmelt: February 6, i nc reas ing  sharp ly  

Peak of runoff  augmented by snowmelt: May 5 
Peak runoff  volume (normal yea r ) :  3197 cfs  
Snowmelt complete (no v i s i b l e  snow): June 5 
Percent runoff  provided by snowpack: 60% 
Gauge s t a t i o n s  used i n  es t imat ing  runoff :  Readings a t  s t a t i o n  #66520.00 

i n  l a t e  March 

nea r  Orin Junc t ion ,  less flow va lues  recorded a t  #66420.00 near  
Alcova, Wyoming 
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North Platte River 
between Alcova and Orin Junction 

RUNOFF VS. TIME AND SNOWCOVER (%) (average) 

Weeks (after October 1) 
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North Platte River 
between Alcova and Orin Junction 

RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 (wet) 

KEY - Runoff va. Time 
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North Platte River 
between Alcova and Orin Junction 

RUNOFF VS. TIME AND SNOWCOVER (%I, 1977 (dry) 
Weeks (after October 1) 
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AREAS P-5 6 P-6 

SNOWMELT AND RUNOFF PATTERNS: LOWER NORTH PLATTE RIVER DRAINAGE 
(BELOW ORIN JUNCTION) 

Inflow from t r i b u t a r i e s  of t he  P l a t t e  River below Orin Junction is  
minimal except f o r  t h e  Laramie River and Lodgepole Creek. These major 
t r i b u t a r i e s  of t he  lower P l a t t e  River have been handled separa te ly .  Water 
management along t h e  lower North P l a t t e  River is extensive,  with major 
s torage  f a c i l i t i e s  a t  Glendo and Guernsey Reservoirs and heavy agr icu l -  
t u r a l  use. 
minor t r i b u t a r i e s  i s  not discernable aga ins t  t h e  background of l a rge r  
v a r i a t i o n s  due t o  water management. We were unable t o  der ive  a meaning- 
f u l  snowcover-runoff r e l a t ionsh ip  f o r  t he  lower North P l a t t e  River. 

Consequently, t he  v a r i a t i o n s  i n  flow a t t r i b u t e d  t o  input from 

A--1 24 



hrulfklonl d.10 for uulyr l r .  

Arooo In whlch mnowcororlrunoll 
rolalknohlpo woro ov~luot~6 .  

A-125 



AREA P-7 

SNOWMELT AND RUNOFF PATTERNS: NORTH LARAMIE, CHUGWATER, AND FISH CREEK 
DRAINAGE AREA BETWEEN UVA AND FORT LARAMIE 

Landsat imagery f o r  1974, 1975 and 1979 were used t o  determine t h e  
snowmelt-runoff r e l a t i o n s h i p  f o r  t h e  Laramie River  drainage between Uva 
and F t .  Laramie. The Laramie Range Landsat images were used t o  map t h e  
snowpack bui ldup and snowmelt. 
coverage, t h r e e  da t e s  were used f o r  t h e  1975 snowmelt season and f i v e  da t e s  
are included i n  t h e  1979 coverage. 1974 had no gaps i n  t h e  coverage and 
extended through la te  Apr i l  (0% snowcover). The 1975 image s e t  lacks 
coverage f o r  t h e  per iod  between February and l a t e  June which makes t h i s  
year  of ques t ionable  r e l i a b i l i t y .  The 1979 coverage i s  good, except it 
could be improved with a May d a t e  (3% snowcover remains i n  Apr i l ) .  Both 
t h e  1974 and 1979 snowcover e s t ima tes  from imagery are q u i t e  r e l i a b l e .  
Stream flow d a t a  was acquired f o r  two gauge s t a t i o n s  and va lues  were sub- 
t r a c t e d  t o  determine t h e  cumulative runoff  f o r  t h e  North Laramie, Fish 
Creek and Chugwater River drainages.  S t a t i o n  no,  66705.00 a t  F t ,  Laramie 
was t h e  lower s t a t i o n  and s t a t i o n  no. 66670.60 a t  Uva was t h e  upper s t a t i o n .  
Flows a t  both s t a t i o n s  show s t rong  in f luence  by water management. 
s u b t r a c t i n g  t h e  two, we hoped t o  e l imina te  much of t h e  e f f e c t  of  water 
management; bu t  some inf luence  i s  s t i l l  n o t i c e a b l e  i n  t h e  runoff  p a t t e r n ,  
Flow d a t a  were a v a i l a b l e  each day f o r  t h e  yea r s  evaluated.  

The beginning of runoff  i s  v e r y  d i f f i c u l t  t o  i d e n t i f y .  The snowpack a rea  
occupies only 20-30% of t h e  drainage bas in  area. 
occur i n  mid-May. Runoff f o r  t h e  1974 water  year  was much above average. 
Runoff f o r  1975 i s  below average, and runoff  f o r  t h e  1979 water year  i s  
much below average. 1974 probably r ep resen t s  a nea r - typ ica l  runoff  year ,  
bu t  t h e  1975 da ta  a r e  a l s o  u s e f u l .  Peak flows as high as 701 c f s  (May 20, 
1978) were recorded i n  t h i s  a r e a  during t h e  6-year per iod  used i n  t h i s  
eva lua t ion  (only 6 years  da t a  a v a i l a b l e  a t  Uva s t a t i o n ) ,  
flow r a t e  would be around 321 cfs and should occur on May 11. 

accura t e ly  determined due t o  water management. However, t h e  runoff  curves 
suggest  t h a t  10-15% of t h e  annual runoff  might be  d i r e c t l y  a t t r i b u t e d  t o  
s p r i n g  snowmelt, 
r e f l e c t s  t h e  f a c t  t h a t  most of t h e  drainage a r e a  l i e s  a t  lower e l eva t ions ,  
where snow accumulation i s  minimal. 

Four da t e s  were a v a i l a b l e  f o r  t h e  1974 

By 

Runoff-from snowmelt u s u a l l y  begins  very  g radua l ly  i n  l a te  January,  

Peak runoffs  u sua l ly  

A t y p i c a l  peak 

The amount of  water suppl ied  from t h e  mel t ing  of t h e  snowpack can not  be 

The r e l a t i v e l y  small  amount of  runoff  from snowmelt 

CRITICAL VALUES (approximate f o r  a normal yea r ) :  

Beginning of m n o f f  from snowmelt: 
Peak of runoff  augmented by snowmelt: 
Peak runoff  volume (normal year ) :  321 cfs 
Snowmelt complete (no v i s i b l e  snow): J u l y  1 
Percent runoff provided by snowpack: lo%? 
Gauge s t a t i o n  used i n  es t imat ing  runoff :  

January 20 
May 11 

Flow va lues  a t  s t a t i o n  #66705.00 
near Fort  Laramie less those  recorded a t  s t a t i o n  #66670.60 near  
Uva, Wyoming 
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North Laramie, Chugwater, and Fish Creek 
RUNOFF VS. TIME AND SNOWCOVER (%),'(averawl 6 y m )  

) 

Annual Runoff 22,184 CFS 
Peak Runoff 321 CFSIday 

Snowcover (%I 
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North Laramie, Chugwater, and Fish Creek 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1974 (wet) 

Weeks (after October 1) 

-Runoff v8. Time 

Runoff vs. 
Snowcove O D * -  

Base Level 
14,400 CFS 

/ Annual Runoff 28  1 CFS/d,y 
Peak Runoff 39,127 CFS 

f . . U . 
l o o 8 0  ta 40 20 0 

Snowcover (%I 

f 

North Laramie, Chugwater, and Fish Cr 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1975 

Weeks (after October 1) 
0 5 l o b 2 0 1 5 3 0 3 5 4 0 4 5 5 0  rn' L 

KEY June 

80 
sp 
E: 
0 

U 
S @  
0)  > 

- Runoff VI. Time 
to kok of hag.  dat Runoff V8. 

Snowcover .I) * - 

Annual Runoff 17,639 CFS 
Peek Runoff 206 CFSldry 

8 . . . v 

60 40 20 0 m 8 0  
Snowcover (%I 
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North Laramie, Chugwater, and Fish Creek 
RUNOFF VS. TIME AND SNOWCOVER (%),I979 (very dry) 

Weeks (after October 1) 

-Runoff VI. time 

Annual Runoff 16,812 CFS 
Peak Runoff QO CFSIdeY 

Snowcover (%I 
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AREA P-8 

SNOWMELT AND RUNOFF PATTERNS: MIDDLE LARAMIE RIVER DRAINAGE (above Uva) 

Landsat imagery f o r  1974, 1975 and 1976 were used t o  determine the  
snowmelt-runoff r e l a t ionsh ip  f o r  t he  middle Laramie River drainage. Snow- 
cover estimates were made from t h e  Laramie Basin and North Park Landsat 
images. Four da tes  were used f o r  t h e  1974 ana lys i s ,  only th ree  da tes  were 
ava i l ab le  f o r  1975, but s i x  coverage da tes  were ava i lab le  f o r  1976. The 
1974 coverage lacked a March da te .  The 1975 year lacked coverage i n  both 
January and March and 1976 lacked coverage i n  January. The 1976 imagery 
i's t h e  most r e l i a b l e  of t he  th ree  years evaluated. Stream flow da ta  from 
s t a t i o n  no. 66670.60 on the  Laramie River above the  North Laramie River, 
near Uva, Wyoming, were used t o  determine cumulative runoff values.  The 
flow values measured a t  t h i s  s t a t i o n  r e f l e c t  subs t an t i a l  water management 
a t  t h e  Wheatland Reservoirs j u s t  upstream from t h e  gauge s t a t i o n .  
da t a  were ava i l ab le  each day f o r  t h e  years evaluated. 

t h e  average runoff curve, but i t s  e f f e c t  can be seen during high snowmelt 
seasons (1974). 
diminished t o  40-50% of t h e  drainage basin a rea .  Peak runoffs usua l ly  occur 
i n  l a t e  April .  The 1974 water year represents  above average runoff i n  which 
the  peak flow occurred on April 3 a t  167 c f s .  1975 i s  below average and 
t h e  peak flow, due t o  snowmelt, i s  not discernable.  1976 water year i s  a 
more typ ica l  year.  Peak flow occurred on May 25 a t  112 c f s .  Peak flows a s  
high a s  192 cfs (May 18, 1978) were recorded a t  t h i s  s t a t i o n  during the  
only 6-year period used i n  t h i s  evaluation. 
t h i s  s t a t i o n  would be around 132 c f s  and should occur on April 24. Snow- 
cover genera l ly  decreases most r ap id ly  approximately 10 weeks before t h i s  
da te .  

(23,331 c f s  compared t o  t h e  6-year average of 13,379 c f s ,  74% above average), 
The 1975 season was below average (11,358 c f s  o r  15% below average). Dis- 
charge was approximately average f o r  t h e  1976 season at  13,673 c f s  o r  2% 
above normal). 
normal snowmelt pa t t e rn  f o r  t h e  Laramie River. The 1976 runoff curve is 
r e l a t i v e l y  f l a t  and shows addi t iona l  l a t e  runoff (probably due t o  water 
re leased  from the  r e se rvo i r  system) compared t o  t h e  average time versus 
runoff ca lcu la ted  f o r  t he  6-year average. O f  t he  years t h a t  we have gauge 
da ta  f o r ,  1979 represents  t h e  c loses t  t o  t he  normal runoff a t  13,657 c f s .  
The average snowmelt curve given is  cur  bes t  estimate of t he  configuration 
of t h e  snowmelt versus runoff curve f o r  an "average" year. 

The da ta  suggest t he  water supplied from t h e  melting of snowpack i n  
the  a rea  of t h e  middle Laramie River i s  usua l ly  not allowed t o  pass the  
r e se rvo i r s  i n  s i g n i f i c a n t  amounts, so l i t t l e  e f f e c t  is see a t  t h e  Uva 
gauge s t a t i o n s ,  
p a t t e r n  measured a t  t h e  Uva gauge s t a t i o n  i s  a f fec ted  only s l i g h t l y  by 
snowmelt during a normal melt season, 
i t s  e f f e c t  can be seen i n  the  runoff r a t e s .  Although the  snowmelt pa t t e rn  
can be monitored from t h e  s a t e l l i t e  imagery, it can not be used t o  p red ic t  
expected flow values because of t h e  management p rac t i ces  i n  the  a rea .  Most 
snowmelt occurs between March 15 and June 1, but t he  ac tua l  volume of water 
produced can not be determined from t h e  ava i l ab le  stream flow records.  

Flow 

Runoff from snowmelt is  of ten  too  severely regulated t o  be v i s i b l e  on 

I t s  e f f e c t  i s  most pronounced a f t e r  t he  snowpack area  has 

A t yp ica l  peak flow r a t e  a t  

Discharge from t h e  Laramie River drainage was much above normal f o r  1974 

Consequently, t h e  1976 snowmelt curve bes t  represents  t he  

A s  a r e s u l t  of t h e  in tense  water management, t h e  runoff 

When snowmelt i s  above normal (1974) 
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CRITICAL VALUES (approximate f o r  a normal yea r ) :  

Beginning of runoff from snowmelt: 
Peak of runoff augmented by snowmelt: 
Peak runoff volume (normal year ) :  132 c f s  
Snowmelt complete (no v i s i b l e  snow): June 1 
Percent runoff provided by snowpack: 
Gauge s t a t i o n  used i n  estimating runoff:  

mid-February 
April 24 

15% 
#66670.60 above North Laramie 
River near Uva, Wyoming 
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Laramie River above Uva 
RUNOFF VS. TIME AND SNOWCOVER (%I. (average) 

Weeks (after October 1) 

-Runoff VI. Time 
KEY 

7 / Annual Runoff 13,378 CFS 
Peak Runoff 132 CFS 

. 1 . 40 20 0 OV l o o @ o  60 

Snowcover (%I 
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Laramie River above Uva 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1974 (wet) 

Weeks (after October 1) 
0 5 l O l 5 2 0 2 5 3 0 3 5 4 0 4 5 5 0  

ii I/ Annuat Runoff 23,312 CFS 
Peak Runoff 181 CFS 

. . loo 80 60 40 20 0 
OY 

Snowcovet (%I 

Laramie River abovesd Uva 
RUNOFF VS. TIME AND SNOWCOVER (961, 1975 (dry) ' 

Weeks (after October 1) 
0 5 l O l ! j 2 0  

KEY 
loo-: . a 

'--Runoff VI. time 
Runoff V8. 

Snow cover *.*- 
a 

80. 

i 
3 
$ 4 0 1  0 

mot.: ' n e m t  ahowa no .warant 
oontrlbutlon from rnowmolt 

I /  Annual Runoff 11,568 CFS 
Peak Runoff 70 CFS 

8 . 1 m m 60 40 20 0 
OW 

Snowcover (96) 

A- 133 



Laramie River above Uva 
RUNOFF VS. TIME AND SNOWCOVER (%), 1976 

(near average year) 
Weeks (after October 1) \ 

80 
ap 

0 
1 

5 1 0 l 5 2 0 2 5 3 0 3 5 4 0 4 5 5 0  

KEY 
-Runoff v8. Tlme 

Runoff v a  -*- Snowcover 

Note: almo*t w amwont 
oontribrtlon from mnowwtt. 

Annual Runoff 7 3,674 CFS 
Peak Runoff augmented by rnowmdt 112 CFS 

60 40 20 0 

Snowcover (96) 
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AREA P-9 

SNOWMELT AND RUNOFF PATTERNS: LARAMIE RIVER DRAINAGE AREA (ABOVE BOSLER) 

Landsat imagery f o r  1973, 1974, 1975 and 1976 were used t o  determine t h e  
snowmelt-runoff r e l a t i o n s h i p  f o r  t h e  Laramie River drainage above Bosler.  
Laramie Basin and North Park Landsat images were used. 
good coverage f o r  1973, t h r e e  da t e s  were a v a i l a b l e  f o r  both t h e  1974 and 
1975 seasons,  and f i v e  da t e s  were used f o r  1976. 1973 imagery lacked 
coverage i n  February, but  a l a te  January d a t e  was a v a i l a b l e .  The 1974, 1975, 
and 1976 imagery lacked coverage f o r  January,  and t h e  1974 and 1975 imagery 
a l s o  missed a March da te .  
Stream flow d a t a  from s t a t i o n  no. 66615.85 on t h e  Laramie River near  Bosler ,  
Wyoming were used t o  determine t h e  cumulative runoff  va lues .  The flow a t  
t h i s  s t a t i o n  shows l i t t l e  e f f e c t  of water  management, but  some management 
i s  necessary f o r  c e r t a i n  lakes  and r e s e r v o i r s  (Lake H a t t i e ,  Cooper Lake, 
Chambers Lake and James Lake). Flow da ta  were a v a i l a b l e  each day f o r  t h e  
years  eva lua ted .  

During a normal year ,  such as 1975, t h e  sp r ing  runoff  i nc reases  16.5 f o l d  
as t h e  snowmelt i n t e n s i f i e s  dur ing  t h e  months of  e a r l y  June t o  e a r l y  
August (from approximately 32 t o  529 c fs ) ,  But, i n  t h e  1976 water year ,  t h e  
sp r ing  runoff  increased  only 5.6 f o l d  with snowmelt (from approximately 
45 t o  253 c fs ) .  The spread i n  t h e  t o t a l  volume of runoff  from snowmelt i s  
q u i t e  1arge. through t h e  years .  The 1973 water  year  shows extreme f lood  
condi t ions  i n  which t h e  peak flow occurred on June 19 a t  1620 cfs .  1974 is  
a more normal runoff  year ,  but  i s  s t i l l  above average. Peak flow occurred 
on June 10 and 11 a t  1280 c f s .  The 1975 water year  is  t h e  most n e a r l y  
t y p i c a l  year represented  by t h e  a v a i l a b l e  imagery. 
June 19, 1975 a t  1160 cfs.  1976 shows below average runoff  condi t ions ,  
i n  which t h e  peak flow occurred on June 2 1  a t  560 c f s .  
high as 1970 cfs (June 29, 1982) were recorded a t  t h i s  s t a t i o n  during t h e  
10-year per iod  used i n  t h i s  eva lua t ion .  A t y p i c a l  peak flow ra te  a t  t h i s  
s t a t i o n  would be around 1183 c f s  and should occur on June 14 o r  15. 

(93,746 cfs i n  1973 campared t o  t h e  10-year average of 53,840.2 cfs ,  74% above 
normal). The 1974 season was a l s o  above average (68,754 cfs o r  28% above 
average) .  The 1975 runoff  was almost normal (53,174 c f s  o r  1% below normal) 
while  t h e  1976 runoff  year  was below average (39,286 c f s  o r  27% below 
average) .  Consequently, t h e  1975 snowmelt curve most nea r ly  r ep resen t s  
t h e  normal snowmelt p a t t e r n  f o r  t h e  Laramie River .  
curve shows a lower ra te  of  runoff  i n  t h e  f a l l  than t h e  curve der ived 
from the 1975 stream flow d a t a .  Both curves show runoff  beginning a t  
approximately t h e  same t ime,  but t h e  runoff  ends s l i g h t l y  l a t e r  i n  1975. 

Water suppl ied  from t h e  mel t ing  of t h e  snowpack usua l ly  r ep resen t s  
about 70% of  t h e  t o t a l  discharge from t h e  Laramie River drainage.  Flow 
rates normally inc rease  by a f a c t o r  of t e n  during t h e  r e l a t i v e l y  b r i e f  
per iod  of r a p i d  snowmelt t h a t  occurs  between l a t e  Apr i l  and e a r l y  J u l y .  

S ix  da t e s  provided 

The 1973 and 1976 coverage i s  q u i t e  adequate.  

Peak flow occurred on 

Peak flows as 

Discharge from t h e  Laramie River dra inage  was much above normal f o r  1973 

The average runoff 
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CRITICAL VALUES (approximate f o r  a normal yea r ) :  

Beginning of runoff  from snowmelt: Apr i l  15 
Peak of runoff  augmented by snowmelt: June 14-15 
Peak runoff  volume (normal y e a r ) :  1183 cfs 
Snowmelt complete (no v i s i b l e  snow): J u l y  17  
Percent runoff  provided by snowpack: 
Average t o t a l  runoff :  53,840 cfs  
Gauge number used i n  es t imat ing  runoff :  #66615,85 nea r  Bosler,  Wyoming 

70% 
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Laramie River above Bosler 
RUNOFF.VS. * TlME AND SNOWCOVER (%) (averad 

Weeks (after October 1) 

- Runoff v8. Time 

Annual Runoff S3,840 Cfs 
Peak Runoff 1,183 CFS 

Snowcovet (%I 
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Laramie River above Bosler 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 

Weeks (after October 1) 

KEY 
-Runoff v8. Time 

-*- Snowcover 
80- Runoff va. 

40 20 0 

Snowcover (%I 

Laramie River above Bosler 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1974 

Weeks (after October 1) 

- Runoff v8. TJme 

6 

Runoff 68,754 CFS 

Snowcover (%I 
A-138 
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Laramie River above Bosler 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1975 

Weeks (after October 1) 

I KEY 
1 Runoff vs. Time // 

5 "1 
K I !  

&no * 
Runoff from Snowmolt Poakm I 

J Runoff from 8 n o w y l t  Boglno 

I \ /  
Peak Runoff 1,160 CFS 

60 40 lo 0 
Snowcover (%) 

Laramie River above Bosler 
RUNOFF VS. TIME AND SNOWCOVER (%I, t976 

Weeks (after October 1) 
5 K ) 1 5 2 0 2 5 3 0 3 5 4 0 4 f i 5 0  

KEY 
"Runoff v8. Time 

Runoff vs. -*- Snowcover 

Runoff from 8nowmolt 
Am. 21 

a0 6Q 4il 2b 0 '  
Snowcover (%) 

. 
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AREA P-10 

SNOWMELT AND RUNOFF PATTERNS: HORSE CREEK DRAINAGE AREA ABOVE 
LYMAN, NEBRASKA 

Landsat imagery f o r  1973, 1974 and 1979 were used t o  determine t h e  
snowmelt-runoff r e l a t i o n s h i p  f o r  t h e  Horse Creek drainage,  a t r i b u t a r y  
of t h e  North P l a t t e  River.  The Laramie Range Landsat images cover t h i s  
reg ion .  The 1973 coverage comprises s i x  scenes and f i v e  da t e s  of coverage 
were a v a i l a b l e  f o r  both 1974 and 1979. No coverage i s  a v a i l a b l e  f o r  May 
e i t h e r  i n  1974 o r  1979; b u t ,  otherwise,  t h e  da t a  s e t s  a r e  e x c e l l e n t .  
Stream flow d a t a  from s t a t i o n  no. 66775.00 on Horse Creek near  Lyman, 
Nebraska, were used t o  obta in  cumulative runoff  va lues .  The Horse Creek 
drainage supp l i e s  some a g r i c u l t u r a l  needs,  bu t  t h e  runoff  p a t t e r n  does 
not  appear t o  be s t rong ly  inf luenced by water  management. 

a r e a  covering only 10-20% of t h e  dra inage  area. 
occur i n  e a r l y  June. 
t h e  1974 water year  was much above average, and 1979 was a near t y p i c a l  
yea r ,  being very  s l i g h t l y  below average. Peak flows as high a s  1120 cfs 
(May 24,  1980) were recorded a t  t h i s  s t a t i o n  during t h e  11-year per iod  
used i n  t h i s  eva lua t ion .  A t y p i c a l  peak flow r a t e  a t  t h i s  s t a t i o n  would 
be around.376 cfs /day,  and should occur about June 7. 

(41,989 cfs compared t o  t h e  11-year average of  34,458 c f s ,  22% above 
average) .  Runoff f o r  1974 was much above average a t  47,072 c f s  (37% 
above average) .  
33,892 c f s  (1.6% below average).  Consequently, t h e  1979 snowmelt curve 
i s  expected t o  represent  t h e  normal snowmelt p a t t e r n  f o r  Horse Creek. 
The average runoff  curve shows runoff  from snowmelt beginning about 
May 1. 

usua l ly  r ep resen t s  about 30% of t h e  t o t a l  d i scharge  from t h e  Horse Creek 
drainage.  
during t h e  r e l a t i v e l y  b r i e f  per iod  of r ap id  snowmelt t h a t  occurs between 
l a t e  Apr i l  and e a r l y  J u l y ,  Estimation of  t h e  snowmelt-runoff r e l a t i o n -  
s h i p  is  complicated by t h e  fact  t h a t  much of t h e  a r e a  does not  accumulate 
a snowpack, but  provides  a l a r g e  a r e a  t o  ga ther  l a t e  shows and r a i n f a l l  
t h a t  augment t h e  runoff .  

Runoff from snowmelt u sua l ly  begins  i n  e a r l y  May with t h e  snowpack 
Peak runoffs  u s u a l l y  

Runoff f o r  t h e  1973 water year  i s  above average, 

Discharge from t h e  Horse Creek drainage was above average f o r  1973 

The 1979 season was only s l i g h t l y  below average a t  

The d a t a  suggest t h e  water suppl ied  from t h e  melt ing of t h e  snowpack 

Peak flow rates t y p i c a l l y  inc rease  by a f a c t o r  of 4 t o  5 

CRITICAL VALUES (approximate f o r  a normal yea r ) :  

Beginning of runoff  from snowmelt: 
Peak of runoff  augmented by snowmelt: June 7 
Snowmelt complete (no v i s i b l e  snow): J u l y  10 
Percent runoff  provided by snowpack: 
Peak runoff  volume (normal y e a r ) :  376 cfs 
Gauge s t a t i o n  used i n  es t imat ing  runoff :  

May 1 

30% 

#66775.00 near  Lyman, Nebraska 
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Horse Creek above Lyman,Nebraska 
RUNOFF VS. TIME AND SNOWCOVER (%I, (average) 

Weeks (after October 1) 

KEY - Runoff v8. Time 
Runoff v8. 

Snowcover 

/ 
8nowm.R Gongkt0 
July 10 

Runoff from 8norcaoM Poakm 
Juno 7 

/ I Y a y  1 
Runoff tram 8nownoH boglnr 

\ 

- -..nual Runoff 34,458 CFS 7 Peak Runoff 378 CFS/day 

Snowcover (%I 
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Horse Creek above Lyman, Nebraska 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1973 (wet) 

Weeks (after October 1) 

KEY 
4 Runoff v8. Time 

-*- Snowcover 
80. Runoff va. 

* rc 
0 

K 
5 60- 

Junm 16 
Runoff from Onowmelt Poaka 

Peak Runoff 370 CFS/day 

Snowcover (%) 

Horse Creek above Lyman, Nebraska 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1974 (very wet) 

Weeks (after October 1) 

KEY - Runoff v8. Time 

-*- Snowcover 
80. Runoff v8. 

ap June 20 
8nowmon Comgkte rc 

Snowcover (%) 
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Horse Creek above Lyman, Nebraska 
RUNOFF VS. TIME AND SNOWCOVER (%), 1979 (near average) 

Weeks (after October 1) 
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AREA P-11  

SNOWMELT AND RUNOFF PATTERNS: LODGEPOLE CREEK DRAINAGE AREA 
(ABOVE BUSHNELL, NEBRASKA) 

Landsat imagery of t h e  Laramie Range a rea  f o r  1973, 1974 and 1979 
were used t o  determine t h e  snowmelt-runoff r e l a t i o n s h i p  f o r  t h e  Lodgepole 
Creek drainage.  Coverage c o n s i s t s  of  s i x  scenes f o r  1973 and f i v e  scenes 
f o r  1974 and 1979. The coverage i s  gene ra l ly  exce l l en t  and lacks  only 
t h e  May coverage f o r  1974 and 1979. Stream flow d a t a  from s t a t i o n  
no. 67625.00 on t h e  Lodgepole Creek a t  Bushnell ,  Nebraska, were used t o  
determine cumulative runoff va lues ,  The runoff  curves show s t rong  
inf luence  of water management, bu t  no major s to rage  f a c i l i t i e s  a r e  
upstream from t h e  gauge s t a t i o n .  
t h e  years  evaluated.  

d i f f i c u l t  t o  determine exac t ly  because t h e  d i r e c t  con t r ibu t ion  of snow- 
melt t o  t h e  normal runoff  i s  r e l a t i v e l y  small .  
5-30% of  t h e  drainage a r e a ,  Peak runoffs  u sua l ly  occur i n  e a r l y  May, 
bu t  span a wide range of da t e s .  
thunderstorms. The 1973 water  year  shows a much g r e a t e r  than average 
runoff  (135% of  normal) and peak flow occurred on March 24 a t  20 cfs .  
The 1974 water year  is  a l s o  above average (110% of normal) and t h e  peak 
flow occurred on Apr i l  6 and 7 a t  10 c f s .  
with s l i g h t l y  below average runoff  (94% of  normal). Peak flow occurred 
on February 1 2  a t  23 c f s .  The h ighes t  flow ra te  recorded during t h e  11- 
year  per iod  was 93 c f s  on February 2 1 ,  1980. 
a t  t h i s  s t a t i o n  would be around 12.8 cfs and should occur on March 15 
o r  May 1. 

The 1974 and 1979 snowmelt curves  most c l o s e l y  r ep resen t  t h e  normal 
snowmelt p a t t e r n  f o r  Lodgepole Creek. 
f a i r l y  similar t o  t h e  average curve,  except t h e  1974 curve i s  s l i g h t l y  
s t e e p e r .  
except it has  a more gradual  s lope .  

Water suppl ied  d i r e c t l y  from t h e  mel t ing  of t h e  snowpack u s u a l l y  
r ep resen t s  10% of t h e  t o t a l  d i scharge  from t h e  Lodgepole Creek drainage.  
Peak flow r a t e s  i nc rease  1 .6  t o  3 . 8  times during t h e  r e l a t i v e l y  b r i e f  
snowmelt t h a t  occurs  between la te  March t o  la te  May. 

s t r a i g h t - l i n e  shape of  t h e  runoff  curve i s  a t t r i b u t e d  t o  t h e  minimal 
in f luence  o f  snowmelt. 
i n  runoff .  Heavy r a i n s  i n  J u l y  and August produce extreme peak flows. 
The 1973 runoff  curve,  with i t s  above average snowpack, i s  t h e  only year  
t h a t  shows s u b s t a n t i a l  in f luence  of snowmelt (35% of  runoff  from snow- 
m e l t ) .  

Flow d a t a  were a v a i l a b l e  each day f o r  

The d a t e  i s  Runoff from snowmelt u sua l ly  begins  i n  e a r l y  February. 

The snowpack covers 

Some peaks may be t h e  r e s u l t  of sp r ing  

1979 was almost a t y p i c a l  yea r ,  

A t y p i c a l  peak flow r a t e  

The curve f o r  t h e  1974 year  looks 

The 1979 curve i s  a l s o  q u i t e  s i m i l a r  t o  t h e  average curve,  

The Lodgepole drainage does no t  acqui re  a l a rge  snowpack. The 

The snowmelt i s  gradual ,  and y i e l d s  no b i g  inc rease  

CRITICAL VALUES (approximate f o r  a normal yea r ) :  

Beginning of runoff  from snowmelt: 
Peak of runoff  augmented by snowmelt: 
Snowmelt complete (no v i s i b l e  snow): e a r l y  June 
Percent  runoff  provided by snowpack: 
Peak runoff  volume (normal yea r ) :  1 2 . 8  c f s  
Gauge s t a t i o n  used i n  es t imat ing  runoff :  

e a r l y  February 
March 15 o r  May 1 

10% 

#67625,00 a t  Bushnell ,  
Nebraska 
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Lodgepole Creek 
IOFF VS. TIME AND SNOWCOVER (%), 1973 (wet) 

I 
Weeks (after October 1) 

' 5 l o l 5 2 0 2 5 3 0 3 5 4 0 4 5 5 0  
a 1 

Runoff va. Time 
Runoff va. 

KEY 

-*-- Snowcover 

60 40 20 0 
Snowcover (96) 

Lodgepole Creek 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1974 

Weeks (after October 1) 
0 5 l O l 5 2 0 2 5 3 0 3 5 4 0 4 5 5 0  

a . . . . 

80 

0 

a: 5 6 0  

Q, > 
u 

L 240 

E 
=I 

0 5 l O l 5 2 0 2 5 3 0 3 5 4 0 4 5 5 0  

-A- Runoff va. Time 

80 Runoff V k  . -*- Snowcover ap 
0 

a: 
Q, > 

5 6 0  

L 240 

i 
3 

u 

20 

Annual Runoff 2,347 CFS 
Peak Runoff 10 CFS/day 

0 
100 80 60 40 20 0 

-A- Runoff va. Time 
I Runoff V k  . 
-*- Snowcover 

5 
20 

0 
100 80 60 40 20 0 

Snowcover (%) 

A- 146 



r rc 
0 c 
2 
Q, > .- 
*.r 

Lodgepole Creek 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1979 

Weeks (after October 1) 

Runoff V I .  
Snowcover .-*- 80- 

60- 

Annual Runoff 2,000 CFS 
Peak Runoff 23 CFSIday 

0 60 10 20 
Snowcover (%I 



AREA P-12 

SNOWMELT AND RUNOFF PATTERNS: UPPER SWEETWATER RIVER (SOUTH PASS) 

Landsat imagery f o r  t he  1976 and 1977 water years was used t o  define the  
Four da tes  of coverage 

The r e s u l t a n t  snow- 
Yet, they provide enough 

snowmelt p a t t e r n  f o r  t he  upper Sweetwater drainage. 
were ava i lab le  f o r  1976 and f i v e  da tes  f o r  1977. However, only th ree  
da t e s  of coverage occur during the  time of snowmelt. 
melt curves a r e  not considered highly r e l i a b l e .  
da t a  f o r  an estimate of t h e  r e l a t ionsh ip  between runoff and snowcover. 

Also, according t o  snowcourse da ta ,  1976 was approximately an average year.  
Thus, t h e  1976 snowmelt curve is  considered a f a i r l y  representa t ive  r e l a t ion -  
sh ip .  The peak values,  t o t a l  runoff values,  and melt r a t e s  should be very 
c lose  t o  expected values f o r  a normal year. 

Drought years a r e  defined as years when runoff i s  50% o r  less of t h e  average 
flow. 
( too low) o r  t h e  April 8 estimate might have been somewhat high due t o  
l a t e  snowfall. 
co r rec t .  We have chosen t o  honor t h e  April 8 value f o r  t h e  1977 runoff- 
snowpack curve. 

The 1976 discharge was only 4% below the  1974-82 average of 50,122 c f s .  

1977 was a drought year according t o  discharge and snowcourse da ta .  

The snowpack estimate fo r  March 15, 1977, may be s l i g h t l y  i n  e r r o r  

I t  i s  unl ike ly  t h a t  t h e  estimates for both da tes  a r e  

CRITICAL VALUES ( fo r  1976, a near normal year ) :  

Beginning of runoff from snowmelt: 
Peak of runoff augmented by snowmelt: 
Snowmelt complete (no measureable snowcover): June 1 2  
Percent runoff provided by snowpack: 
Peak runoff volume (normal year ) :  898 cfs/day 
Gauge s t a t i o n  used i n  estimating runoff:  

March 27 
May 24 

57% 

e066380.9 Sweetwater River 
near  Sweetwater S ta t ion ,  Wyo. 
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Upper Sweetwater (South Pass) 
RUNOFF VS. TIME AND SNOWCOVER (%I, 1977 
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AREA P-13 

SNOWMELT AND RUNOFF PATTERNS : LOWER SWEETWATER RIVER (ABOVE ALCOVA) 

The lower Sweetwater drainage i s  an a rea  of i s o l a t e d  mountain blocks 
and intervening basins.  
t he  basin a reas .  Snowmelt-runoff curves were constructed f o r  t he  1973 and 
1976 water years .  
snowmelt curve represents  t h e  bes t  ava i lab le  estimate of t h e  snowmelt 
pa t t e rn  f o r  t h e  lower Sweetwater River, 
1973 s a t e l l i t e  coverage da tes  f a l l  within t h e  ac tua l  period of snowmelt. 
The 1976 snowmelt curve is  derived from only two da tes  of s a t e l l i t e  coverage 
and is  not considered r e l i a b l e .  

A complete d a i l y  record of discharge was ava i l ab le  f o r  t h e  th ree  water 
years of 1972, 1973 and 1976. 
1972-81 period were represented by an incomplete annual record. In order 
t o  c a l c u l a t e  t he  ten-year average flow, the  annual flow was estimated f o r  
each of t h e  7 years of incomplete da t a  by adding a f ixed  discharge increment 
t o  represent  t h e  runoff during t h e  s i x  months from October through March 
when discharge was not recorded. The value added each year v a r i e s ,  dep- 
ending upon a preliminary estimate of whether t h e  season was r e l a t i v e l y  
dry o r  wet. 
Rela t ive ly  speaking, 1976 i s  a year of low p r e c i p i t a t i o n .  
October through March discharge recorded i n  1976 is added t o  the  annual 
runoff t o t a l  f o r  dry years ,  while t h e  October through March flow values 
f o r  1972 o r  1973 are added t o  complete t h e  record f o r  wet years ,  

Rela t ive  t o  t h e  1972-81 estimate of average annual discharge (55,924 
c f s ) ,  t h e  1973 water supply was 33% above average and t h e  1976 flows were 
18% below average, 
estimation can not be confirmed by co r re l a t ion  with snowcourse data.  

A major problem i n  using t h e  snowcover p a t t e r n  t o  p red ic t  runoff i s  
t h a t  much of t h e  flow of the  Sweetwater River is derived from snowmelt and 
runoff along t h e  upper Sweetwater River; y e t ,  t he  records of discharge 
a r e  not s u f f i c i e n t l y  complete t o  allow determination of volume of flow 
i n t o  the  lower Sweetwater by computing d i f fe rences  of gauge readings. 

The snowmelt da t a  f o r  1976 suggest t h a t ,  i n  dry years,  very l i t t l e  
snowpack a c t u a l l y  accumulates i n  the  lower Sweetwater area;  bu t ,  the  
discharge curve shows a strong influence of snowmelt due t o  the  contribu- 
t i o n  of snowmelt on the  upper Sweetwater. 
s t a n t i a l  snowpack does accumulate i n  t h e  mountains flanking the  lower 
Sweetwater River and t h e  melt p a t t e r n  c o r r e l a t e s  well with the  runoff 
curve. 
snowcover curves a r e  considered only a rough approximation of a representa- 
t i v e  snowmelt season. 
major parameters of t h e  snowmelt p a t t e r n -  

I t  does not develop a continuous snowpack i n  

Constructed from f i v e  da tes  of coverage, t he  1973 

Unfortunately, only th ree  of t he  

The remaining seven water years of t he  

Both 1972 and 1973 appear t o  be years of high p rec ip i t a t ion .  
Thus, t he  

No snowcourse da t a  is  ava i l ab le  f o r  t h i s  a rea ,  so t h i s  

In 1973, a wet year, a sub- 

Because the  da t a  are marginal f o r  t h i s  a r ea ,  average runoff and 

Yet, they provide a f a i r l y  good idea  of some of t he  

CRITICAL VALUES (estimated averages): 

Beginning of runoff from snowmelt: 
Peak of runoff augmented by snowmelt: 
Snowmelt complete (no measureable snow): 
Percent of  runoff provided by snowpack: 
Peak runoff volume: 1092 cfs/day 
Gauge s t a t i o n  used i n  estimating runoff:  

Late March 
May 30 

60% 
mid-June 

#066390 Sweetwater River 
near  Alcova 
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Lower Sweetwater River 
RUNOFF VS. TIME AND SNOWCOVER (%I, (average) 
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Sweetwater River 
RUNOFF VS. TIME AND SNOWCOVER (%), 1973 (wet) 
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