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ABSTRACT 

DUTY OF WATER UNDER THE BEAR RIVER COMPACT: FIELD VERIFICATION 
OF EMPIRICAL METHODS FOR ESTIMATING DEPLETION 

A three s ta te  cooperative study was conducted from 1982 through 1987 
by Utah State Un ive rs i t y  and the Un ive rs i t i es  o f  Idaho and Wyoming f o r  the 
Bear River Commission t o  help determine a  duty o f  water under terms o f  the 
Bear River Compact. The primary focus was f i e l d  research i n  the Upper and 
Middle Bear River Basin t o  determine consumptive use o f  h igh e levat ion 
i r r i g a t e d  meadows and t o  develop a  methodology t o  est imate h i s t o r i c a l  
deplet ions. Three s i t e s  were selected f o r  the f i e l d  study; H i l l  i a r d  F l a t  
south o f  Evanston, Wyoming (elev. 7550 ft), nor th  o f  Randolph, Utah (elev. 
6280 ft), and nor th  o f  Bear Lake near Montpelier, Idaho (elev. 5928 ft). 
Lysimeters were located i n  i r r i g a t e d  meadow a t  each o f  these s i t e s  and 
e lec t ron ic  weather s ta t ions  were placed nearby, The major po r t i on  o f  the 
f i e l d  work began i n  the spr ing o f  1983. Seasonal crop water use f o r  
i r r i g a t e d  meadow var ied from 15.8 t o  32.5 inches among the three s i t e s  f o r  
1984 through 1987 seasons. 

Crop water use from the lys imeters  was used t o  c a l i b r a t e  empir ical  
evapotranspirat ion (Et )  equations. A modi f ied Penman equation best  matched 
measured E t  values f o r  the three s i t e s  across years when used w i t h  crop 
coe f f i c i en t s  der ived f o r  those s i tes .  There was more v a r i a t i o n  across s i t e s  
o r  between years w i t h  other empir ical  methods, such as SCS Blaney-Criddle 
equation. S u f f i c i e n t  data from the e lec t ron ic  weather s ta t ions  f o r  using 
the Penman equation were ava i lab le  on ly  f o r  the 1982-1987 period. Thus, t o  
complete the h i s t o r i c a l  sub-basin dep le t ion ca lcu la t ions,  equations based 
on a i r  temperature data could be considered. The modi f ied Penman equation 
(Kimberly, Idaho, ca l  i bra t  i on) was used t o  determine monthly consumptive 
use values where s u f f i c i e n t  data were ava i lab le  i n  the var ious subbasins; 
t h i s  was then used t o  c a l i b r a t e  the simpler empir ical  methods t o  estimate 
Et  

Deplet ion was calculated as the water year Et  less  the sum o f  ca r ry  
over soi  1  moisture and e f f e c t i v e  summer p rec ip i t a t i on .  The SCS Bl aney- 
Cr idd le  equation, w i t h  ca l  i brated crop coe f f i c i en t s  and monthly temperature 
and p r e c i p i t a t i o n  data ava i lab le  from the NWS weather s ta t ions,  was used t o  
estimate E t  and h i s t o r i c a l  deplet ions f o r  each o f  the 10 subbasins for  
water years 1976-1987. 

H i l l ,  Robert W.; Brockway, Charles E.; Burman, Robert D.; Al len,  L. N ie l ;  
Robi son, C l  arence W. 

F ina l  r epo r t  submitted t o  the Bear River Commission. Utah Ag r i cu l t u ra l  
Experiment S ta t ion  Research Report No. 125, Utah State Un ive rs i t y ,  Logan, 
Utah, January 1989. 

KEYWORDS--crop water use / evapotranspirat ion / i r r i g a t e d  meadows / 
lysimeters / r i v e r  basin dep le t ion / hydrologic data / water resource 
p l  anni ng and management 

iii 



ACKNOWLEDGEMENTS 

The Bear River Commission provided primary funding for the field work 
and graduate student support for this project. Additional support came 
from the University of Idaho (Idaho Water Resources Research Institute), 
University of Wyoming and Utah State University (Utah Agricultural 
Experiment Station) for facilities, vehicles, weather stations and 
professional time. 

The outstanding generosity of the cooperators in providing space for 
the field instrumentation as well as access to their property is greatly 
appreciated. These cooperators, by state, are: Idaho: Robert Geddes, 
Banida; Don Rigby, Bancroft; Jim Wallentine, Montpelier; Don Gilbert, 
Grace; and Rouhn Panting, Malad; Utah: Norm Weston (J.F. Ranch), Kay 
Thornack, Fred Feller and Bill Cornia, Randolph; Louis Stuart and Greg 
Simonds (Deseret L & L), Woodruff; Wyoming: Mrs. L. Brown (1982) and Joe 
Barker, Hi1 1 iard Flats, S.E. of Evanston. 

We are indebted to Wally Jibson, Bear River Commission Engineer- 
Manager, for hi s continuing guidance and encouragement. Hi s extensive and 
unique knowledge of the Bear River Basin has been a valuable source of 
insight and understanding. Mike Turnipseed and Bob Fotheringham of the 
Utah Division of Water Rights Logan office, helped with the initial 
contacts and instrumentation set up in 1982 and 1983. Their identification 
of suitable sites and continuing interest and valuable suggestions are 
appreciated. 

Several Utah State University students were responsi bl e for a1 1 weekly 
site vi si tat ion, monitoring, maintenance and neutron probe operation. They 
were: Garry Grabow (82-83), Mark Mu1 kay (84), Kelvin Anderson (84-85), 
Richard Humphreys (85-86) and John Prueger (86-88). Their thorough and 
dependable field work resulted in high qua1 ity weather and soil moisture 
depletion measurements. The assistance of Mr. Lynn Hill, UW, John Buyok, 
UI, and Chuck Jackens, USU, in the installation of the lysimeters was 
appreciated. Speci a1 acknowledgment i s expressed to Brad Duncan for hi s 
computer skills and cheerful analysis and re-analysis of the 1983-1987 
lysimeter data and for programing the subbasin depletion procedure and to 
Cheryl Johnson for her patient typing and retyping of the manuscript. 



TABLE OF CONTENTS 
P a ~ e  
iii ABSTRACT 

ACKNOWLEDGEMENTS 

LIST OF TABLES 

LIST OF FIGURES 

INTRODUCTION 

PROCEDURES 

Lysimeter Techniques f o r  Measurement o f  Crop Water Use 
Automated Weather S t a t i o n  Instrumentat ion f o r  Weather 

Data C o l l e c t i o n  
F i e l d  Study S i t e  Descr ip t ions  
Weather Data Anal y s i  s 
Evapot ransp i ra t ion  Est imat ion 
C a l i b r a t i o n  o f  Empir ica l  E t  Equations 
Dep le t ion  Ca lcu la t i on  

RESULTS AND DISCUSSION 

Estimated Crop Water Use f o r  I r r i g a t e d  Meadows 
Weather Data C o l l e c t i o n  and Anal y s i  s 
C a l i b r a t i o n  o f  Empir ica l  E t  Equations 
Example Dep le t ion  Ca lcu la t i on  

SUMMARY AND CONCLUSIONS 

RECOMMENDATIONS 

GLOSSARY 

REFERENCES 

APPENDICES 

APPENDIX A A-1 :A-7 
Desc r ip t i on  o f  Mod i f ied  Penman Combination equation as used i n  
t h i s  study, and coef f i c ien ts  f o r  polynomi a1 equations desc r ib ing  
t h e  "mean" crop c o e f f i c i e n t s  (Kcm). 

APPENDIX B 
Summarized f i e l d  data  and ana lys is  f o r  non-weighing l ys ime te rs  
near Montpel i e r ,  Idaho; Randolph, Utah; and H i l l  i a r d  F l a t ,  
Wyoming, 1983-1987. 

vii 



Table of Contents (continued) 

APPENDIX C C-1:C-12 
Monthly average maximum and minimum air temperatures and monthly 
total precipitation for NWS Weather Stations. 

APPENDIX D D-1 :D -6  
Subbasin crops, agricultural land use and crop growth dates. 

APPENDIX E E-1: E-24 
Calculated seasonal consumptive use for subbasins of the 
Bear River Basin (water years 1976-1987) using Hargreaves, 
SCS Blaney-Criddle, SCS Blaney-Criddle Calibrated kt and 
FA0 Blaney-Criddle equations. 

APPENDIX F 
Depletion program list (BASIC) and input data. 

APPENDIX G 
Daily weather data (monthly and seasonal summaries) and cal cul ated 
Etr for various equations. 

Note: Appendices F and G are published in a separate volume 
(limited quantity). 

v i i i  



LIST OF TABLES 
Paqe 

Automated weather station instrumentation packages. 

Instrumentation specifications. 

Names and locations of automated weather station sites in the 
Bear River Basin of Idaho, Wyoming and Utah, 1982-88. 

Estimated vapor pressure at 8 a.m. 

Period of record for selected NWS weather stations in the Bear 
River Basi n. 

Summary of water related land use in the Bear River Basin. 

Subbasin crop weighting percentages for agricultural land use 
in the Bear River Basin. 

Seasonal water use of irrigated meadows at three sites in the 
Bear River Basin (1983-1987). 

Average daily weather parameters for the NWS stations (1982-87). 

Average monthly mean temperature and precipitation for NWS 
stations at Lifton, Idaho, Woodruff, Utah and Border and 
Evanston, Wyo., for 1982-1987, 1975-1987 and the "normal" 
period 1951-1980. 

Average daily weather parameters for the automated stations 
for the study period, 1982-87. 

Average monthly crop coefficients for various equations at 
three sites in the Bear River Basin (1983-1987). 

Consumptive use estimates at Woodruff (normal temperatures) 
with literature and field calibrated crop coefficients for 
the SCS Bl aney-Criddle equation. 

Average precipitation and alfalfa and subbasin crop weighted 
consumptive use, water years 1976-1987, in the Bear River Basin. 
Et determined with the SCS Bl aney-Criddle equation and cal i brated 
crop coefficients. 

Estimated depletion for various subareas of the Bear River Basin 
as based on calibrated crop coefficients used with the 
SCS Blaney-Criddle equation for water years 1976-1987. 

Estimated depletion for various subareas of the Bear River Basin 
as based on calibrated crop coefficients used with the Hargreaves 
Delta temperature equation for water years 1976-1987. 



List of Tables (continued) 

17. Estimated depletion for various subareas of the Bear River Basin 50 
as based on calibrated crop coefficients used with the SCS 
Bl aney-Criddle, cal i brated kt, equation for water years 1976-1987. 

18. Estimated depletion for various subareas of the Bear River Basin 51 
as based on calibrated crop coefficients used with the FA0 Blaney- 
Criddle equation for water years 1976-1987. 



L I S T  OF FIGURES 

Field data coll ection locations (map adapted from Hi1 1 et a1 . , 
1970). 

Installed lysimeter. 

Typical CR21 mi crol ogger weather station hardware configuration 
(after CSI CM10. 1N 2186). 

Map of Preston, Idaho, site. 

Map of Talmage, Idaho, site. 

Map of Montpelier, Idaho, site. 

Map of Randolph, Utah, site. 

Map of Hilliard, Wyoming, site. 

Weather parameters at Montpelier automated station (1983-1987). 

Weather parameters at Randol ph automated station (1982- 1987) . 
Weather parameters at Hilliard automated station (1982-1987). 

Equation estimated soil water (sol id 1 ine) versus neutron probe 
measurements in an alfalfa field near Randolph, Utah (a, 1983 
and b, 1987). Effective cover and cutting dates are vertical 
dashed lines. 

Estimated crop coefficients (3-week running averages) for meadow 
water use before cutting and representative crop curve (Kc). 
Montpelier, Randolph and Hilliard Flat (1986-1987). 

Estimated crop coefficients (3-week running averages) for meadow 
water use after cutting and representative crop curve (Kc). 
Montpel i er, Randol ph and Hi 11 i ard Fl at (1984- 1985). 

Long-term depletion using calibrated SCS Blaney-Criddle for 
Evanston subbasin (Evanston NWS data). 

Long-term depletion using cal i brated SCS Bl aney-Criddle for 
Thomas Fork subbasin (Border NWS data). 

tong- term depletion using cal i brated SCS Bl aney-Criddl e for 
Cache Valley subbasin (Logan-USU NWS data). 

Long-term depletion using calibrated SCS Blaney-Criddle for 
Brigham City subbasin (Corinne NWS data). 



INTRODUCTION 

The Bear  R i v e r  compact (Bear R i v e r  Commission, 1979), as amended, 
p r o v i d e s  f o r  t h e  e q u i t a b l e  appor t i onment  o f  w a t e r  among t h e  s t a t e s  o f  
Idaho,  U tah  and Wyoming. A r t i c l e  V, Paragraph C and A r t i c l e  V I ,  Paragraph 
B, s t a t e  t h a t  "Water d e p l e t i o n s  . . . s h a l l  be c a l c u l a t e d  and a d m i n i s t e r e d  by  . a  Cammfssion ..praredure;" ~ . [23 This . prodedu.r.e had. . b . . ~  ..... een 
i d e n t i f i e d  b y  t h e  commission p r i o r  t o  t h i s  s t u d y .  

The Bear  R i v e r  B a s i n  i s  l o c a t e d  i n  t h e  n o r t h e a s t  c o r n e r  o f  Utah, t h e  
s o u t h e a s t  c o r n e r  o f  Idaho  and t h e  sou thwes t  c o r n e r  o f  Wyoming. The Bear 
R i v e r  B a s i n  c o v e r s  7,465 square m i l e s  o f  mounta in  and v a l l e y  l a n d s .  I t  i s  
composed o f  f i v e  m a j o r  v a l l e y s  r a n g i n g  i n  e l e v a t i o n  f r o m  4,200 t o  7,800 
f e e t .  The c l i m a t e  i n  t h e s e  v a l l e y s  v a r i e s  c o n s i d e r a b l y  f r o m  a  g r o w i n g  
season o f  abou t  30 f r o s t - f r e e  days i n  t h e  h i g h e r  v a l l e y s  t o  o v e r  150 f r o s t -  
f r e e  days i n  t h e  l o w e s t  v a l l e y s .  W i t h i n  t h e  b a s i n  t h e r e  a r e  about  470,000 
ac res  o f  c r o p l a n d .  The c r o p s  i n c l u d e  i r r i g a t e d  meadows i n  t h e  h i g h e r  
v a l l e y s  and v e g e t a b l e s  i n  t h e  l o w e r  v a l l e y s .  

The i m p l e m e n t a t i o n  o f  t h e  Bear R i v e r  Compact r e q u i r e s  t h a t  w a t e r  
d e p l e t i o n  be e s t i m a t e d  f o r  i r r i g a t e d  moun ta in  meadows, c r o p l a n d ,  
range lands ,  w e t l a n d s  and open w a t e r .  E q u i t a b l e  d i s t r i b u t i o n  o f  w a t e r  i n  
t h e  r i v e r  b a s i n  depends upon a c c u r a t e  d e t e r m i n a t i o n  o f  consumpt ive  use f r o m  
t h e s e  a reas .  F i e l d  d a t a  were n o t  a v a i l a b l e  t o  v e r i f y  e m p i r i c a l  e q u a t i o n s  
used t o  e s t i m a t e  t h e s e  d e p l e t i o n s .  

The t h r e e  s t a t e s  c u r r e n t l y  use e q u a t i o n s  based on t e m p e r a t u r e  t o  
e s t i m a t e  consumpt ive  w a t e r  use on c r o p l a n d .  The B l a n e y - C r i d d l e  method as 
m o d i f i e d  b y  t h e  USDA-SCS (1970) i s  used i n  Utah and Wyoming; Idaho  i s  
c o n s i d e r i n g  t h e  use o f  t h e  FA0 v e r s i o n  (Doorenbos and P r u i t t ,  1977). Based 
on c o e f f i c i e n t s  r e p o r t e d  i n  t h e  l i t e r a t u r e ,  t h e  c a l c u l a t e d  consumpt ive  c r o p  
w a t e r  use b y  t h e s e  methods do n o t  agree.  

T h i s  p r o j e c t  was deve loped t o  measure w a t e r  use by  meadowland and 
a l f a l f a  i n  t h e  M i d d l e  and Upper Bear R i v e r  Basin,  t h a t  i n f o r m a t i o n  w i l l  be 
used t o  h e l p  t h e  Bear R i v e r  Commission i d e n t i f y  a  p rocedure  t o  c a l c u l a t e  
d e p l e t i o n s .  The 5 - y e a r  p r o j e c t  a l s o  sought  t o  m o n i t o r  y e a r  t o  y e a r  
v a r i a t i o n s  i n  c l i m a t e .  

The m a j o r  o b j e c t i v e s  o f  t h e  p r o j e c t  were t o :  

1. O b t a i n  f i e l d  d a t a  on c r o p  w a t e r  use i n  s e l e c t e d  
areas o f  t h e  Bear R i v e r  Bas in .  

2. Determine wh ich  e m p i r i c a l  method o r  methods can be a d j u s t e d  
t o  adequa te l y  r e p r e s e n t  measured consumpt ive  use. 

3 .  E s t i m a t e  h i s t o r i c a l  d e p l e t i o n s  w i t h  t h e  a p p r o p r i a t e  e m p i r i c a l  
method and a v a i l a b l e  h i s t o r i c a l  weather  d a t a .  

I n  a d d i t i o n ,  c l o s e  c o o r d i n a t i o n  w i t h  t h e  commission and s t a t e  agenc ies  
was t o  be e s t a b l i s h e d  and m a i n t a i n e d  w i t h  p r o g r e s s  r e p o r t s  p r e s e n t e d  a t  
commission and t e c h n i c a l  subcommit tee mee t ings .  



PROCEWRES 

The genera l  o b j e c t i v e s  were t o :  

1. I d e n t i f y  reg ions  w i t h i n  t h e  Bear R i v e r  Basin where f i e l d  da ta  i s  
impor tan t .  Se lec t  t h r e e  o r  f o u r  o f  t h e  most c r i t i c a l  areas (at. ... ..... ~. .~ . . . . ~ ~ .  .... ~ ~... .. ..~.~.. ~ ~ ~ ~ ...~ ~.~ ..... ~ ...... ~ . .~ .  ....... ~ . . .~~. .  
l e a s t  one such area i n  each s t a t e )  and e s t a b l i s h  weather s t a t i o n s .  
A lso i n s t a l l  neu t ron  probes and/or l y s i m e t e r s  where necessary, and 
c o l l e c t  da ta  f o r  3 o r  4 years t o  a s c e r t a i n  t h e  e f f e c t s  o f  seasonal 
v a r i a b i l i t y .  Suggested s i t e s  were: H i l l i a r d  F l a t s ,  Wyoming; 
Randolph-Woodruff, Utah; and Montpe l ie r  and/or Grace, Idaho. 

2. Use t h e  weather and f i e l d  da ta  t o  c a l i b r a t e  se lec ted  emp i r i ca l  
consumptive use (E t )  equat ions. Compare these c a l i b r a t e d  
equat ions among t h e  va r i ous  s i t e s  and w i t h  research da ta  from 
Cache Val l e y  and Kimberly,  Idaho, t o  i d e n t i f y  which adequately 
represent  f i e l d  dep le t i ons .  

3. Develop t h e  methodology t o  es t imate  h i s t o r i c a l  water  d e p l e t i o n  
us ing  acceptable emp i r i ca l  E t  equat ions and a v a i l a b l e  weather 
data.  H i s t o r i c a l  weather ( temperature and p r e c i p i t a t i o n )  da ta  
were a v a i l a b l e  f rom Nat iona l  Weather Se rv i ce  s t a t i o n s  a t  Evanston, 
Sage and Border, Wyoming; L i f t o n ,  Mon tpe l i e r  R.S., Soda Springs 
and Grace, Idaho; Woodruff and Laketown, Utah; and severa l  s i t e s  
i n  Cache V a l l e y  and elsewhere i n  t h e  lower  basin.  Weather da ta  
and ad jus ted  equat ions were c o r r e l a t e d  w i t h  weather da ta  from 
f i e l d  s i t e s .  H i s t o r i c a l  dep le t i ons  were then es t imated  f o r  t ime 
pe r i ods  approved by t h e  Commission. 

We f i r s t  i d e n t i f i e d  s i t e s  where f i e l d  v e r i f i c a t i o n  da ta  was u r g e n t l y  
needed and contac ted  and cooperated w i t h  farmers and s t a t e  agencies. A f t e r  
t h e  s i t e s  were es tab l i shed ,  f i e l d  da ta  c o l l e c t i o n  was scheduled. The 
app rop r i a te  emp i r i ca l  consumptive use equat ions were analyzed and r e s u l t s  
were compared t o  t h e  f i e l d  data.  The method o f  c a l c u l a t i n g  d e p l e t i o n  was 
developed and demonstrated. 

Automated remote weather s t a t i o n s  and l y s i m e t e r s  were es tab l i shed  a t  
va r i ous  s i t e s  i n  t h e  Bear R i ve r  Basin, which were moni tored once a week. 
F i e l d  s i t e s  were i n  i r r i g a t e d  mountain meadows i n  t h e  Upper Bear R iver  near 
Randolph, Utah, and a t  H i l l i a r d  F l a t ,  Wyoming, and i n  t h e  midd le  bas in  south 
o f  Montpe l ie r ,  Idaho. S i m i l a r  weather s t a t i o n s  were es tab l i shed  west o f  
Soda Springs, Idaho, a t  Talmage and nor thwest  o f  Preston, Idaho. The 
general  l o c a t i o n  o f  these s i t e s  i s  shown i n  F igure  1. S t a t i o n s  ( w i t h  
s a t e l l i t e  t r a n s m i t t e r s )  were a l s o  p laced a t  t h e  Bear R i ve r  near Border and 
a t  t h e  Smiths Fork US Geological  Survey gage s i t e s  i n  l a t e  1986. Dur ing 
1988 a d d i t i o n a l  weather da ta  were a l so  c o l l e c t e d  near Malad and Grace, 
Idaho, f o r  p a r t  o f  t he  summer. Neutron probe access tubes were a l s o  
i n s t a l l e d  i n  a l f a l f a ,  g r a i n  o r  pasture f i e l d s  near Preston, Talmage and 
Randolph s i t e s  where t h e  water t a b l e  was deep. 



1 EVANSTON 6 SODA SPRING 
2 RANDOLPH 7 ONEIDA 
3 COKEVILLE 8 CACHE VALLEY 
4 THOMAS KIRK 
5 BEAR LAKE 10 BRffiHAM CrrY 

TREMONTON 

LYSIMETERS AND AUTOMATED WEATHER STATIONS 

NWS WEATHER STATIONS 

A AUTOMATED WEATHER STATIONS 

Figure 1. Field da ta  c o l l e c t i o n  loca t ions  (map adapted from Hi l l  e t  a l . ,  
1970). 
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Lvsimeter Techniques for Measurement of C r o ~  Water Use 

A lysimeter is a tank filled with soil that contains the same 
vegetation as the adjacent area. A lysimeter isolates the soil mass and 
vegetation so water cannot enter or leave, thus making it possible to 
accurately. mQni tor . .  water. .. ..required. to ..sustain .... pl ant.. growth. to.. .determi.ne. 
evapotranspiration (Et) or consumptive use. Et is often determined with 
lysimeters that weigh changes in the soil moisture. The scope of this study 
and costs meant that we had to use non-weighing lysimeters. 

This type of non-weighing lysimeter was used on the Little Laramie 
River in Wyoming (Borrelli and Burman, 1983), on a large study of E in the 
Upper Green River in Wyoming (Pochop and Burman, 1987), and in a stu 8 y of Et 
from formerly irrigated lands in the South Park area of Colorado (Quinlan et 
a1 ., 1982). Other water table lysimeters are used in Utah and Colorado 
(Kruse and Haise, 1974) for field measurements of Et. 

Lysimeters were fabricated in late summer 1982 but wet field conditions 
delayed installation until late May 1983. Data collection began immediately 
after a lysimeter was installed even though vegetation had not been fully 
re-established. 

Lysimeters were installed in representative areas of irrigated meadows 
where the water table was quite shallow. Sod removed during excavation was 
replaced. The vegetation usually consisted of grasses and sedges and 
rushes. The vegetation in the lysimeters was managed the same as the 
adjacent meadows. The meadows in the Upper Bear River are generally grazed 
until the first part of June and then allowed to grow until about the second 
week in August, when hay is harvested. The additional growth after harvest 
is grazed in the fall. 

Construction 

The lysimeters were constructed from 3/32-inch steel plates, which were 
cut and bent. The joints were arc-welded and the lysimeters were then 
painted with a rust inhibitor. The interior welded joints were also sealed 
with a silicon calk. The lysimeters are 11.1 square feet and 4 feet high. 
Horizontal and vertical pipes were placed in the lysimeter to facilitate 
measurement of the water table and to add or remove water. A perforated 
plastic drainage pipe 4 inches in diameter was placed diagonally across the 
bottom. The vertical riser of PVC pipe (6 inch dia.) was located in one 
corner to minimize vegetative disturbance. An aluminum access tube 2 inches 
in diameter was placed vertically in the center of each lysimeter to 
determine soil moisture with a neutron soil moisture meter. Figure 2 is a 
drawing of a lysimeter. 

Installation Methods 

Installation procedures were patterned after those used by Grable, et. 
al. (1966). Their lysimeters were 40 inches square and 18 inches deep. 
They were installed so that sides extended above the soil by about 2 inches 
to prevent surface water from entering the lysimeter. The bottom of the 
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Figure 2. Installed lysimeter. 
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lysimeter was covered with about 2 inches of gravel. Ten inches of screened 
soil and about 4 inches of intact sod was then placed on the surface of the 
lysimeter. 

Our lysimeters were about 40 inches square and 48 inches in deep (to 
reach-lowe.r--..water tables.) The sod ... mat-was remaved w.i.th . shovel and ... the ........ . . . .. . . 

remaining material was removed and placed on sheets of plywood in the order 
of removal. A lysimeter was placed in the excavated hole and leveled. A 
lip of approximately 2 to 4 inches protruded above the ground to prevent 
surface water from entering the lysimeter. The plastic pipe drainage and 
water access system were placed in the lysimeter as shown in Figure 2. The 
drainage pipe was covered by sand and the remaining soil material and sod 
were replaced and compacted. 

Operation 

We used similar construction and operating procedures at each location 
and made sure that the vegetation in the lysimeter was representative of 
that in the surrounding field. 

Field Procedures.- All lysimeter sites were visited weekly during the 
growing season, usually mid-April and through October. 

1. Rainfall and any other appropriate climatic data were 
recorded. 

2. Water table depths inside the lysimeters and in the adjacent 
field were recorded. 

3. Water requirements (removal or addition) of the lysimeter 
vegetation were estimated. 

4. Neutron soil moisture readings were recorded. 

5. Enough water was added or removed to maintain the water table 
as desired until the next visit. 

6. Vegetative conditions in and around the lysimeter site were 
noted. The growth stage of the plants and whether or not 
vegetation in the lysimeter was representative of the 
surrounding field were noted. 

Method o f  Adding Hater.- Water was added to the lysimeter to simulate the 
irrigation methods in the adjacent field. In the Upper Bear River, surface 
flooding is the most prevalent method, so water was poured on the lysimeter 
surface. 

Estimating Amount of Water to Add.- The amount of water added was based on 
specific yield of soil, E t  and estimated rainfall for the next period. 
After several visits to a site, it was relatively easy to estimate how much 
water to add. Weekly visits provided ample opportunities for corrections. 



At  each v i s i t ,  water was added o r  removed t o  main ta in  t h e  water  l e v e l  
c l ose  t o  t h a t  ou ts ide  o f  t h e  l ys ime te rs  ( i n  1983-1985). Measuring t h e  s o i l  
water  content  w i t h  a neutron probe and reco rd ing  water added and removed 
increased t h e  amount o f  da ta  a v a i l a b l e  t o  determine crop water use. 

. . erflsurnptfve t } s e  - 1  ysimeter- - -~ege t -~ - t - i - on - . . .w~ .  c-all-c&aked u s i n g  a 

simp1 e water  balance equat ion: 

CU = ASW + I R R  + RAIN - DRNG 

where CU i s  consumptive use, ASW i s  change i n  s o i l  water, I R R  i s  i r r i g a t i o n ,  
RAIN i s  r a i n  and DRNG i s  drainage water removed. The change i n  s o i l  water,  
ASH, cou ld  be est imated from s p e c i f i c  y i e l d  and change i n  water  t a b l e ,  
change i n  neutron probe s o i l  water measurements, o r  a combinat ion o f  bo th  
methods. A combinat ion o f  bo th  methods was even tua l l y  used t o  account f o r  
Et when t h e  water t a b l e  was low (and p o s s i b l y  n o t  changing) w h i l e  water  i n  
s o i l  above t h e  water t a b l e  was depleted.  

S p e c i f i c  y i e l d  (see Glossary) est imates were made f o r  each l y s i m e t e r  
a t  t h e  end o f  t h e  1987 growing season. The l y s i m e t e r  was covered w i t h  
p l a s t i c ,  f i l l e d  w i t h  water,  and then p e r i o d i c a l l y  pumped out  and t h e  water 
t a b l e  p o s i t i o n  was measured t h r e e  t o  f o u r  days af terwards.  Th i s  process was 
c a r r i e d  o u t  f o r  several  cyc les  over a t h r e e  week pe r iod .  S o i l  b u l k  d e n s i t y  
samples were taken a f te rwards  t o  check t h e  neutron probe c a l i b r a t i o n s .  

Automated Weather S t a t i o n  Ins t rumenta t ion  f o r  Weather Data C o l l e c t i o n  

Most o f  t h e  automated weather s t a t i o n s  were equipped t o  mon i to r  a i r  
t e m p e r a t u r e ,  r e l a t i v e  humidi ty ,  s o l a r  r a d i a t i o n ,  wind speed and 
p r e c i p i t a t i o n .  S o i l  temperatures and wind d i r e c t i o n s  were moni tored a t  some 
l o c a t i o n s .  S p e c i f i c  ins t rumenta t ion  component packages f o r  each s t a t i o n  and 
yea r  a re  l i s t e d  i n  Table 1. The sensor package was compatible w i t h  t h e  CR21 
Micro logger  manufactured by Campbell S c i e n t i f i c ,  I n c .  The s p e c i f i c a t i o n s  
f o r  t h e  va r ious  sensors are shown i n  Table 2 .  The sensor package and data  
l ogg ing  equipment were mounted on t r i p o d  inst rument  p la t fo rms  fu rn i shed  by 
Campbell S c i e n t i f i c  (F igure  3 ) .  

The data  loggers  scanned t h e  var ious  i n p u t  sensors once a minute. 
These observat ions were used f o r  the  f o l l o w i n g  d a i l y  (midnight  t o  midn igh t )  
weather parameters: minimum and maximum temperature, minimum and maximum 
r e l a t i v e  humidi ty ,  t o t a l  p r e c i p i t a t i o n ,  t o t a l  s o l a r  r a d i a t i o n ,  t o t a l  wind 
movement and ( a t  some l o c a t i o n s )  s o i l  temperatures. The loggers  were a l so  
programmed t o  record  se lec ted  i n fo rma t ion  on a 1 t o  6 hour bas is ,  depending 
on t h e  s t a t i o n .  These data were used t o  c a l c u l a t e  morning dew-point 
temperatures and d a y - t o - n i g h t  wind r a t i o s .  



Table 1. Automated weather s t a t i o n  i ns t rumen ta t i on  packages. 

S i t e  Parameter 1982 1983 1984 1985 1986 1987 

101 Data Logging Eq. A A A A 
A i r  Temperature C C C C 

. ..  . . ..ReJ.a&+..ve ... Humi.& 
Wind Movement L F F F 
So la r  Rad ia t i on  K 
P r e c i p i t a t i o n  H H H 

102 Data Logging Eq. A A A A 
A i r  Temperature C C C C 
R e l a t i v e  Humidi ty  D/ E D/ E D/ E E 
Wind Movement I I I I 
So la r  Rad ia t i on  G G G G 
P r e c i p i t a t i o n  J J J J 

103 D a t a L o g g i n g E q .  A A A 
A i r  Temperature C C C 
R e l a t i v e  Humidi ty  
Wind Movement 

D/ E 
L 

D/ E 
F 

D/ E 
F 

Solar  Rad ia t i on  
P r e c i p i t a t i o n  

104 Data Logging Eq. A A A A A 
A i r  Temperature C C C C C 
R e l a t i v e  Humidi ty  E E E E E 
Wind Movement I I I I I 
Sola r  Rad ia t i on  G G G G G 
P r e c i p i t a t i o n  J J J J J 

201 Data Logging Eq. A A A A A A 
A i r  Temperature C C C C C C 
R e l a t i v e  Humidi ty  E E E E E E 
Wind Movement I I I I I I 
Solar  Rad ia t i on  K K K K K K 
P r e c i p i t a t i o n  H H H H H M 

301 Data Logging Eq. B A A A A A 
A i r  Temperature C C C C C C 
Re1 a t i v e  Humidi ty  E E E E E 
Wind Movement I I I I I 
Solar  Rad ia t ion  K K K K K K 
P r e c i ~ i  t a t i o n  H H H H H 

A Campbell S c i e n t i f i c  CR21 Data Logger H S i e r r a  Misco T ipp ing  
B Omnidata DP219 Datapod Raingage ( lmm/t ip) 
C Thermistor  temperature probe I Met 1 Pulse Anemometer 
D Va isa la  Humicap Humidi ty  Probe J Weather Measure T ipp ing  
E Campbell Scient i f ic/PhysChem Raingage (.Ol " / t i p )  

Humidi ty  Probe K L i -Co r  LI200S Pyranometer 
F Weather t ronics Pulse Anemometer L B e l f o r t  Pulse Anemometer 
G Epply 8-48 P rec i s i on  Pyranometer M B e l f o r t  Weighing Raingage 



Table 2. I ns t rumen ta t i on  s p e c i f i c a t i o n s  

A.  C S I a  CR21 M ic ro  Logger - Scan i n t e r v a l  1 minute, Analog accuracy 0.2%, 
I n t e g r a t i o n  - 200 ms 

C.  CSI - 101 Thermis to r  - Based on Fenwal E l e c t r o n i c s  UUT51J1 Thermistor ,  
tO.5"C - 

D. Va isa la  Humicap Humidi ty  Sensor - Thin f i l m  c a p a c i t i v e  0-100%; 22.5% 

E .  CSI-201/Phys Chem. Humidi ty  Sensor - Th in  f i l m  impedance 0-100%; +2.5% 

F. Weather t ronics - Mic ro  Response Contact Anemometer 3 cup .5-100 mph, 
t h r e s h o l d  .5 mph, Dis tance cons tan t  5 ft. 

6 .  Epply 8-48 P r e c i s i o n  Pyranometer 

H. S i e r r a  Misco T ipp ing  Bucket Raingage - Imm/tip, 8" d ia . ,  ca tch  23% 

I. Met One 014A Wind Speed Sensor - 3 cup, 1-100mph, 2.25% mph, Dis tance 
constant  15 ft. 

J. Weather Measure T ipp ing  Bucket Raingage - . O l " / t i p ,  8.214 i nch  d ia . ,  
ca t ch  +.5% @ 5"/hr.  

K. LI-COR LI200S Pyranometer - 0-1.43 langley/min, 25% 

L. B e l f o r t  Pulse Anemometer 

M. B e l f o r t  Weighing Raingage 

aCampbell S c i e n t i f i c  Incorporated,  Logan, Utah. 
b ~ m n i d a t a  I n t e r n a t i o n a l  Inc. ,  Logan, Utah. 



L1200S SILICON PYRANOMETER 
L12003S LEVELING FIXTURE 

015 PYRANOMETER 
MOUNTING ARM 

014A WlND SPEED 

019 CROSS ARM SENSOR 

MOUNT 

021 ENCLOSURE 
FOR 21X AND 
PERIFPHERAL 

CMlO TRIPOD TE525 TIPPING 
BUCKET RAINGAGE 

KIT 

F i gu re  3 .  Typical  CR21 m i c r o l o g g e r  w e a t h e r  s t a t i o n  h a r d w a r e  c o n f i g u r a t i o n  
( a f t e r  CSI CMlO. 1M 2186). 
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F i e l d  Studv S i t e  D e s c r i ~ t i o n s  

Seven non-weighing l ys ime te rs  were l oca ted  (F igu re  1) i n  t h e  Upper Bear 
R iver  Basin i n  t h e  s p r i n g  o f  1983; t h r e e  were l oca ted  southwest o f  
Montpe l ie r ,  Idaho, two were l oca ted  n o r t h  o f  Randolph, Utah, and two were . . locate9southof Evanston Wyoming .. a t  ..tl !.l.l.i .. ard Fl-at.. ... A l l  .. l y s i m e t e r ,  .weather 
s t a t i o n  and neutron meter access tubes were s i t u a t e d  on l and  owned by 
cooperators. 

E l e c t r o n i c  weather sensing and record ing  s t a t i o n s  were l oca ted  adjacent  
t o  t h e  l ys ime te rs  and a t  va r i ous  o the r  s i t e s  throughout  t h e  upper and midd le  
Bear R ive r  Basin d u r i n g  1982; some o f  these s i t e s  were changed i n  1983 and 
l a t e r .  S t a t i o n  names and l o c a t i o n s  are l i s t e d  i n  Table 3 and shown i n  
F igure  1. Data a t  t h e  Bear R iver  s t a t i o n s  were u s u a l l y  recorded from l a t e  
A p r i l  o r  e a r l y  May through mid October. The s i t e s  were v i s i t e d  a t  1-week 
i n t e r v a l s .  During each v i s i t ,  readings w i t h  a hand-held psychrometer were 
taken t o  v e r i f y  e l e c t r o n i c  measurements o f  a i r  temperature and r e l a t i v e  
humidi ty .  Water t a b l e  depth was measured i n  the  l y s i m e t e r s  and i r r i g a t i o n  
water was added as needed. S o i l  moisture was measured w i t h  neutron probes 
and r o u t i n e  maintenance was performed. F i e l d  da ta  were t r a n s f e r r e d  t o  
computer f i l e s  every o the r  week. A b r i e f  d e s c r i p t i o n  o f  each s i t e  f o l l ows .  

Preston Station: The Preston s t a t i o n  (101) was l o c a t e d  i n  a n o n - i r r i g a t e d  
a l f a l f a  hay f i e l d  100 yards east  o f  US Highway 91 (F igu re  4) approximately 9 
mi les  northwest o f  t h e  c i t y  o f  Preston, Idaho (F igu re  1). This  s i t e  was 
surrounded by a l f a l f a  f o r  over 450 f e e t  on a l l  s ides.  The s o i l  was a deep, 
l a c u s t r i n e ,  s i l t y  c l a y  loam w i t h  slopes o f  l e s s  than 1%. Neutron probe 
access tubes were augered t o  a depth o f  9 f e e t ,  where d r y  s o i l  was 
encountered. Dur ing t h e  1982 season, t h i s  s t a t i o n  recorded t h e  weather 
parameters l i s t e d  i n  Table 1. During 1983 through 1985, t h e  s t a t i o n  d i d  n o t  
record  s o l a r  r a d i a t i o n  o r  wind d i r e c t i o n .  The morning dewpoint was based on 
the  8 AM a i r  temperature and r e l a t i v e  humidi ty .  The day - to -n igh t  wind r a t i o  
was c a l c u l a t e d  us ing  day- t ime winds between 8 am and 8 pm. 

Talrnage Sta t ions . -  The Talmage s t a t i o n s ,  i r r i g a t e d  a l f a l f a  (102) and dry land 
w i n t e r  wheat (103), were l oca ted  8.5 mi les  n o r t h  o f  Grace, Idaho, and 
approximately 10 m i l e s  west o f  Soda Springs, Idaho (F igure  1). The 
i r r i g a t e d  a l f a l f a  s t a t i o n ,  102, was es tab l ished approximate ly  200 yards east  
o f  a nor th -south  county road i n  an s p r i n k l e  i r r i g a t e d  a l f a l f a  f i e l d  (F igure  
5) w i t h  over 600 f e e t  o f  i r r i g a t e d  a l f a l f a  on a l l  s ides.  Access tubes were 
augured t o  7 and 8 f e e t ,  where l ava  rock was encountered. This  s t a t i o n  
recorded t h e  f u l l  complement o f  weather parameters d u r i n g  1982 t o  1985. 

The d ry land  w i n t e r  wheat s t a t i o n ,  103, was s i t u a t e d  i n  t h r e e  d i f f e r e n t  
f i e l d s  w i t h i n  a m i l e  o f  t h e  i r r i g a t e d  a l f a l f a  s t a t i o n .  The s i t e  was 
surrounded by dry land wheat and small areas o f  l a v a  rock  and sagebrush f o r  
about 300-600 f e e t .  Both o f  t h e  Talmage s i t e s  have a s i l t  loam sur face s o i l  
and compact, h i g h l y  calcareous s i l t  loam subso i l  o v e r l y i n g  b a s a l t  bedrock. 
This  s o i l  i s  predominately aeo l ian  i n  o r i g i n .  Access tubes were augered t o  
a depth o f  6 and 9 f e e t ,  where l a v a  rock  was encountered. The dry land 
s t a t i o n  d i d  not  record  s o l a r  r a d i a t i o n ,  wind d i r e c t i o n  o r  p r e c i p i t a t i o n  from 
1982 t o  1984. 



Table 3. Names and l o c a t i o n s  o f  automated weather s i t e s  i n  t h e  Bear R i ve r  
Basin o f  Idaho, Wyoming and Utah, 1982-1988. 

S i t e  Name Crop Locat ion  La t .  E l  ev. 
Code 

101. Preston, I d .  (12km NW) Dry1 and T14S,R39E,S8 42O 13' 4800 
A l f a l f a  

102. Talmage, I d .  

103. Talmage, I d .  

I r r i g a t e d  T9S,R40E,S27 42O 42' 5600 
A l f a l f a  

Dry1 and T9S,R40E,S27 42O 42' 5600 
A l f a l f a  ( o r  v i c i n i t y )  

201. Randolph, Ut  I r r i g a t e d  T12N,R8E,S30 41° 45' 6280 
(J.R. Ranch) Meadow 

104. Montpe l ie r ,  I d .  (Wal len t ine)  I r r i g a t e d  T14S,R44E,S15 42O 43' 5928 
Meadow 

301. H i l l i a r d  F l a t  I r r i g a t e d  T13N,R119W,S28 41° 5' 7550 
(Brown, 1982) Meadow (S34, i n  1982) 
(Barker,  1983-88) 

108. Malad, I d .  (1988) I r r i g a t e d  T14S,R36E,S20 42O 11' 4500 
Pasture 

109. Grace, I d  (1988) I r r i g a t e d  TlOS,R40E,S28 42O 32' 5180 
A l f a l f a  

Note: The Randolph (J.F. Ranch) s t a t i o n  was moved 1/4 m i l e  t o  t h e  west and 
incorpora ted  i n t o  t h e  Utah A g r i c u l t u r e  Weather Network i n  1986 and has been 
equipped w i t h  a telephone modem f o r  r e a l  t ime  access. The da ta  se t  was 
conver ted t o  h o u r l y  t ime increments. 
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Figure 4 .  Map of Preston, Idaho,  s i t e .  
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F i g u r e  5. Map o f  Talmage, Idaho,  s i t e .  
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The morning dewpoint temperature for both stations were calculated 
using the 8 a.m. air temperature and relative humidity. The day-to-night 
wind ratios for both stations were calculated using daytime winds between 8 
a.m. and 8 pm. 

Montpe+ier-Station: From-1983-.threugh- - -  1.986 ,...the ... Mon.tpel.ier ,...... 1dak0..,., .stati..on 
(104) was established in the stack yard of the Wallentine ranch 
approximately 150 yards north of the east-west road connecting Paris with 
Dingle, Idaho (Figure 6). During 1987, the station was moved approximately 
200 feet southeast to an irrigated meadow hay/pasture field. Three 
lysimeters were installed on the June 9 and 10, 1983. Each lysimeter was 
located in a different native vegetation mix. The soil type was a dark 
loamy clay to a depth of about 20 inches overlying a clay subsoil. In 1986, 
two additional lysimeters were installed in the adjacent meadow. 

This station recorded the full complement of weather parameters. The 
morning dewpoint temperature and day-to-night wind ratio for this station 
were calculated as for the Preston and Talmage stations. 

Randolph Stations.- The Randolph station (201) (Figure I), was located in 
the Bear River Valley about 8 miles northeast of Randolph, Utah, some 600 
feet north of an east-west ranch road in an irrigated meadow hay field 
(Figure 7). Two lysimeters were installed on May 26 and 27. The soil was 
silty-clay loam 15-16 inches deep under1 ain by medium sand. Irrigated 
meadow extended 1 to 2 miles on all sides. The access tubes were installed 
in alfalfa in a deep loamy sand soil approximately 3/4 mile to the west. 
The station recorded the full complement of weather parameters from 1982 
through 1987. However, the data was recorded in 6 and 24 hour summaries 
from 1983 to 1986 and in hourly and 24 hour summaries in 1987. The morning 
dewpoint temperature was calculated from the 8 a.m. summaries for 1987 and 
was estimated from the average air temperature and average relative humidity 
for 1983 to 1986. The day-to-night wind ratios were based on daytime winds 
between 6 a.m. and 6 p.m. from 1983 to 1987. The 1982 morning dewpoint 
temperature was assumed to be the minimum air temperature and the 
day-to-night wind ratio could not be determined. The anemometer was 6.5 
feet (2 meters) above the vegetation surface from 1982 through 1985 and 9.8 
feet (3 meters) above the vegetation surface from 1986 to 1987. 

The Randolph sagebrush site was located 4 miles north of Randolph just 
west of Highway 16 on the Thornock Ranch. Sagebrush surrounded the station 
for a least 1/4 mile in all directions. Two access tubes were installed to 
a depth of 8 feet just west of the station on land owned by the Bureau of 
Land Management. Soil was a clay loam with a gravel layer at 8 feet. 

Hilliard Station.- The Hilliard Flat (Barker) meadow site was located about 
15 miles southeast of Evanston. The weather station (301) was 1/8 mile east 
of Highway 150 and two lysimeters were 1/8 mile west of the highway (Figure 
8). All installations were in irrigated meadow. Two lysimeters were 
installed on June 7 and 8, 1983. Soil type was a clay loam to about 1 foot 
overlying a kaolinitic clay subsoil with large cobbles. The Hilliard Flat 
(Brown, 1982 only) irrigated meadow site was located approximately 16 1/2 
miles southeast of Evanston, 1/2 mile east of Highway 150. During 1982, 
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only air temperature and solar radiation were recorded with an Eprom storage 
unit. From 1983 through 1987, all weather parameters were recorded (Table 
1). Data summaries were recorded on 24 hour basis for 1982 through 1987 and 
6 hour summaries were recorded from 1983 through 1987. Morning dewpoint 

calculated from daytime winds between 6 am and 6 pm. The wind anemometer 
was 6.5 feet (2 meters) above the vegetation surface from 1983 through 1985 
and 9.8 feet (3 meters) above the vegetation surface from 1986 to 1987. 

Weather Data Analysis 

Recording equipment failed several times during the study due to 
electronic problems or human error. During these times, the weather data 
for the station were estimated by regression based on readings from other 
automated stations and nearby National Weather Service observation stations. 
Missing data were estimated except precipitation and day-to-night wind 
ratio. 

The data from the stations were converted to appropriate units, and the 
morning dewpoint temperature and day-to-night wind ratio were calculated. 
When morning observations were not available, the dewpoint temperature was 
based on the average of minimum and maximum air temperatures and relative 
humidities [ I ] .  Analysis of the resulting vapor pressures calculated from 8 
a.m. dewpoints and other combinations of air temperatures and re1 ative 
humidities indicated that the vapor pressure based on the "mean" temperature 
and relative humidity (RH) was the closest approximation to the vapor 
pressure based on the 8 a.m. reading. Table 4 shows the sum of squared 
vapor pressure residuals for the different methods. The method with lowest 
value is the most accurate. 

Table 4. Estimated vapor pressure at 8 a.m. 

Method 

Dewpoint assumed to be 
Minimum air temperature 

Minimum temperature & maximum RH 
Maximum temoerature & minimum RH 

101 102 103 104 201 
-------.-------------------- 

Mean of Residuals Squared 

Mean temperature & mean RH 2.57 2.51 4.28 2.51 1.87 

The resulting data sets for each station consisted of daily minimum and 
maximum air temperature, morning dewpoint temperature, minimum and maximum 
relative humidity, daily wind movement, daily solar radiation and daily 
precipitation. 



NOAA - Nat ional  Weather Service Stat ions 

Data from the automated weather s ta t ions were compared t o  weather 
observations from the NWS stat ions,  which are operated by ind iv idua ls  and 
f i rms i n  cooperation w i th  NWS. The s ta t ions selected were Grace, Preston, 
L i f t o n  Pumoina S t a t i a n - h x i r u f f -  Borde.r..and 6) Tbsea.cn 
temperature and p rec ip i t a t i on  s ta t ions,  w i th  the exception o f  the L i f t o n  
Pumping s ta t ion,  which has pan evaporation and some wind information. 

I Table 5. Period o f  record f o r  selected NWS weather s ta t ions i n  the Bear 
River Basin. 

f 

I Stat ion Prec ip i ta t ion  Temperature 

Grace, Idaho 10-3732 1-1907 t o  12-1987 
L i f t o n  P.S., Idaho 10-5275 10-1919 t o  12-1987 

1- Malad, Idaho 10-5559 1-1944 t o  12-1987 
I - 
L Preston KACH, Idaho 10-7346 9-1964 t o  12-1987 * 
I 

Brigham, Utah 42-0928 7-1894 t o  12-1987 4-1913 t o  12-1987 
Corinne, Utah 42-1731 1-1870 t o  12-1987 1-1897 t o  12-1987 

I 
Laketown, Utah 42-4856 1-1910 t o  12-1987 * 

b Logan 5SW, Utah 42-5194 5-1969 t o  12-1987 * 
I 
I Logan USU, Utah 42-5186 9-1890 t o  12-1987 1-1891 t o  12-1987 

Richmond, Utah 42-7271 8-1949 t o  12-1987 9-1911 t o  12-1987 
Tremonton, Utah 42-8817 4-1913 t o  12-1987 * 
Woodruff, Utah 42-9595 1-1897 t o  12-1987 * 
Border, Wyo. 48-0915 1-1902 t o  12-1987 * 
Evanston, Wyo. 48-3100 4-1898 t o  12-1987 * 
* Indicates the same per iod o f  record as p rec ip i ta t ion .  

E v a ~ o t r a n s ~ i r a t i o n  Estimation 

I Consumptive use, evapotranspirat ion (Et), o r  crop water use (see - 
Glossary f o r  d e f i n i t i o n  o f  technical  terms) can be estimated by many 
d i f f e r e n t  techniques depending on study object ives and f inanc i  a1 and data 
resources. These techniques range from equations t h a t  use only monthly 
average temperatures t o  thoroughly instrumented f i e l d  research s i t e s  w i t h  
weighing lysimeters. Addit ional data on crop water use are ava i lab le  from 
i r r i g a t i o n  scheduling, experimental p l o t s  and f i e l d  research studies such as 
t h i s .  Differences i n  E as calculated by various equations are a concern, 
as are estimates o f  f i e  5 d crop Et from i r r i g a t i o n  scheduling and research 
p l o t s  t h a t  d i f f e r  from calculated values. H i l l  e t  a l .  (1983) compared E 
values calculated by 16 di f ferent  equations, o r  var iat ions,  f o r  selecte b 
s i t e s  throughout the 17 western s ta tes w i t h  f i e l d  research consumptive use. 
They found considerable var ia t ion  between calculated and f i e l d  estimates o f  
E t  . 



The general form of consumptive use equations is: 

where 
Et = Kc Etr 

Et.,is ... .. the .. . estimated crop,_evapotranspiration; . ... .~ .. .... . 

Kc is an empirically determined crop coefficient relating crop Et to 
reference crop Et; and 

Etr is calculated Et for a reference crop such as alfalfa at 16 inches 
of top growth adequately irrigated so that transpiration is not 
limited by available soil moisture. Another common reference is that 
of clipped grass, water not limiting. 

The value of a crop coefficient (Kc) at a particular growth stage depends on 
plant transpiration as well as evaporation from the soil surface. Care must 
be exercised in applying Kc values for one research site to other sites with 
different conditions. 

Empirical Et equations were developed to simulate crop water use using 
readily avail able climatological measurements instead of having to direct1 y 
measure Et. This did not completely model the actual physical behavior of 
the complex plant-environment interaction but proper local cal ibration and 
the selection of appropriate crop coefficients (Kc) mean that empirical 
equations can provide reasonable estimates of Et accurate enough for 
engineering purposes. 

The physically based energy budget Penman combination E equation is 
one of the more widely used methods to calculate re F erence crop 
evapotranspiration (Etr) where sufficient weather data is available. In the 
Penman equation, daily Etr estimates depend on air temperature, solar 
radiation, relative humidity and wind speed. A modified Penman equation, as 
calibrated at Kimberly, Idaho (Wright and Jensen (1972) and Jensen (1974)), 
was used as a standard in this study. Appendix A contains a detailed 
description of the Kimberly (1972) version of the modified Penman equation. 

Water use by crops other than the irrigated meadow (as estimated from 
lysimeter data) was obtained with "mean" crop coefficients K c  from 
Kimberly, Idaho (Wright, 1981), and the Penman equation. The USU CRPSM 
computer model (Hill, Hanks and Wright, 1984) calculated crop Et (eq. 1) 
from Penman Etr using the available data in each of the various subareas of 
the Bear River. 

The Kc crop curves are represented in the CRPSM model by polynomial 
equations OF the form: 



where Kc, is the estimated daily value of the mean crop coefficient, Et/Etr, 
and is generally constrained by maximum and minimum limits; ao, a], a2, 
a3, and bo, bl, b2, b3 are polynomial coefficients determined by regression 
analysis; r is the fraction of time from planting to effective cover, (i.e., 
days from planting to the present divided by days from planting to effective 
cover, percent/100) ~ for ~ estimating K cm before effe.ct.i.~e..c.o.~e.r.; and..d~ .... is. 
'8ay.s~''.Tfter cover for estimating KC, after effective cover. Coefficients for 
the Kc, polynomials are in Appendix A, Table Al. 

Empirical Equations 

Four empirical equations were selected (for the historical depletion 
calculation) which use only monthly temperature as available at NWS 
stations. Their definitions are (numbers in [ ]  refer to references): 

SCS Modified Bl aney-Criddle [I81 

u - kc kt (tp/100) 
where 

u is monthly consumptive use, inches; 

t is mean monthly temperature, OF; 

p is percentage of daylight hours of the year occurring during a 
particular month; 

kc is monthly growth stage coefficient; and 

kt is a climatic coefficient calculated by: 
kt = 0.0173t - 0.314, subject to kt 2 0.30. 

SCS Blaney-Criddle, calibrated kt 

u = kc (at + b) (tp/100) (4a) 

This equation is the same as eq.(4) except that k at + b where a 
and b are calibrated for a given region. For the Bear kiv=er Basin a and b 
were 0.0097 and 0.3534, respectively. 

FA0 Modified Bl aney-Criddle [4] 

where 

ETo is reference Et, clipped grass, mm/day (1 inch = 25.4 mm). 

p is mean daily percentage of daylight hours of the year 141; 

T is mean daily temperature, "C ("C = 5["F -32]/9); and 



ab and bbc are  adjustment f a c t o r s ,  determined as descr ibed i n  
re fe rence 4, p. 110. The value o f  a depends upon minimum r e l a t i v e  
humid i ty  and sunshine. The bbc va Vc ues range from 0.38 t o  2.63 
depending on minimum r e l a t i v e  humid i ty ,  sunshine, and daytime 
windspeeds. A reg ress ion  equat ion f o r  bbc i s  g iven i n  Appendix C o f  [8]. 

The authors suggest ETo values be increased by 10 percent  f o r  each 1000 
meters a l t i t u d e  above sea l e v e l  i n  a r i d  o r  semiar id  areas. Crop co-  
e f f i c i e n t s  g i ven  i n  [4]  should be used o n l y  w i t h  FA0 equations. 

Hargreaves d e l t a  temperature [6, 171 

where 

Etrg i s  re fe rence  E t ,  we l l -watered grass, l ang leys  per  day; 
(mu1 t i p l y  by 0.000673 t o  conver t  t o  inches) 

T i s  mean temperature, OF; and 

Rs i s  i n c i d e n t  g loba l  s o l a r  r a d i a t i o n ,  l ang leys  per  day. 

Since Rs was n o t  measured a t  t h e  NWS s ta t i ons ,  i t  was est imated by: 

Rs  = c1  (Tmax - Tmin) 0 . 5  RA 

where Tmax and Tmin are  maximum and minimum a i r  temperatures, respec t i ve l y ,  
OF; RA i s  t h e  t h e o r e t i c a l  d a i l y  s o l a r  r a d i a t i o n  a t  t h e  t o p  o f  t h e  atmosphere 
( e x t r a t e r r e s t r i a l ) ,  Langleys; and c l  i s  a c a l i b r a t i o n  and u n i t s  constant .  
We used a va lue  o f  0.127 f o r  c l .  

C a l i b r a t i o n  o f  Emo i r i ca l  E t  Esuat ions 

Two procedures were used t o  c a l i b r a t e  t h e  emp i r i ca l  E t  equat ions t o  t h e  
water  use measured by l ys ime te rs .  The f i r s t  was c a l i b r a t e d  by c a l c u l a t i n g  
t h e  monthly E t  w i t h  a selected empi r ica l  equat ion us ing  NWS weather data.  A 
crop c o e f f i c i e n t  va lue  o f  one was assumed f o r  equat ions 4 and 4a. The E t  
c a l c u l a t e d  from t h e  equat ion was then d i v i d e d  i n t o  t h e  measured water use 
va lue  f o r  t h e  same t ime  pe r iod  t o  determine an est imated crop c o e f f i c i e n t .  
Thus, 

Kc est imated = Et measured / Et ca l cu la ted .  

P r i o r  t o  da ta  ana lys is ,  i t  was a n t i c i p a t e d  t h a t  t h e  est imated Kc 
values f o r  a g i ven  E t  method (eq. 4, 4a, 5 o r  6) would e x h i b i t  some 
consis tency among years a t  t h e  same s i t e  and, perhaps, among s i t e s  as w e l l .  
However, t h e  r e s u l t s  o f  p r e l i m i n a r y  ana lys i s  i n d i c a t e d  t h a t  t h i s  was n o t  so. 
Thus, an a l t e r n a t e  procedure was adopted. 

The Penman method was used i n  t h e  second procedure t o  c a l c u l a t e  t h e  
E t .  The i r r i g a t e d  meadow est imated Kc values were then determined f o r  each 



week, as described, for the three sites and all years. Crop coefficient 
curves to be used with the Penman equation, similar to those for other crops 
(Hill, et al. 1983 and Wright 1981 and 1982), were developed for irrigated 
meadow using regression analysis techniques and judgement. The Penman 
equation, with these derived meadow Kc values and the Kc, curves (Appendix 
-A-),---was--the-stan&ar&---f or&evelop+ng---crop coef.f+.ciants -.. f or-.eqtta~.i.ons 4-6 ....for 
the several crops in each subbasin. 

De~l  etion Calculation 

Depletion was calculated as the water year Et less the sum of carry- 
over soil moisture (SMco) and effective precipitation. In equation form: 

Dpl = Et - SMco - Pef (7) 

where 

Dpl is estimated depletion for a given site or subbasin; 

Et is calculated cropwater use from one of the calibrated empirical Et 
equations; 

SMco is moisture which is "carried over" from the previous non-growing 
season (Oct 1 - April 30) as stored soil water in the root zone 
available for cropwater use subsequent to May 1; and 

Pef is an estimate of that portion of precipitation measured at an NWS 
station during May - September which could be used by crops in the 
corresponding subbasin. 

Estimated depletion, which accounts for the effect of winter and summer 
precipitation and evapotranspiration, thus represents a net irrigation 
requirement at 100% irrigation efficiency. 

Crop water use, Et, was a weighted average for the several crops in a 
given subbasin. Et for each crop was multiplied by that crop's fraction of 
total irrigated crop area. These "weighted" Et values for all crops were 
then added to determine the weighted average subbasin E . Crop acreages 
given in the Bear River Hydrologic Inventory [19] were use 8 to determine the 
crop weighting fractions. Water-related land use by subbasin from that 
report is shown in Table 6. The corresponding irrigated crop area 
percentages for each crop are given in Table 7. Crop growth dates used for 
each subbasin are given in Appendix D. 

The carry-over soil moisture (SMco) was estimated by assuming that 67% 
of adjusted precipitation from October through April could be stored in the 
root zone. If this exceeded 75% of the available soil water-holding 
capacity of the average root zone in the subbasin, the excess was considered 
as lost to drainage or runoff and not available for crop use. Adjusted 
precipitation was equal to total precipitation minus 1.25 times any 
calculated Et occurring during October-April. This adjustment (1.25 Et) for 
crop water use during the "non-growing" season was consistent with how 



Table 6. S m r y  of water-related land use i n  the Bear River Basin (acres)*. 

s m r t  BY States 

Classi- Evanstw, Radolph Cokeville Thomas Bear Soda Oneida Cache Malad Trmntw, Brigham I 

f i ca t ion  Fork Lake Val ley c i t y  Crops Total 
01 02 03 04 05 06 07 08 09 lO(bgc) 10(a) Utah 1bho Vym. Basin 

i 

A l fa l fa  A1 670 1,916 577 425 8,959 2,677 11,873 52,429 8,066 17,282 2,808 58,657 47,687 1,278 107,622 
Pasture A2 11,718 5,518 9,076 7,435 12,347 3,703 6,221 27,563 13,114 13,301 2,516 40,911 49,259 22.342 112,512 
Other hay A3 19,037 40,025 18,982 13,064 20,121 6,098 4,087 6,058 753 1,187 164 52,552 $9,183 37,183 129,576 
Small grains A4 502 1,213 510 319 10,098 3,022 7,927 50,020 5,064 17,645 1,878 55,449 41,792 957 98,198 
Corn A5 42 35 9.469 182 6,393 1,331 14,023 13,430 17,453 

Sugar Beets A6 1,471 4,827 137 8,547 1.7% 13,555 /3,223 16,778 
Potatoes ~7 1,363 289 91 115 3 303 11.558 1.861 
Orchard A8 392 283 1,042 1,523 / 104 1,627 
Peas A9 (This crop was incllxted with small truck i n  malet.) 1 
Tamtoes A10 3 447 180 630 i 630 
Small Truck A l l  46 466 683 118 48 687 1 674 1,361 
I d l e  A12 ( I d l e  acreage was deleted from the modeled area.) 

Beam A13 275 2i3 17 513 1 52 565 
1 

Total 
N 

31,927 48,6?2 29,145 21.2U 51,613 15.500 33,44k152,00827,367 65,591 11,73238,8031&,962(Y.418488,183 
m I 

i 
Open Water B 2,434 2,073 803 I 

924 8,030~ 1,890 1,005 7,775 163 5,490 4,350~ 24,298 (9,995 2,751 37,044 
Marshes, tules 

ca t t a i l s  C 1  90 884 0 1 21,283 848 597 7,515 1,172 978 3,678 10.863 15.982 109 37,057 
Grasses, u i  l lovs 1 
c o t t o ~ ~ d ~  C2 70 2,145 68 720 7,307 0 0 15,863 1,758 3.678 10,863 24,679 17,795 99 42,573 
Grasses, & d. 
density trees C3 4,572 765 1,344 1W 3,100 2 . m  1,233 15 .m  2 . W  !,855 11,558 28,899 18,477 5,837 53,213 
Lou water table, 

l i gh t  density C4 285 608 15 0 2.6% 0 0 5,776 0 4,264 6,271 15,479 14.337 39 19,855 
I 
i 

TOTAL (W) 7,451 6,475 2 . m  2.134 42,356 5,624 2 . W  5 2 . m  6.023 23,265 36.m 1W.321 j6.562 8,835 169.742 

* From Table 18, page 112. Hydrologic Inventory o f  the Bear River Study Unit, Utah D i v i s i m  o f  Water Resources, Utah Water ~esedrch Laboratory, Logan, 

Utah, February 1973. 
i 
1 a Area of Bear Lake and B i rd  Refuge are not included in  these quantities. 



Table 7. Subbasin crop weighting percentages f o r  ag r i cu l t u ra l  land use i n  
the  Bear River Basin. 

- - -  - 

A l -  Other Pas- Sprng Wntr Sprng Sugara Corn Orch- Pota- 
Subbasin f a l f a  hay tu re  wheat wheat bar ley beets ard toes 

-.-. - - 
1. Evanston 2 60 37 1 

2. Randolph 4 82 11 3 
i; - 3. Cokevi l le  2 65 31 2 

4. Thomas Fork 2 62 35 1 

5. Bear Lake 17 39 24 2 

6. Soda Sprng 17 39 24 

7. Oneida 37 12 19 

8. Cache Vly 35 4 18 6 15 12 3 

9. Malad 29 3 48  5 9 5 1 1 

10. Tremonton 28 20 6 14 7 13 10 2 

11. Brghm C i t y  25 21 5 5 6 15 12 9 2 

aThe area shown i n  sugar beets, whi le h i s t o r i c a l l y  correct ,  does not 
r e f l e c t  the current s i tuat ion.  The cropland previously i n  beets i s  
probably now i n  corn o r  small grains. 



e f f e c t i v e  p r e c i p i t a t i o n  was est imated i n  t h e  growing season. The growing 
season was assumed t o  be May 1 through September 30. Thus, some E t  occurs 
i n  t h e  non-growing season, p a r t i c u l a r l y  i n  t h e  lower subbasins. 

Growing season p r e c i p i t a t i o n  was considered t o  be 80% e f f e c t i v e  i n  
c.ontri.butLn.~.t.o~~cCroQpPwatte.r us.e eee.ee. eThe_...eefLeect.Lv.eness L a c t a r  . nf.80Y~a.l.I-aws f a r  
p r e c i p i t a t i o n  depths throughout a subbasin t h a t  might  d i f f e r  from NWS r a i n  
gage amounts. I t  a l so  inc ludes  a r e d u c t i o n  f o r  mismatches i n  t i m i n g  between 
r a i n f a l l  events and i r r i g a t i o n  schedul ing. 

The va lue  o f  67%, w h i l e  somewhat a r b i t r a r y ,  was based upon neutron 
probe s o i l  mo is tu re  readings i n  a l f a l f a  a t  t h e  J.F. Ranch near Randolph and 
a t  E tchever ry 's  ranch near Border. Years were se lec ted  i n  which t h e  s o i l  
water content  was r e l a t i v e l y  low i n  t h e  f a l l ,  ie. ,  l a t e  f a l l  i r r i g a t i o n  was 
apparent ly  n o t  appl ied.  The over w i n t e r  s o i l  mo is tu re  ga in  i n  two access 
tubes a t  each s i t e  was averaged f o r  1982-83, 1983-84, 1986-87 a t  t h e  J.F. 
Ranch and f o r  1985-86 a t  Etcheverry 's.  The corresponding s to red  s o i l  water 
ga in  was 71%, 46%, 70% and 66%, r e s p e c t i v e l y ,  f o r  an average o f  63% 
comparing October -Apr i l  p r e c i p i t a t i o n  a t  Woodruff w i t h  s o i l  mo is tu re  g a i n  a t  
t h e  J.F. Ranch and Border p r e c i p i t a t i o n  w i t h  t h a t  a t  Etcheverry 's .  However, 
d e l e t i n g  t h e  lowest  s i n g l e  moisture ga in  (29%) increased t h e  average t o  68%. 

Weather da ta  needed t o  c a l c u l a t e  t h e  h i s t o r i c a l  d e p l e t i o n  was obta ined 
f o r  NWS s i t e s  (see Table 5) throughout t h e  Bear R ive r  Basin. Monthly 
average maximum and minimum temperatures and t o t a l  monthly p r e c i p i t a t i o n  
were obta ined f o r  Evanston and Border, Wyoming; t h e  L i f t o n  pumping s t a t i o n ,  
Grace, Malad and Preston, Idaho; and Woodruff, Laketown, Richmond, Logan 
5SW, Tremonton and Brigham C i t y ,  Utah. Miss ing  values were est imated us ing  
mu1 t i p l e  1 i n e a r  regress ion  techniques. The completed weather da ta  se ts  by 
s t a t i o n  f o r  water years 1976 through 1987 are  g iven i n  Appendix C .  



RESULTS AND DISCUSSIDN 

Est imated C r o ~  Water Use f o r  I r r i s a t e d  Meadows 

Seasonal i r r i g a t e d  meadow water use va r ied  from 15.8 t o  32.5 inches f o r  
1984- through 191\1under- the estatabl-ished growth cen&itions-&Table-%)-.- -These 
E t  es t imates  were based on balance equat ions. Weekly s o i l  water  changes 
were est imated from neutron probe and water  t a b l e  observat ions w i t h  s p e c i f i c  
y i e l d  est imates.  S p e c i f i c  y i e l d s  and weekly f i e l d  observat ions f o r  each 
i n d i v i d u a l  l y s i m e t e r  a re  summarized i n  Appendix B. Water use f o r  1986 and 
1987 was h i g h e r  than o the r  years, p o s s i b l y  because t h e  growing season was 
longer  than usual and i r r i g a t i o n  cont inued on through September. 

The i r r i g a t i o n  season i n  t h e  Upper Bear R ive r  i s  g e n e r a l l y  over  by 
mid-July .  The lys imeters ,  p a r t i c u l a r l y  i n  1986 and 1987, were i r r i g a t e d  
through l a t e  August and September t o  keep t h e  vege ta t i on  hea l thy  and t o  
enhance r o o t  development. The est imated E t  was ad jus ted  t o  o b t a i n  values as 
i f  t h e  l y s i m e t e r s  had been a l lowed t o  d r y  ou t  a f t e r  mid-Ju ly .  Th is  
adjustment reduced seasonal E t  up t o  5 inches and was l a r g e s t  i n  1986 and 
1987 (Table 8 ) .  The l e n g t h  o f  t h e  growing season v a r i e d  cons iderab ly  
because o f  t h e  d i f f e r e n t  dates a t  which measurements were taken i n  t h e  
spr ing .  

Weather Data C o l l e c t i o n  and Anal v s i s  

NUS S t a t i o n  Weather 

NWS s t a t i o n  average d a i l y  weather da ta  f o r  1982-1987 are  summarized i n  
Table 9. J u l y  i s  t h e  warmest month (h ighe r  average maximum temperatures) a t  
s t a t i o n s  a t  t h e  lower e leva t i ons  ( L i f t o n ,  Grace and Preston-Kach) whereas 
August i s  t h e  warmest a t  Woodruff, Border and we t tes t  and d r i e s t  months were 
September and June, respec t i ve l y ,  a t  t h e  s i x  s t a t i o n s .  Minimum a i r  
temperatures f o r  a l l  months were h ighe r  a t  L i f t o n  than a t  t h e  o t h e r  s t a t i o n s  
(except f o r  August and September a t  Preston-Kach) whereas Woodruff had t h e  
lowest  average minimum. L i f t o n ' s  maximum temperatures were t h e  lowest  o f  
any s i t e .  Maximum temperatures a t  Border, Woodruff and Evanston were 
s i m i l a r .  May-September p r e c i p i t a t i o n  was h ighes t  a t  Grace and lowest  a t  
H i l l i a r d .  

Month ly  average maximum and minimum a i r  temperature and t o t a l  
p r e c i p i t a t i o n  (1975-1987) f o r  these and a l l  o the r  NWS s t a t i o n s  used i n  t h e  
d e p l e t i o n  c a l c u l a t i o n  are  i n  Appendix C. The we t tes t  ca lender year  was 
1983, f o l l owed  c l o s e l y  by 1982, except a t  L i f t o n  where t h e  converse was 
experienced. P r e c i p i t a t i o n  du r ing  1983 averaged 154% and v a r i e d  from 140% 
(Grace) t o  170% (Evanston) o f  t h e  13-year (1975-1987) s t a t i o n  average t o t a l  
annual p r e c i p i t a t i o n .  September 1982 was t h e  we t tes t  month a t  Evanston, 
Woodruff, Border, L i f t o n  and Brigham City. However, p r e c i p i t a t i o n  i n  1985 
and 1987 was lower  than average. Thus, d u r i n g  the  5 years o f  t h i s  study, 
1982-1987, t h e r e  were bo th  r e l a t i v e l y  wet and d r y  years. 



Table 8. Seasonal water use of irrigated meadows at three sites in the 
Bear River Basin (1983-1987). 

1983 1984 1985 1986 1987 

. . . . . . . . . . . . inches . . . . . . . . . . . . CITi-&- .... .- .... .- ' 

.I 

Montpel ier 
01 d 13.8 20.0 23.6 23.1 27.8 
new 15.8 32.5 

Rand01 ph 17.5 22.5 26.2 27.0 28.7 

Hilliard 16.5 15.8 20.5 28.7 29.5 

~djusted~ 

Montpel i er 
01 d 13.8 20.0 20.7~ 20.2 24.5 
new 12.2 27.5 

Rand01 ph 17.5 22.5 23.2 23.2 24.9 

Hilliard 16.5 15.8 20.5 24.5 26.4 

Season Duration 

1983 1984 1985 1986 1987 

Montpelier Jun13-0ct10 May12-0ct13 May17-Sep23 May02-0ct17 Apr24-0ct15 

Randolph Jun28-Octll May13-0ct13 May18-0ct15 Apr21-0ct17 Apr24-0ct16 

Hilliard Junl4-Octll May19-0ct03 May18-0ct15 Apr21-0ct17 Apr25-0ct16 

Note: Each value represents the average of two lysimeters. 

a Adjusted to remove the effect of continued irrigation in the lysimeters, 
when irrigation had ceased in the surrounding meadows after mid July. 

Corrected for excessive dryness in June by correlation with the Randolph 
data. 



Table 9. Average daily weather parameters for the NWS stations (1982-1987). 

Minimum air temperature 

Month 105 106 107 202 302 303 
'my --.-.....-m. .-...--.-...x 6-.3-' 40 -r--......-.-..--. 22..2..2..- 33'f -..--..,3 .....* 
June 47:7 41:8 46:4 39.2 4010 39: 4 
July 52.2 47.2 51.7 44.8 45.2 45.8 
August 49.2 47.2 51.5 43.4 43.6 47.0 
September 39.7 38.0 41.7 34.0 33.4 36.8 

Month 
May 
June 
July 
August 
September 

Month 
May 
June 
July 
August 
September 

Month 

Maximum air temperature 

106 107 202 
66.2 67.0 64.2 
76.0 76.6 74.0 
81.0 84.5 80.6 
80.2 83.3 81.8 
71.3 72.7 68.4 

Monthly precipitation 

106 107 202 
1.47 1.80 1.36 
1.25 1.07 0.85 
2.12 1.44 2.09 
1.79 1.50 1.24 
2.46 2.69 3.12 

Wind movement 
105 106 107 202 302 303 

May 65.2 
June 69.0 
July 61.7 
August 53.5 
September 61.2 

Note: Stations are Lifton (105), Grace (lob), Preston-Kach (107), 
Idaho; Woodruff (202), Utah and Border (302) and Evanston (303), 
Wyoming. 



Monthly mean temperatures and precipitation at Lifton, Woodruff, 
Border and Evanston are shown in Table 10 for various periods. If the study 
period (1982-1987) were a true representation of the entire period of 
record, these averages would equal long-term averages. Study period and 
1975-1987 July-September temperatures at Lifton during the study period and 
-duri-n~---.Juri.y.-Sept-embe.~-...-.-19Z.5.=1.98.L.-w.er~ee.~Lo.we.~~.~t.h.an oormaL ll...l..l...l Se.ptteembeerr 
temperatures were lower than normal at all sites during 1982-1987, but other 
months were warmer at Woodruff, Border and Evanston. Temperatures for June- 
September 1975-1987 were higher than normal, except at Lifton. 

The 6-year (1982-1987) period was significantly wetter than normal. 
Precipitation during the 13-year period was also higher than normal. 
Typically, the wettest month (Table 10) of the year was September during the 
study period. However, June normal precipitation was higher than the other 
summer months at all sites. Except during June (and May at Border), average 
rainfall from 1982-1987 for each month was greater than normal. 

Automated Weather Stations 

Study period (1982-1987) average weather parameters for each automated 
weather station are shown in Table 11. Some of the parameters from the 
automated stations (Montpelier, Randolph and Hilliard Flat) differed from 
those at corresponding NWS stations (Lifton, Woodruff and Evanston). 
Maximum temperatures at the automated stations decreased as elevation 
increased, contrary to the trend at the NWS sites. However, trends in 
minimum temperatures were similar at both types of stations. Precipitation 
(May-September) at the NWS stations was more than 1.5 inches greater than at 
the other stations, perhaps due to differences in locations and other 
unknown factors. The NWS stations were situated in communities near 
buildings, whereas the automated units were in farm fields, where humidity 
may be higher, temperatures lower and more wind. Daily weather data along 
with calculated Etr are presented for each of the automated stations in 
Appendix G (in a separate volume). 

Monthly average maximum and minimum air temperature, wind run, 
relative humidity and solar radiation are shown in Figures 9, 10 and 11 for 
Montpelier, Randolph and Hill iard Flat, respectively. The highest maximum 
and minimum temperatures generally occurred in August and occasionally in 
July at the three sites (Figs. 9, 10 and 11). Except during September 1987, 
monthly air temperatures were consistent from year to year, similar to NWS 
station temperatures. 

The average daily maximum relative humidity at Montpelier was similar 
from year to year, but varied between years at Randolph and Hilliard. 
Relative humidity was not consistently higher during any particular month 
although it seemed to decrease from May to September at all three sites. 

The greatest average wind speed was in May; wind speed tended to 
decrease from May to July and then increase from July to September (Figs. 9, 
10 and 11). The highest average wind speed was observed at Hilliard, 
fol 1 owed by Rand01 ph and Montpel ier. 



Table 10. Average monthly mean temperature and p r e c i p i t a t i o n  f o r  NWS 
s t a t i o n s  a t  L i f ton ,  Idaho, Woodruff, Utah and Border and 
Evanston, Wyo., f o r  1982-1987, 1975-1987 and t h e  "normal" 
per iod ,  1951-1980. 

Mean Temperature O F  . , .. ~ 2 -- ... ... ... 

Lif ton  - 

1982-87 
1975-87 
Normal 

Woodruff 
1982-87 

May June J u l y  Aug Sept  

1975-87 47.5 56.3 62.8 60.7 52.3 
Normal 47.5 55.4 62.5 60.3 51.8 

Border 
1982-87 
1975-87 
Normal 

Evanston 
1982-87 47.5 56.5 63.8 64.6 52.0 
1975-87 47.2 56.4 63.7 62.3 53.7 
Normal 47.4 54.5 62.7 61.0 52.5 

Lif ton  
1982-87 
1975-87 
Normal 

Woodruff 
1982-87 
1975-87 
Normal 

P r e c i p i t a t i o n ,  inches 
Calender 

Year 
May June J u l y  Aug Sept  Total  

Border 
1982-87 1.92 1.03 1.41 1.30 2.47 17.00 
1975-87 2.13 1.01 1.38 1.25 1.77 15.72 
Normal 1.32 1.48 0.76 0.94 1.12 13.47 

Evanston 
1982-87a 1.00 0.53 1.22 2.06 2.71 13.55 
1975-87a 1.74 0.94 0.90 1.08 1.49 12.31 
Normal 1.23 1.30 0.60 0.90 0.74 10.98 

a Includes a s u b s t a n t i a l  number of est imated values 
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Average d a i l y  weather parameters f o r  t h e  automated s t a t i o n s  
(1982-1987). 

Minimum a i r  temperature, O F  

Month 

May 
June 
J u l y  
August 
September 

Maximum a i r  temperature, OF 

Month 

May 
June 
J u l y  
August 
September 

Morning dewpoi n t  temperature, O F  

Month 

May 
June 
J u l y  
August 
September 

Minimum r e l a t i v e  humidi ty ,  " F  

Month 

May 
June 
J u l y  
August 
September 

Maximum r e l a t i v e  humidi ty ,  O F  

Month 

May 
June 
J u l y  
August 
September 



Table 11 (continued) 

Wind movement, miles per day 

Month 

May 
June 
July 
August 
September 

Month 

May 
June 
July 
August 
September 

Month 

May 
June 
July 
August 
September 

Day to night wind ratio 

Solar radiation, 1 angley (cal/cm2) per day 

101 102 103 104 201 

Total precipitation, inches 

Month 101 102 103 104 201 301 

May 2.13 1.44 1.43 1.14 0.98 
June 1.82 2.53 0.74 0.67 1.25 
July 1.99 2.56 1.23 1.07 1.33 
August 1.70 1.75 1.05 1.23 1.47 
September 2.24 1.40 1.52 1.94 1.15 

Total 9.88 9.68 5.97 6.05 6.18 

Note: See Table 1 for site descriptions. Stations are: Preston, Idaho 
(101), Talmage, Idaho (irrigated, 102 and dry, 103), Montpelier, 
Idaho (104) ,  Randolph, Utah (201) and Hilliard Flat, Wyo. (301).  





Figure 9. Weather parameters at Montpelier automated station (1983-1987). 
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Figure 10. Weather parameters a t  Randolph automated s t a t i o n  (1982-1987) 



Figure 11. Weather parameters at Hilliard automated station (1982-1987). 
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The g r e a t e s t  s o l a r  energy u s u a l l y  occurred i n  June, as expected i n  t h e  
nor thern  hemisphere. I n  1985 s o l a r  r a d i a t i o n  a t  Montpe l ie r  was lower  than 
usual f o r  t h i s  s t a t i o n ,  a  t rend  d i f f e r e n t  from t h e  o the r  s t a t i o n s .  

Comparison o f  NUS and Automated S t a t i o n  Data 

ragF-..moflm.99 'Va'irrCFS~~.~o.ff..ffRetitnn Cir-... P'a:a:Faiiliileef ~-F-$...--rt-.-xuy6-Kgt.FK..- -e.z.t3-FF--- .. 

s t a t i o n s  and NWS s t a t i o n s  i n d i c a t e d  t h a t  monthly and seasonal v a r i a t i o n s  and 
t rends  are s i m i l a r .  Thus, e i t h e r  s e t  o f  weather parameters cou ld  be 
u t i l i z e d  t o  es t ima te  E t .  However, the  v a r i a b l e  r e l a t i o n s h i p  o f  temperature 
between i n d i v i d u a l  NWS and corresponding automated s t a t i o n s  i n d i c a t e s  t h e  
importance o f  c a l i b r a t i n g  l o c a l  E t  equat ion c o e f f i c i e n t s .  

C a l i  b r a t i o n  o f  Emo i r i ca l  E t  Eauations 

The mod i f i ed  Penman equat ion (1972 Kimber ly  vers ion)  was used t o  
c a l i b r a t e  t h e  f o u r  emp i r i ca l  E t  equat ions t o  t h e  l y s i m e t e r  data.  The Penman 
equat ion w i t h  t h e  Kimberly c o e f f i c i e n t s  has accu ra te l y  matched measured 
water use o f  a l f a l f a  and o the r  crops a t  several  research s i t e s  i n  t h e  
Western U.S. ( H i l l ,  Johns and Frever t ,  1983) and i n  Cache Va l l ey  ( H i l l ,  
Hanks and Wright,  1984). I t s  appropriateness f o r  t h e  Upper Bear R ive r  i s  
ev ident  from a  comparison o f  ca l cu la ted  s o i l  water  and s o i l  water measured 
w i t h  a  neutron probe i n  an a l f a l f a  f i e l d  near Randolph, Utah (F ig .  12).  The 
good agreement between measured and c a l c u l a t e d  s o i l  water d e p l e t i o n  t rends  
p r i o r  t o  t h e  two c u t t i n g s  ( i n  J u l y  and August) o f  bo th  1983 and 1987 
i n d i c a t e s  t h a t  t h e  Penman equat ion accu ra te l y  est imates a l f a l f a  ( re fe rence 
c o n d i t i o n )  water  use. 

Three-week runn ing  average est imated c rop  c o e f f i c i e n t s ,  Kc, f o r  Penman 
Etr values are  shown i n  F igures 13 and 14, r e s p e c t i v e l y ,  f o r  l y s i m e t e r  
cond i t i ons  rep resen t i ng  adequate i r r i g a t i o n  be fore  J u l y  15 and no i r r i g a t i o n  
a f t e r  c u t t i n g .  The rep resen ta t i ve  crop c o e f f i c i e n t  curves (be fore  and a f t e r  
c u t t i n g ,  r e s p e c t i v e l y )  are: 

and 

where the  parameters are as de f ined f o r  equat ions 2 and 3. The value o f  Kc 
was l i m i t e d  t o  a  maximum o f  1.05. The considerable v a r i a t i o n  i n  K  
est imates (F ig.  13-14) r e f l e c t s  the  v a r i a b i l i t y  o f  l y s i m e t e r  da ta  assoc ia te  8 
w i t h  i n f requen t  (7-14 day i n t e r v a l s )  i r r i g a t i o n  and r e s u l t i n g  l a r g e  water 
t a b l e  f l u c t u a t i o n s .  

Monthly average crop c o e f f i c i e n t s  f o r  1983-1987 f o r  t h e  empi r ica l  E t  
equat ions were determined from equations 8  and 9 us ing the  Penman method. 
These " c a l i b r a t e d "  K  values are shown i n  Table 12 f o r  t h e  f o u r  empi r ica l  E t  
equat ions (4-6)  a t  k o n t p e l  i e r ,  Randolph and H i l l  i a r d  F l a t .  Considerable 
v a r i a b i l i t y  i s  ev iden t  across the  s i t e s  f o r  a  g iven equat ion and month. The 
e f f e c t  o f  a l f a l f a  harvest  on Kc i s  apparent i n  J u l y  and September. The 



i 

F igu re  12. Equation est imated s o i l  water ( s o l i d  l i n e )  versus neutron probe 
measurements i n  an a l f a l f a  f i e l d  near Randolph, Utah (a, 1983 
and b, 1987). E f f e c t i v e  cover and c u t t i n g  dates are v e r t i c a l  
dashed 1 i nes .  
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IRRIGATED MEADOW Kc  BEFORE CUTTING 

RAT10 BEOlNNlNO OROWW TO CUrnNO 
0 M T A  - EQUATION 

Figure 13. Estimated crop coefficients (3-week running averages) for 
meadow water use before cutting and representative crop 
curve (Kc). Montpelier, Randolph and Hill iard Flat(1986-1987). 

IRRIGATED MEADOW K c  AFTER CUTTING 
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Figure 14. Estimated crop coefficients (3-week running averages) for 
meadow water use after cutting and representative crop 
curve (Kc). Montpelier, Randolph and Hill iard Flat (1984-1985). 
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Table 12. Average monthly crop coefficients for various equations at three 
sites in the Bear River Basin (1983-1987). 

May Jun Jul Aug S ~ P  Oct 

i. g.zt-cc-Ke-ia6v -- 

Montpelier 
Randol ph 
Hilliard 

Alfalfa 
Montpel i er 
Randol ph 
Hilliard 

SCS Bl anev-Criddle 
, 

Harareaves 
Irrigated meadow 

Montpelier 
Randol ph 
Hilliard 

Alfalfa 
Montpelier 
Randol ph 
Hilliard 

SCS Blanev-Criddle Calibrated kt 
Irrigated meadow 

Montpelier 
Randol ph 
Hilliard 

Alfalfa 
Montpel ier 
Randol ph 
Hilliard 

Irrigated meadow 
Montpelier 
Randol ph 
Hilliard 

Alfalfa 
Montpelier 
Randol ph 
Hilliard 



calibrated Kc values are higher in early summer than reported in the 
literature [USDA, 19701 for the SCS Blaney-Criddle equation (Table 13) for 
alfalfa and pasture. Seasonal Et estimates using Kc's reported in the 
literature may underestimate calibrated Et by 34% and 12%, respectively, for 
irrigated meadow and alfalfa. 

Exam~l e Deol eti on Calculation 

Calculated alfalfa and crop area weighted Et and depletion (eq. 7), and 
precipitation for the 10 Bear River subbasins are shown in Table 14. The 
12-year averages (water years 1976-1987) show increasing Et in downstream 
order. The considerable variation in depletion among subbasins is a result 
of differences in annual precipitation and land use patterns. As small 
grains and other non-forage crops make up a larger proportion of the crop 
area, the depletion decreases in relationship to Etr. This is evident at 
Soda Springs and below. Depletions are also given in Tables 15, 16, 17 and 
18, respectively, for the SCS Blaney-Criddle, Hargreaves, SCS Blaney-Criddle 
(calibrated kt) and FA0 Blaney-Criddle equations. The 12-year average 
depletions for a given subarea exhibit excellent agreement among the various 
equations. However, there is some variability among equations for any given 
year, i.e. Bear Lake 1979 with 16.8, 18.3, 16.7 and 16.8 inches, 
respectively, for the four equations previously cited. The estimated 12- 
year average water year depletion varied among the various equations and 
sites from 0.99 ac-ft/ac (Tables 17 and 18) to 1.37 ac-ft/acre (Randolph, 
Table 16). 

There were several wetter than normal seasons during the 12 water 
years, 1976-1987. Therefore, monthly temperature and precipitation data for 
as long a period as possible were utilized at four sites in the Bear River 
Basin. Depletions for 59 water years (1928-1987) were calculated for the 
Evanston, Border, Logan USU and Corinne subareas using the SCS Blaney- 
Criddle equation. The depletions shown in Figures 15, 16, 17 and 18 are 
based upon constant crop coefficients and acreages. The 12-year average 
depletions were lower than the 59-year averages by 0.1, 0.7, 2.5 and 2.9 
inches, respectively, at Evanston, Border, Logan USU and Corinne. This 
difference is less significant in the upper Bear River subbasins than in the 
lower subbasins. The larger differences in the lower Bear River can be 
attributed to relatively greater precipitation during water years 1982-1984 
and 1986 than in other areas of the Basin. 



Table 13. Consumptive use estimates at Woodruff (normal temperatures) for 
the SCS Blaney-Criddle equation using crop coefficients reported 
in the literature and those calibrated in the field. 

May June Aug S ~ P  Oct Nov Season -'-md-ap-a-.rf -fi-.rvm-r~--...-.--..,-.- 

Temp. OF, t 47.50 55.40 62.50 60.30 51.80 41.50 
% hours of 
day-light,p 10.13 10.24 10.35 9.62 8.40 7.70 
kta 0.51 0.64 0.77 0.73 0.58 0.40 
kt (t~/100) 2.44 3.66 4.96 4.23 2.53 1.29 

Literature kc 

Pasture, kcb 
EtC 

alfalfa* kcb 1.08 1.13 1.11 1.06 0.99 0.91 
EtC 2.64 4.13 5.51 4.48 2.51 1.17 20.44 

Field calibrated k 
Irr. Meadow kcd, 1.40 1.80 1.48 0.g5 0.61 0.41 
EtC 3.42 6.58 7.35 3.60 1.55 0.53 23.02 

Field calibrated EtlLiterature Et,% 

Irr.Mea owe 
Alfalfa $ 

. .- . 

c;op coefficient from SCS TR #21 [18] 
C C.U. = k kt tp/100, inches 
crop coeFficient from Table 12, as calibrated herein 
Irrigated meadow E calculated from pasture k 's in i18] 8 seasonal calibrate ~t by 34% (34=100 [23.02-!7.21/17.2) 
Alfalfa E calculated from literature k 's [18] underesti 
calibrate 8 Et by 12% (12=100 [22.96-20.84]/20.44). 

underf 

mates 

!stirnates 

seasonal 



Table 14. Average precipitation and alfalfa and subbasin crop weighted 
consumptive use, water years 1976-1987, in the Bear River Basin. 
Et determined with the SCS 81 aney-Criddle equation and 
calibrated crop coefficients. 

. . . __ -.,-.-...-u.--...-..--,..,., ...... ..... 
Consumptive use Depletion Precipitation 

Crop area Crop area 
Subbasin Alfalfa Weishted Alfalfa Weiqhted Total *Usable 

. . . . . . . . . . . . .  . . . . . . . . . . . .  inches 
Evanston 22.8 21.8 13.5 12.5 12.4 9.3 
Rand01 ph 24.2 23.8 16.6 16.2 10.0 7.6 
Cokeville 24.5 23.4 13.6 12.5 15.9 10.9 
Thomas Fork 24.5 23.3 13.6 12.4 15.9 10.9 
Bear Lake 22.4 21.3 13.2 12.1 12.9 9.2 
Soda Springs 27.7 23.4 16.4 12.1 16.9 11.3 
Oneida 27.5 23.3 16.2 12.0 17.4 11.3 
Cache Valley 29.9 25.2 16.7 12.0 20.7 13.2 

Tremonton 32.6 26.6 19.1 13.1 19.8 13.5 
Brigham City 33.1 28.3 18.7 13.9 27.8 14.4 

*Usable precipitation includes winter carry-over soil moisture and 
effective precipitation. 



Table 15. Estimated depletion for various subareas of the Bear River Basin as 
based on calibrated crop coefficients used with the SCS Blaney- 
Criddle equation for water years 1976-1987. 

Subbasin 
'v.an--Ran----.-Go ke--.-ulomas-Bear.-.-Soda. ... QneidbCache Ma.lad..I.reel Brigham 
ston dolph ville Fork Lake Val 1 ey monton City 

Year 01 02 03 04 05 06 07 08 09 lO(b&c) 10(a) 

- - - - - - - - - - - - - -  inches - - 



Table 16. Est imated d e p l e t i o n  f o r  va r i ous  subareas o f  t h e  Bear R i v e r  Basin as 
based on c a l i b r a t e d  c rop  c o e f f i c i e n t s  used w i t h  t h e  Hargreaves 
D e l t a  temperature equat ion f o r  water  years 1976-1987. 

Subbasin 
Evan- st - on d-.S.b7r Ran- Coke- vl TTeEr Thomas r-.-w Bear L.ikT-.-.......,......-..,~.~~...~.......-.VV Soda Oneida Cache j~...y.y~..y....-.-.~~...-~~....y.~-...-~ Malad Tre-  on Brigham i-i-j--..-' 

Year 01  02 03 04 05 06 07 08 09 lO(b&c) 10(a) 

- - - - - - - - - - - - - -  inches - - 



Table 17. Est imated d e p l e t i o n  f o r  var ious  subareas o f  t h e  Bear R i ve r  Basin as 
based on c a l i b r a t e d  c rop  c o e f f i c i e n t s  used w i t h  t h e  SCS Blaney- 
C r idd le ,  c a l i b r a t e d  kt, equat ion f o r  water  years  1976-1987. 

Subbasin ............. 

Evan- Ran- ... Coke- . Thomas .-.-....c-ik-F...-..-,... Bear Soda .... Oneida ,--TiTT6-y- Cache .... Malad .........-hTfiT6.E......cTt.y...- Tre-  Brigham 
s ton  6o lph  viTTe ForE 

Year 01 02 03 04 05 06 07 08 09 lO(b&c) 10(a)  

- - - - - - inches - - 
12.5 11.7 13.4 13.1 
13.1 13.2 11.1 15.1 
11.0 11.6 12.6 13.7 



Table 18. Est imated d e p l e t i o n  f o r  var ious  subareas o f  t h e  Bear R i ve r  Basin 
as based on c a l i b r a t e d  c rop  c o e f f i c i e n t s  used w i t h  t h e  FA0 
B laney-Cr idd le  equat ion f o r  water years 1976-1987. 

Subbasin 
Euan..=--Ran,- ..Cake- .....- 5.h~ma~~..Bea.~..-.~-Sod L.. Dneid.a...Cache e..eMal.adddZ~eee..ee.eBc.igham.mm 
s ton  do lph  v i l l e  Fork Lake Val 1 ey monton C i t y  

Year 01 02 03 04 05 06 07 08 09 10(b&c) 10(a) 

- - - - - - - - - - - - - -  inches - - 



EVANSTON - EVANSTON WEATHER 

3s 3 

5 -  - 59 y e a r  a v e r a g e  d e p l e t i o n  
x 12  y e a r  a v e r a g e  d e p l e t i o n  
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WATER YEARS 
0 ET - D E P M O N  0 PRECIPITATION 

F igu re  15. Long-term d e p l e t i o n  us ing  c a l i b r a t e d  SCS B laney-Cr idd le  f o r  
Evanston subbasin (Evanston NWS da ta ) .  

THOMAS FORK - BORDER WEATHER 

=, 

F igu re  16. Long-term d e p l e t i o n  us ing  c a l i b r a t e d  SCS B l  aney-Cr iddle f o r  
Thomas Fork subbasin (Border NWS data) .  
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CACHE VALLEY - LOGAN USU WEATHER 
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Figure 17. Long-term depletion using calibrated SCS Blaney-Criddle for 
Cache Valley subbasin (Logan-USU NWS data). 

! z 

- 59 year average depletion 

0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1929 1934 1939 1944 1949 1954 1959 1964 1969 1974 1979 1984 

- WATER YEARS 
CI ET DEPLETION 0 PRECIPITATION 

Figure 18. Long-term depletion using calibrated SCS Blaney-Criddle for 
Brigham City subbasin (Corinne NWS data). 
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SUMMARY AND CONCLUSIONS 

A  methodology was developed t o  es t imate  h i s t o r i c a l  water  d e p l e t i o n s  i n  
t h e  Bear R i ve r  Basin. Empi r i ca l  evapo t ransp i ra t i on  (Et) equat ions  and 
h i s t o r i c a l  weather da ta  were used t o  es t imate  s t reamf low d e p l e t i o n s  
r e  s  u l  t i  ng.- f ram i rr i g.~ted._cyops_-.I!! t.h_e..e~.Oo.oo.s__ub&a.siinn~~.ooff -.tAeeBe_ar !iIII~%rrLLLLI_he 
e m p i r i c a l  Et equat ions were c a l i b r a t e d  w i t h  f i e l d  data.  

Water use by i r r i g a t e d  meadows was measured a t  t h r e e  s i t e s  i n  t h e  
Upper Bear R i v e r  Basin d u r i n g  t h e  1983-1987 growing seasons. Non-weighing 
l y s i m e t e r s  and e l e c t r o n i c  weather s t a t i o n s  a t  each s i t e  were v i s i t e d  a t  
weekly i n t e r v a l s  f rom A p r i l  o r  May through l a t e  September o r  October. 
E l e c t r o n i c  weather s t a t i o n s  a t  each s i t e  sampled a i r  temperature, r e l a t i v e  
humid i t y ,  s o l a r  r a d i a t i o n ,  wind t r a v e l ,  s o i l  temperature and p r e c i p i t a t i o n .  
Three l y s i m e t e r s  were i n s t a l l e d  a t  Montpe l ie r ,  Idaho, (Wa l l en t i ne  Ranch, 
e l e v .  5928) and two l y s i m e t e r s  were i n s t a l l e d  a t  Randolph, Utah (J.F. Ranch, 
e l e v .  6280) and H i l l i a r d  F l a t s ,  Wyoming (Barker Ranch, e l e v  7550). Two 
a d d i t i o n a l  l y s i m e t e r s  were i n s t a l l e d  i n  an adjacent  meadow a t  t h e  Mon tpe l i e r  
s i t e  i n  June 1986. Measurements f o r  each l y s i m e t e r  i n c l u d e  depth  t o  t h e  
water  t a b l e ,  p rev ious  week's r a i n f a l l ,  i r r i g a t i o n  o r  dra inage (water  pumped 
o u t ) ,  vege ta t i on  h e i g h t  and mo is tu re  conten t  i n  t h e  t o p  30 inches o f  s o i l  
(determined w i t h  a  neut ron  probe).  Saturated s o i l  s p e c i f i c  y i e l d  (water)  
values, which v a r i e d  w i t h  depth, were determined a t  t h e  end o f  t h e  1987 
season f o r  each l y s i m e t e r .  

Water use ranged from 15.8 t o  32.5 inches on a l l  s i t e s  f o r  1984 
through 1987. Water use was h ighes t  d u r i n g  1986 and 1987, p o s s i b l y  due t o  
t h e  l o n g e r  than usual growing season and t h e  f a c t  t h a t  l y s i m e t e r s  were 
i r r i g a t e d  through September. 

The i r r i g a t i o n  season i n  t h e  Upper Bear R i ve r  g e n e r a l l y  ends by mid- 
J u l y  so meadows can be harvested by mid-August. However, t h e  l y s i m e t e r s  
were i r r i g a t e d  ( p a r t i c u l a r l y  i n  1986 and 1987) i n t o  l a t e  August and 
September t o  f a c i t a t e  r o o t  development. The l y s i m e t e r  water  use was then 
ad jus ted  t o  approximate t h e  l e v e l s  i n  adjacent  f i e l d s .  

Mean temperatures d u r i n g  t h e  6 years o f  t h e  s tudy were warmer (except 
a t  L i f t o n )  than t h e  normals and p r e c i p i t a t i o n  d u r i n g  t h e  s tudy  p e r i o d  was 
h i g h e r  than normal. Data from t h e  e l e c t r o n i c  weather s t a t i o n s  and t h e  NWS 
s t a t i o n s  i n d i c a t e d  t h a t  monthly and seasonal v a r i a t i o n s  and t rends  were 
s i m i l a r ,  thus  con f i rm ing  t h e  v a l i d i t y  o f  us ing  parameters f rom NWS s t a t i o n s  
t o  es t imate  E t .  

Crop water use based on da ta  f rom t h e  l y s i m e t e r s  was used t o  c a l i b r a t e  
e m p i r i c a l  evapo t ransp i ra t i on  (Et) equat ions.  A mod i f i ed  Penman equat ion 
bes t  matched measured E t  va lues a t  t h e  th ree  s i t e s ,  u s i n g  t h e  c rop  
c o e f f i c i e n t s  f o r  those s l t e s .  There was more v a r i a b i l i t y  i n  t h e  o t h e r  
e m p i r i c a l  methods, such as t h e  SCS B laney-Cr idd le  equat ion, used t o  es t imate  
c rop  water  use a t  i n d i v i d u a l  s i t e s  and d u r i n g  d i f f e r e n t  years .  Because t h e  
e l e c t r o n i c  weather s t a t i o n s  prov ided da ta  t o  use the  Penman equat ion  f o r  
o n l y  t h e  1982-1987 per iod ,  h i s t o r i c a l  subbasin d e p l e t i o n  was c a l c u l a t e d  by 
us ing  equat ions t h a t  requ i red  o n l y  a i r  temperature. The m o d i f i e d  Penman 



equation (Kimberly, Idaho, calibration) was used to calibrate monthly Et for 
time periods when adequate data were available and was the basis for 
calibrating the simpler empirical methods. 

Depletion was calculated by subtracting carry-over soil moisture and 
~e~f-feetCve-~summe~r~-~p~e~ipCtati-~n.-fom..-.water #.ear. -. E ~ ~ . . - C . a ~ . r ; ~ . ~ ~ a ~ e . ~ . . . s o . i l . _  
was estimated to be 67% of non-growing season precipitation (less any Et) or 
75% of the available soil water capacity in the root zone, whichever was 
smaller. In this study, effective summer precipitation was assumed to be 
80% of any precipitation fa1 1 ing during months in which evapotranspiration 
occurred. Calibrated crop coefficients and monthly temperature and 
precipitation data available from the NWS weather stations were used in four 
equations to estimate historical Et and depletions for each of the 10 
subbasins. 

Depletions for 59 water years (1929-1987) were calculated using the 
SCS Blaney-Criddle equation and compared with the 12-year average depletion 
at four NWS stations. The 12-year average depletions were 0.1, 0.7, 2.5 and 
2.9 inches lower than the respective 59-year averages of 12.8, 13.1, 13.4 
and 16.9 inches at Evanston, Border, Logan USU and Corinne. 

Conclusions 

1. Automated weather stations provided adequate data about local 
weather parameters to calibrate Et equations. 

2. Comparisons of the monthly values of weather parameters for the 
NWS stations and the automated weather stations indicated that 
monthly and seasonal variations and trends were similar; thus data 
from NWS stations were accurate enough to be used to estimate 
evapotranspiration. 

3. There have been some problems associated with non-weighing 
lysimeters, but they have provided re1 iable monthly and seasonal 
estimates of water consumption in wet meadows. The lysimeters and 
procedures developed for this project substantiate that data from 
lysimeters can be used to calibrate evapotranspiration methods. 

4. The preferred method for estimating reference Etr is the Penman 
procedure. However, except at locations with automated weather 
stations, adequate data are generally not available in the basin 
to apply this procedure. 

5. Any of the recognized empirical methods for estimating E are 
applicable, provided that each method is calibrated to jocal 
conditions. Those are the Modified SCS Blaney-Criddle (SCS-TR 
21), FAO-24 Blaney-Criddle, and Hargreaves Delta Temperature 
methods. 



RECOMMENDATIONS 

None of the four equations that were calibrated and used in the 
historical depletion calculations had any particular advantage; each 
required the same type of weather data. Because it has long served as a 
standard and is reasonably accurate when locally calibrated, we recommend -TsFa -f-theS&S..Bt'mey;Crid&yr-eqmtia T-..-.......--........-..-..--..--.,~....-..,.....-..-......-., 

A procedure for estimating streamflow depletion was presented. This 
procedure is theoretically sound but uses estimated coefficients for 
determining carry-over moisture and effective rainfall. The limited data 
available to evaluate these coefficients may mean that adjustments will be 
necessary later. 

As the commission further studies historical depletions, depletions 
should be updated when improved estimates of irrigated area or crop 
distribution are available. 

We recommend that any future field measurements of consumptive use 
should be conducted for at least 5 years duration to allow for annual 
variability in weather conditions. 

The scope of this study did not permit a detailed study of 
precipitation in each subbasin. Rather, the depletion calculation for each 
subbasin was derived from the use of one NWS station (two NWS stations were 
used in the Cache Valley and Tremonton-Brigham City areas). Thus, the 
calculations demonstrated the methodology but may not represent 
appropriate depletions for the commission to use in allocating water. 
This is particularly germane in the Randolph subbasin where the Woodruff 
NWS temperature and precipitation values were used to calculate the 12-year 
historical depletion. Precipitation at Woodruff is apparently somewhat 
lower than precipitation at other points within that subbasin. Thus, the 
depletion calculated for Randolph is higher than would be expected if areal 
weighted precipitation had been used. 

Future calculations of depletion for use by the commission or in 
hydrologic modeling in the Bear River Basin should include weather station 
data from a number of sites in each subbasin. This would increase the 
accuracy of precipitation used to calculate depletion in an area. 





GLOSSARY 
Adiabatic Process A reversible thermodynamic change of state of a system 

without the addition or removal of heat or mass. 
Advection Horizontal transfer of heat energy by large-scale movement of 

the atmosphere. 
Albedo The ratio of electromagnetic radiation reflected from a soil and 

crop surface to the amount incident upon it, The value commonly is 
about 0.23 for a green growing crop. 

Available Soil Moisture See soil moisture (available). 
The ratio of the mass of a given volume of dry soil, 

including air space, to the given volume. Expressed as grams 
per cubic centimeter. 

Carrv-over Soil Moisture Non-growing season precipitation stored in the 
soil that may be used in meeting the crop's evapotranspiration 
requirement in the subsequent growing season. Estimated herein as 2/3 
of the winter (October-April) precipitation after subtracting ET but 
not to exceed 75% of the available soil moisture storage capacity for 
an average root zone. 

Consum~tive Use The amount of water used by plants in transpiration, 
retained in plant tissue, and the evaporation of water from plant and 
adjacent soil surfaces during a specified time period. Synonymous 
with evapotranspiration. 

Crop Irrisation Reauirement The quantity of water, exclusive of effective 
growing season precipitation, winter precipitation stored in the root 
zone, or (perhaps) upward water movement from a shallow water table, 
that is required as an irrigation application to meet the 
evapotranspiration needs of the crop. It also may include water 
requirements for germination, frost protection, prevention of wind 
erosion, leaching of salts and plant cooling. 

Crop Coefficient Relates ET of a given crop at a specific time in its 
growth stage to a reference ET condition. Incorporates effects of 
crop growth state, plant density, and other cultural factors affecting 
ET, usually expressed or exhibited as a curve or polynomial. The 
reference condition has been termed "potential" or "reference crop" 
and relates to ET of alfalfa or grass, depending upon the research 
that resulted in the crop coefficient. The respective "k" or "kcf' 
factor as used in the original and SCS Blaney-Criddle methods are not 
based on a reference condition and should only be used with these 
methods. 

De~letion The amount of water lost from a river basin or other hydrologic 
system resulting from irrigation withdrawals from surface or 
subsurface sources. It is calculated as consumptive use (ET) less the 
sum of effective precipitation and carryover soil moisture. It is. 
intended to represent the net loss to the basin after return flows 
and/or excess irrigation water has returned to the stream or 
groundwater system. 



Glossary (continued) 

De~letion; Croo Acreaqe Weiqhted Depletion estimated as an average for 
several crops for a large area such as a subbasin of a river system. 
Calculated herein as the sum for all crops of the product of 
co.~.swm~tive..__u_s_e for.-e_a.ch c.r~~L~,~~~..t!!.e~.~cro~~'.s_ re_sseec.ti~e-fr~ctlgn of 
total area, less the sum of carry over soil moisture and effecti-ve- 
precipitation. 

Dew Point The temperature to which a given parcel of air must be cooled at 
constant pressure and at constant water vapor content until saturation 
occurs, or the temperature at which saturation vapor pressure of the 
parcel is equal to the actual vapor pressure of the contained water 
vapor. 

Dutv of Water The total volume of irrigation water required to mature a 
particular type of crop. It includes that portion of consumptive use 
not satisfied by precipitation, evaporation and seepage from ditches 
and canals and the water eventually returned to streams by percolation 
and surface runoff. 

Effective Preci~itation Precipitation occurring during the growing season 
that is available to meet the evapotranspiration requirements of 
crops. It does not include precipitation lost through deep 
percolation below the root zone or through surface runoff. Estimated 
in this report as 80% of May-April precipitation. 

Emoirical Eauation An equation whose derivation and/or accuracy 
(calibration) is based upon observation. 

Evaooration The physical process by which a liquid or solid is transformed 
to the gaseous state which in irrigation usually is restricted to the 
change of water from liquid to gas. 

Evaootranspiration (ETL Synonymous with consumptive use. 

Field Caoacitv The moisture content of a soil following an application of 
water and after the downward movement of excess water (from 
gravitational forces) has essentially ended. Usually it is assumed 
that this condition is reached about two days after a full irrigation 
or heavy rain. 

Growinq Season The period that is warm enough for plants to transpire and 
grow. In the case of annual plants, it approximates the time interval 
between planting and crop maturity; for perennial crops, it is the 
period between certain temperature conditions that establish growth 
and dormancy. This growing season is sometimes restricted to the 
period between killing frosts. 



Glossary (continued) 

Irriuation Efficiency The ratio of the volume of water required for a 
specific beneficial use as compared to the volume of water delivered 
for this purpose. It is commonly interpreted as the volume of water 

. , rLo.ced i.~~the..-sai.~l~-~~.. f~ . r~ -euapot .can .sp i - ra t . io~~ - . .~ompa~~eQ-~ . to - - -hhumo~ 
water diverted for this purpose, but may be defined and used in 
different ways. 

Lanqley A unit of energy per unit area commonly used in radiation 
measurements which is equal to one gram calorie per square centimeter. 

Lvsimeter A device such as a tank or large barrel that contains a mass of 
soil and vegetation similar to that in the immediate vicinity, which 
is isolated hydrologically from its surroundings. It is commonly used 
in research to determine the water use of various crops in field 
conditions. 

Net Irriqation Reauirement Similar to crop irrigation requirement, 
however, may be used as equivalent to depletion. 

Pan Evaporation Evaporation from a class A or similar pan. The U.S. 
Weather Bureau class A pan is a cylindrical container fabricated of 
galvanized iron or monel metal with a depth of 10 inches and a 
diameter of 48 inches. The pan is accurately leveled at a site which 
is nearly flat, well sodded, and free from obstructions. The pan is 
filled with water to a depth of eight inches, and periodic 
measurements are made of the changes of the water level with the aid 
of a hook gage set in the stilling well. When the water level drops 
to seven inches, the pan is refilled. 

Peak Irriqation Period The period of highest consumptive use that is used 
in irrigation design to size on-farm or project facilities such as 
pumping plants, pipelines, canals, distribution systems, etc. Peak 
period consumptive use is the average daily ET rate of a crop at its 
maximum during the period between normal irrigations: 

Potential Evapotrans~iration The rate at which water, if available, would 
be removed from the soil and plant surfaces. Expressed as the rate of 
latent heat transfer per square centimeter or depth of water. In this 
report potential evapotranspiration is the same as "reference crop ET" 
and refers to ET of a well -watered crop 1 i ke alfalfa with 30 to 50 cm 
of top growth and about 100 m of fetch under given climatic 
conditions. 

Pvranometer (solar remitter) A general name for instruments which measure 
the combined intensity of incoming direct solar radiation and diffuse 
sky radiation. The sum which is global solar radiation. 



Glossary (continued) 

Radiation Process by which electromagnetic radiation is propagated through 
space. Classified for agricultural purposes as: 

.. Extr&e~re~~-r+~-F.--~~d-ia-t-+~~~..--..~--~~~.o~i.ng- s04a.r rad.i.aLi.o~-.-ahove 
Earth's atmosphere (RA). 

Global Radiation Total of direct solar radiation and diffuse sky 
radiation received at Earth's surface by a unit horizontal 
surface (R,). 

Clear dav radiation Theoretical incoming radiation at Earth's 
surface assuming complete absence of clouds (Rso). 

Net back radiation The thermal or long wave radiation that is 
outgoing from Earth's surface (Rb). 

Net clear dav outaoina lona wave radiation Theoretical outgoing 
long wave radiation at Earth's surface assuming complete absence 
of clouds (Rho). 

Reference C r o ~  ET See potential evapotranspiration. 

Relative Humidity The dimensionless ratio of actual vapor pressure of the 
air to saturation vapor pressure, commonly expressed in percent. 

Root Zone The depth to which plant roots invade the soil and where water 
extraction occurs. 

Saturation Deficit (also called vapor pressure deficit) The difference 
between the actual vapor pressure and the saturation vapor pressure at 
the existing temperature. 

Soil Moisture (available) Water in the root zone that can be extracted by 
plants. The available soil moisture is the difference between field 
capacity and wilting point. 

Soil Moisture (unavailable1 Water in the root zone that is held so firmly 
by various Forces that it usually cannot be absorbed by plants. 

Soil Water Water present in the soil pores (also called soil moisture 
which includes water vapor). 

Solar Radiation Synonymous with global radiation in this report. 

S~ecific Yield The ratio of the volume of water which will drain freely 
from a saturated soil, under a water table condition, to the total 
volume of soil dewatered with a given drop in the water table surface. 

Trans~iration The process by which water in plants is transferred as water 
vapor to the atmosphere. 



Glossary (con t inued)  

Wet Bu lb  D e ~ r e s s i o n  The d i f f e r e n c e  i n  degrees between t h e  d r y  b u l b  
temperature and t h e  wet b u l b  temperature. 

Wet Bulb TemDeratUre ..-Th.e k!!leer_at.u. E... an a~~r.~.~~~.~~~l.~.w.~.u~.d~~h~v.e~..i.f~.~~~c.~.oLe~d 
a d i a b a t i c a l l y  t o  s a t u r a t i o n  a t  constant  pressure by evaporat ion o f  
water  i n  i t  w i t h  a l l  l a t e n t  heat  being supp l i ed  by t h e  pa rce l .  

W i l t i n u  P o i n t  The s o i l  mo is tu re  conten t  a t  which a  p l a n t  can no l o n g e r  
o b t a i n  s u f f i c i e n t  mo is tu re  t o  s a t i s f y  i t s  requi rements and, t h e r e f o r e ,  
w i l l  w i l t  permanent ly.  

Wind Run Accumulated wind t r a v e l  pas t  a  g i ven  p o i n t  d u r i n g  a  24-hour 
pe r i od .  For use i n  t h e  Penman Equation, t h e  wind r u n  da ta  i s  f o r  2  
meters above t h e  ground. 
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APPENDIX A 

Description of Modified Penman 

Combination equation as used in this study, and 

coefficients for polynomial equations describing 

"mean" crop coefficients (Kcm). 



Appendix A. Description of Modified Penman Combination eauation as used 
in this studv, and coefficients for polvnomial eauations 
describina the mean crop coefficients. 

The term "combination method" is derived from combining net radiation 
and advective energy transfer effects on crop water use into one equation. 
The most familiar of these is the "Penman Combination Equation" used in 
this report in a modified form adapted from the work at Kimberly, Idaho. 
Numbers in brackets [ I  are references. 

Modified Penman eauation [8, 9, 10, 11, 13, 14 and 201 

where 

Etr = reference Et, alfalfa with 30 to 50 cm of top growth, (cal/cm2)/d 
(langleys per day). The conversion factor 0.3937/x is used to 
convert to inches per day. This equals 0.00673, if a x value of 
585 is used to rep esent typical conditions; x is the latent heat S of water in cal/cm . 

A = slope of saturation vapor pressure-temperature curve 
(de/dT) at the air temperature, mb/OC. 

7 = psychrometer constant, mb/~C. 

Rn = net radiation, (cal/cm2)/d. 

G = soil heat flux, (cal/cm2)/d. 

W1, We= wind term parameters. Empirically determined values for 
W1 and Wp at Kimberly, Id are 0.75 and 0.0185, respectively. 

U2 = wind movement, mi/d at 2-meter height. 
- 
es = saturation vapor pressure, as defined in equation (A.3), is 

the mean of values obtained at daily maximum and daily mini- 
mum temperatures, mb (this is a modification of the original 
Penman equation). 

es = 1.23329 exp [21.07-5336.0/(Tc + 273.1)] 
where es is saturation vapor pressure over water, mb, at temperature Tc, 
and Tc is temperature, OC. 



Ta = daily maximum temperature, O K ;  and 

Tb = daily minimum temperature, OK. 

Rso is obtained from curve fitting to the highest values of observed daily 
Rs data for a given site or from theoretical consideration [9 ] .  Polynomial 
equations for estimating Rso at various sites are included in appendix B of 
[81. 

An empirical equation for estimating the soil heat flux is: 
- 

G = (ipr - T) 5 

where 

(A .  10) 

- 
Tpr = mean air temperature for a previous time period, usually 

the previous 3 days when daily estimates of Etr are 
required, O F ;  and 

- 
T = mean air temperature for the current time period, i .e., 

mean air temperature of the particular day for which Etr 
is required,"F. 

The magnitude of G usually is small relative to other terms in equation 
( A . l )  and is sometimes ignored in calculations; however, it was used in 
this study. 

In some locations, wind movement may be available from an instrument 
at a height different than 2 meters. The following relationship 1101 
provides a reasonable estimate of the wind movement at 2 meters when the 
anemometer is at height z: 

{A. 11) 

where Uz is wind movement at 2 meters, Uz is wind movement at height z, and 
r i s  height of anemometer above ground in meters. 



(Table Al. footnotes continued) 

b~efore effective cover: Kcm = a0 + air + a2r2 + a3r3, r in percent/100. 
CSome crop equations are not i ncl uded in present microcomputer version. 

d~right suggested that the minimum KFm value of 0.2 is "appropriate for 
relatively dry surface soil conditions from planting until significant 
crop development. For moderately wet surface soil, as with preemergence 
irrigation(s) or some precipitation, use 0.35 and for very wet conditions, 
0.50." 

eBegin growth April 1; estimated effective cover July 15. 

f~arden represents a composite of several crops. Assumed planting date 
May 1, effective cover 90 days later. 

gAfter effective cover: Kcm = bo + bld + b2d2 + b3d3, d in days. 
h ~ a m e  maximum as before cover. Minimum value is imposed following the 
indicated days after effective cover. 

i ~ i m e  base is days since previous cutting, same maximum and minimum Kcm 
values as before effective cover. 



APPENDIX B 

Suinaarized field data and analysis 

for non-weighing lysimeters near Montpelier, Idaho, 

Randolph, Utah and Hill iard Flat, Wyoming, 1983-1987. 



Legend for IIppendix B 

SM Total soil moisture as de- form neutron probe readings. 
DELSM Weekly change in soil moisture from neutron probe readings. 
EXEM ET calculated from neutron probe readings. 
WL Depth t o  water level. 
SMWL Total soil moisture deterdned froan water level readings. 
D m  ET calculated fran water level rea-s. 
EIYMBN ET calculated fran combining both neutron probe and water level 
readings. 

FTADJ ET adjusted for no irrigations after July 15. 

Supplementary data for lyshters in the Upper Bear River Basin. 

LYSIME;TER IWl 
DEPTH TO THE SURFACE I S  6.5 
MAXWDNPREADINGIS 12 
FROM 0 IN. TO 5 IN. THE SY I S  .98 % 
FROM 5 IN. TO 8 IN. THE SY I S  IDEAR FROM 98% TO 4.7 % 
FRaM 8 IN. TO 48 IN. THE SY I S  4.7 % 

LYSIME;TER I W 2  
DEPTH TO THE SURFACE I S  2.95 
MAX VAflID N P  READING I S  13  
FRaM 0 IN. TO 1.45 IN. THE SY I S  .98 % 
FROM 1.45 IN. TO 4.45 IN. THE SY IS LllWAR FRCM 98% TO 4.7 % 
FROM 4.45 IN. TO 48 IN. ?HE SY I S  4.7 % 

LYSIMEZ'ER I W 3  
DEPTH TO THE SURFACE I S  4.6 
MAX W D  NP READING I S  13.5 
rn 0 IN. TO 3.1 IN. THE SY I S  .98 % 
FXM 3.1 IN. TO 6.1 IN. THE SY I S  LINEAR FROM 98% TO 4.7 % 
FROM 6.1 IN. TO 48 IN. T I E  SY I S  4.7 % 

LYSIMEZ'ER I r n  
D m  TO THE SmFArn I S  3.97 
MAX W D  NP READING I S  12.8 
FROM 0 IN. TO 2.47 IN. THE SY I S  .98 % 
FROM 2.47 IN. TO 5.47 IN. TI-E SY I S  IDEAR FROM 98% TO 8.4 % 
FROM 5.47 IN. TO 18.25 IN.  THE SY I S  8.4 % 
FROM 18.25 IN. TO 23.75 IN.  THE SY I S  6.3 % 
FROM 23.75 IN. TO 29.5 IN. THE SY IS 5 % 
FROM 29.5 IN. TO 30.5 IN. THE SY I S  11.5 % 
FROM 30.5 IN.  TO 35.25 IN.  THE SY I S  3.5 % 
FROM 35.25 IN. TO 48 IN.  THE SY I S  4.4 % 



LYSIMEZ'ER ID905 
DEPTH TO THE SURFACE IS 4.05 
MAX W D  NP READING IS 12 
FROM 0 IN. TO 2.55 IN. THE SY IS .98 % 
FROM 2.55 IN. TO 5.55 IN. THE SY IS LINEAR FROM 98% TO 9.3 % 
FROM 5.55 IN. TO 19.75 IN. THE SY IS 9.3 % 
FROM 19.75 IN. TO 29.56 IN. THE SY IS 4.3 % 
FROM 29.56 IN. TO 37 IN. THE SY IS 10.4 % 
FROM 37 IN. TO 48 IN. THE SY IS 5.6 % 

LYSIPlFIER m m  
DEPTH TO THE SURFACE: IS 8.75 
MAX W D  NP READING IS 13.7 
FROM 0 IN. TO 7.25 IN. THE SY IS .98 % 
FROM 7.25 IN. TO 10.25 IN. THE SY IS LINEAR FROM 98% TO 7.8 % 
FROM 10.25 IN. TO 25 IN. THE SY IS 7.8 % 
FROM 25 IN. TO 34 IN. THE SY IS 2.7 % 
FROM 34 IN. TO 48 IN. THE SY IS 3.2 % 

LYSIPlFIER U T m  
DEPTH TO THE SURFACE IS 10.75 
MAX W D  NP READING IS 15 
FROM 0 IN. TO 9.25 IN. THE SY IS .98 % 
FROM 9.25 IN. TO 12.25 IN. THE SY IS LINEAR FROM 98% TO 10.5 % 
FROM 12.25 IN. TO 22 IN. THE SY IS 10.5 % 
FROM 22 IN. TO 32 IN. THE SY IS 2.8 % 
FROM 32 IN. TO 36 IN. THE SY IS 6.8 % 
FROM 36 IN. TO 48 IN. THE SY IS 2.6 % 

LYS- WYHLN 
DEPTH TO THE SURFACE IS 9.25 
MAX W D  NP READING IS 14.3 
FROM 0 IN. TO 7.75 IN. THE SY IS .98 % 
FROM 7.75 IN. TO 10.75 IN. THE SY IS LINEAR FROM 98% TO 6.9 % 
FROM 10.75 IN. TO 21.5 IN. THE SY IS 6.9 % 
FROM 21.5 IN. TO 28.125 IN. THE SY IS 3.9 % 
FROM 28.125 IN. TO 33 IN. THE SY IS 2.3 % 
FROM 33 IN. TO 48 IN. THE SY IS 2 % 

L Y s m  WYHZS 
DEPTH TO THE SURFACE IS 3.75 
MAX W D  NP READING IS 14.5 
FROM 0 IN. TO 2.25 IN. THE SY IS .98 % 
FROM 2.25 IN. TO 5.25 IN. THE SY IS LINEAR FROM 98% TO 14.3 % 
FROM 5.25 IN. TO 10 IN. THE SY IS 14.3 % 
FROM10 IN. TO 23.5 IN. THE SY IS 3.7 % 
FROM 23.5 IN. TO 31 IN. THE SY IS 4.2 % 
FROM 31 IN. TO 48 IN. THE SY IS 2.4 % 
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Appendix B continued. Sumnarized f i e l d  data and analysis f o r  non-weighing Lysimeters i n  the upper Bear River Basin, 1983-1987. 

Information f o r  Lysimeter number 2 a t  Montpelier, Idaho f o r  1983. Information f o r  lysimeter number 2 a t  Montpelier, Idaho f o r  1984. 

DATE - - - -  
JUN13 
JUN2O 
JUN27 
JULO5 
JUL11 
JUL18 
JUL25 
AUGOI 
AUGO8 
AUG15 
AUG22 
AUG29 
SEP05 
SEP12 
SEP19 7 SEP26 
OCT03 
O C T l O  

- - - - - - -  

I DM0283 
LYSIMETER ET DATA 

I R R I G  RAIN SM DELSM ETSM WL SMWL DELWL ETWL ETCMBN 
. . . . . . . . . . . . . . . . . . . . . . . . .  INCHES-- - - - - - - - - - - - - - - - - - - - - - - - - - -  
0.00 0.00 37.8 14.8 0.0 0.0 0.0 
2.21 0.00 29.8 15.2 -0.4 -0.4 -0.4 
1.91 0.03 19.2 15.7 -0.5 1.7 1.7 
0.00 0.72 14.1 15.9 -0.2 2.4 2.4 
0.00 0.67 11.8 16.1 -0.1 0.6 0.6 
0.00 0.09 10.8 16.1 -0.0 0.0 0.0 
0.00 0.05 11.5 16.1 0.0 0.1 0.1 
0.00 0.68 12.8 16.0 0.1 0.7 0.7 
0.00 0.02 14.2 15.9 0.1 0.1 0.1 
0.00 1.36 16.4 0.0 0.0 15.6 15.9 0.1 1.4 1.4 
0.00 1.71 16.3 0.0 1.8 17.3 15.8 0.1 1.8 1.8 
0.00 0.00 16.4 -0.1 -0.1 19.6 15.7 0.1 0.1 0.1 
0.00 1.29 15.7 0.7 2.0 20.5 15.6 0.0 1.3 1.3 
0.00 0.28 15.6 0.1 0.4 23.1 15.5 0.1 0.4 0.4 

-0.28 0.00 15.1 0.5 0.5 24.5 15.5 0.1 0.1 0.1 
0.00. 0.13 14.6 0.5 0.4 37.3 14.9 0.6 0.5 0.5 
0.00 1-80 15.1 -0.5 1.3 36.9 14.9 -0.0 1.8 1.8 
0.00 0.54 14.2 0.8 1.4 37.4 14.9 0.0 0.6 0.7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3.84 9.38 2.1 7.6 -0.0 13.2 13.4 

PERIOD - - - - - -  
JUN 
JUL 
AUG 
SEP 
OCT - - - - - - - - - -  

JUN - SEP 
SEASONAL 

ET SUMMARY INFORMATION 
ETSM ETWL ETCMBN 

-- - - - - - - - - - - - - - - INCHES--- - - - - - - -  
0.00 2.26 2.26 
0.00 2.83 2.83 
2.23 3.89 3.89 
3.45 2.89 2.89 
1.93 1.33 1.50 ----------------------------------. 
5.68 11.88 11.88 
7.62 13.20 13.37 

ETADJ 
. - - - - - - -  

2.26** 
2.83 
3.89 
2.89 
1.50** 

. - - - - - - - -  
11.88** 
13.37 

NOTE: See de f in i t i ons  o f  tab le headings a t  beginning o f  appendix, 
** Indicates p a r t i a l  month of  data. 

DATE - - - -  
MAY 12 
MAY 18 
MAY25 
JUNO4 
JUNll 
JUNl8 
JUN25 
JULO2 
JULO9 
JUL16 
JUL23 
JUL30 
AUG06 
AUG13 
AUGZO 
AUG27 
SEP03 
SEPlO 
SEP17 
SEP24 
OCT05 
OCT13 
. - - - - - -  

IOM0284 
LYSIMETER ET DATA 

I R R I G  RAIN SM - - - - - - - - - - - - - - - - - - -  
0.00 0.00 14.4 
0.00 0.12 13.9 
2.94 0.01 13.8 
0.00 0.25 14.0 

-0.74 1.42 13.8 
0.00 0.17 14.3 
1.47 0.01 13.1 
1.47 0.01 14.0 
1.47 0.03 13.9 
1.47 0.00 14.0 
2.21 0.15 15.3 
0.00 1.18 16.4 
0.00 0.10 16.4 
0.74 0.00 15.5 
0.00 0.30 15.4 
0.00 0.62 16.0 
0.44 0.00 16.2 
0.00 0.13 15.5 

-0.15 0.35 16.3 
-0.29 0.49 16.3 
-0.51 1.12 16.2 
0.00 0.00 12.5 

. - - - - - - - - - - - - - - - - - - -  

10.52 6.47 

DELSM ETSM WL SMWL DELWL ETWL ETCMBN - - - - - -  INCHES--- - - - - - - - - - - - - - - - - - - - - - - - - -  
0.0 0.0 16.6 15.8 0.0 0.0 0.0 
0.5 0.6 16.4 15.8 -0.0 0.1 0.6 
0.1 0.1 17.3 15.8 0.0 0.1 0.2 

-0.2 3.0 9.1 16.2 -0.4 2.8 2.6 
0.2 1.6 5.3 16.4 -0.2 1.2 1.4 

-0.4 -1.0 14.1 15.9 0.4 -0.1 -0.6 
1.2 1.2 14.8 15.9 0.0 0.0 1.2 

-0.9 0.6 14.8 15.9 0.0 1.5 0.6 
0.1 1.6 15.1 15.9 0.0 1.5 1.6 

-0.1 1.3 15.1 15.9 0.0 1.5 1.3 
-1.3 0.4 16.1 15.9 0.0 1.7 1.3 
-1.1 2.3 4.8 16.4 -0.5 2.9 2.9 
0.0 0.1 13.2 16.0 0.4 0.5 0.5 
0.9 0.9 18.2 15.8 0.2 0.2 0.2 
0.1 1.1 17.1 15.8 -0.1 1.0 1.0 

-0.6 -0.0 18.2 15.8 0.1 0.7 0.7 
-0.1 -0.1 21.4 15.6 0.2 0.2 0.2 
0.6 1.2 18.1 15.8 -0.2 0.4 0.4 

-0.7 -0.4 20.6 15.6 0.1 0.5 0.5 
0.0 0.4 20.6 15.6 0.0 0.3 0.3 
0.1 0.9 18.1 15.8 -0.1 0.7 0.7 
3.7 3.2 34.6 15.0 0.8 0.3 2.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.0 19.0 0.8 17.8 19.8 

ET SUMMARY INFORMATION 
PERIOD ETSM ETWL ETCMBN - - - - - -  - - - - - - - - - - - - - - - -  INCHES----------- 
MAY 2.54 1.85 2.32 
JUN 3.40 3.31 3.51 
JUL 5.74 8.01 7.34 
AUG 2.05 2.40 2.40 
SEP 1.61 1.68 1.68 
OCT 3.62 0.58 2.53 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

JUN - SEP 12.79 15.40 14.93 
SEASONAL 18.96 17.83 19.78 

ETAD J - - - - - -  
2.32** 
3.51 
7.34 
2.38 
1.50 
2.50** - - - - - - -  

14.74 
19.56 

NOTE: See de f in i t i ons  of  tab le  headings a t  beginning of  appendix. 
** Indicates p a r t i a l  month of  data. 



Appendix B continued. Sumnarized f i e l d  data and analysis f o r  non-weighing Lysimeters i n  the upper Bear River Basin, 1983-1987. 

Information f o r  Lysimeter number 2 a t  Montpelier, Idaho f o r  1985. 

DATE 
- - - -  
MAY 17 
MAY24 
MAY31 
JUNIO 
JUN17 
JUN24 
JULOI 
JULO8 
JUL15 
JUL22 
JUL29 
AUG05 
AUG12 
AUG19 
AUG26 

I SEPO2 " SEP09 
SEPl6 
SEP23 - - - - - - - . 

I DM0285 
LYSIMETER ET DATA 

I R R I G  R A I N  SM DELSM ETSM UL SMUL DELWL ETUL ETCMBN . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES-- - - - - - - - - - - - - - - - - - - - - - - - - - -  
0.00 0.00 16.4 0.0 0.0 16.8 15.8 0.0 0.0 0.0 
0.00 1.44 16.0 0.4 1.8 19.4 15.7 0.1 1.6 1.6 
0.00 0.17 15.3 0.7 0.8 21.0 15.6 0.1 0.2 0.2 
0.37 0.09 13.5 1.8 1.9 24.8 15.4 0.2 0.3 1.2 
0.00 0.00 13.7 -0.2 0.1 20.5 15.6 -0.2 0.2 -0.1 
0.74 0.01 13.5 0.2 0.2 24.0 15.5 0.2 0.2 0.4 
0.44 0.20 13.5 -0.0 0.9 23.0 15.5 -0.0 0.9 0.9 
1.47 0.02 13.5 0.0 0.5 24.0 15.5 0.0 0.5 0.5 
3.24 0.95 15.0 -1.5 1.0 21.0 15.6 -0.1 2.3 1.4 
2.21 0.04 16.4 -1.4 1.8 17.0 15.8 -0.2 3.1 3.1 
0.00 0.15 15.7 0.7 3.0 7.5 16.3 -0.4 1.9 1.9 
1.32 0.26 15.3 0.5 0.7 15.5 15.9 0.4 0.6 0.6 
0.74 0.00 15.2 0.1 1.4 16.5 15.8 0.0 1.4 1.4 
2.21 0.00 15.0 0.2 0.9 18.0 15.8 0.1 0.8 0.8 
1.18 0.00 15.7 -0.7 1.5 11.5 16.1 -0,s 1.9 1.9 
0.00 0.45 16.4 -0.7 0.9 8.0 16.2 -0.2 1.5 1.5 
0.00 0.14 15.8 0.6 0.7 14.5 15.9 0.3 0.4 0.4 
0.00 0.42 15.3 0.5 1.0 16.0 15.9 0.1 0.5 0.5 
0.00 0.29 13.4 1.8 2.1 19.0 15.7 0.1 0.4 1.4 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
13.90 4.64 3.0 21.5 0.1 18.6 19.6 

PERIOD 
- - - - - -  
MAY 
JUN 
JUL 
AUG 
SEP 

- - - - - - - - - -  
JUN - SEP 
SEASONAL 

ET SUMMARY INFORMATION 
ETSM ETWL ETCMBN 

- - - - - - - - - - - - - - - - INCHES-- - - - - - - - -  
2.68 1.81 1.81 
3.09 1.38 2.27 
6.63 8.10 7.21 
5.02 5.58 5.58 
4.07 1.78 2.74 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

18.81 16.83 17.79 
21.49 18.64 19.60 

ETAD J 

NOTE: See de f in i t i ons  of  tab le headings a t  beginning of  appendix. 
** Indicates p a r t i a l  month of  data. 

Information f o r  Lysimeter number 2 a t  Montpelier, Idaho f o r  1986. 

DATE - - - -  
MAY 02 
MAY09 
MAY I 6  
MAY 23 
JUNO2 
JUNO9 
JUN16 
JUN23 
JUN30 
JUL07 
JUL14 
JUL2l 
JUL28 
AUG04 
AUGl 1 
AUGl8 
AUG25 
SEPOI 
SEP08 
SEP15 
SEP22 
OCT03 
OCT17 - - - - - - -  

IDM0286 
LYSIMETER ET DATA 

I R R I G  RAIN SM DELSM ETSM UL . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES------ 
0.00 0.00 14.5 0.0 0.0 8.3 
0.00 0.59 14.5 -0.0 0.5 7.8 
0.00 0.11 16.0 -1.5 -1.4 8.3 
0.00 0.14 15.9 0.1 0.2 8.3 
0.00 0.00 16.5 -0.6 -0.6 2.8 
1.47 0.09 16.3 0.2 0.3 8.5 
1.88 0.00 15.9 0.4 1.8 7.8 
1.47 0.00 15.9 0.0 1.9 6.5 
0.74 0.00 15.7 0.2 1.7 5.9 
1.25 0.00 16.0 -0.3 0.4 9.3 
1.32 0.00 16.1 -0.1 1.2 9.0 
1.32 0.11 16.2 -0.1 1.3 8.8 

-0.29 0.99 15.2 1.0 3.3 4.5 
0.74 0.00 14.8 0.4 0.1 9.3 
1.18 0.00 15.3 -0.5 0.2 11.0 
1.47 0.00 15.5 -0.2 1.0 12.0 
0.00 0.59 15.3 0.2 2.3 7.8 
1.18 0.00 14.5 0.8 0.8 11.5 
1.18 0.00 15.0 -0.5 0.6 12.5 
0.00 0.37 14.7 0.3 1.8 9.0 
0.00 0.11 13.0 1.7 1.8 14.3 

-0.74 2.66 13.7 -0.7 1.9 7.0 
0.00 0.00 13.1 0.6 -0.1 15.8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

14.17 5.77 1.3 21.3 

SMUL DELUL ETUL ETCMBN . . . . . . . . . . . . . . . . . . . . . .  
16.2 0.0 0.0 0.0 
16.2 -0.0 0.6 0.6 
16.2 0.0 0.1 0.1 
16.2 0.0 0.1 0.1 
16.4 -0.2 -0.2 -0.2 
16.2 0.2 0.3 0.3 
16.2 -0.0 1.4 1.4 
16.3 -0.1 1.8 1.8 
16.3 -0.0 1.4 1.4 
16.2 0.2 0.9 0.9 
16.2 -0.0 1.2 1.2 
16.2 -0.0 1.4 1.4 
16.4 -0.2 2.1 2.1 
16.2 0.2 -0.1 -0.1 
16.1 0.1 0.8 0.8 
16.0 0.0 1.2 1.2 
16.2 -0.2 1.9 1.9 
16.1 0.2 0.2 0.2 
16.0 0.0 1.2 1.2 
16.2 -0.2 1.4 1.4 
15.9 0.2 0.4 1.7 
16.3 -0.3 2.3 1.6 
15.9 0.4 -0.3 0.3 . . . . . . . . . . . . . . . . . . . . . . .  

0.4 20.3 21.6 

PERIOD 
- - - - - - 

MAY 
JUN 
JUL 
AUG 
SEP 
OCT - - - - - - - - - -  

JUN - SEP 
SEASONAL 

ET SUMMARY INFORMATION 
ETSM ETUL ETCMBN ETADJ 

- - - - - - - - - - - - - - - -  INCHES-----------------  
-1.08 0.70 0.70 0.70** 
5.61 4.95 4.95 4.95 
6.28 5.64 5.64 5.64 
4.26 4.01 4.01 3.87 
5.78 4.67 5.52 2.46 
0.43 0.31 0.75 0.36** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

21 -93 19.28 20.13 16.93 
21.27 20.28 21.57 17.98 

NOTE: See de f in i t i ons  of  tab le headings a t  beginning of  appendix. 
** Indicates p a r t i a l  month of data. 



Appendix B continued. Sumnarized f i e l d  data and analysis f o r  non-weighing Lysimeters i n  the upper Bear River Basin, 1983-1987. 

Information f o r  lysimeter number 2 a t  Montpelier, Idaho f o r  1987. Information f o r  lysimeter number 3 a t  Montpelier, Idaho f o r  1983. 
I DM0287 01-25-1989 IDM0383 01-25-1989 

LYSIMETER ET DATA 15:52:46 LYSIMETER ET DATA 15:52:51 

DATE I R R I G  R A I N  SM DELSM ETSM UL SMWL DELUL ETUL ETCMBN - - - -  . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES-- - - - - - - - - - - - - - - - - - - - - - - - - - -  
APR24 2.21 0.00 10.8 0.0 0.0 31.0 15.2 0.0 0.0 0.0 
MAY01 0.00 0.09 15.2 -4.5 -2.2 16.0 15.9 -0.7 1.6 -2.0 
MAY08 2.21 0.14 14.2 1.1 1.2 22.0 15.6 0.3 0.4 0.6 
MAY15 0.00 0.48 15.6 -1.4 1.3 11.0 16.1 -0.5 2.2 1.9 
MAY22 0.00 1.54 16.5 -0.9 0.7 4.0 16.5 -0.5 1.1 1.1 
MAY31 0.00 0.59 16.2 0.3 0.9 4.5 16.4 0.1 0.7 0.7 
JUN08 1.47 0.18 15.0 1.1 1.3 18.8 15.7 0.7 0.9 0.9 
JUN15 1.47 0.45 15.4 -0.3 1.6 13.0 16.0 -0.3 1.6 1.6 
JUN22 2.21 0.07 15.3 0.1 1.6 17.0 15.8 0.2 1.7 1.7 
JUN28 1.47 0.62 15.4 -0.1 2.7 12.5 16.0 -0.2 2.6 2.6 
JULO6 1.47 0.01 15.6 -0.2 1.3 15.0 15.9 0.1 1.6 1.6 
JUL13 0.74 0.78 16.0 -0.4 1.9 9.5 16.2 -0.3 2.0 2.0 
JUL2l 0.74 0.39 16.3 -0.4 0.8 16.0 15.9 0.3 1.4 1.4 
JUL28 1.47 0.36 14.8 1.6 2.7 20.0 15.7 0.2 1.3 1.3 
AUGOl 0.74 0.29 15.5 -0.7 1.0 12.5 16.0 -0.4 1.4 1.4 
AUGIO 0.00 0.00 12.3 3.2 3.9 24.0 15.5 0.5 1.3 3.4 
AUG17 3.68 1.20 11.8 0.5 1.7 27.3 15.3 0.2 1.4 1.8 7 AUG24 0.00 0.18 16.1 -4.3 -0.4 5.0 16.4 -1.0 2.8 0.3 

a AUG31 0.00 1.12 15.1 1.0 2.2 8.5 16.2 0.2 1.3 1.3 
sEPoa 2.94 0.23 14.1 1.0 1.2 17.0 15.8 0.4 0.6 1.0 
SEP14 0.00 0.05 16.2 -2.1 0.9 1.8 16.6 -0.8 2.2 1.8 
SEP2l 0.00 0.51 14.0 2.2 2.7 3.0 16.4 0.2 0.7 1.1 
SEP25 0.00 0.05 13.5 0.5 0.5 5.8 16.3 0.1 0.1 0.6 
OCTO2 0.00 0.00 13.2 0.3 0.3 12.8 16.0 0.3 0.3 0.6 
OCT08 0.00 0.04 12.9 0.4 0.4 20.0 15.7 0.3 0.4 0.7 
OCT15 0.00 1.02 13.3 -0.4 0.6 14.8 15.9 -0.2 0.8 0.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

22.80 10.40 -2.5 30.7 -0.8 32.4 30.0 

ET SUMMARY INFORMATION 
PER I OD ETSM ETWL ETCMBN ETADJ 
- - - - - -  - - - - - - - - - - - - - - - - INCHES- - - - - - - - - - - - - - - - -  

APR -1 -85 1.37 -1.74 - 1.74** 
MAY 3.71 4.64 4.13 4.13 
JUN 7.55 7.25 7.25 7.25 
JUL 7.06 6.96 6.96 6.96 
AUG 7.60 7.08 7.08 5.29 
SEP 5.56 3.90 5.00 2.34 
OCT 1.09 1.25 1.28 0.34** 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
JUN - SEP 27.77 25.18 26.29 21 -84 
SEASONAL 30.71 32.44 29.95 24.56 
NOTE: See de f i n i t i ons  of tab le headings a t  beginning of  appendix. 

** Indicates p a r t i a l  month of data. 

DATE - - - -  
JUN13 
JUN2O 
JUN27 
JULO5 
JULl I 
JuLia 
JUL25 
AUGOI 
AUG08 
AUG15 
AUG22 
AUG29 
SEP05 
SEPl2 
SEP19 
SEP26 
OCT03 
O C T l O  - - - - - - -  

I R R I G  RAIN SM DELSM ETSM UL SMWL DELUL ETUL ETCMBN 
. . . . . . . . . . . . . . . . . . . . . . . . .  INCHES-- - - - - - - - - - - - - - - - - - - - - - - - - - -  
1.47 0.00 43.5 14.3 0.0 0.0 0.0 
2.21 0.00 27.5 15.1 -0.8 0.7 0.7 
1.91 0.03 22.5 15.3 -0.2 2.0 2.0 
0.74 0.72 13.5 15.8 -0.4 2.2 2.2 
0.37 0.67 11.5 15.8 -0.1 1.3 1.3 
0.00 0.09 13.9 15.7 0.1 0.6 0.6 
0.00 0.05 16.5 15.6 0.1 0.2 0.2 
0.00 0.68 18.8 15.5 0.1 0.8 0.8 
0.00 0.02 20.8 15.4 0.1 0.1 0.1 
0.00 1.36 15.7 0.0 0.0 21.7 15.4 0.0 1.4 1.4 
0.00 1.71 16.3 -0.6 1.1 21.4 15.4 -0.0 1.7 1.7 
0.00 0.00 15.9 0.5 0.5 22.1 15.3 0.0 0.0 0.0 
0.00 1.29 15.6 0.3 1.5 22.4 15.3 0.0 1.3 1.3 
0.00 0.28 15.5 0.1 0.4 23.1 15.3 0.0 0.3 0.3 
0.00 0.00 15.4 0.2 0.2 24.6 15.2 0.1 0.1 0.1 
0.00 0.13 14.9 0.5 0.6 26.2 15.2 0.1 0.2 0.2 

-0.28 1.80 15.4 -0.5 1.3 26.6 15.1 0.0 1.8 1.8 
0.00 0.54 15.3 0.1 0.4 31.6 14.9 0.2 0.5 0.5 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
6.41 9.38 0.4 5.9 -0.6 15.2 15.2 

PERIOD - - - - - -  
JUN 
JUL 
AUG 
SEP 
OCT 

- - - - - - -  - -- .  
JUN - SEP 
SEASONAL 

ET SUMMARY INFORMATION 
ETSM ETWL ETCMBN ETADJ - - - - - - - - - - - - - - - -  INCHES-----------------  
0.00 3.55 3.55 3.55** 
0.00 4.12 4.12 4.12 
1.97 3.73 3.73 3.73 
2.99 2.56 2.56 2.56 
0.94 1.28 1.28 1 .28** 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
4.96 13.96 13.96 13.96** 
5.90 15.24 15.24 15.24 

NOTE: See de f in i t i ons  of table headings a t  beginning of appendix. 
** Indicates p a r t i a l  month of  data. 



Appendix B continued. Sumnarized f i e l d  data and analysis f o r  non-weighing lysimeters i n  the upper Bear River Basin, 1983-1987. 

Information f o r  lysirneter nunber 3 a t  Montpelier, Idaho f o r  1984. 

DATE - - - -  
MAY 1 2 
MAY18 
MAY 25 
JUNO4 
JUNll 
JUN18 
JUN25 
JULO2 
JUL09 
JULl6 
JUL23 
JUL30 
AUGO6 
AUG13 

w AUG2O 
I AUG27 

SEP03 
SEPIO 
SEP17 
SEP24 
OCT05 
OCT13 

- - - - - - -  

I DM0384 
LYSIMETER ET DATA 

I R R I G  RAIN SM DELSM ETSM WL SMWL DELWL ETWL ETCMBN . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES--- - - - - - - - - - - - - - - - - - - - - - - - - -  
0.00 0.00 15.8 0.0 0.0 25.3 15.2 0.0 0.0 0.0 
0.00 0.12 15.5 0.3 0.4 25.0 15.2 -0.0 0.1 0.1 
1.77 0.01 14.5 1.0 1.0 24.1 15.3 -0.0 -0.0 -0.0 
1.18 0.25 14.7 -0.2 1.8 20.4 15.4 -0.2 1.8 1.8 
0.00 1.42 15.2 -0.5 2.1 15.4 15.7 -0.2 2.4 2.4 
0.74 0.17 15.1 0.1 0.3 20.0 15.4 0.2 0.4 0.4 
2.21 0.01 14.6 0.5 1.2 22.5 15.3 0.1 0.9 0.9 
2.21 0.01 14.7 -0.1 2.1 23.0 15.3 0.0 2.2 2.2 
2.21 0.03 15.0 -0.4 1.9 24.0 15.3 0.0 2.3 2.3 
2.21 0.00 15.0 0.1 2.3 24.3 15.2 0.0 2.2 2.2 
2.21 0.15 15.6 -0.6 1.7 22.0 15.4 -0.1 2.3 2.3 
0.00 1.18 16.2 -0.6 2.8 12.5 15.8 -0.4 2.9 2.9 
0.00 0.10 16.0 0.1 0.2 22.5 15.3 0.5 0.6 0.6 
0.00 0.00 14.4 1.6 1.6 27.5 15.1 0.2 0.2 0.2 
0.00 0.30 13.7 0.7 1.0 31.3 14.9 0.2 0.5 0.9 

-0.18 0.62 13.7 -0.0 0.6 33.0 14.8 0.1 0.7 0.7 
0.00 0.00 13.9 -0.2 -0.4 40.5 14.5 0.4 0.2 -0.0 
0.00 0.13 13.6 0.4 0.5 40.3 14.5 -0.0 0.1 0.5 
0.00 0.35 13.7 -0.1 0.2 41.0 14.5 0.0 0.4 0.3 
0.00 0.49 14.5 -0.8 -0.3 41.0 14.5 0.0 0.5 0.1 
0.00 1.12 14.6 -0.1 1.0 42.0 14.4 0.0 1.2 1.2 
0.00 0.00 14.0 0.6 0.6 42.0 14.4 0.0 0.0 0.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

14.53 6.47 1.8 22.8 0.8 21.8 21.9 

PERIOD - - - - - -  
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 

- - - - - - - - - -  
JUN - SEP 
SEASONAL 

ET SUMMARY INFORMATION 
ETSM ETWL ETCMBN - - - - - - - - - - - - - - - -  INCHES--------- 
2.46 1.18 1.18 
5 -92 5 -95 5.95 
9.32 10.42 10.42 
3.20 2.00 2.25 
0.82 1.70 1.45 
1.06 0.53 0.66 

ETADJ - - - - - - - -  
1.18** 
5.95 

10.42 
2.22 
1.39 
0.65** 

NOTE: See de f in i t i ons  of  tab le headings a t  beginning o f  appendix. 
** Indicates p a r t i a l  month o f  data. 

Information f o r  lysimeter nunber 3 a t  Montpelier, Idaho f o r  1985. 

DATE - - - -  
MAY 1 7 
MAY24 
MAY31 
JUNlO 
JUN17 
JUN24 
JULOl 
JULO8 
JUL15 
JUL22 
JUL29 
AUG05 
AUG12 
AUGl9 
AUG26 
SEPO2 
SEPO9 
SEP16 
SEP23 
SEP30 
OCT07 
OCT14 

- - - - - - - .  

IDM0385 
LYSIMETER ET DATA 

I R R I G  RAIN SM DELSM ETSM WL SMWL DELWL ETWL ETCMBN . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES----------------------------  
0.00 0.00 15.9 0.0 0.0 19.1 15.5 0.0 0.0 0.0 
0.00 1.44 15.8 0.1 1.6 21.9 15.4 0.1 1.6 1.6 
0.00 0.17 15.8 -0.1 0.1 23.0 15.3 0.1 0.2 0.2 
0.29 0.09 15.6 0.3 0.3 24.0 15.3 0.0 0.1 0.1 
0.00 0.00 15.5 0.1 0.4 23.0 15.3 -0.0 0.2 0.2 
0.29 0.01 14.7 0.8 0.8 24.0 15.3 0.0 0.1 0.1 
0.74 0.20 14.1 0.5 1.0 24.5 15.2 0.0 0.5 0.5 
1.47 0.02 13.8 0.3 1.1 24.5 15.2 0.0 0.8 1.0 
2.50 0.95 15.0 -1.1 1.3 23.3 15.3 -0.1 2.4 2.1 
0.74 0.04 16.3 -1.4 1.2 15.0 15.7 -0.4 2.2 2.2 
0.74 0.15 15.0 1.4 2.2 17.0 15.6 0.1 1.0 1.0 
0.74 0.26 15.1 -0.2 0.8 18.5 15.5 0.1 1.1 1.1 
0.74 0.00 14.8 0.4 1.1 21.0 15.4 0.1 0.9 0.9 
1.47 0.00 15.0 -0.2 0.5 21.5 15.4 0.0 0.8 0.8 
1.77 0.00 15.1 -0.2 1.3 18.0 15.5 -0.2 1.3 1.3 
0.00 0.45 15.4 -0.3 1.9 6.5 16.1 -0.5 1.7 1.7 
0.00 0.14 15.3 0.1 0.3 14.0 15.7 0.4 0.5 0.5 
0.00 0.42 15.2 0.1 0.5 16.0 15.6 0.1 0.5 0.5 
0.00 0.29 15.3 -0.1 0.2 19.0 15.5 0.1 0.4 0.4 
0.00 0.00 15.1 0.3 0.3 24.0 15.3 0.2 0.2 0.2 
0.00 0.32 14.9 0.2 0.5 25.0 15.2 0.0 0.4 0.4 
0.00 0.15 14.8 0.1 0.2 25.0 15.2 0.0 0.2 0.2 

. ------------------------------------------------------------  
11.47 5.10 1.1 17.7 0.3 16.9 16.9 

- - - - - -  
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 

- --------- .  
JUN - SEP 
SEASONAL 

ET SUMMARY INFORMATION 
ETSM ETWL ETCMBN - - - - - - - - - - - - - - - -  INCHES--------- 
1.68 1.79 1.79 
2.43 0.89 0.89 
6.18 6.63 6.63 
4.89 4.88 4.88 
1.76 2.15 2.15 
0.72 0.52 0.52 

. ---------------------------------  
15.26 14.55 14.55 
17.66 16.86 16.86 

ETAD J - - - - - - - -  
I .79** 
0.89 
6.63 
4.29 
1.11 
0.26** - - - - - - - - -  

12.92 
14.97 

NOTE: See de f in i t i ons  o f  tab le  headings a t  beginning of  appendix. 
** Indicates p a r t i a l  month of  data. 



Appendix B continued. S m r i z e d  f i e l d  data and analysis fo r  non-weighing Lysimeters i n  the upper Bear River Basin, 1983-1987. 

Information for  Lysimeter nunber 3 a t  Montpelier, Idaho for  1986. 
I DM0386 01 -25-1989 

LYSIMETER ET DATA 15:53:09 

Information for  Lysimeter nunber 3 a t  Montpelier, Idaho for  1987. 
I DM0387 01-25-1989 

LYSIMETER ET DATA 15:53:16 

DATE - - - -  
MAY02 
MAY 09 
MAY16 
MAY 23 
JUNO2 
JUNO9 
JUNl6 
JUN23 
JUN30 
JUL07 
JUL14 
JUL2l 
JUL28 
AUG04 
A U G l l  
AUGl8 

td AUG25 
I SEPOl 

SEP08 r 
SEPl5 
SEP23 
OCT03 
OCT 17 - - - - - - -  

I R R I G  R A I N  SM DELSM ETSM WL SMWL DELWL ETWL ETCMBN . . . . . . . . . . . . . . . . . . . . . . . . .  I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - - - - *  

0.00 0.00 15.6 0.0 0.0 5.5 16.2 0.0 0.0 0.0 
0.00 0.59 15.8 -0.2 0.4 6.0 16.4 -0.2 0.Q 0.4 
0,OO 0.11 15.8 0.0 0.1 14.5 15.7 0.7 0.8 0.8 
0.51 0.14 15.7 0.1 0.2 20.3 15.4 0.3 0.4 0.4 
2.21 0.00 15.6 0.2 0.7 22.0 15.4 0.1 0.6 0.6 
1.47 0.09 15.8 -0.3 2.0 21.1 15.4 -0.0 2.3 2.3 
2.57 0.00 15.5 0.4 1.9 21.0 15.4 -0.0 1.5 1.5 
2.47 0.00 15.5 -0.1 2.5 19.3 15.5 -0.1 2.5 2.5 
1.03 0.00 15.7 -0.2 2.3 14.5 15.7 -0.2 2.2 2.2 
2.50 0.00 15.3 0.4 1.4 21.3 15.4 0.3 1.3 1.3 
2.35 0.00 15.7 -0.4 2.1 16.5 15.6 -0.2 2.3 2.3 
1.91 0.11 15.7 0.0 2.5 12.5 15.8 -0.2 2.3 2.3 
0.00 0.99 16.0 -0.3 2.6 3.0 17.6 -1.8 1.1 1.1 
1.18 0.00 15.4 0.6 0.W12.0 15.8 1.8 1.8 1.8 
1.47 0.00 15.8 -0.4 0.8 17.8 15.6 0.3 1.4 1.4 
1.32 0.00 16.1 -0.3 1.2 16.8 15.6 -0.0 1.4 1.4 
0.00 0.59 16.1 0.0 1.9 6.8 16.1 -0.5 1.4 1.4 
0.74 0.00 15.1 1.0 1.0 18.5 15.5 0.5 0.5 0.5 
1.18 0.00 15.8 -0.7 0.1 21.0 15.4 0.1 0.9 0.9 
0.00 0.36 16.0 -0.2 1.3 14.5 15.7 -0.3 1.2 1.2 
0.00 0.11 15.9 0.2 0.3 20.5 15.4 0.3 0.4 0.4 

-0.74 2.66 15.2 0.7 3.3 4.5 16.1 -0.7 2.0 2.0 
0.00 0.00 14.9 0.2 -0.5 18.5 15.5 0.6 -0.1 -0.1 

, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - * - - - - - - -  

22.18 5.76 0.7 28.6 0.7 28.6 28.6 

PERIOD - - - - - -  
MAY 
JUN 
JUL 
AUG 
SEP 
OCT - - - - - - - - - -  

JUN - SEP 
SEASONAL 

ET SUMMARY INFORMATION 
ETSM ETWL ETCMBN ETADJ 

- - - - - - - - - - - - - - - - I N C H E S - - - - - - - - - - - - - - - - -  
1.28 2.09 2.09 2.09** 
8.84 8.58 8.58 8.58 
8.80 7.76 7.76 7.76 
5.06 5.80 5.80 4.80 
4.13 3.94 3.94 1.48 
0.51 0.44 0.44 0.08** 

I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

NOTE: See def in i t ions of table headings a t  beginning of appendix. 
** Indicates par t ia l  month of data. 

DATE - - - -  
APR24 
MAY01 
MAY 08 
MAY 15 
MAY22 
MAY31 
JUNO8 
JUN15 
JUN22 
JUN29 
JULO6 
JUL13 
JUL2l 
JUL28 
AUGOl 
A U G ~  0 
AUG17 
AUG24 
AUG31 
SEP08 
SEP14 
SEP2l 
SEP28 
OCTO2 
OCT08 
OCT 15 ------. 

I R R I G  R A I N  SM DELSM ETSM WL SMWL DELWL ETWL ETCMBN . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES- - - - - - - - - - - - - - - - - - - - - - - - - - - -  

1.47 0.00 13.5 0.0 0.0 25.0 15.2 0.0 0.0 0.0 
0.00 0.09 14.5 -1.0 0.6 14.0 15.7 -0.5 1.0 0.5 
2.21 0.14 14.6-0.1 0.021.5 15.4 0.4 0.5 0.5 
0.00 0.48 14.9 -0.3 2.4 5.0 16.1 -0.7 1.9 1.9 
0.00 1.54 15.8 -0.9 0.6 3.5 16.3 -0.2 1.3 1.3 
0.00 0.59 15.6 0.1 0.7 4.0 16.2 0.1 0.7 0.7 
0.00 0.18 15.5 0.1 0.3 5.8 16.3 -0.1 0.1 0.1 
1.47 0.45 15.5 0.0 0.4 17.0 15.6 0.7 1.2 1.2 
2.21 0.07 15.4 0.1 1.7 18.5 15.5 0.1 1.6 1.6 
1.47 0.62 15.6 -0.2 2.7 10.5 15.9 -0.4 2.5 2.5 
1.47 0.01 15.5 0.1 1.5 12.5 15.8 0.1 1.6 1.6 
0.74 0.78 15.7 -0.2 2.1 5.0 16.1 -0.3 1.9 1.9 
0.00 0.39 16.3 -0.6 0.5 8.0 16.0 0.1 1.2 1.2 
0.00 0.36 15.9 0.5 0.8 8.5 16.0 0.0 0.4 0.4 
1.47 0.29 15.7 0.1 0.4 19.0 15.5 0.5 0.8 0.8 
0.00 0.00 13.5 2.2 3.7 24.5 15.2 0.3 1.7 2.4 
2.21 1.20 13.8 -0.4 0.8 15.5 15.7 -0.4 0.8 0.4 
0.00 0.18 15.5 -1.7 0.7 4.5 16.1 -0.4 1.9 1.7 
0.00 1.12 14.1 1.5 2.6 4.5 16.1 0.0 1.1 1.2 
0.00 0.23 13.4 0.6 0.8 10.5 15.9 0.2 0.4 1.1 
0.00 0.05 13.4 0.1 0.1 19.5 15.5 0.4 0.5 0.5 
0.00 0.51 13.3 0.1 0.6 22.0 15.4 0.1 0.6 0.7 
0.00 0.05 13.1 0.2 0.2 24.0 15.3 0.1 0.1 0.3 
0.00 0.00 12.9 0.2 0.2 28.5 15.0 0.2 0.2 0.4 
0.00 0.04 11.5 1.4 1.4 30.0 15.0 0.1 0.1 1.5 
0.00 1.02 t3.1 -1.5 -0.5 28.0 15.1 -0.1 0.9 -0.6 

. - - - - - - - - -__- - * - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

14.71 10.40 0.5 25.6 0.1 25.3 25.7 

ET SUMMARY INFORMATIa 
PERIOD ETSM ETWL ETCMBN ElADJ ------ - - - - - - - - - - - - - - - -  INCHES----------------- 
APR 0.48 0.90 0.41 0.41** 
MAY 3.93 4.67 4.58 4.58 
JUN 5.28 5.50 5.50 5.50 
JUL 5.05 5.48 5.48 5.48 
AUG 7.95 5.77 5.82 5.60 
SEP 1.89 1.80 2.84 2.06 
OCT 0.99 1.14 1.07 0.71** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

JUN - SEP 20.16 18.55 19.64 18.64 
SEASONAL 25.56 25.25 25.70 24.34 
NOTE: See def in i t ions of table headings a t  beginning of appendix. 

** Indicates par t ia l  month of data. 



Appendix B continued. s u m r i z e d  f i e l d  data and analysis f o r  non-weighing Lysimeters i n  the upper Bear River Basin, 1983-1987. 

Information f o r  Lysimeter number 4 a t  Montpelier, Idaho f o r  1986. 
I DM0486 01-25-1989 

DATE 
- - - -  
JULO7 
JUL14 
JUL2l 
JUL28 
AUGO4 
AUGl I 
AUGl8 
AUG25 
SEPOl 
SEP08 
SEP15 
SEP23 
OCT03 
OCT17 - - - - - - - 

LYSIMETER ET DATA 15:53:21 
I R R I G  RAIN SM DELSM ETSM WL SMWL DELWL ETUL ETCMBN 
. . . . . . . . . . . . . . . . . . . . . . . . .  INCHES-- - - - - - - - - - - - - - - - - - - - - - - - - - -  
1.62 0.00 16.7 0.0 0.0 12.8 16.3 0.0 0.0 0.0 
1.47 0.00 16.6 0.1 1.7 10.3 16.5 -0.1 1.5 1.5 
1.47 0.11 16.5 0.1 1.6 10.0 16.5 -0.0 1.6 1.6 
0.00 0.99 16.1 0.5 2.9 2.8 16.9 -0.5 2.0 2.0 
1.32 0.00 16.0 0.1 0.1 11.0 16.4 0.5 0.5 0.5 
1.47 0.00 15.3 0.6 2.0 15.5 16.1 0.3 1.7 1.7 
1.47 0.00 15.8 -0.4 1.0 13.3 16.3 -0.2 1.3 1.3 
0.74 0.59 15.9 -0.2 1.9 8.0 16.6 -0.3 1.8 1.8 
0.74 0.00 15.3 0.6 1.4 11.0 16.4 0.1 0.9 0.9 
1.03 0.00 15.6 -0.3 0.5 14.5 16.2 0.2 1.0 1.0 
0.00 0.36 16.3 -0.7 0.6 11.0 16.4 -0.2 1.1 1.1 
0.00 0.11 15.9 0.5 0.6 17.5 15.9 0.5 0.6 0.6 

-0.74 2.66 16.7 -0.9 1.8 4.0 16.7 -0.8 1.9 1.9 
0.00 0.00 16.3 0.4 -0.3 16.0 16.0 0.7 -0.1 -0.1 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

10.59 4.82 0.4 15.8 0.3 15.7 15.7 

7 PERIOD ,.- - - - - - -  
'V JUL 

AUG 
SEP 
OCT - - - - - - - - - -  

JUN - SEP 
SEASONAL 

ET SUMMARY INFORMATION 
ETSM ETWL ETCMBN ETADJ 

- - - - - - - - - - - - - - - - INCHES-- - - - - - - - - - - - - - - -  
6.33 5.26 5.26 5.26** 
6.09 5.76 5.76 4.76 
3.15 4.18 4.18 1.47 
0.20 0.48 0.48 0.11** 

NOTE: See de f i n i t i ons  of tab le headings a t  beginning of  appendix. 
** Indicates p a r t i a l  month of  data. 

Information f o r  Lysimeter number 4 a t  Montpelier, Idaho f o r  1987. 
I DM0487 01-25-1989 

LYSIMETER ET DATA 15:53:27 
DATE I R R I G  RAIN SM DELSM ETSM WL SMWL DELWL ETWL ETCMBN 
- - - -  . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES--- - - - - - - - - - - - - - - - - - - - - - - - - -  
APR24 0.00 0.00 13.8 0.0 0.0 29.5 15.2 0.0 0.0 0.0 
MAY01 0.00 0.09 14.6 -0.9 -0.8 33.8 15.0 0.2 0.3 -0.6 
MAY08 2.94 0.14 13.7 1.0 1.1 38.0 14.8 0.2 0.3 1.3 
MAY15 0.00 0.48 14.6 -0.9 2.5 22.0 15.6 -0.8 2.6 1.7 
MAY22 0.00 1.54 16.0 -1.4 0.1 12.5 16.3 -0.7 0.8 0.7 
MAY31 0.00 0.59 15.7 0.3 0.9 16.5 16.0 0.3 0.9 0.9 
JUNO8 1.47 0.18 14.2 1.5 1.7 27.5 15.3 0.7 0.9 1.4 
JUN15 1.47 0.45 14.3 -0.1 1.8 24.5 15.5 -0.1 1.8 1.6 
JUN22 2.21 0.07 14.2 0.1 1.7 26.3 15.4 0.1 1.6 1.8 
JUN29 1.47 0.62 14.5 -0.3 2.6 25.0 15.4 -0.1 2.8 2.5 
JUL06 2.21 0.01 14.4 0.1 1.6 26.3 15.4 0.1 1.5 1.6 
JUL13 1.47 0.78 16.0 -1.6 1.4 15.0 16.1 -0.7 2.2 1.9 
JUL2l 0.00 0.39 15.9 0.1 2.0 16.0 16.0 0.1 1.9 1.9 
JUL28 2.21 0.36 16.5 -0.6 -0.2 16.8 16.0 0.1 0.4 0.4 
AUGOI 0.00 0.29 16.9 -0.4 2.1 4.8 16.8 -0.8 1.7 1.7 
AUGIO 0.00 0.00 13.6 3.3 3.3 28.0 15.3 1.5 1.5 2.6 
AUG17 2.21 1.20 13.7 -0.1 1.1 30.5 15.2 0.1 1.3 1.3 
AUG24 0.74 0.18 15.9 -2.3 0.1 15.0 16.1 -1.0 1.4 0.4 
AUG31 0.74 1.12 14.5 1.4 3.3 17.5 15.9 0.2 2.1 2.2 
SEP08 0.00 0.23 13.4 1.1 2.1 25.0 15.4 0.5 1.4 2.6 
SEP14 0.00 0.05 13.0 0.4 0.5 31.0 15.1 0.3 0.4 0.8 
SEPZI 0.00 0.51 12.7 0.3 0.8 36.0 14.9 0.2 0.8 1.1 
SEP28 0.00 0.05 12.6 0.1 0.1 38.8 14.8 0.1 0.2 0.3 
OCTO2 0.00 0.00 11.8 0.7 0.7 42.0 14.6 0.1 0.1 0.9 
OCT08 0.00 0.04 11.3 0.5 0.6 44.0 14.6 0.1 0.1 0.7 
OCT15 0.00 1.02 11.1 0.2 1.2 43.0 14.6 -0.0 1.0 1.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

19.12 10.40 2.7 32.2 0.6 30.2 32.8 

PERIOD 
- - - - - -  
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 

- - - - - - - - - 

ET SUMMARY 
ETSM 

INFORMATION 
ETWL ETCMBN ETADJ 

- - - - - - - - INCHES--- - - - - - - - - - - - - - -  
0.26 -0.47 -0.47** 
4.74 4.53 4.53 
7.25 7.51 7.51 
7.20 6.94 6.94 
6.73 6.91 6.01 
2.79 5.12 2.40 
1.17 2.28 0.57** 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
JUN - SEP 26.18 23.98 26.48 22.85 
SEASONAL 32.18 30.15 32.81 27.48 
NOTE: See de f in i t i ons  of  tab le headings a t  beginning of appendix. 

** Indicates p a r t i a l  month of  data. 



Appendix B continued. Sumnarized f i e l d  data and analysis for  non-weighing lysimeters i n  the upper Bear River Basin, 1983-1987. 

Information f o r  lysimeter number 5 a t  Montpelier, Idaho f o r  1986. 
IDM0586 01-25-1989 

LYSIMETER ET DATA 15:53:33 
DATE I R R I G  RAIN SM DELSM ETSM WL SMUL DELUL ETWL ETCMBN 
- - - -  . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES--- - - - - - - - - - - - - - - - - - - - - - - - - -  
JUN30 0.74 0.00 16.0 0.0 0.0 5.3 16.1 0.0 0.0 0.0 
JULO7 1.32 0.00 15.8 0.2 0.9 10.8 15.6 0.5 1.3 1.3 
JUL14 1.32 0.00 15.7 0.1 1.4 10.5 15.6 -0.0 1.3 1.3 
JUL2l 1.32 0.11 15.6 0.2 1.6 10.3 15.6 -0.0 1.4 1.4 
JUL28 0.00 0.99 15.4 0.1 2.4 2.3 17.5 -1.9 0.4 0.4 
AUG04 1.18 0.00 14.0 1.4 1.4 9.8 15.6 1.9 1.9 1.9 
AUGll 1.47 0.00 14.5 -0.5 0.7 14.5 15.3 0.3 1.5 1.5 
AUG18 1.47 0.00 15.2 -0.7 0.8 12.5 15.5 -0.1 1.3 1.3 
AUG25 0.59 0.59 15.3 -0.1 2.0 6.3 15.9 -0.4 1.7 1.7 
SEPOI 0.74 0.00 15.2 0.1 0.7 11.0 15.6 0.3 0.9 0.9 
SEP08 1.03 0.00 15.0 0.1 0.9 14.5 15.3 0.2 1.0 1.0 
SEP15 0.00 0.36 15.3 -0.2 1.2 9.8 15.6 -0.3 1.1 1.1 
SEP22 0.00 0.11 14.9 0.3 0.4 15.5 15.2 0.4 0.5 0.5 
OCT03 -0.74 2.66 15.8 -0.9 1.7 2.5 17.3 -2.1 0.6 0.6 
OCT17 0.00 0.00 15.0 0.9 0.2 12.5 15.5 1.8 1.1 1.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10.44 4.82 1.0 16.3 0.6 15.9 15.9 

W 
I ET SUMMARY INFORMATION 

PERIOD ETSM ETWL ETCMBN ETADJ - - - - - -  - - - - - - - - - - - - - - - -  INCHES-----------------  
JUL 6.96 5.19 5.19 5.19 
AUG 4.83 6.32 6.32 5.45 
SEP 3.87 3.10 3.10 1.15 
OCT 0.63 1.27 1.27 1.06** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

JUN-SEP 15.65 14.61 14.61 11.79** 
SEASONAL 16.28 15.88 15.88 12.85 

NOTE: See de f i n i t i ons  of  tab le headings a t  beginning of  appendix. 
** Indicates p a r t i a l  month of  data. 

Information f o r  Lysimeter number 5 a t  Montpelier, Idaho f o r  1987. 
IDM0587 01-25-1989 

LYSIMETER ET DATA 15:53:39 
DATE I R R I G  RAIN SM DELSM ETSM UL SMUL DELWL ETWL ETCMBN - - - -  INCHES--- - - - - - - - - - - - - - - - - - - - - - - - - -  
APR24 0.00 0.00 15.5 0.0 0.0 25.5 14.6 0.0 0.0 0.0 
MAY01 0.00 0.09 15.2 0.3 0.4 28.0 14.5 0.1 0.2 0.2 
MAY08 2.94 0.14 13.2 2.0 2.1 32.5 14.1 0.4 0.5 1.2 
MAY15 0.00 0.48 14.8 -1.6 1.8 19.8 14.8 -0.7 2.7 2.0 
MAY22 0.00 1.54 15.9 -1.1 0.5 13.5 15.4 -0.6 1.0 1.0 
MAY31 0.00 0.59 15.6 0.2 0.8 12.0 15.5 -0.1 0.5 0.5 
JUN08 1.47 0.18 14.5 1.2 1.4 20.5 14.8 0.7 0.9 0.9 
JUN15 1.47 0.45 14.8 -0.3 1.6 18.5 15.0 -0.1 1.8 1.8 
JUN22 2.21 0.07 14.7 0.1 1.6 18.8 14.9 0.0 1.6 1.6 
JUN29 1.47 0.62 14.4 0.3 3.1 20.0 14.8 0.1 2.9 2.9 
JULO6 2.06 0.01 14.7 -0.3 1.2 20.0 14.8 0.0 1.5 1.5 
JUL13 1.47 0.78 15.7 -1.0 1.8 9.5 15.7 -0.8 2.0 2.0 
JUL21 0.00 0.39 15.9 -0.2 1.6 8.0 15.8 -0.1 1.8 1.8 
JUL28 0.00 0.36 15.4 0.6 0.9 9.0 15.7 0.1 0.4 0.4 
AUGOI 0.00 0.29 15.3 0.1 0.4 9.0 15.7 0.0 0.3 0.3 
AUGIO 0.00 0.00 12.1 3.2 3.2 21.5 14.8 0.9 0.9 2.7 
AUG17 2.21 1.20 12.2 -0.2 1.0 28.8 14.5 0.3 1.5 1.3 
AUG24 1.47 0.18 14.6 -2.4 0.0 19.5 14.9 -0.4 2.0 0.3 
AUG31 0.00 1.12 13.0 1.7 4.3 16.5 15.2 -0.3 2.3 3.3 
SEP08 0.00 0.23 12.2 0.8 1.0 22.0 14.8 0.4 0.6 1.4 
SEP14 0.00 0.05 11.8 0.4 0.4 26.8 14.5 0.2 0.3 0.6 
SEP2l 0.00 0.51 11.6 0.2 0.7 35.0 13.9 0.7 1.2 1.4 
SEP25 0.00 0.05 11.3 0.3 0.4 36.3 13.7 0.1 0.2 0.5 
OCT02 2.94 0.00 10.9 0.4 0.4 44.0 13.3 0.5 0.5 0.9 
OCT08 0.00 0.04 12.0 -1.1 1.9 29.5 14.4 -1.2 1.8 0.7 
OCT15 0.00 1.02 12.1 -0.1 0.9 30.5 14.3 0.1 1.1 1.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

19.71 10.40 3.5 33.6 0.3 30.4 32.2 

ET SUMMARY INFORMATION 
PERIOD ETSM ETUL ETCMBN ETADJ - - - - - -  - - - - - - - - - - - - - - - -  INCHES----------------- 
APR 0.37 0.17 0.17 0.17** 
MAY 5.33 4.70 4.70 4.70 
JUN 7.85 7.36 7.36 7.36 
JUL 5.69 5.69 5.69 5.69 
AUG 8.61 6.80 7.74 7.50 
SEP 2.79 2.60 4.55 1.71 
OCT 2.95 3.07 2.02 0.48** 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
JUN - SEP 24.95 22.45 25 -34 22.26 
SEASONAL 33.60 30.39 32.23 27.61 
NOTE: See de f in i t i ons  of tab le headings a t  beginning of appendix. 

** Indicates p a r t i a l  month of  data. 



Appendix B continued. S m r i z e d  f i e l d  data and analysis f o r  non-weighing lysimeters i n  the upper Bear River Basin, 1983-1987. 

Information f o r  lysimeter number E a t  Randolph, Utah f o r  1983. 

DATE - - - -  
JUNO2 
JUN07 
JUN14 
JUN2l 
JUN28 
JULO6 
JULl2 
JUL19 
JUL26 
AUG02 
AUGO9 
AUGl6 
AUG23 
AUG30 
SEP06 

I SEP13 
SEP2O 
SEP27 
OCT04 
OCT 1 I 

- - - - - - - *  

I R R I G  RAIN - - - - - - - - - - - - -  
0.00 0.00 
0.00 1.08 
1.96 0.16 
1.96 0.00 
2.66 0.04 
0.00 0.40 
1.38 0.04 
1.96 0.24 
0.00 0.89 
0.00 0.04 
0.43 0.24 
0.00 1.09 
0.00 1.03 
0.56 0.00 
0.00 1.57 
0.00 0.16 
0.00 0.01 
0.00 0.52 
0.00 0.66 
0.00 0.54 

. - - - - - - - - - - - - - 
10.91 8.71 

UT J FE83 
LYSIMETER ET DATA 

SM DELSM ETSM UL SMUL DELUL ETWL ETCMBN 
- - - - - - - - - - - -  INCHES--- - - - - - - - - - - - - - - - - - - - - - - - - -  

16.5 14.5 0.0 0.0 0.0 
22.5 14.2 0.3 1.4 1.4 
31.0 13.9 0.3 0.5 0.5 
24.5 14.1 -0.2 1.8 1.8 
20.0 14.3 -0.2 1.8 1.8 
8.5 14.8 -0.5 2.6 2.6 

15.3 14.6 0.3 0.3 0.3 
16.3 14.5 0.0 1.7 1.7 
8.0 14.9 -0.4 2.5 2.5 

15.0 0.0 0.0 15.0 14.6 0.3 0.4 0.4 
12.7 2.3 2.6 27.6 14.0 0.5 0.8 0.9 
13.4 -0.8 0.8 25.9 14.1 -0.1 1.5 1.4 
14.6 -1.1 -0.1 20.5 14.3 -0.2 0.8 0.8 
12.4 2.2 2.2 31.3 13.9 0.4 0.4 0.8 
13.9 -1.5 0.6 15.9 14.5 -0.6 1.5 1.1 
12.9 1.0 1.2 26.9 14.0 0.5 0.6 0.6 
11.8 1.2 1.2 37.6 13.7 0.3 0.3 1.4 
11.7 0.1 0.6 45.8 13.5 0.3 0.8 0.8 
12.0 -0.3 0.4 37.2 13.7 -0.3 0.4 0.1 
12.0 -0.0 0.5 30.3 13.9 -0.2 0.3 0.3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3.0 9.8 0.6 20.2 21.0 

PERIOD - - - - - -  
JUN 
JUL 
AUG 
SEP 
OCT ----------. 

JUN - SEP 
SEASONAL 

ET SUMMARY INFORMATION 
ETSM ETUL ETCMBN ETADJ 

- - - - - - - - - - - - - - - -  INCHES-----------------  
0.00 6.01 6.01 6.01** 
0.00 6.62 6.62 6.62 
5.50 3.78 4.12 4.03 
3.59 3.23 3.86 3.05 
0.73 0.55 0.36 0.25** 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
9.09 19.64 20.61 19.72** 
9.81 20.18 20.96 19.97 

NOTE: See de f i n i t i ons  o f  tab le  headings a t  beginning o f  appendix. 
** Indicates p a r t i a l  month of  data. 

Information f o r  Lysimeter nunber E a t  Randolph, Utah f o r  1984. 

DATE - - - -  
MAY13 
MAY19 
MAY26 
JUN05 
JUNl2 
JUNl9 
JUN26 
JULO3 
JULlO 
JUL17 
JUL24 
JUL31 
AUG07 
AUG 14 
AUG2l 
AUG28 
SEP04 
SEPll 
SEPl8 
SEP25 
OCT06 
OCT 13 

------- .  

UT J FE84 
LYSIMETER ET DATA 

I R R I G  RAIN SM DELSM ETSM UL SMUL DELWL ETUL ETCMBN . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES----------------------------  
0.00 0.00 14.0 0.0 0.0 25.2 14.8 0.0 0.0 0.0 
0.00 0.00 13.5 0.5 0.5 28.0 14.7 0.1 0.1 0.1 
1.68 0.08 12.9 0.6 0.7 34.1 14.5 0.2 0.3 0.3 
4.20 0.53 12.9 -0.1 2.2 24.5 14.8 -0.3 1.9 1.9 

-2.10 0.37 14.1 -1.2 3.4 5.9 17.6 -2.8 1.8 1.8 
1.40 0.00 13.6 0.5 -1.6 19.0 14.8 2.8 0.7 0.7 
1.40 0.04 13.8 -0.2 1.3 19.8 14.8 0.0 1.4 1.4 
2.10 0.16 13.1 0.7 2.2 23.0 14.8 0.0 1.6 1.6 
2.10 0.00 13.4 -0.4 1.7 21.0 14.8 0.0 2.1 2.1 
1.68 0.00 13.0 0.4 2.5 26.5 14.8 0.0 2.1 2.1 
0.00 1.52 15.5 -2.5 0.7 7.9 14.9 -0.2 3.0 3.0 
0.98 0.04 13.3 2.2 2.3 24.0 14.8 0.1 0.2 0.2 
0.00 0.08 12.6 0.7 1.7 27.0 14.7 0.1 1.1 1.3 
0.00 0.00 11.4 1.2 1.2 45.5 14.2 0.6 0.6 1.8 
0.00 1.13 12.1 -0.7 0.4 47.0 14.1 0.0 1.2 0.5 
0.70 0.29 12.9 -0.8 -0.5 48.0 14.5 -0.4 -0.1 -0.8 
1.40 0.00 11.7 1.2 1.9 48.0 14.5 0.0 0.7 1.8 
0.00 0.56 11.4 0.3 2.3 44.8 14.2 0.3 2.3 2.6 
0.70 0.48 12.3 -0.9 -0.4 43.3 14.2 -0.0 0.4 -0.4 
0.00 0.45 13.1 -0.8 0.3 45.9 14.1 0.1 1.2 0.7 
0.00 0.40 12.8 0.3 0.7 48.0 14.5 -0.4 0.0 0.0 
0.00 0.16 13.2 -0.4 -0.2 48.0 14.5 0.0 0.2 0.2 . ------------------------------------------------------------  

16.23 6.28 0.8 23.3 0.3 22.8 22.8 

PERIOD - - - - - -  
MAY 
JUN 
JUL 
AUG 
SEP 
OCT - - - - - - - - - -  

JUN - SEP 
SEASONAL 

ET SUMMARY INFORMATION 
ETSM ETWL ETCMBN - - - - - - - - - - - - - - - -  INCHES-------- 
2.27 1.32 1.32 
5.40 5.76 5.76 
8.22 8.10 8.10 
3.68 3.05 3.52 
3.57 4.37 3.90 
0.17 0.17 0.17 

--------------------------------. 
20.87 21.28 21.28 
23.31 22.77 22.77 

ETADJ 
. - - - - - - - - -  

1.32** 
5.76 
8.10 
3.33 
2.50 
0.10** 

. - - - - - - - - - -  
19.69 
21.11 

NOTE: See de f in i t i ons  of  tab le headings a t  beginning o f  appendix. 
** Indicates p a r t i a l  month of  data. 



Appendix B continued. S m r i z e d  f i e l d  data and analysis for  non-weighing Lysimeters i n  the upper Bear River Basin, 1983-1987. 

Information f o r  lysimeter number E a t  Randolph, Utah f o r  1985. 
UTJFE85 01-25-1989 

LYSIMETER ET DATA 15:53:57 

DATE - - - -  
MAY 18 
MAY 25 
JUNOI 
JUNll 
JUN 18 
JUN25 
JULOZ 
JULO9 
JUL16 
JUL23 
JUL30 
AUG06 
AUG13 
AUG2O 
AUG27 
SEP03 

W SEPlO ; SEP17 
Ln SEP24 

OCTOl  
OCT08 
OCT15 - - - - - - . 

I R R I G  R A I N  SM DELSM ETSM UL SMUL DELWL ETWL ETCMBN . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES--- - - - - - - - - - - - - - - - - - - - - - - - - -  
0.70 0.00 10.7 0.0 0.0 48.0 13.8 0.0 0.0 0.0 
0.70 0.65 10.2 0.5 1.9 48.0 13.8 0.0 1.4 1.9 
1.33 0.41 9.9 0.3 1.4 48.0 13.8 0.0 1.1 1.4 
2.10 0.00 9.4 0.5 1.8 48.0 13.8 0.0 1.3 1.8 
2.10 0.00 9.3 0.1 2.2 48.0 13.8 0.0 2.1 2.2 
2.10 0.04 9.7 -0.4 1.7 40.0 13.6 0.2 2.3 1.9 
0.70 0.44 12.1 -2.4 0.2 31.0 13.9 -0.3 2.3 -0.1 
2.10 0.00 10.0 2.1 2.8 44.0 13.5 0.4 1.1 3.2 
1.40 0.15 10.1 -0.2 2.1 40.5 13.6 -0.1 2.1 2.0 
0.00 0.10 15.8 -5.6 -4.1 9.0 14.8 -1.2 0.3 -2.3 
0.63 0.63 13.8 2.0 2.6 13.0 14.7 0.1 0.8 0.8 
1.40 0.00 11.0 2.8 3.4 30.0 14.0 0.7 1.3 3.1 
2.10 0.00 10.3 0.8 2.2 36.0 13.8 0.2 1.6 2.3 
I .  0.00 12.1 -1.8 0.3 23.5 14.2 -0.4 1.7 -0.1 
0.28 0.00 11.8 0.3 1.4 25.0 14.1 0.1 1.2 1.5 
1.12 0.56 11.1 0.7 1.5 32.0 13.9 0.2 1.0 1.7 
0.00 0.04 12.0 -0.9 0.3 25.0 14.1 -0.2 0.9 0.1 
0.00 0.30 11.1 0.9 1.2 29.0 14.0 0.1 0.4 1.3 
0.00 0.51 10.9 0.2 0.7 35.0 13.8 0.2 0.7 0.9 
0.00 0.00 10.4 0.5 0.5 44.0 13.5 0.3 0.3 0.8 
0.00 0.32 9.9 0.5 0.8 45.0 13.5 0.0 0.3 0.9 
0.00 0.04 9.7 0.2 0.2 46.0 13.5 0.0 0.1 0.3 . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

19.86 4.18 1.0 25.0 0.4 24.4 25.4 

PERIOD - - - - - -  
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 

- - - - - - - - - -  
JUN - SEP 
SEASONAL 

ET SUMMARY INFORMATION 
ETSM ETWL ETCMBN ETADJ - - - - - - - - - - - - - - - -  INCHES-----------------  
3.10 2.30 3.10 3.10** 
6.06 7.53 6.05 6.05 
3.89 5.17 4.03 4.03 
7.63 6.22 7.35 5.24 
3.24 2.75 3.67 0.96 
1.13 0.46 1.24 0.33** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20.82 21 -67 21.10 16.28 
25.05 24.43 25.43 19.71 

NOTE: See de f in i t i ons  o f  tab le headings a t  beginning o f  appendix. 
** Indicates p a r t i a l  month of  data. 

Information f o r  lysimeter number E a t  Randolph, Utah f o r  1986. 
UT J FE86 01-25-1989 

LYSIMETER ET DATA 15:54:04 

DATE I R R I G  - - - -  - - - - - - -  
APR2l 0.00 
MAY02 0.70 
MAY09 0.00 
MAY16 0.56 
MAY23 0.84 
JUN02 2.38 
JUNO9 1.40 
JUN16 1.82 
JUN24 2.80 
JUN30 0.00 
JUL07 2.10 
JUL14 1.54 
JULZl 1.40 
JUL28 0.00 
AUG04 1.82 
AUGll 1.12 
AUG18 1.40 
AUG25 0.00 
SEPOI 1.40 
SEP08 0.70 
SEP15 0.70 
SEP22 0.00 
OCT04 -0.70 
OCT17 0.00 - - - - - - - - - - - - - - -  

21 -96 

R A I N  SM - - - - - - - - - - - -  
0.00 13.2 
1.16 12.9 
0.04 14.1 
0.16 14.7 
0.12 14.3 
0.00 14.1 
0.20 13.0 
0.32 14.8 
0.00 14.2 
0.00 14.8 
0.08 14.0 
0.00 14.0 
0.08 14.3 
0.49 14.5 
0.00 13.3 
0.00 13.7 
0.00 13.5 
1.16 14.4 
0.08 13.5 
0.00 13.6 
0.24 12.1 
0.16 12.3 
1.56 13.5 
0.04 12.6 - - - - - - - - - - - -  
5 -90 

DELSM ETSM UL SMWL DELWL ETWL ETCMBN - - - - - -  INCHES--- - - - - - - - - - - - - - - - - - - - - - - - - -  
0.0 0.0 31.0 13.9 0.0 0.0 0.0 
0.4 1.5 24.0 14.2 -0.2 0.9 0.9 

-1.3 -0.5 14.5 14.6 -0.4 0.3 0.3 
-0.6 -0.4 32.0 13.9 0.7 0.9 0.9 
0.4 1.0 37.0 13.7 0.2 0.8 0.8 
0.3 1.1 46.0 13.5 0.3 1.1 1.1 
1.1 3.7 21.3 14.3 -0.8 1.8 1.8 

-1.8 -0.0 13.0 14.7 -0.4 1.3 1.3 
0.6 2.4 29.8 14.0 0.7 2.5 2.5 

-0.7 2.1 7.5 15.1 -1.1 1.7 1.7 
0.9 1.0 33.5 13.9 1.2 1.3 1.3 

-0.0 2.1 21.5 14.3 -0.4 1.7 1.7 
-0.3 1.4 18.0 14.4 -0.2 1.5 1.5 

PER I OD - - - - - -  
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT - - - - - - - - - -  

JUN - SEP 
SEASONAL 

ET SUMMARY INFORMATION 
ETSM ETUL ETCMBN ETADJ - - - - - - - - - - - - - - - -  INCHES----------------- 
1.26 0.76 0.76 0.76** 
1.26 3.07 3.07 3.07 
8.37 7.52 7.52 7.52 
6.55 6.36 6.36 6.36 
5.95 5.90 5.90 4.38 
4.77 3.71 3.87 1.37 
0.33 0.54 0.58 0.33** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

25 -64 23.49 23.64 19.63 
28.50 27.87 28.05 23.80 

NOTE: See de f i n i t i ons  o f  tab le headings a t  beginning o f  appendix. 
** Indicates p a r t i a l  month of  data. 



Appendix B continued. Sumnarized f i e l d  data and analysis f o r  non-weighing Lysimeters i n  the upper Bear River Basin, 1983-1987. 

Information f o r  lysimeter number E a t  Randolph, Utah f o r  1987. 
UT J FE87 01-25-1989 

LYSIMETER ET DATA 15:54:10 
DATE I R R I G  RAIN SM DELSM ETSM UL SMWL DELUL ETUL ETCMBN 
- - - -  . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES--- - - - - - - - - - - - - - - - - - - - - - - - - -  
APR24 0.00 0.00 13.8 0.0 0.0 28.0 14.0 0.0 0.0 0.0 
MAY01 2.10 0.00 13.4 0.5 0.5 40.8 13.6 0.4 0.4 0.4 
MAY08 2.10 0.21 13.5 -0.1 2.2 27.3 14.0 -0.4 1.9 1.9 
MAY15 0.00 0.54 13.9 -0.4 2.2 25.0 14.1 -0.1 2.6 2.6 
MAY22 0.00 1.84 14.7 -0.9 1.0 13.5 14.6 -0.5 1.3 1.3 
MAY29 0.00 0.81 14.9 -0.2 0.6 8.0 14.9 -0.3 0.6 0.6 
JUNO8 1.40 0.57 13.6 1.2 1.8 35.8 13.8 1.1 1.7 1.7 
JUNl5 0.00 0.05 13.4 0.3 1.7 32.0 13.9 -0.1 1.3 1.3 
JUN22 4.20 0.05 12.8 0.6 0.7 40.0 13.6 0.3 0.3 0.3 
JUN29 0.00 0.00 14.6 -1.9 2.3 8.0 14.9 -1.3 2.9 2.9 
JULO6 2.80 0.22 14.2 0.4 0.6 18.0 14.4 0.5 0.7 0.7 
JUL13 0.00 0.13 14.6 -0.4 2.5 7.0 16.4 -2.0 0.9 0.9 
JUL2O 0.00 0.48 14.6 -0.0 0.5 9.0 14.8 1.6 2.1 2.1 
JUL27 2.10 0.59 14.1 0.5 1.1 20.5 14.3 0.5 1.1 1.1 
AUGOl 0.00 0.10 14.5 -0.4 1.8 7.5 15.1 -0.8 1.4 1.4 
AUG09 0.00 0.10 11.5 3.1 3.2 35.0 13.8 1.3 1.4 2.7 
AUG17 2.80 0.78 11.0 0.5 1.2 41.5 13.6 0.2 1.0 1.4 
AUG24 0.00 0.06 12.2 -1.2 1.6 8.3 14.8 -1.2 1.6 0.4 7 AUG31 1.40 0.37 11.5 0.7 1.0 26.0 14.1 0.8 1.1 1.8 

t- SEPO8 0.00 0.29 11.6 -0.1 1.6 15.0 14.6 -0.5 1.2 1.1 
SEP14 0.00 0.00 11.0 0.6 0.6 31.0 13.9 0.7 0.7 1.3 
SEP2l 0.00 0.02 11.1 -0.2 -0.1 45.0 13.5 0.4 0.5 0.3 
SEP25 0.00 0.00 10.6 0.6 0.6 45.0 13.5 0.0 0.0 0.6 
OCTOZ 0.00 0.00 10.3 0.2 0.2 45.0 13.5 0.0 0.0 0.2 
OCTO9 0.00 0.00 10.3 0.1 0.1 45.0 13.5 0.0 0.0 0.1 
OCT16 0.00 0.00 10.5 -0.2 -0.2 44.0 13.5 -0.0 -0.0 -0.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

18.88 7.23 3.4 29.5 0.5 26.6 29.0 

ET SUMMARY INFORMATION 
PERIOD ETSM ETWL ETCMBN ETADJ 
- - - - - -  - - - - - - - - - - - - - - - -  INCHES-----------------  
APR 0.42 0.34 0.34 0.34** 
MAY 6.50 6.72 6.72 6.72 
JUN 6.26 6.03 6.03 6.03 
JUL 6.05 5.87 5.87 5.87 
AUG 7.48 5.40 6.66 4.82 
SEP 2.84 2.30 3.43 1.02 

,-OCT -0.05 -0.03 -0.08 -0.01** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
JUN - SEP 22.62 19.59 21 -98 17.73 
SEASONAL 29.50 26.61 28.96 24.78 
NOTE: See de f in i t i ons  of  tab le headings a t  beginning of  appendix. 

** Indicates p a r t i a l  month o f  data. 

Information f o r  Lysimeter nmber U a t  Randolph, Utah f o r  1983. 
UT J FU83 01-25-1989 

LYSIMETER ET DATA 15:54:16 
DATE I R R I G  RAIN SM DELSM ETSM UL SMUL DELUL ETUL ETCMBN - - - -  INCHES--- - - - - - - - - - - - - - - - - - - - - - - - - -  
JUN28 1.47 0.00 21.8 16.2 0.0 0.0 0.0 
JULO6 0.59 0.40 18.3 16.3 -0.2 1.7 1.7 
JULl2 1.03 0.04 16.8 16.4 -0.1 0.6 0.6 
JUL19 0.74 0.24 15.8 16.4 -0.0 1.2 1.2 
JUL26 2.06 0.89 15.6 16.4 -0.0 1.6 1.6 
AUGO2 0.00 0.04 13.8 16.5 -0.1 2.0 2.0 
AUGO9 0.00 0.24 15.6 16.4 0.1 0.3 0.3 
AUGl6 0.00 1.09 17.4 16.4 0.1 1.2 1.2 
AUG23 0.00 1.03 16.1 16.4 -0.1 1.0 1.0 
AUG30 0.00 0.00 16.7 0.0 0.0 22.3 16.1 0.3 0.3 0.3 
SEPO6 0.00 1.57 16.5 0.1 1.7 21.4 16.2 -0.0 1.5 1.5 
SEP13 0.00 0.16 15.5 1.0 1.2 25.4 16.0 0.1 0.3 0.3 
SEP2O 0.00 0.01 15.4 0.1 0.1 39.8 15.5 0.6 0.6 0.6 
SEP27 0.00 0.52 15.2 0.2 0.8 48.0 15.6 -0.1 0.4 0.4 
OCT04 0.00 0.66 15.0 0.2 0.8 43.4 15.4 0.2 0.9 0.9 
OCT11 0.00 0.54 15.3 -0.4 0.2 38.2 15.5 -0.1 0.4 0.4 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - -  

5.88 7.44 1.3 4.8 0.6 14.0 14.0 

PER I OD - - - - - -  
JUN 
JUL 
AUG 
SEP 
OCT - - - - - - - - - -  

JUN - SEP 
SEASONAL 

ET SUMMARY INFORMATION 
ETSM ETWL ETCMBN ETADJ - - - - - - - - - - - - - - - -  INCHES-----------------  
0.00 0.43 0.43 0.43** 
0.00 6.12 6.12 6.12 
0.24 3.55 3.55 3.54 
3.90 2.97 2.97 2.77 
0.66 0.89 0.89 0.77** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.14 13.07 13.07 12.85** 
4.80 13.96 13.96 13.62 

NOTE: See de f i n i t i ons  of tab le  headings a t  beginning o f  appendix. 
** Indicates p a r t i a l  month of  data. 



Appendix B continued. Sumnarized f i e l d  data and analysis f o r  non-weighing Lysimeters i n  the upper Bear River Basin, 1983-1987. 

Information f o r  Lysimeter number W a t  Randolph, Utah f o r  1984. Information f o r  Lysimeter number W a t  Randolph, Utah f o r  1985. 

DATE 
- - - -  
MAY 13 
MAY 19 
MAY 26 
JUN05 
JUNl2 
JUNl9 
JUN26 
JULO3 
JULIO 
JUL17 
JLIL24 
JUL31 
AUG07 
AUG14 
AUG21 7 AUG28 - SEP04 
SEPl I 
SEP18 
SEP25 
OCT06 
OCT13 
------. 

UTJFW84 
LYSIMETER ET DATA 

I R R I G  RAIN SM DELSM ETSM WL SMWL DELUL ETWL ETCMBN . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES--- - - - - - - - - - - - - - - - - - - - - - - - - -  
0.00 0.00 16.3 0.0 0.0 25.2 16.0 0.0 0.0 0.0 
2.65 0.00 14.7 1.5 1.5 30.3 15.9 0.2 0.2 0.2 
0.00 0.08 15.4 -0.7 2.0 18.0 16.3 -0.4 2.3 2.3 
4.27 0.53 14.2 1.2 1.7 35.8 15.6 0.7 1.3 1.6 

-2.21 0.37 15.4 -1.2 3.4 8.8 18.4 -2.9 1.8 1.4 
1.47 0.00 15.5 -0.1 -2.3 19.3 16.3 2.2 -0.0 -0.0 
1.18 0.04 15.6 -0.1 1.4 20.8 16.2 0.1 1.6 1.6 
2.21 0.16 15.0 0.6 1.9 26.8 16.0 0.2 1.5 1.5 
0.74 0.00 15.7 -0.6 1.6 18.5 16.3 -0.3 1.9 1.9 
1.91 0.00 14.8 0.9 1.6 30.0 15.9 0.4 1.1 1.1 
0.00 1.52 16.9 -2.2 1.3 10.8 16.6 -0.7 2.7 2.7 
0.74 0.04 16.1 0.9 0.9 17.0 16.4 0.2 0.3 0.3 
0.00 0.08 15.4 0.7 1.5 18.3 16.3 0.1 0.9 0.9 
0.00 0.00 14.0 1.4 1.4 32.6 15.8 0.5 0.5 1.2 
0.74 1.13 14.3 -0.4 0.8 37.0 15.5 0.3 1.4 1.0 
0.00 0.29 15.2 -0.9 0.1 16.5 16.4 -0.9 0.2 -0.1 
1.03 0.00 13.6 1.6 1.6 45.8 15.3 1.1 1.1 2.1 
0.00 0.56 13.9 -0.3 1.3 34.0 15.7 -0.4 1.2 0.9 
0.59 0.48 14.8 -0.9 -0.4 45.0 15.3 0.4 0.8 0.1 
0.00 0.45 15.3 -0.5 0.5 34.5 15.7 -0.3 0.7 0.7 
0.00 0.40 15.3 0.0 0.4 42.0 15.4 0.3 0.7 0.7 
0.00 0.16 15.0 0.2 0.4 45.5 15.3 0.1 0.3 0.3 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
15.30 6.29 1.2 22.8 0.7 22.3 22.3 

ET SUMMARY INFORMATION 
PER1 OD ETSM ETWL ETCMBN ETADJ 
- - - - - -  - - - - - - - - - - - - - - - - I N C H E S - - - - - - - - - - - - - - - - -  

MAY 4.42 3.08 3.26 3.26** 
JUN 4.54 4.84 4.66 4.66 
JUL 6.19 6.69 6.69 6.69 
AUG 4.51 3.41 3.84 3.74 
SEP 2.53 3.67 3.24 2.43 
OCT 0.62 0.61 0.61 0.40** 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
JUN - SEP 17.77 18.61 18.43 17.53 
SEASONAL 22.81 22.31 22.31 21.19 

NOTE: See de f in i t i ons  of  tab le headings a t  beginning of appendix. 
** Indicates p a r t i a l  month of data. 

UT J FU85 
LYSIMETER ET DATA 

DATE I R R I G  R A I N  SM DELSM ETSM UL SMUL DELWL ETUL ETCMBN - - - -  . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES--- - - - - - - - - - - - - - - - - - - - - - - - - -  
MAY18 0.74 0.00 12.8 0.0 0.0 46.1 15.3 0.0 0.0 0.0 
MAY25 0.74 0.65 12.4 0.4 1.8 46.0 15.3 -0.0 1.4 1.8 
JUNOI 1.35 0.41 13.0 -0.6 0.5 48.0 15.6 -0.3 0.9 0.3 
JUNll 2.21 0.00 11.5 1.5 2.9 48.0 15.6 0.0 1.4 2.9 
JUN18 2.21 0.00 15.8 -4.3 -2.1 48.0 15.6 0.0 2.2 -0.9 
JUN25 2.21 0.04 11.7 4.2 6.4 43.0 15.4 0.2 2.4 5.4 
JULO2 0.44 0.44 14.4 -2.8 -0.1 26.5 16.0 -0.6 2.0 -0.7 
JULO9 2.21 0.00 12.9 1.6 2.0 37.5 15.5 0.5 0.9 2.5 
JUL16 1.47 0.15 14.4 -1.5 0.8 27.5 16.0 -0.4 1.9 0.4 
JUL23 1.32 0.10 17.4 -3.0 -1.4 11.0 16.6 -0.6 0.9 0.7 
JUL30 0.66 0.63 15.6 1.8 3.8 14.0 16.5 0.1 2.0 2.0 
AUGO6 1.47 0.00 13.7 1.9 2.5 26.0 16.0 0.5 1.2 2.1 
AUG13 2.06 0.00 13.1 0.6 2.1 28.5 15.9 0.1 1.5 2.2 
AUG2O 1.18 0.00 14.2 -1.1 0.9 21.0 16.2 -0.2 1.8 0.7 
AUG27 0.74 0.00 14.3 -0.1 1.1 21.0 16.2 0.0 1.2 1.1 
SEP03 0.59 0.56 14.2 0.0 1.3 22.0 16.1 0.0 1.3 1.4 
SEPlO 0.00 0.04 13.9 0.3 0.9 25.0 16.1 0.1 0.7 1.0 
SEP17 0.00 0.30 12.9 1.0 1.3 28.0 16.0 0.1 0.4 1.4 
SEP24 0.00 0.51 12.8 0.1 0.7 32.0 16.1 -0.2 0.3 0.5 
OCTOl 0.00 0.00 11.6 1.2 1.2 37.0 15.5 0.6 0.6 1.8 
OCT08 0.00 0.32 11.7 -0.1 0.2 43.0 15.4 0.2 0.5 0.4 
OCT15 0.00 0.04 11.6 0.1 0.2 43.0 15.4 0.0 0.0 0.2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

21.58 4.19 1.2 26.9 -0.1 25.7 26.9 

ET SUMMARY INFORMATION 
PERIOD ETSM ETUL ETCMBN ETADJ 
- - - - - -  - - - - - - - - - - - - - - - -  INCHES-----------------  
MAY 2.23 2.14 2.00 2. OO** 
JUN 7.14 7.56 6.84 6.84 
JUL 5.51 6.56 5.72 5.72 
AUG 7.06 6.30 6.52 4.59 
SEP 4.44 2.52 4.97 1.46 
OCT 0.57 0.60 0.81 0.20** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

JUN - SEP 24.15 22.95 24.06 18.61 
SEASONAL 26.95 25.69 26.87 20.82 

NOTE: See de f in i t i ons  of  tab le  headings a t  beginning o f  appendix. 
** Indicates p a r t i a l  month of  data. 



Appendix B continued. Sumnarized f i e l d  data and analysis f o r  non-ueighing lysimeters i n  the upper Bear River Basin, 1983-1987. 

Information f o r  lysimeter n h e r  W a t  Randolph, Utah f o r  1986. 
UT J FW86 01-25-1989 

LYSIMETER ET DATA 15:54:34 
DATE I R R I G  RAIN SM DELSM ETSM WL SMWL DELWL ETWL ETCMBN - - - -  . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES--- - - - - - - - - - - - - - - - - - - - - - - - - -  
APR21 0.00 0.00 14.1 0.0 0.0 26.0 16.0 0.0 0.0 0.0 
MAY02 0.44 1.16 14.5 -0.4 0.7 19.5 16.3 -0.2 0.9 0.5 
MAY09 0.00 0.04 15.5 -1.0 -0.5 15.8 16.4 -0.2 0.3 0.3 
MAY16 0.59 0.16 16.5 -1.0 -0.8 28.0 16.0 0.5 0.6 0.6 
MAY23 0.74 0.12 16.3 0.1 0.8 28.8 15.9 0.0 0.7 0.7 
JUN02 2.21 0.00 15.7 0.6 1.4 37.5 15.5 0.4 1.1 1.1 
JUNO9 1.47 0.20 16.7 -1.0 1.4 21.8 16.2 -0.6 1.8 1.8 
JUNl6 1.91 0.32 16.5 0.2 2.0 14.3 16.5 -0.4 1.4 1.4 
JUN24 2.06 0.00 16.4 0.1 2.1 22.0 16.1 0.4 2.3 2.3 
JUN30 0.00 0.00 16.5 -0.1 1.9 9.5 16.9 -0.7 1.3 1.3 
JULO7 2.06 0.08 15.9 0.6 0.7 28.5 15.9 0.9 1.0 1.0 
JUL14 1.47 0.00 16.3 -0.4 1.7 19.3 16.3 -0.3 1.7 1.7 
JUL2l 1.47 0.08 16.4 -0.1 1.4 18.0 16.3 -0.1 1.5 1.5 
JUL28 0.00 0.49 15.9 0.6 2.5 9.8 16.8 -0.4 1.5 1.5 
AUG04 1.47 0.00 14.3 1.5 1.5 28.8 15.9 0.8 0.8 1.1 
AUGll 1.32 0.00 15.5 -1.2 0.3 25.0 16.1 -0.1 1.4 1.1 
AUGl8 1.47 0.00 14.9 0.6 1.9 39.3 15.5 0.6 1.9 1.9 
AUG25 0.74 1.16 15.6 -0.7 2.0 21.5 16.2 -0.7 2.0 2.0 7 SEPOI 1.18 0.08 15.6 0.0 0.8 21.0 16.2 -0.0 0.8 0.8 

t- SEP08 0.00 0.00 15.5 0.1 1.2 15.0 16.5 -0.3 0.9 0.9 
SEPl5 0.74 0.24 15.0 0.5 0.7 22.5 16.1 0.3 0.6 0.6 
SEP22 0.00 0.16 15.1 -0.1 0.8 18.8 16.3 -0.2 0.7 0.7 
OCT04 -0.74 1.56 15.6 -0.4 1.1 10.0 16.7 -0.4 1.1 1.1 
OCT17 0.00 0.04 15.3 0.2 -0.5 22.0 16.1 0.6 -0.1 -0.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20.59 5.91 -1.2 25.3 -0.1 26.4 25.9 

PERIOD - - - - - -  
APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT 

- - - - - - - - - - -  
JUN - SEP 
SEASONAL 

ET SUMMARY INFORMATION 
ETSM ETUL ETCMBN ETADJ - - - - - - - - - - - - - - - -  INCHES-----------------  
0.60 0.76 0.41 0.41** 
0.78 2.76 2.63 2.63 
7.65 7.06 7.06 7.06 
6.94 6.12 6.23 6.23 
5.77 6.35 6.24 4.89 
3.63 3.09 3.09 1.27 

-0.09 0.25 0.25 0.05** 
. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

23.99 22.62 22.62 19.44 
25.29 26.38 25.91 22.53 

NOTE: See de f i n i t i ons  of  tab le  headings a t  beginning of  appendix. 
** Indicates p a r t i a l  month of  data. 

Information f o r  lysimeter nunber W a t  Randolph, Utah f o r  1987. 
UT J FW87 01-25-1989 

LYSIMETER ET DATA 15:54:41 
DATE I R R I G  RAIN SM DELSM ETSM WL SMWL DELWL ETWL ETCMBN - - - -  . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES--- - - - - - - - - - - - - - - - - - - - - - - - - -  
APR24 1.47 0.00 15.1 0.0 0.0 39.0 15.5 0.0 0.0 0.0 
MAY01 0.00 0.00 15.8 -0.7 0.8 29.0 15.9 -0.4 1.0 1.0 
MAY08 2.21 0.21 16.1 -0.3 -0.1 25.0 16.1 -0.1 0.1 0.1 
MAY15 0.00 0.54 16.0 0.1 2.8 24.8 16.1 -0.0 2.7 2.7 
MAY22 0.00 1.33 16.5 -0.5 0.9 11.0 16.6 -0.5 0.8 0.8 
MAY29 0.00 0.82 16.7 -0.2 0.7 11.0 16.6 0.0 0.8 0.8 
JUN08 1.47 0.57 15.5 1.2 1.8 36.5 15.6 1.0 1.6 1.6 
JUNl5 0.00 0.05 15.6 -0.1 1.4 31.0 15.9 -0.3 1.2 1.2 
JUN22 4.41 0.05 14.2 1.4 1.5 44.0 15.4 0.5 0.6 1.0 
JUN29 0.00 0.00 15.6 -1.4 3.0 11.0 16.6 -1.2 3.2 2.8 
JULO6 2.94 0.22 15.9 -0.3 -0.1 27.0 16.0 0.6 0.8 0.8 
JUL13 0.00 0.13 16.1 -0.2 2.9 9.5 16.9 -0.9 2.2 2.2 
JUL20 0.00 0.48 16.2 -0.1 0.4 21.0 16.2 0.7 1.2 1.2 
JUL27 3.68 0.59 15.7 0.5 1.1 30.6 15.9 0.3 0.9 0.9 
AUGOI 0.00 0.10 16.4 -0.7 3.0 8.5 18.7 -2.9 0.9 0.9 
AUG09 0.00 0.10 14.3 2.1 2.2 19.0 16.3 2.5 2.6 2.8 
AUGl7 2.21 0.78 14.1 0.2 1.0 24.5 16.1 0.2 1.0 1.2 
AUG24 0.00 0.06 14.3 -0.1 2.1 10.0 16.7 -0.6 1.6 1.5 
AUG31 0.74 0.37 14.1 0.2 0.6 23.5 16.1 0.6 1.0 1.2 
SEP08 0.00 0.29 13.4 0.6 1.7 24.0 16.1 0.0 1.0 1.7 
SEP14 0.00 0.00 13.0 0.4 0.4 35.0 15.6 0.4 0.4 0.9 
SEPZl 0.00 0.02 12.6 0.4 0.4 47.0 15.3 0.4 0.4 0.8 
SEP25 0.00 0.00 12.5 0.1 0.1 47.0 15.3 0.0 0.0 0.1 
OCT02 0.00 0.00 12.1 0.4 0.4 47.0 15.3 0.0 0.0 0.4 
OCT09 0.00 0.00 12.1 -0.0 -0.0 47.0 15.3 0.0 0.0 -0.0 
OCT16 0.00 0.00 12.1 -0.0 -0.0 47.0 15.3 0.0 0.0 -0.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

19.12 6.72 3.0 28.8 0.2 26.1 28.5 

ET SUMMARY INFORMATION 
PERIOD ETSM ETWL ETCMBN ETADJ - - - - - -  - - - - - - - - - - - - - - - -  INCHES-----------------  
APR 0.68 0.88 0.88 0.88** 
MAY 4.69 4.91 4.91 4.91 
JUN 7.27 6.35 6.35 6.35 
JUL 6.75 5.71 5.71 5.71 
AUG 6.45 6.34 6.87 5.67 
SEP 2.88 1.85 3.69 1.37 
OCT 0.09 0.00 0.09 0.02** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

JUN - SEP 23.35 20.26 22.63 19.10 
SEASONAL 28.82 26.06 28.51 24.91 
NOTE: See de f in i t i ons  of  tab le headings a t  beginning o f  appendix. 

** Indicates p a r t i a l  month of  data. 



Appendix B continued. S-rized f i e l d  data and analysis fo r  non-weighing) lysimetars in the upper Beer River Basin, 1983-1987. 

Information for  lysimeter nunber N a t  H i  l l i a rd ,  Wyoming fo r  1983. 

WYHLN83 01-25-1989 
LYSIMETER ET DATA 15:54:46 

DATE I R R I G  RAIN SM DELSM ETSM WL SMUL DELWL ETWL ETCMBN - - - -  . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES.--------------------------- 
JUN14 0.59 0.00 18.0 17.1 0.0 0.0 0.0 
JUN2l 1.03 0.00 19.0 17.0 0.1 0.7 0.7 
JUN28 1.03 0.00 17.5 17.1 -0.1 0.9 0.9 
JULO6 0.74 0.08 18.5 17.1 0.1 1.2 1.2 
JUL12 0.59 0.40 18.3 17.1 -0.0 1.1 1.1 
JULl9 1.37 0.16 23.6 16.8 0.3 1.1 1.1 
JUL26 0.00 0.48 17.1 17.2 -0.4 1.5 1.5 
AUGO2 1.18 0.07 28.4 16.6 0.6 0.6 0.6 
AUGO9 0.00 0.41 15.9 0.0 0.0 21.8 16.8 -0.3 1.3 1.3 
AUG16 1.13 0.68 15.4 0.5 1.2 27.1 16.6 0.2 0.9 1.1 
AUG23 0.00 2.09 17.7 -2.2 1.0 8.6 17.7 -1.0 2.2 2.0 
AUG30 0.00 0.15 16.7 1.0 1.1 15.817.3 0.4 0.6 0.6 
SEP06 0.00 1.16 17.5 -0.8 0.3 13.0 17.4 -0.2 1.0 1.0 
SEP13 0.00 0.16 16.8 0.7 0.9 17.9 17.1 0.3 0.5 0.5 
SEPZO 0.00 0.00 15.6 1.2 1.2 24.3 16.7 0.4 0.4 0.4 

7 SEP27 0.00 0.10 15.8 -0.2 -0.1 35.1 16.4 0.3 0.4 0.4 
r OCT04 0.00 0.49 15.7 0.0 0.5 41.7 16.3 0.1 0.6 0.6 
W O C T l l  0.00 0.54 15.4 0.4 0.9 40.3 16.3 -0.0 0.5 0.7 

---------------.-.---------*--------*------.------------------------ 

2.65 6.98 0.5 7.1 0.8 15.4 15.6 

PERIOO 
- * - - - -  

JUN 
JUL 
AUG 
SEP 
OCT - - - - - - - - - -  

JUN - SEP 
SEASONAL 

ET SUMMARY INFORMATION 
ETSM ETWL ETCMBN ETADJ ----.----------- INCHES----------------- 
0.00 1.88 1.88 1.88** 
0.00 4.98 4.98 4.98 
3.33 5.30 5.30 5.30 
2.54 2.36 2.36 2.24 
1.20 0.87 1.10 0.90** 

- - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - . - - - -  

5.87 14.52 14.52 14.39** 
7.06 15.39 15.62 15.30 

NOTE: See def in i t ions of table headings a t  beginning of appendix. 
** Indicates pa r t i a l  month of data. 

1 Information for  lysimeter nunba N a t  H i l l ia rd ,  Wyoming for  1984. 

WYHLN84 
LYSIMETER ET DATA 

DATE I R R I G  R A I N  SM DELSM ETSM WL SMWL DELUL ETWL ETCMBN ---- ---.--------------------- INCHES----.----------------------- 
MAY19 0.00 0.00 12.5 17.5 0.0 0.0 0.0 
MAY26 0.00 0.04 16.7 0.0 0.0 18.1 17.1 0.4 0.4 0.4 
JUNE 1.47 0.93 17.1 -0.4 0.5 18.0 17.1 -0.0 0.9 0.9 
JUNl2 -1.40 1.46 17.4 -0.3 2.6 7.0 19.7 -2.6 0.3 0.3 
JUN18 0.00 0.00 16.7 0.8 -0.6 19.0 17.0 2.7 1.3 1.3 
JUN26 1.47 0.04 15.4 1.3 1.3 27.8 16.6 0.4 0.5 0.7 
JULO3 0.74 0.08 15.1 0.2 1.8 22.0 16.8 -0.2 1.3 1.6 
JULIO 1.47 0.20 14.4 0.7 1.7 30.5 16.5 0.3 1.2 2.0 
JULl7 1.03 0.08 14.8 -0.4 1.1 25.5 16.7 -0.2 1.4 1.0 
JUL24 2.21 0.29 15.6 -0.7 0.6 28.5 16.6 0.1 1.4 0.7 
JULY 0.00 0.45 17.8 -2.2 0.4 12.8 17.5 -0.9 1.8 1.7 
AUGO7 0.00 0.00 16.5 1.3 1.3 21.6 16.9 0.6 0.6 0.6 
AUGl4 0.00 0.04 14.4 2.0 2.1 34.0 16.5 0.4 0.4 1.6 
AUG21 1.21 1.13 14.9 -0.5 0.6 44.0 16.3 0.2 1.3 0.8 
AUG28 0.00 0.24 17.2 -2.2 -0.8 22.8 16.8 -0.5 0.9 0.2 
SEP04 0.74 0.00 14.9 2.2 2.2 28.0 16.6 0.2 0.2 0.9 
SEP11 0.00 0.64 16.6 -1.7 -0.3 21.0 16.9 -0.3 1.1 0.4 
SEP18 0.00 0.29 16.3 0.3 0.6 22.4 16.8 0.1 0.4 0.4 
OCT03 0.00 1.17 17.2 -0.8 0.3 14.1 17.4 -0.5 0.6 0.6 -------..-----------------.-.--------------------------------------- 

8.93 7.08 -0.5 15.5 0.1 16.1 16.1 

PER I OO ------ 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT - - - - - - - - - -  

JUU - SEP 
SEASONAL 

E l  SUMMARY INFORMATIOW 
ETSM ETWL ETCMBN ETADJ --------------.- INCHES----------------- 
0.25 0.89 0.89 0.89** 
4.59 3.28 3.64 3.64 
4.60 6.41 6.04 6.04 
4.17 3.36 3.64 3.46 
1.80 2.06 1.78 1 .50 
0.07 0.13 0.13 0.10** ----.------------.------------------------- 

15.16 15.11 15.11 14.65 
15.48 16.12 16.12 15.64 

NOTE: See def in i t ions o f  table headings a t  beginning of appendix. 
** Indicates pa r t i a l  month o f  data. 
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Appendix 6 continued. Sumnarized f i e l d  data and analysis f o r  non-weighing lysimeters i n  the upper Bear River Basin, 1983-1987. 

Information f o r  Lysimeter nunber S a t  H i l l i a r d ,  Uyoming f o r  1984. 

DATE - - - -  
MAY19 
MAY 26 
JUN05 
JUNl2 
JUN 18 
JUN26 
JULO3 
JULIO 
JUL 17 
JUL24 
JUL31 
AUG07 
AUG 14 
AUG21 
AUG28 

I SEP04 
SEP11 
SEPl8 
OCT03 - - - - - - -  

UYHLS84 
LYSIMETER ET DATA 

I R R I G  RAIN SM DELSM ETSM UL SMUL DELUL ETUL ETCMBN . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES--- - - - - - - - - - - - - - - - - - - - - - - - - -  
0.00 0.00 16.0 16.5 0.0 0.0 0.0 
0.00 0.04 13.5 0.0 0.0 22.1 16.2 0.2 0.3 0.3 
1.91 0.93 13.1 0.4 1.3 25.0 16.1 0.1 1.0 1.4 

-1.03 1.46 15.0 -1.8 1.5 2.3 17.3 -1.1 2.2 0.4 
0.00 0.00 14.6 0.4 -0.7 18.0 16.4 0.9 -0.1 0.2 
1.47 0.04 12.0 2.6 2.7 33.5 15.8 0.6 0.6 3.3 
1.47 0.08 12.4 -0.4 1.1 30.0 15.9 -0.1 1.5 1.0 
1.47 0.20 13.0 -0.6 1.0 26.8 16.0 -0.1 1.5 0.9 
1.47 0.08 13.7 -0.6 0.9 23.8 16.2 -0.1 1.4 0.8 
1.47 0.29 15.9 -2.2 -0.4 19.8 16.3 -0.1 1.6 0.4 
0.00 0.45 17.4 -1.5 0.4 7.3 16.8 -0.5 1.4 1.4 

-0.44 0.00 16.1 1.3 1.3 19.5 16.3 0.5 0.5 0.5 
0.00 0.04 9.6 6.5 6.1 43.0 15.6 0.8 0.4 5.7 
0.00 1.13 9.5 0.1 1.2 42.8 15.6 -0.0 1.1 1.2 
1.32 0.24 9.8 -0.3 -0.1 45.0 15.5 0.1 0.3 0.0 
0.00 0.00 12.1 -2.3 -1.0 22.0 16.2 -0.7 0.6 -1.7 
1.32 0.64 12.0 0.1 0.7 31.0 16.2 0.1 0.7 0.8 

-0.29 0.29 16.4 -4.4 -2.8 17.6 16.4 -0.2 1.4 -1.5 
0.00 1.17 15.4 1.1 1.9 6.9 16.8 -0.4 0.5 0.5 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - - -  

10.15 7.08 -1.9 15.3 -0.4 16.9 15.4 

PERIOD 
- - - - - -  

MAY 
JUN 
JUL 
AUG 
SEP 
OCT - - - - - - - - - -  

JUN - SEP 
SEASONAL 

ET SUMMARY INFORMATION 
ETSM ETUL ETCMBN ETADJ - - - - - - - - - - - - - - - -  INCHES-----------------  
0.64 0.79 0.96 0.96** 
4.83 4.04 5.14 5.14 
2.41 6.62 3.93 3.93 
8.14 2.52 6.65 5.96 

-1.12 2.80 -1.34 -0.50 
0.39 0.09 0.09 0.07** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

14.26 15.99 14.38 14.53 
15.29 16.86 15.44 15.56 

NOTE: See de f in i t i ons  o f  tab le headings a t  beginning of  appendix. 
** Indicates p a r t i a l  month of  data. 

Information f o r  lysimeter nunber S a t  H i l l i a r d ,  Uyoming f o r  1985. 

UYHLS85 
LYSIMETER ET DATA 

DATE I R R I G  RAIN SM DELSM ETSM UL SMUL DELUL ETUL ETCMBN ----  . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES--- - - - - - - - - - - - - - - - - - - - - - - - - -  
MAY18 0.00 0.00 17.0 0.0 0.0 16.8 16.4 0.0 0.0 0.0 
MAY25 0.00 0.41 13.4 3.6 4.1 24.4 16.1 0.3 0.7 2.2 
JUNOI 0.00 0.07 10.9 2.5 2.6 41.9 15.6 0.5 0.6 3.1 
JUN11 1.18 0.13 10.8 0.1 0.2 45.0 15.5 0.1 0.2 0.3 
JUN18 1.77 0.00 10.7 0.1 1.3 45.3 15.5 0.0 1.2 1.3 
JUN25 1.77 0.72 10.9 -0.2 2.3 44.5 15.5 -0.0 2.5 2.3 
JULO2 0.44 0.15 12.3 -1.4 0.5 28.0 16.0 -0.4 1.5 0.0 
JULO9 2.35 0.00 11.3 1.1 1.5 44.5 15.5 0.4 0.9 1.9 
JUL16 2.35 0.00 11.5 -0.2 2.1 37.0 15.7 -0.2 2.2 1.9 
JUL23 0.00 1.26 16.8 -5.3 -1.7 4.8 17.0 -1.3 2.3 -1.1 
JUL30 0.00 0.57 15.3 1.5 2.1 10.0 16.7 0.4 0.9 0.9 
AUG06 2.35 0.00 11.3 4.0 4.0 28.0 16.0 0.7 0.7 4.3 
AUG13 1.47 0.00 14.5 -3.2 -0.9 19.5 16.3 -0.3 2.0 -1.2 
AUG2O 1.03 0.00 14.2 0.3 1.8 20.0 16.3 0.0 1.5 1.8 
AUG27 1.32 0.00 14.2 0.0 1.0 21.0 16.3 0.0 1.1 1.1 
SEP03 0.00 0.32 15.6 -1.4 0.2 12.0 16.6 -0.3 1.3 0.6 
SEPlO 0.00 0.19 13.6 2.0 2.1 22.0 16.2 0.4 0.6 1.8 
SEP17 0.00 0.12 11.2 2.4 2.5 26.0 16.1 0.2 0.3 2.7 
SEP24 0.00 0.54 11.3 -0.1 0.5 27.0 16.0 0.0 0.6 0.5 
OCTOl  0.00 0.00 10.8 0.5 0.5 38.0 15.7 0.3 0.3 0.8 
OCT08 0.00 0.31 15.1 -4.2 -3.9 33.0 15.8 -0.1 0.2 -3.9 
OCT15 0.00 1.32 15.1 0.0 1.3 17.0 16.4 -0.6 0.7 0.7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

16.03 6.12 1.9 24.1 0.0 22.2 22.2 

ET SUMMARY INFORMATION 
PERIOD ETSM ETUL ETCMBN ETADJ - - - - - -  - - - - - - - - - - - - - - - -  INCHES-----------------  
HAY 6.25 1.22 4.90 4.90** 
JUN 4.49 5.00 4.31 4.31 
JUL 4.72 6.81 4.34 4.34 
AUG 5.53 5.91 5.70 4.99 
SEP 5.62 2.28 5.95 1.73 
OCT -2.51 0.95 -3.03 -0.42** -----------------.----------------------------------- 

JUN - SEP 20.36 19.99 20.30 15.37 
SEASONAL 24.10 22.16 22.16 19.85 

NOTE: See de f in i t i ons  o f  tab le headings a t  beginning o f  appendix. 
** Indicates p a r t i a l  month of  data. 



Appendix B continued. Sumnarized f i e l d  data and analysis f o r  non-weighing Lysimeters i n  the upper Bear River Basin, 1983-1987. 

Information f o r  lysimeter number S a t  H i l l i a r d ,  Wyoming f o r  1986. Information f o r  Lysimeter nunber S a t  H i l l i a r d ,  Uyoming f o r  1987. 
WYHLS86 01-25-1989 UYHLS87 01-25-1989 

LYSIMETER ET DATA 15:55:35 LYSIMETER ET DATA 15:55:42 

DATE - - - -  
APR21 
MAY03 
MAY 17 
MAY 24 
JUNO2 
JUNIO 
JUN17 
JUN24 
JULOl 
JULO8 
JUL15 
JUL22 
JUL29 
AUG05 
AUGl2 
AUGl9 
AUG26 

7 SEPOI 
SEP09 
SEP16 
SEP23 
OCT04 
OCT17 - - - - - - -  

I R R I G  R A I N  SM DELSM ETSM UL SMUL DELWL ETWL ETCMBN . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES--- - - - - - - - - - - - - - - - - - - - - - - - - -  
-1.18 0.00 14.7 0.0 0.0 3.8 16.9 0.0 0.0 0.0 
0.00 0.70 14.8 -0.1 -0.6 11.5 16.6 0.3 -0.2 -0.3 
0.00 0.09 17.1 -2.3 -2.2 14.5 16.5 0.1 0.2 0.1 
0.00 0.80 16.7 0.4 1.2 17.5 16.4 0.1 0.9 0.9 
2.94 0.00 12.2 4.5 4.5 37.8 15.7 0.7 0.7 3.4 
1.47 0.32 16.2 -4.0 -0.7 17.0 16.4 -0.7 2.5 -0.1 
2.50 0.04 13.0 3.2 4.7 23.3 16.2 0.2 1.7 3.7 
2.94 0.00 14.1 -1.1 1.4 21.0 16.3 -0.1 2.4 1.3 
0.74 0.00 16.2 -2.1 0.8 7.3 16.8 -0.5 2.4 1.6 
2.13 0.18 13.6 2.6 3.5 22.3 16.2 0.6 1.5 2.8 
1.91 0.00 15.8 -2.2 -0.1 16.3 16.4 -0.2 1.9 0.6 
0.00 0.84 16.0 -0.2 2.5 2.5 17.2 -0.7 2.0 2.0 
0.00 0.67 15.1 0.9 1.6 6.5 16.8 0.3 1.0 1.0 
1.77 0.00 11.6 3.5 3.5 25.8 16.1 0.8 0.8 4.1 
1.47 0.32 12.5 -0.9 1.1 22.0 16.2 -0.2 1.9 1.0 
1.47 0.00 11.5 1.0 2.5 23.5 16.7 -0.4 1.0 2.0 
0.00 1.67 15.3 -3.7 -0.6 3.0 17.0 -0.3 2.8 -0.6 
0.00 0.11 15.5 -0.2 -0.1 9.0 16.7 0.3 0.4 0.4 
0.74 0.00 13.3 2.2 2.2 21.3 16.3 0.5 0.5 2.1 
0.00 0.13 14.1 -0.8 0.1 18.0 16.4 -0.1 0.7 -0.1 
0.00 0.00 10.6 3.5 3.5 26.0 16.1 0.3 0.3 3.8 

-0.59 0.13 15.1 -4.5 -4.4 8.5 16.7 -0.7 -0.5 -4.9 
0.00 1.17 10.5 4.6 5.2 26.0 16.1 0.7 1.3 5.6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

18.31 7.18 4.2 29.7 0.8 26.3 30.5 

PER I OD 
-.- - - - -  

APR 
MAY 
JUN 
JUL 
AUG 
SEP 
OCT - - - - - - - - - -  

JUN - SEP 
SEASONAL 

ET SUMMARY INFORMATION 
ETSM ETWL ETCMBN - - - - - - - - - - - - - - - -  INCHES-------- 

-0.44 -0.15 -0.23 
2.37 1.61 3.61 
7.11 8.92 6.95 
8.68 7.00 7.83 
5.43 6.64 5.69 
2.97 1.24 2.81 
3.57 1.06 3.87 

--------------------------------. 
24.20 23.80 23.28 
29.70 26.32 30.53 

ETAD J 
, - - - - - - - - - 

-0.23** 
3.61 
6.95 
7.83 
4.85 
2.88 
0.76** 

. - - - - - - - - - -  
22.51 
26.65 

NOTE: See de f i n i t i ons  of  tab le headings a t  beginning of  appendix. 
** Indicates p a r t i a l  month of  data. 

DATE - - - -  
APR25 
MAY02 
MAY 09 
MAY16 
MAY 23 
MAY30 
JUNO8 
JUN15 
JUN22 
JUN29 
JULO6 
JUL13 
JUL20 
JUL27 
AUGOI 
AUGIO 
AUG17 
AUG24 
AUG31 
SEPO8 
SEP14 
SEP25 
OCT02 
OCTO9 
OCT16 - - - - - - -  

I R R I G  RAIN SM DELSM ETSM UL SMUL DELUL ETUL ETCMBN . . . . . . . . . . . . . . . . . . . . . . . . .  INCHES----------------------------  
0.00 0.00 15.4 0.0 0.0 21.0 16.3 0.0 0.0 0.0 
0.00 0.33 14.7 0.6 1.0 21.0 16.3 0.0 0.3 0.5 
2.21 0.15 13.1 1.7 1.8 37.5 15.7 0.6 0.7 2.4 
0.00 0.31 15.4 -2.4 0.1 17.0 16.4 -0.7 1.8 -0.0 
0.00 1.02 15.8 -0.4 0.6 16.0 16.5 -0.0 1.0 1.0 
0.00 0.46 16.2 -0.4 0.1 18.5 16.4 0.1 0.6 0.6 
4.41 0.31 12.8 3.4 3.7 44.5 15.5 0.8 1.1 3.2 
0.00 0.42 15.6 -2.8 2.1 6.0 16.9 -1.3 3.5 1.4 
2.94 0.00 13.2 2.4 2.4 33.3 15.8 1.1 1.1 2.8 
0.74 0.26 15.5 -2.3 0.9 17.5 16.4 -0.6 2.6 0.9 
2.94 0.00 13.3 2.2 2.9 36.3 15.7 0.7 1.4 3.0 
2.21 0.25 15.7 -2.4 0.8 17.0 16.4 -0.7 2.5 0.9 
0.00 0.14 16.1 -0.4 2.0 15.5 16.5 -0.1 2.3 2.3 
2.94 0.97 16.7 -0.6 0.3 20.0 16.3 0.2 1.1 1.1 
0.00 0.06 17.1 -0.4 2.6 3.0 17.0 -0.7 2.3 2.3 
0.00 0.00 12.0 5.1 5.1 27.0 16.0 1.0 1.0 3.8 
1.47 1.22 12.3 -0.2 1.0 25.0 16.1 -0.1 I 0.9 
0.00 0.61 14.2 -1.9 0.2 6.5 16.8 -0.7 1.4 -0.6 
0.74 0.00 13.2 1.0 1.0 17.5 16.4 0.4 0.4 1.4 
0.00 0.54 13.3 -0.1 1.2 12.0 16.6 -0.2 1.1 1.0 
0.00 0.00 11.8 1.5 1.5 23.8 16.2 0.4 0.4 1.9 
0.00 0.00 11.1 0.7 0.7 41.5 15.6 0.6 0.6 1.2 
0.00 0.00 10.7 0.4 0.4 45.0 15.5 0.1 0.1 0.5 
0.00 0.00 10.5 0.2 0.2 45.0 15.5 0.0 0.0 0.2 
0.00 0.41 10.5 0.0 0.4 45.0 15.5 0.0 0.4 0.4 

. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - - - -  

20.59 7.46 4.8 32.9 0.7 28.8 33.2 

ET SUMMARY INFORMATION 
PERIOD ETSM ETUL ETCMBN ETADJ - - - - - -  - - - - - - - - - - - - - - - -  INCHES----------------- 
APR 0.69 0.23 0.36 0.36** 
MAY 3.35 4.27 4.38 4.38 
JUN 9.08 8.38 8.38 8.38 
JUL 7.69 8.99 8.76 8.76 
AUG 7.69 4.37 6.04 5.22 
SEP 3.69 2.12 4.53 1.83 
OCT 0.70 0.43 0.72 0.13** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

JUN -SEP 28.14 23.86 27.71 24.19 
SEASONAL 32.88 28.80 33.16 29.05 
NOTE: See de f i n i t i ons  of  tab le headings a t  beginning o f  appendix. 

** Indicates p a r t i a l  month of  data. 





APPENDIX C 

Average maximum and minimum a i r  temperature 

and to ta l  precipitat ion f o r  

NOAA National Weather Service (NUS) Weather Stations 

i n  the Bear River Basin (1975-1987). 



Appendix C. Average maximum and minimum a i r  temperatures and p r e c i p i t a t i o n  f o r  National Weather Service 
(NUS) s t a t i o n s  i n  the Bear River  Basin (1975-1987). 

Sta. Evanston Index # 3100 
Lat.  41 16 Long. 11057 Elev. 6810 

USU 08-05-1988 

Max. Temp 
A A A A A A A A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Avg . 

Jan 

30.6 
33.3 
34.1 
33.4 
21.5 
31.2 
41.9 
30.7 
37.4 
24.1E 
24.3E 
34.3 
29.5 

31.3 

Feb 

33.2 
37.4 
42.4 
36.2 
33.8 
40.0 
41.2 
35.0 
37.6 
32.4E 
33.1 
36.1 
37.6 

36.6 

Mar 

38.8 
38.3 
39.3 
45.3 
41.5 
38.7 
45.0 
42.2 
41.7 
40.1E 
38.6E 
49.9 
41.9 

41.6 

Ju l  

79.5E 
84.3 
81 -4 
82.2 
83.2 
83.5 
84.2 
79.9 
79.1 
83.6E 
87.1 
80.2 
78.8 

82.1 

o c t  

56.2 
58.6 
60.7 
63.8 
61.6 
60.5 
54.1 
54.3E 
60.7E 
52.1E 
58.2 
56.8 
63.6 

58.6 

Dec 

36.8 
41.8 
36.9 
26.1 
39.8 
43.5 
39.1 
31.2 
28.OE 
29.1E 
22.4E 
37.1 
29.9 

34.0 

Ann. 

52.7 
56.7 
57.3 
54.9 
55.5 
56.8 
59.0 
53.8 
54.0 
52.6 
54.4 
56.5 
56.5 

55.4 

Min. Temp 
A h A A A A A A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Jan 

8.2 
8.8 
7.6 

13.2 
0.8 
9.6 

13.9 
6.6 

14.9 
5.9E 
2.8E 

12.9 
7.6 

Feb 

10.1 
9.8 

10.9 
13.3 
11.2 
13.9 
13.5 
5.9 

12.3 
7.1E 
6.9 

19.7 
15.8 

Mar 

17.6 
10.0 
13.4 
21.8 
19.3 
14.2 
19.7 
17.4 
22.1 
15.7E 
10.7E 
25.7 
19.0 

Ju l  

46.7E 
45.5 
46.0 
43.9 
44.4 
46.0 
43.6 
44.1 
44.9 
45.6E 
47.7 
45.5 
45.4 

Oct 

24.5 
24.0 
29.7 
27.5 
28.3 
26.2 
26.1 
27.9E 
29.7E 
26.1E 
27.9 
28.9 
29.9 

Dec Ann. 

13.9 24.3 
9.8 24.9 

16.2 27.2 
3.3 25.9 

12.2 25.4 
15.4 26.5 
16.3 28.1 
7.2 24.5 

10.1E 27.8 
5.6E 25.1 
3.2E 25.3 

11.0 29.4 
9.3 27.8 

Avg . 8.7 11.6 17.4 25.3 32.7 39.0 45.3 44.3 36.6 27.4 17.1 10.3 26.3 

Precip. Jan 
A A A A A A A  

1975 0.60 
1976 0.25 
1977 0.31 
1978 0.86 
1979 0.97 
1980 2.81 
1981 0.46 
1982 0.85 
1983 0.16 
1984 0.04E 
1985 0.25E 
1986 0.16 
1987 0.58 

Feb 

0.32 
1.62 
0.29 
0.72 
0.32 
0.86 
0.41 
0.58 
0.85 
0.45E 
0.60E 
1.93 
0.48E 

Mar 

1.40 
0.44 
1.40 
1.29 
0.59 
0.70 
2.40 
1.40 
1.21 
0.62E 
0.38E 
0.63 
1.36 

May Jun Ju l  

1.44 2.54 0.38 
1.57 0.95 0.73E 
1.58 0.10 1.48 
1.26 1.39 0.02 
1.11 0.10 0.59 
2.19 0.23 1.05 
2.23 0.75 0.48 
0.37 1.31 2.38 
2.91 1.85 1.47 
1.50E 1.47E 1.63E 
3.00 0.03 0.80 
1.96 0.69E 0.39 
1.45 0.76 0.28 

Oct 

1.55 
0.15 
0.94 
0.17 
1.89 
1.63 
2.68 
1.04E 
1.45E 
0.80E 
0.14 
0.59 
0.70 

Nov 

0.77 
0.04 
0.77 
1.05 
0.87 
0.74 
0.52 
1.34 
1.74E 
0.87E 
1.88E 
0.34 
0.96 

Ann. 

11.26 
8.53 

11.82 
12.69 
8.54 

13.48 
12.43 
16.36 
20.92 
12.88 
10.08 
12.23 
8.80 

Avg. 0.64 0.73 1.06 1.11 1.74 0.94 0.90 1.08 1.49 1.06 0.91 0.66 12.31 

NOTE: 
Maximum and m i n i m  temperatures are i n  degrees Fahrenheit. 
P r e c i p i t a t i o n  i s  i n  inches. 
E behind value ind icates an estimated value. 



Appendix C cont inued. Average maximum and minimum a i r  temperatures and p r e c i p i t a t i o n  f o r  Na t i ona l  
Weather Serv ice (NUS) s t a t i o n s  i n  t h e  Bear R ive r  Bas in  (1975-1987). 

Sta. Woodruff Index # 9595 
Lat.  41 32 Long. 11109 Elev. 6315 

USU 08-05-1988 

Max. Temp Jan Feb 
A A A A A A A A A  

1975 29.4 32.7 
1976 30.3 32.4 
1977 34.2 43.1 
1978 33.0 35.8 
1979 16.9 31.7 
1980 30.5 37.1 
1981 35.3 41.0 
1982 29.6 28.4 
1983 33.0 34.4 
1984 20.7 26.7 
1985 21.4 27.0 
1986 27.4 38.0 
1987 25.1 37.7 

Mar 

40.6 
36.5 
41 .O 
45.8 
40.1 
41.5 
47.3 
42.4 
43.5 
40.6 
37.7 
53.2 
43.9 

Jut Aug Sep Oct Nov 

79.7 75.9 71.5 54.9 38.5 
82.5 77.6 71.8 59.7 48.8 
81.6 78.6 73.2 63.0 45.4 
83.0 79.4 69.1 65.6 39.0 
82.8 80.0 80.1 63.3 37.5 
81.4 78.1 72.9 61.2 47.8 
83.8 84.4 76.3 55.6 49.0 
78.6 82.8 67.8 55.0 39.4 
79.1 80.8 72.0 62.5 39.7 
82.4 79.8 70.1 52.6 38.2 
84.0 81.7 66.7 59.9 35.8 
78.9 83.4 65.0 58.0 45.0 
79.7 79.3 75.4 64.4 38.0 

Dec 

34.8 
38.9 
37.2 
23.9 
35.8 
36.1 
38.2 
25.7 
27.5 
25.3 
19.0 
35.5 
28.7 

Ann. 

52.3 
55.7 
58.2 
55.3 
55.2 
56.6 
59.0 
53.0 
54.0 
51.9 
53.1 
56.9 
56.5 

Avg. 28.2 34.3 42.6 54.3 63.3 73.9 81.3 80.1 71.7 59.7 41.7 31.3 55.2 

Min. Temp 
A A A A A A A A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Jan Feb Mar Apr May 

3.0 9.2 19.0 20.9 27.0 
6.9 4.3 12.8 24.6 33.4 
2.1 5.5 11.1 22.9 31.2 
7.5 5.1 18.3 27.0 29.1 
-9.2 3.2 15.0 22.8 30.6 
7.8 10.3 18.7 24.4 35.4 
9.5 12.8 21.3 26.9 34.0 
2.4 2.2 20.5 19.9 30.2 
9.2 6.5 22.7 22.3 30.3 
-5.3 -3.9 13.1 22.2 32.1 
-8.2 -5.7 6.9 26.0 33.0 
0.7 16.2 22.4 26.4 30.9 
-0.4 14.6 18.0 26.2 34.9 

J u l  

46.7 
43.6 
45.9 
42.0 
42.1 
45.3 
41.7 
44.9 
43.1 
44.8 
47.1 
43.8 
44.3 

Oct 

21.7 
18.1 
24.1 
22.7 
23.7 
22.7 
25.6 
24.1 
26.1 
21.6 
21.2 
24.0 
23.2 

Nov Dec 

12.0 11.5 
9.1 1.9 
18.1 15.9 
8.5 -2.8 
6.7 6.3 
16.7 9.8 
18.4 13.9 
12.2 2.0 
15.8 4.9 
14.9 -1.5 
10.6 -5.3 
18.2 6.4 
13.8 4.9 

Ann. 

22.8 
21.9 
24.7 
22.1 
20.8 
25.2 
26.6 
23.1 
25.4 
21.1 
19.4 
25.4 
24.1 

Avg . 2.0 6.2 16.9 24.0 31.7 38.6 44.3 41.2 32.8 23.0 13.5 5.2 23.3 

Prec ip .  
A A A A h A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Jan Feb Mar Apr May Jun J u l  Aug Oct 

1.78 
0.03 
0.78 
0.01 
1.56 
1.45 
2.11 
0.44 
1.13 
0.94 
0.56 
1.52 
1 .I3 

Dec 

0.48 
0.00 
0.45 
0.48 
0.24 
0.39 
0.72 
0.70 
1.42 
0.33 
0.56 
0.07 
0.55 

Ann. 

8.02 
5.43 
8.77 
10.18 
5.12 
11.25 
9.22 
13.67 
15.77 
11.19 
8.96 
10.81 
9.16 

Avg. 0.47 0.45 0.69 0.80 1.22 0.65 0.91 0.84 1.49 1.03 0.77 0.49 9.81 

NOTE: 
Maximum and minimum temperatures a re  i n  degrees Fahrenheit. 
P r e c i p i t a t i o n  i s  i n  inches. 
E behind va lue i n d i c a t e s  an est imated value. 



Appendix C continued. Average maximum and m i n i m  a i r  temperatures and p r e c i p i t a t i o n  f o r  National 
Weather Service (NUS) s ta t ions  i n  the Bear River  Basin (1975-1987). 

Max. Temp 
A A A A A A A A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Avg . 

Min. Temp 
A A A A A A A A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Avg . 

Precip. 
A A A A A A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Avg . 

Jan 

27.8 
28.3 
27.4 
29.9 
16.4 
27.6 
34.3 
26.8 
29.0 
20.2 
19.4 
25.4 
23.1 

25.8 

Sta. Border 3 N Index # 0915 
Lat. 42 15 Long. 1 1 1  02 Elev. 6120 

Feb 

32.0 
29.9 
41 .O 
33.3 
28.9 
33.7 
37.1 
27.3 
30.2 
24.8 
23.5 
35.3 
32.1 

31.5 

Jan Feb 

0.9 4.0 
3.9 3.6 
1.3 4.7 
11.3 8.8 
-9.8 5.3 
2.3 8.2 
8.0 9.1 
0.9 -1.5 
7.1 4.9 
-2.2 -2.5 
-7.5 -6.2 
0.8 16.8 
-0.1 9.8 

1.3 5.0 

Mar Apr May Jun Ju l  

Mar 

16.8 
2.7 
12.2 
17.5 
13.8 
12.6 
22.7 
17.4 
22.8 
14.5 
6.8 
22.3 
19.3 

15.5 

Jul  

46.5 
43.7 
44.6 
41 -6 
41.2 
44.7 
44.0 
45.6 
44.1 
45.4 
45.5 
44.9 
45.4 

44.4 

USU 08-05-1988 

Oct Nov Dec Ann. 

Aug Sep Oct Nov 

Jan Feb Mar Apr May Jun Ju l  Aug Sep Oct 

Dec 

9.8 
1.8 
10.9 
-3.2 
0.9 
10.4 
12.7 
4.6 
4.0 
-3.6 
-6.4 
8.5 
0.7 

3.9 

Dec 

0.77 
0.29 
2.99 
1.09 
0.20 
0.81 
2.11 
0.64 
2.93 
0.86 
1.08E 
0.00 
0.86 

1.13 

Ann. 

22.3 
21.3 
24.1 
23.2 
20.4 
24.6 
26.9 
22.9 
25.6 
21.7 
19.1 
27.1 
23.8 

23.3 

Ann. 

13.97 
11.34 
18.66 
15.35 
10.37 
17.82 
14.76 
19.09 
23.25 
14.38 
13.42 
17.83 
14.07 

15.72 

NOTE: 
Maximum and m i n i m  temperatures are i n  degrees Fahrenheit. 
P r e c i p i t a t i o n  i s  i n  inches. 
E behind value ind icates an estimated value. 



Appendix C continued. Average maximum and m i n i m  a i r  temperatures and p r e c i p i t a t i o n  f o r  National 
Weather Service (NUS) s ta t ions  i n  the Bear River  Basin (1975-1987). 

L i f t o n  Punping Sta Index # 5275 
Lat. 42 07 Long. 111 18 Elev. 5926 

Max. Temp Jan Feb Mar 
A A A A A A A A A  

1975 30.9 31.9 38.5 
1976 30.5 34.1 34.7 

Avg. 28.9 33.2 40.0 

Min. Temp Jan 
A A A A A A A A A  

1975 7.3 
1976 9.9 
1977 2.7 
1978 13.5 
1979 -9.0 
1980 8.3 
1981 15.1 
1982 6.3 
1983 16.0 
1984 2.7 
1985 -5.4 
1986 1.6 
1987 1.6 

Avg . 5.4 

Precip. 
A A A A A h A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Feb 

6.8 
5.9 
5.8 

10.9 
4.6 

12.2 
13.5 

1.7 
7.9 

-0.8 
10.0 
16.7 
11.3 

6.7 

Mar Apr May 

Jan Feb Mar 

Jun 

44.1 
44.6 
48.2 
44.6 
45.0 
46.1 
46.7 
46.2 
47.4 
45.9 
47.2 
52.2 
47.7 

46.6 

Ju l  Aug 

55.5 45.3 
50.9 44.6 
50.3 47.1 
49.5 44.4 
50.0 46.9 
52.8 47.1 
50.8 48.8 
52.9 52.2 
52.8 54.2 
54.4 51.1 
54.1 44.0 
49.5 49.5 
48.9 44.5 

51.7 47.7 

Apr May Jun Ju l  Aug 

USU 08-05-1988 

Oct Nov Dec Ann. 

Oct 

27.0 
25.6 
28.2 
28.2 
29.3 
27.9 
30.3 
29.3 
33.4 
27.4E 
27.3 
30.8 
31 .I 

28.9 

Oct 

2.46 
0.07 
0.84 
0.00 
1.38 
1.24 
2.60 
1.10 
1.13 
1.09E 
0.81 
1.58 
1.29 

Dec Ann. 

15.6 27.6 
8.9 26.9 

17.8 27.8 
0.3 27.6 

11.6 26.0 
17.5 29.8 
16.9 31.9 
11.1 28.1 
10.0 31.3 
5.3 26.9 
5.6 24.3 

13.4 31.1 
9.4 29.2 

11.0 28.3 

Dec 

0.45 
0.00 
1.84 
I .28 
0.19 
0.21 
1.73 
1.20 
0.93 
0.55 
0.53 
0.00 
0.72 

Ann. 

11.35 
9.05 

14.04 
11.52 
6.17 

16.64 
12.61 
19.17 
18.77 
11.20 
9.23 

13.79 
12.33 

Avg. 0.75 0.85 0.84 0.97 1.88 0.85 1.10 1.06 1.49 1.20 1.01 0.74 12.76 

NOTE : 
Maximum and minimum tem~era tu res  are i n  degrees Fahrenheit. 
P r e c i p i t a t i o n  i s  i n  inches. 
E behind value ind icates an estimated value. 



Appendix C continued. Average m a x i m  and m i n i m  a i r  temperatures and p r e c i p i t a t i o n  f o r  National 
Weather Service (NWS) s ta t ions  i n  the Bear River Basin (1975-1987). 

Sta. Soda Springs Index # 8535 
Lat. 42 39 Long. 111 35 Etev. 5842 

USU 08-05- 1988 

Max. Temp 
A A A A A A A A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Avg . 

Jan 

31. OE 
29.4E 
34.3E 
38.7E 
18.1 
30.6 
37.4 
32.2E 
33.9 
24.1 
22.4 
38.1E 
27.7 

30.6 

Feb 

33.9E 
31.4E 
33.7E 
37.7E 
28.7 
38.4 
35.7E 
26.9E 
35.1 
27.3 
26.4 
39.OE 
36.8 

33.2 

Mar 

36.9E 
31.7E 
41 .OE 
47.6E 
36.3 
39.8 
47.4 
39.1E 
41.3 
38.1 
35.8 
50.5E 
42.6 

40.6 

Jun 

76.3E 
68.7E 
75.1E 
72.5E 
76.7E 
74.3 
n. I 
67.6E 
69.8E 
69.9 
75.4 
74.4 
75.1 

73.3 

Ju l  

84.6E 
83.9E 
82.9E 
85. OE 
84.8E 
84.5 
86.2E 
80.8E 
82.1 
81.8 
85.6 
81 .OE 
79.1 

83.3 

Oct 

55.8E 
60.7E 
61.6E 
62.5E 
59.4E 
63.4 
54.6 
54.9 
59.4E 
49.2 
58.5E 
59.5E 
65.6 

58.9 

Nov 

39.5E 
48.4E 
39.2E 
29.8E 
33.5E 
46.2 
38.9E 
39.8E 
38.3 
37.5 
32. OE 
42.4 
35.7E 

38.6 

Dec 

33.5E 
32.9E 
46.3E 
22.2 
37.0 
38.7 
40.9E 
29.6 
24.9 
26.7 
30.9 
37.0 
6.9 

31.3 

Ann. 

53.6 
54.5 
56.8 
54.6 
53.6 
57.1 
58.3 
52.4 
53.6 
50.9 
53.2 
56.6 
54.4 

54.6 

Min. Temp 
A h A A A A A A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Avg . 

Jan 

5.6E 
4.8E 
2.3E 

14.4E 
-0.7 
5.2 

15.7 
5.1E 

19.5 
0.3 

-0.5 
4.4E 

-0.4 

5.8 

Feb 

8.4E 
6.3E 
9.3E 

16.1E 
13.0 
16.6 
10.1E 
6.9E 

14.8 
4.6 

-1.9 
18.1E 
12.8 

10.4 

Mar 

22.7E 
5.8E 
9.8E 

26.5E 
14.1 
17.3 
22.9 
20.2E 
25.6 
15.7 
11.4 
20.6E 
18.9 

17.8 

Jun 

38.4E 
39.4E 
39.5E 
39.8E 
41.2E 
40.4 
41.9 
40.OE 
38.3E 
38.2 
39.3 
38.6E 
39.1 

39.5 

Ju l  

48.1E 
44.6E 
48.8E 
47.OE 
49.OE 
47.8 
49.5E 
47.3E 
48.0 
46.0 
48.1 
47.2E 
45.9 

47.5 

Oct 

25.2E 
8.4E 

24.3E 
26.7 
22.4E 
25.4 
25.6 
32.0 
26.7E 
22.1 
40.1E 
26.1E 
23.7 

25.3 

Nov 

15.3E 
12.7E 
16.9E 
13.4E 
13.7E 
19.1 
17.9E 
14.8E 
21.8 
20.0 
18.4E 
18.4 
25.2E 

17.5 

Dec 

11.6E 
8.7E 

15.9E 
-1.5 
13.5 
13.5 
12.7E 
12.6 
4.0 
3.8 

-1.8E 
6.7 
6.9 

8.2 

Ann. 

24.6 
22.3 
25.5 
26.4 
25.0 
27.1 
28.5 
26.5 
29.5 
24.2 
23.9 
26.6 
26.0 

25.9 

Precip. 
A A A A A A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Avg . 

Jan 

1.20E 
0.59E 
0.40E 
1.20E 
1.50 
2.62 
0.49 
1.27E 
0.93 
0.25 
0.44 
0.74E 
0.36E 

0.92 

Feb 

1.55E 
2.92E 
2.79E 
1.25E 
1.91 
1.37 
0.87E 
4.87E 
0.72 
1.56 
1.71 
1.25E 
0.22 

1.77 

Mar 

2.38E 
1.43E 
0.99E 
1.74E 
0.49 
1.34 
2.05 
2.02E 
0.62 
0.92 
2.13 
1.25 
1.25E 

1.43 

Ju l  

1.94E 
.58E 
.95E 

0.26E 
2.16E 
0.74 
0.10E 
1.49E 
2.70 
2.33 
4.07 
1.17E 
2.55 

1.62 

Oct 

0.84E 
0.90E 
0.38E 
0.00 
0.80E 
1.90 
2.80 
0.76 
3.24E 
1.05 
0.57E 
0.57E 
1.01 

1.14 

Nov 

0.95E 
0.05E 
1.18E 
2.54E 
0.84E 
0.75 
1.14E 
0.92E 
3.91 
1.09 
1.89E 
I. O6E 
2.45E 

1.44 

Oec 

0.93E 
0.18E 
0.85E 
1.15 
0.60 
1.19 
0.16E 
0.79 
2.37 
0.50 
0.48E 
0.02 
0.97 

0.78 

Ann. 

15.22 
13.23 
16.97 
15.96 
13.44 
20.80 
15.12 
20.17 
23.77 
16.46 
16.33 
16.59 
15.89 

16.92 

NOTE: 
Maximum and minimum temperatures are i n  degrees Fahrenheit. 
P r e c i p i t a t i o n  i s  i n  inches. 
E behind value ind icates an estimated value. 



Appendix C continued. Average m a x i m  and minimum a i r  temperatures and p r e c i p i t a t i o n  f o r  National 
Weather Service (NUS) s t a t i o n s  i n  the Bear River Basin (1975-1987). 

Max. Temp 
A A A A A A A A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Jan 

28.5 
30.5 
32.3 
32.7 
20.2 
30.6 
35.9 
27.1 
34.5 
24.8 
26.7 
35.3 
31.3 

Sta. Grace Index # 3732 
Lat. 42 35 Long. 111 44 Elev. 5550 

Feb 

31.6 
35.8 
42.8 
36.7 
33.2 
38.8 
40.0 
31 .O 
37.7 
30.2 
29.5 
39.4 
40.8 

Mar 

38.7 
36.0 
42.7 
49.6 
41.2 
42.0 
49.4 
43.9 
44.6 
40.6 
36.2E 
52.9E 
48.6 

Ju l  Aug Sep 

83.9 79.7 75.8 
84.7 79.4 74.9E 
82.6 79.8 72.7 
84.1 79.4 71.2 
83.3 81.1 79.4 
82.6 79.1 73.8 
84.1 86.8 77.4 
80.0 84.3 70.2 
80.5E 81.7 74.5 
82.5 81.4 70.3 
84.OE 82.7 67.7 
79.6 85.5 67.0 
81.2 81.4 79.3 

oc t  

58.5 
61.2E 
64.1 
66.3 
63.9 
61.2 
56.7 
55.5 
61.6 
53.5 
59.9E 
61.9 
67.4 

USU 08-05-1988 

Ann. 

54.2 
57.5 
58.7 
56.5 
56.6 
57.2 
59.1 
54.1 
55.6 
53.3 
55.0 
59.0 
60.7 

Avg. 30.0 36.0 43.6 55.9 65.0 75.3 82.5 81.7 73.4 60.9 42.7 33.8 56.7 

Min. Temp 
A A A A A A A A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Avg . 

Precip. 
A A A A A A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Avg . 

Jan Feb 

9.9 12.1 
13.1 12.3 
7.6 9.4 

17.1 19.1 
-2.5 14.5 
11.5 18.7 
16.7 15.8 
10.3 8.5 
19.2 16.8 
5.8 5.6 
1.7 2.2 

12.4 22.6 
5.3 16.8 

9.9 13.4 

Jan 

0.96 
0.75 
0.23 
0.91 
1.45 
3.48 
0.80 
3.00 
0.47 
0.47 
0.40 
0.99 
1.19E 

1.16 

Feb 

1.28 
1.62 
0.33 
1.44 
1.73 
1.47 
0.45 
1.09 
0.54 
1.61 
0.94 
4.41 
0.76 

1.36 

Mar 

20.6 
10.3 
11.9 
25.8 
17.9 
21.9 
23.5 
26.0 
28.5 
18.5 
12.4E 
25.1E 
23.2 

20.4 

Mar 

1.22 
1.46 
0.46 
1.14 
0.96 
1.26 
2.11 
3.00 
1.79 
1.06 
1.22E 
1.45E 
0.83 

1.38 

Apr May 

Ju l  

51.1 
48.3 
49.7 
45.4 
46.6 
46.6 
48.1 
49.7 
47.2E 
48.7 
52.1E 
46.2 
46.6 

48.2 

oc t  

30.8 
25.8E 
30.6 
27.7 
30.2 
27.3 
31.4 
29.4 
32.4 
25.9 
27.1E 
28.9 
28.2 

28.9 

Ju l  Aug Sep Oct Nov 

Dec 

19.6 
8.5 

22.5 
5.1 

15.3 
16.3 
19.9 
14.4 
12.8E 
7.3 
3.3 

12.6E 
16.0 

13.4 

Dec 

0.34 
0.24E 
3.00 
1.49 
0.26 
1.11 
3.07 
1.59 
3.58 
0.70 
0.87 
0.12E 
0.97 

1.33 

Ann. 

28.2 
26.9 
29.5 
28.7 
27.2 
29.4 
31.4 
28.9 
31.4 
26.9 
25.3 
30.4 
29.1 

28.7 

Ann. 

11.74 
12.43 
15.07 
11.80 
9.30 

20.87 
18.34 
22.74 
26.24 
19.08 
15.69 
22.23 
15.76 

17.02 

NOTE: 
Maximum and m i n i m  temperatures are i n  degrees Fahrenheit. 
P r e c i p i t a t i o n  i s  i n  inches. 
E behind value ind icates an estimated value. 



Appendix C cont inued. Average maximum and min inun a i r  temperatures and p r e c i p i t a t i o n  f o r  Na t i ona l  
Weather Serv ice (NUS) s t a t i o n s  i n  t h e  Bear R iver  Bas in  (1975-1987). 

Max. Temp 
A A A A A h h A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Jan 

31.7 
33.1 
28.8 
37.3 
23.0 
36.1 
32.6 
31 .O 
37.8 
26.2 
24.8 
30.7 
26.5 

Logan 5 SW Exp. Farm Index # 5194 
Lat.  41 40 Long. 111 54 Elev. 4490 

Feb Mar Apr May Jun J u l  

36.9 45.1 48.5 64.0 74.3 89.0 
35.3 38.4 57.1 72.4 76.0 89.1 
39.8 43.6 64.4 63.5 84.0 87.6 
42.4 54.9 56.8 64.3 78.5 88.8 
36.1 45.5 57.9 69.0 78.7 87.6 
42.0 47.3 61.6 64.8 76.4 87.4 
40.4 51.9 61.0 64.9 77.5 88.9 
32.2 48.0 53.4 65.1 77.5 83.9 
41.9 49.8 51.5 62.3 75.6 85.2 
29.2 42.6 54.8 67.7 74.5 87.7 
27.8 38.4 62.7 71.7 81.2 90.6 
43.9 56.2 55.2 65.5 84.7 83.5 
40.1 49.9 66.6 70.9 81.2 82.4 

Oct 

62.9 
62.7 
65.1 
67.9 
67.6 
62.5 
59.1 
56.8 
63.0 
55.5 
61.3 
61.2 
68.3 

USU 08-05-1988 

Nov 

43.7 
51 .O 
49.5 
42.6 
42.7 
48.8 
51.7 
43.6 
45.8 
45.7 
39.7 
47.4 
44.5 

Dec 

38.2 
39.9 
44.1 
31.2 
38.5 
36.1 
41.8 
33.5 
31.7 
31.2 
24.7 
35.9 
33.6 

Ann. 

57.9 
59.4 
60.9 
60.1 
59.6 
60.2 
61.6 
57.0 
58.9 
56.2 
56.5 
60.1 
60.6 

Avg. 30.7 37.5 47.0 57.8 66.6 78.5 87.1 85.3 75.5 62.6 45.9 35.4 59.2 

Min. Temp 
A A A A A h A A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Avg . 

Precip.  
A A A A A A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Jan Feb Mar Apr May Jun J u l  Aug 

Jan Feb Mar Apr May J u l  

1.46 
0.83 
0.87 
0.11 
0.58 
1.18 
0.49 
1.40 
1.52 
1.59 
1.50 
1.79 
1.65 

Sep Oct Nov Dec Ann. 

34.1 30.2 19.0 16.6 29.7 
41.0 26.0 16.1 6.1 27.0 
40.7 31.1 24.8 23.0 31.0 
40.5 29.7 17.9 9.5 32.2 
40.7 31.6 15.1 11.9 28.8 
40.5 30.0 22.8 11.9 32.3 
42.2 31.6 25.7 21.4 34.1 
44.8 31.5 21.5 14.4 30.4 
43.0 35.4 26.6 12.2 34.9 
38.5 29.4 25.6 7.2 29.6 
38.4 29.9 16.6 5.5 26.7 
39.3 32.6 24.9 14.5 33.9 
39.1 30.2 22.2 10.2 30.9 

40.2 30.7 21.4 12.6 30.9 

o c t  

3.51 
0.42 
1.30 
0.00 
3.39 
1.17 
4.11 
2.24 
2.17 
2.15 
2.11 
0.88 
0.78 

Nov 

1.46 
0.03 
1.35 
0.91 
0.80 
1.27 
1.18 
1.93 
2.66 
2.71 
4.05 
0.71 
1.29 

Dec 

1.29 
0.10 
2.28 
2.20 
0.46 
1.30 
2.54 
2.13 
5.50 
1.26 
0.99 
0.12 
1.58 

Ann. 

20.77 
12.79 
17.44 
16.93 
13.21 
23.35 
17.80 
26.72 
30.36 
23.10 
19.29 
28.27 
16.77 

Avg. 1.40 2.13 2.04 1.87 2.49 1.19 1.15 1.21 1.93 1.86 1.57 1.67 20.52 

NOTE : 
Maximum and minimum temperatures are  i n  degrees Fahrenheit .  
P r e c i p i t a t i o n  i s  i n  inches. 
E behind va lue i nd i ca tes  an est imated value. 



Appendix C continued. Average maximum and minimun a i r  temperatures and p r e c i p i t a t i o n  f o r  Na t i ona l  
Weather Serv ice (NUS) s t a t i o n s  i n  t h e  Bear R ive r  Bas in  (1975-1987). 

Sta. Malad C i t y  Index # 5559 
Lat. 42 10 Long. 112 19 Elev. 4467 

Max. Temp 
A A A A A A A A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Avg . 

Jan Feb Mar Apr May Jun J u l  Aug Sep Oct Nov Dec Ann. 

29.3 35.1 44.8 51.3 64.1 75.1 89.6 85.0 79.3 61.4E 44.7 35.5 57.9 
32.1 35.5 39.5 58.4 72.8 77.3 90.0 83.5 78.8 64.5 52.5 43.1 60.7 
33.3 43.5E 48.1 68.5 64.7 85.2 88.3 85.3 77.2 67.7 47.4 39.0 62.4 
37.1 42.1 55.5 57.5 65.9 79.9 90.5 85.8 75.2 70.5 41.9 29.1 60.9 
24.3 35.6 45.6 60.9 71.7 82.2 89.8 85.3 84.3 67.5 42.5 37.0 60.6 
33.9 42.8 48.5 63.6 63.9 78.6 89.3 86.2 78.5 65.2 49.4 37.9 61.5 
33.2 42.5 53.0 63.4 65.9 80.7 90.9 92.5 83.4 60.2 50.1 38.9 62.9 
30.0 31.1 47.1 56.0 66.8 77.1 84.1 89.4 73.5 58.4 43.5 30.5 57.3 
36.0 39.1 49.7 52.6 65.2 76.2 85.2 85.2 77.4 64.2 44.2 28.7 58.6 
24.9 29.1 42.5 54.9 70.3 74.9 86.1 86.2 74.4 55.6 45.4 30.3 56.2 
26.1 29.0 40.0 65.6 TJ.0 82.6 90.2 88.3 72.2 63.1 38.5 24.0 57.7 
31.3 42.8 58.2 59.1 69.2 85.9 84.5 89.6 68.9 62.7E 48.9 38.1 61.6 
30.7 43.8 51.7 70.7 71.7 83.5 84.4 86.5 81.5 69.7 47.7 35.8 63.1 

30.9 37.8 48.0 60.2 68.1 79.9 87.9 86.8 77.3 63.9 45.9 34.5 60.1 

Min.Temp Jan Feb Mar Apr May Jun J u l  Aug Sep Oct Nov Dec Ann. 
A A A A A A A A A  

1975 6.4 14.8 24.8 27.6 32.9 
1976 8.7 6.7 12.8 30.1 38.6 
1977 7.3 11.1E 18.2 28.9 36.9 
1978 23.4 24.4 29.6 33.5 35.6 
1979 2.0 12.1 22.2 28.8 37.1 
1980 17.1 21.7 23.9 30.3 39.2 
1981 20.6 15.7 25.9 32.0 38.7 
1982 7.5 6.1 26.1 26.7 36.2 
1983 17.8 17.3 29.1 28.7 35.7 
1984 6.1 2.6 20.4 29.7 38.1 
1985 0.7 0.1 15.9 31.5 38.8 
1986 8.1 24.5 28.2 31.3 35.2 
1987 8.4 22.3 25.5 29.4 41.0 

Avg. 10.3 13.8 23.3 29.9 37.2 

Precip.  
A A A A A A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Avg . 

Jan Feb Mar Apr May Jun 

0.93 
2.19 
1.51 
0.17 
0.54 
1.22 
0.53 
1.28 
1.47 
2.54 
0.48 
0.15 
0.82 

1.06 

J u l  

1.94 
0.58 
0.95 
0.26 
2.16 
0.39 
0.10 
4.02 
1.55 
4.22 
1.47 
1.17 
2.02 

1.60 

Oct Nov Dec Ann. 

14.44 
12.75 
14.35 
15.16 
13.62 
17.94 
14.58 
24.87 
26.11 
17.64 
12.35 
14.36 
14.60 

16.37 

NOTE : 
Maximum and minimum temperatures a re  i n  degrees Fahrenheit. 
P r e c i p i t a t i o n  i s  i n  inches. 
E behind value i nd i ca tes  an est imated value. 



Appendix C continued. Average m a x i m  and m i n i m  a i r  temperatures and p r e c i p i t a t i o n  f o r  National 
Weather Service (NUS) s ta t ions  in  the Bear River Basin (1975-1987). 

Sta. Tremonton Index # 8817 
Lat. 41 43 Long. 112 10 Elev. 4310 

USU 08-05-1988 

Max. Temp 
A A A A A A A A A  

1975 
1976 
1977 
1987 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Avg . 

Jan 

31.2E 
33.5E 
32.5E 
38.2E 
24.7E 
36.1 
33.5 
31 .O 
37.9 
25.8 
27.4 
32.2 
29.8 

31.8 

Feb 

39. OE 
39.2E 
43.3E 
44.4E 
38.1E 
43.6 
42.8 
33.8 
42.7 
30.4 
29.0 
43.6 
43.5 

39.5 

Mar 

47.3E 
43.8E 
49.1E 
56.OE 
47.8E 
50.8 
53.1 
48.5 
49.9 
43.0 
41.8 
57.8 
51 -5 

49.3 

Ju l  

89.5E 
89.9E 
88.4E 
90. OE 
89.1E 
88.7 
90.4 
84.7 
85.2 
87.2 
89.7 
84.8 
84.2 

87.8 

o c t  

63.8E 
63.7E 
66.4E 
69.1E 
67.6E 
63.7 
59.3 
57.7 
63.9 
56.0 
62.4 
61.9 
69.0 

63.4 

Nov 

45.2E 
52.3E 
49.6E 
43.4E 
42.6E 
49.3 
51.5 
44.9 
46.1 
47.2 
40.0 
48.8 
47.2 

46.8 

Dec 

37.7E 
42.4E 
42.OE 
31.4E 
38.7E 
38.8 
41.2 
33.3 
30.4 
31.8 
26.5 
37.7 
35.5 

36.0 

Ann. 

59.0 
61.6 
62.7 
61.6 
60.8 
61.9 
63.0 
58.3 
59.3 
56.8 
57.9 
61.5 
62.4 

60.5 

Min. Temp 
A A A A A A h A A  

1975 
1976 
1977 
1987 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Avg . 

Jan 

14.5E 
15.3E 
13.5E 
25.3E 
9.6E 

21.5 
22.9 
13.5 
24.3 
12.2 
9.6 

13.6 
14.1 

16.1 

Feb 

22.8E 
18.9E 
21.3E 
28.3E 
19.1E 
25.3 
21.9 
16.0 
25.8 
8.6 
7.7 

29.4 
26.5 

20.9 

Mar 

30.1E 
26.4E 
25.6E 
33.7E 
30.7E 
29.2 
32.2 
30.8 
33.4 
26.3 
24.4 
35.9 
30.8 

30.0 

Oct 

34.4E 
35.9E 
40.3E 
40.1E 
41.5E 
38.0 
36.8 
34.9 
39.4 
34.7 
34.8 
37.4 
41.2 

37.6 

Ann. 

36.3 
36.2 
39.0 
38.4 
36.6 
38.4 
39.9 
36.5 
38.8 
35.2 
34.8 
39.0 
38.8 

37.5 

Precip. 
A A A A A A A  

1975 
1976 
1977 
1987 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Avg . 

Jan 

1.68E 
0.84E 
0.83E 
1.96E 
2.34E 
3.78 
1.81 
1.71 
0.97 
0.49 
0.46 
1.40 
1.24 

1.50 

Feb 

1.40E 
3.40E 
0.19E 
3.53E 
3.05E 
3.43 
0.13 
1.27 
1.58 
1.61 
1.83 
3.49 
1.04 

2.00 

Mar 

4.29E 
1.43E 
0.46E 
2.15E 
0.36E 
2.36 
1.71 
4.52 
2.66 
0.91 
1 .I8 
2.01 
1.18 

1.94 

Jun 

2.06E 
2.21E 
1.13E 
0.45E 
0.89E 
2.71 
0.57 
1.18 
1.73 
2.57 
0.36 
0.16 
0.22 

1.25 

Jul  

0.66E 
0.26E 
2.50E 
O.12E 
1.99E 
1.10 
0.14 
1.67 
1.30 
3.96 
4.18 
1 .86 
1.53 

1.64 

Oct 

3.33E 
0.96E 
0.66E 
0.19E 
0.67E 
1.73 
4.62 
2.24 
2.18 
1.62 
0.84 
0.39 
0.82 

1.56 

Nov 

1.14E 
0.06E 
1.18E 
0.60E 
0.60E 
0.85 
0.95 
1.92 
2.25 
2.31 
3.24 
0.26 
2.32 

1.36 

Dec 

1.37E 
0. OPE 
1.61E 
3.29E 
0.27E 
0.78 
2.36 
2.55 
5.70 
1.31 
1.23 
0.09 
0.71 

1.64 

Ann. 

19.59 
12.50 
17.43 
19.01 
13.11 
24.26 
17.02 
24.46 
30.85 
21.84 
17.38 
20.85 
16.36 

19.59 

NOTE: 
Maximum and m i n i m  temperatures are i n  degrees Fahrenheit. 
P r e c i p i t a t i o n  i s  i n  inches. 
E behind value ind icates an estimated value. 



Appendix C continued. Average m a x i m  and minimum a i r  temperatures and p r e c i p i t a t i o n  f o r  National 
Weather Service (NUS) s ta t ions  i n  the Bear River Basin (1975-1987). 

Max Temp 
A A A A A h A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Avg . 

Min Temp 
A A A A A A A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Sta. Brigham C i t y  Waste P Index # 0928 
Lat. 41 31 Long. 112 3 Elev. 4230 

Jan Feb 

Jan 

14.2 
15.6 
14.7 
26.5E 
13.5 
22.0 
24.2 
13.OE 
23.8 
13.5 
6.9 
15.2 
15.4 

Feb 

25.0 
17.6 
21.2 
28.6 
17.5 
23.4 
25.7 
15.0 
27.1 
9.7 
6.3 
30.2 
26.4 

Mar 

49.8 
45.9 
48.6 
56.2 
52.0 
49.5 
55.8 
50.2 
52.1 
45.1 
45.3 
58.9 
53.4 

51 .O 

Mar 

28.9 
18.5 
24.9 
34.6 
28.2 
26.7 
31.9 
31.7 
34.6 
26.1 
23.0 
34.6 
29.5 

Jul  

92.0 
92.5 
91.1 
93.2 
91.2 
91.7 
92.1 
87.3 
87.9 
89.9 
91.6 
87.1 
87.5 

90.4 

Oct 

63.3 
63.6 
67.3 
70.6 
67.4 
66.5 
61.6 
59.1 
65.9 
57.8 
64.4 
65.0 
70.5 

64.8 

Jun Ju l  Aug Sep Oct 

48.0 60.2 51.5 44.6 35.6 
49.3 58.6 54.4 49.8 34.5 
56.8 59.2 57.3 48.2 38.0 
47.7E 57.4 56.2 48.2 38.4 
50.1E 56.2 54.6 50.3 38.6 
46.7 52.5 49.5 45.2 32.1 
51.7 55.6 56.9 49.4 37.5 
50.3 56.7 57.3 47.5 34.3 
51.3 57.3 58.7 49.0 39.2 
50.0 57.1 57.4 45.8 35.1 
51.2 59.4 51.7 43.9 33.8 
52.3 53.2 56.2 44.5 36.6 
52.4 54.7 50.8 44.0 36.6 

USU 08-05- 1988 

Nov Oec 

47.1E 39.9 
52.6 40.7 
50.1 43.5E 
43.0 33.6 
42.9 38.3 
51.9 39.7 
52.2 42.4 
45.3 36.0 
47.5 33.6 
49.0 33.3 
41.9 29.3 
50.9E 37.8 
48.9 38.1 

47.9 37.4 

Nov 

22.7E 
25.6 
29.9 
24.4 
20.4 
27.8 
30.9 
25.0 
30.8 
29.0 
22.2 
28.9E 
28.9 

Dec 

20.6 
15.4 
28.OE 
14.3 
18.2 
22.4 
26.4 
20.6 
21.1 
13.9 
17.0 
19.5 
19.2 

Ann. 

60.8 
63.2 
64.3 
63.3 
62.7 
63.9 
65.0 
60.2 
61.5 
58.8 
60.2 
63.5 
64.9 

62.5 

Avg . 16.8 21.1 28.7 35.5 43.4 50.6 56.8 54.8 47.0 36.2 26.7 19.7 36.4 

Precip. 
A A A A h A A  

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 

Jan 

1.52 
0.51 
1.03 
2.31 
3.83 
6.23 
1.85E 
1.95 
1.38 
0.69 
0.40 
1.49 
1.42E 

Feb 

1.44 
3.67 
0.58 
2.39 
1 .81 
1.45 
1.48E 
1.29 
1.84 
1.89 
1.49 
3.39 
1.22 

Mar 

4.07 
2.00 
0.33 
1.97 
0.85 
2.43 
0.43 
4.90 
3.19 
1.45 
0.97 
2.58 
0.81 

May Jun Ju l  Oct 

3.73 
2.34 
0.77 
0.00 
1.96 
2.03 
4.57 
2.91 
2.48 
1.87 
1.39 
0.54 
1.07 

Nov Dec 

0.75 1.85 
0.03 0.03 
1.03 1.32 
2.10 1.47 
1.34 0.82 
1.24 1.60E 
0.87 2.07 
2.85 7.65 
2.47 6.26 
2.38 1.07 
4.45E 1 .I3 
2.30E 0.08 
1.81 0.93 

Avg . 1.89 1.84 2.00 2.09 2.58 1.08 1.33 1.14 2.24 1.97 1.82 1.56 21.55 

NOTE : 
Maximum and minimum temperatures are i n  degrees Fahrenheit. 
P r e c i p i t a t i o n  i s  i n  inches. 
E behind value ind icates an estimated value. 



APPENDIX D 

Subbasin crops, agr icul tural  land use  and crop growth d a t e s .  



Appendix D. Subbasin crops, a s r i c u l t u r a l  l a n d  use and crop qrowth dates. 

Evanston, WY subbasin, 32,000 cropped acres 

BEGINNING 
GROWTHOR EFFECTIVE LAST 

CROP CROP % PLANTING COVER HARVEST 
MONTH DAY MONTH DAY MONTH DAY 

ALFALFA 2 MAY 1 JUN 10 SEP 1 
C u t t i n g  Dates: JUL 1, AUG 10 

OTHER HAY 6 0 MAY 1 JUL 1 OCT 1 
PASTURE 3 7 MAY 1 JUN 10 SEP 31 
SP WHEAT 1 MAY 10 JUL 25 SEP 5 

Randolph, UT subbasin, 48,672 cropped acres 

BEGINNING 
GROWTH OR EFFECTIVE LAST 

CROP CROP % PLANT I NG COVER HARVEST 
MONTH DAY MONTH DAY MONTH DAY 

ALFALFA 4 MAY 1 JUN 10 , SEP 1 
C u t t i n g  Dates: JUL 1, AUG 10 

OTHER HAY 82 MAY 1 JUL 1 OCT 1 
PASTURE 11 MAY 1 JUN 10 SEP 31 
SP WHEAT 3 APR 25 JUL 15 AUG 30 

Cokev i l le ,  WY subbasin, 29,145 cropped acres 

BEGINNING 
GROWTH OR EFFECTIVE LAST 

CROP CROP % PLANTING COVER HARVEST 
MONTH DAY MONTH DAY MONTH DAY 

ALFALFA 2 MAY 1 JUN 10 SEP 1 
C u t t i n g  Dates: JUL 1, AUG 10 

OTHER HAY 65 MAY 1 JUL 1 OCT 1 
PASTURE 3 1 MAY 1 JUN 10 SEP 31 
SP WHEAT 2 APR 25 JUL 15 AUG 30 



Appendix D (cont inued) 

Thomas Fork, WY subbasin, 21243 cropped acres 

BEGINNING 
GROWTH OR EFFECTIVE LAST 

CROP CROP % PLANTING COVER HARVEST 
MONTH DAY MONTH DAY MONTH DAY 

ALFALFA 2 MAY 1 JUN 10 SEP 1 
C u t t i n g  Dates: JUL 1, AUG 10 

OTHER HAY 62 MAY 1 JUL 1 OCT 1 
PASTURE 3 5 MAY 1 JUN 10 SEP 31 
SP WHEAT 1 APR 25 JUL 15 AUG 30 

Bear Lake subbasin, 51,600 cropped acres 

BEGINNING 
GROWTH OR EFFECTIVE LAST 

CROP CROP % PLANT I NG COVER HARVEST 
MONTH DAY MONTH DAY MONTH DAY 

ALFALFA 17 MAY 1 JUN 10 SEP 1 
C u t t i n g  Dates: JUL 1, AUG 15 

OTHER HAY 39 MAY 1 JUL 1 OCT 1 
PASTURE 2 4 MAY 1 JUN 10 SEP 31 
S BARLEY 2 0 APR 25 JUL 5 AUG 25 

Soda Springs, ID subbasin, 15,500 cropped acres 

BEGINNING 
GROWTH OR EFFECTIVE LAST 

CROP CROP % PLANT I NG COVER HARVEST 
MONTH DAY MONTH DAY MONTH DAY 

ALFALFA 17 APR 25 MAY 25 OCT 1 
C u t t i n g  Dates: JUNE 10, JUL 20, AUG 24 

OTHER HAY 39 MAY 1 JUL 1 OCT 1 
PASTURE 24 APR 15 JUN 1 SEP 31 
SP WHEAT 7 APR 15 JUN 25 AUG 15 
WN WHEAT 6 APR 25 JUN 10 AUG 5 
S BARLEY 7 APR 15 JUN 15 AUG 5 



Appendix D (con t inued)  

Oneida, I D  subbasin, 33,000 cropped acres  

BEGINNING 
GROWTH OR EFFECTIVE LAST 

CROP CROP % PLANTING COVER HARVEST 
MONTH DAY MONTH DAY MONTH DAY 

ALFALFA 3 7 APR 25 MAY 25 
C u t t i n g  Dates: JUN 10, JUL 20, AUG 24 

OTHER HAY 12 MAY 1 JUL 1 
PASTURE 19 APR 15 JUN 1 
SP WHEAT 8 APR 15 JUN 25 
WN WHEAT 8 APR 25 JUN 10 
S BARLEY 8 APR 15 JUN 15 
SGR BEET 4 MAY 10 JUL 1 
POTATOES 4 MAY 15 JUL 1 

OCT 1 

OCT 1 
SEP 31 
AUG 15 
AUG 5 
AUG 5 
SEP 20 
AUG 1 

Cache V a l l e y  subbasin, 152,000 cropped acres  

BEGINNING 
GROWTHOR EFFECTIVE LAST 

CROP CROP % PLANTING COVER HARVEST 
MONTH DAY MONTH DAY MONTH DAY 

ALFALFA 3 5 APR 15 MAY 10 OCT 1 
C u t t i n g  Dates: MAY 27, JUL 1, AUG 1, SEP 10 

OTHER HAY 4 MAY 1 JUL 1 , OCT 1 
PASTURE 18 APR 15 JUN 1 SEP 31 
SP WHEAT 6 APR 15 JUN 25 AUG 1 
WN WHEAT 15 APR 15 JUN 15 JUL 24 
S BARLEY 12 MAR 15 MAY 30 JUL 24 
SGR BEET 3 MAY 10 JUL 1 SEP 20 
CORN 6 MAY 10 JUL 20 SEP 15 
POTATOES 1 MAY 15 JUL 1 AUG 1 

Malad ID, subbasin, 27,647 cropped acres  

BEGINNING 
GROWTH OR EFFECTIVE LAST 

CROP CROP % PLANTING COVER HARVEST 
MONTH DAY MONTH DAY MONTH DAY 

ALFALFA 2 9 
C u t t i n g  Dates: JUL 1, AUG 10 

OTHER HAY 3 
PASTURE 4 8 
SP WHEAT 5 
WN WHEAT 9 
S BARLEY 5 
CORN 1 
POTATOES 1 

MAY 1 JUN 10 

MAY 1 JUL 1 
MAY 1 JUN 10 
APR 15 JUN 30 
APR 25 JUN 10 
APR 15 JUN 15 
MAY 10 JUL 20 
MAY 15 JUL 1 

SEP 1 

OCT 1 
SEP 3 1  
AUG 5 
JUL 24 
JUL 30 
SEP 15 
SEP 1 



Appendix D (cont  i nued) 

Tremonton, UT subbasin, 65,591 cropped acres 

BEGINNING 
GROWTH OR EFFECTIVE LAST 

CROP CROP % PLANT I NG COVER HARVEST 
MONTH DAY MONTH DAY MONTH DAY 

ALFALFA 2 8 
C u t t i n g  Dates: MAY 27, JUL 

PASTURE 2 0 
SP WHEAT 6 
WN WHEAT 14 
S BARLEY 7 
SGR BEET 13 
CORN 10 
POTATOES 2 

APR 15 MAY 10 
1, AUG 1, SEP 10 

APR 15 JUN 1 
APR 15 JUN 25 
APR 1 MAY 25 
MAR 15 MAY 30 
MAY 5 JUN 25 
MAY 10 JUL 20 
MAY 15 JUL 1 

OCT 1 

SEP 31 
AUG 1 
JUL 10 
JUL 24 
SEP 15 
SEP 15 
SEP 10 

Brigham, UT subbasin, 11,783 cropped acres 

BEGINNING 
GROWTH OR EFFECTIVE LAST 

CROP CROP % PLANT I NG COVER HARVEST 
MONTH DAY MONTH DAY MONTH DAY 

ALFALFA 2 5 APR 15 MAY 10 
C u t t i n g  Dates: MAY 27, JUL 1, AUG 1, SEP 10 

PASTURE 2 1 APR 15 JUN 1 
SP WHEAT 5 APR 15 JUN 25 
WN WHEAT 5 APR 1 MAY 25 
S BARLEY 6 MAR 15 MAY 30 
SGR BEET 15 MAY 5 JUN 25 
CORN 12 MAY 10 JUL 20 
PEACHES 9 APR 15 JUL 5 
POTATOES 2 MAY 15 JUL 1 

OCT 1 

SEP 31 
AUG 1 
JUL 10 
JUL 24 
SEP 15 
SEP 15 
SEP 15 
SEP 10 



APPENDIX E 

Calculated seasonal consumptive use f o r  subbasins o f  the  

Bear River Basin (water years 1976-1987) 

using Hargreaves , SCS B l  aney-Criddl e , 

SCS Bl  aney-Criddle Cal i brated kt, 

and FA0 Bl aney-Criddl e Equations. 



A p p e n d i x  E. C a l c u l a t e d  s e a s o n a l  c o n s u m p t i v e  u s e  fo r  subbasins o f  t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) u s i n g  v a r i o u s  ET e q u a t i o n s .  

BEAR RIVER SUBBASIN EVANSTON NOAA WEATHER STATION EVANSTON 03-07-1989 
ET EQUATION: HARGREAVES 

.----------------------------------------------------------------------------------------------------- 

PRECIPITATION SUBBBAS I N CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTERSPRINGSUGAR CORN PEAC OTHER WGHTD 

APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

2 . %  6 0 . %  3 7 . %  I . %  O . %  O . %  O . %  O . %  O . %  O . %  
- - - - -  I N C H E S - - - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

6.36 4.68 11.04 23.2 23.5 19.9 19.5 22.1 
2.38 7.17 9.55 23.5 23.8 20.0 19.6 22.3 
7.38 5.64 13.02 22.6 22.9 19.3 19.2 21.5 
4.18 3.61 7.79 23.5 23.8 20.3 19.7 22.4 
8.07 5.21 13.28 23.1 23.4 19.8 19.7 22.0 
7.02 4.47 11.49 23.9 24.2 20.6 20.7 22.8 
8.97 8.83 17.80 22.6 22.7 19.2 19.3 21.4 
6.26 12.31 18.57 21.3 21.5 18.3 18.1 20.3 
7.29 8.31 15.60 22.4 22.7 19.2 19.1 21 -4 
4.12 5.56 9.68 24.7 25.0 20.9 21.0 23.4 
8.26 5.57 13.83 23.4 23.5 19.7 19.7 22.1 
3.68 3.81 7.49 23.1 23.2 19.9 19.1 21.9 

AVG 6.16 6.26 12.43 23.1 23.3 19.8 19.6 
AF/A 1.92 1.95 1.65 1.63 

BEAR RIVER SUBBASIN EVANSTON NOAA WEATHER STATION EVANSTON 03-07-1989 
ET EQUATION: SCS BLANEY-CRIDDLE 

............................................................................................................ 
PRECIPITATION SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER UGHTD 

WYR APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

2 . % 6 0 . % 3 7 . %  I . %  O . %  O . %  O . %  O . %  O . %  O . %  
- - - - -  INCHES-- - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 6.36 4.68 11.04 22.2 22.6 19.2 18.5 21.3 
i o n  2.38 7.17 9.55 23.9 24.3 20.2 19.9 22.7 
1978 7.38 5.64 13.02 21.5 21.9 18.3 18.1 20.5 
1979 4.18 3.61 7.79 22.8 23.1 19.7 19.0 21.8 
1980 8.07 5.21 13.28 22.2 22.6 19.1 18.9 21.3 
1981 7.02 4.47 11.49 23.4 23.7 20.2 20.0 22.4 
1982 8.97 8.83 17.80 22.0 21.9 18.8 19.0 20.8 
1983 6.26 12.31 18.57 21.5 21.5 18.6 18.8 20.4 
1984 7.29 8.31 15.60 22.2 22.4 19.0 19.1 21.1 
1985 4.12 5.56 9.68 24.8 25.4 21.0 20.6 23.7 
1986 8.26 5.57 13.83 24.1 24.0 20.1 20.2 22.6 
1987 3.68 3.81 7.49 23.8 23.9 20.3 19.2 22.5 

AVG 6.16 6.26 12.43 22.8 23.1 19.5 19.3 21.8 
AF/A 1.90 1.93 1.63 1.61 1.81 
............................................................................................................ 



A p p e n d i x  E c o n t i n u e d .  C a l c u l a t e d  s e a s o n a l  c o n s u r p t i v e  u s e  fo r  subbesins of the B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) using v a r i o u s  ET e q u a t i o n s .  

BEAR RIVER SUBBASIN EVANSTON NOAA WEATHER STATION EVANSTON 03-07-1989 
ET EQUATION: SCS BLANEY-CRIDDLE CALIBRATED K t  

............................................................................................................ 
PRECIPITATION SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

UY R APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 
2 . %  60.% 37.X 1 . X  0.X O . %  O . %  O . %  O . %  O . %  

- - - - -  INCHES-------  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUnPTlVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 6.36 4.68 11.04 22.4 22.7 19.2 18.8 21.4 

1977 2.38 7.17 9.55 23.5 23.8 19.9 19.7 22.3 

1978 7.38 5.64 13.02 21.9 22.3 18.7 18.5 20.9 

1979 4.18 3.61 7.79 22.7 23.0 19.6 19.1 21.7 

1980 8.07 5.21 13.28 22.4 22.8 19.2 19.1 21.4 

1981 7.02 4.47 11.49 23.2 23.5 19.9 19.7 22.1 

1982 8.97 8.83 17.80 22.3 22.3 19.0 19.1 21.1 

1983 6.26 12.31 18.57 21.9 22.0 18.9 19.0 20.8 

1984 7.29 8.31 15.60 22.4 22.6 19.2 19.2 21.3 

1985 4.12 5.56 9.68 24.1 24.5 20.4 20.2 22.9 

1986 8.26 5.57 13.83 23.6 23.7 19.9 19.9 22.2 
1987 3.68 3.81 7.49 23.4 23.5 19.9 19.2 22.1 

AVG 6.16 6.26 12.43 22.8 23.1 19.5 19.3 
AF/A 1.90 1.92 1.62 1.61 

BEAR RIVER SUBBASIN EVANSTON NOAA WEATHER STATION EVANSTON 03-07-1989 
ET EQUATION: FA0 BLANEY-CRIDDLE 

............................................................................................................ 
PRECIPITATION SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

WY R APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

2 . %  60.% 37 .% l.% O . %  0.X 0 .X 0 . X  O . %  0.X 
- - - - -  INCHES-- - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 6.36 4.68 11.04 22.4 22.8 19.3 18.8 21.4 

1977 2.38 7.17 9.55 23.4 23.7 19.9 19.6 22.3 

1978 7.38 5.64 13.02 22.0 22.4 18.8 18.6 21 .O 

1979 4.18 3.61 7.79 22.8 23.1 19.6 19.2 21.8 

1980 8.07 5.21 13.28 22.5 22.8 19.3 19.1 21.4 

1981 7.02 4.47 11.49 23.2 23.4 19.9 19.7 22.1 

1982 8.97 8.83 17.80 22.3 22.4 19.1 19.1 21.1 

1983 6.26 12.31 18.57 22.0 22.1 18.9 19.0 20.9 

1984 7.29 8.31 15.60 22.4 22.7 19.2 19.2 21.3 

1985 4.12 5.56 9.68 24.0 24.3 20.3 20.0 22.8 

1986 8.26 5.57 13.83 23.5 23.6 19.9 19.8 22.2 

1987 3.68 3.81 7.49 23.4 23.6 20.0 19.3 22.2 

AVG 6.16 6.26 12.43 22.8 23.1 19.5 19.3 21.7 
AF/A 1.90 1.92 1.63 1.61 1.81 
............................................................................................................ 



A p p e n d i x  E c o n t i n u e d .  C a l c u l a t e d  s e a s o n a l  c o n s u n p t i v e  use for  subbesins of t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) using v a r i o u s  ET e q u a t i o n s .  

BEAR RIVER SUBBASIN RANDOLPH NOAA WEATHER STATION WOODRUFF 03-07-1989 
ET EQUATION: HARGREAVES 

............................................................................................................ 
P R E C I P I T A T I O N  SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTERSPRINGSUGAR CORN PEAC OTHER WGHTD 

WY R APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

4 . % 8 2 . %  1 1 . %  3 . %  O . %  O . %  0 . X  O . %  O . %  0 . X  
- - - - -  I N C H E S - - - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 4.60 3.63 8.23 23.9 24.2 20.2 20.6 23.7 
1977 1.04 6.30 7.34 24.5 24.9 20.6 21.1 24.3 
1978 4.99 4.91 9.90 24.2 24.6 20.4 21.2 24.0 
1979 2.92 1.65 4.57 25.1 25.5 21.4 21.6 24.9 
1980 6.26 4.68 10.94 23.8 24.2 20.1 20.7 23.6 
1981 4.80 3.71 8.51 25.2 25.5 21.3 22.1 24.9 
1982 7.16 7.62 14.78 23.6 23.6 19.8 20.5 23.1 
1983 5.07 8.80 13.87 22.6 22.8 19.2 19.7 22.3 
1984 5.47 7.55 13.02 23.6 23.9 19.9 20.6 23.4 
1985 3.73 4.99 8.72 25.4 25.6 21.2 22.0 25.0 
1986 6.25 5.33 11.58 24.8 24.8 20.5 21.4 24.2 
1987 4.29 4.27 8.56 24.7 24.9 20.9 21.1 24.4 

AVG 4.72 5.29 10.00 24.3 24.5 20.4 21.0 24.0 
AF/A 2.02 2.04 1.70 1.75 2.00 
---------------------------------------------------------------------------------------+-------------------- 

BEAR RIVER SUBBASIN RANDOLPH NOAA WEATHER STATION ClOODRUFF 03-07-1989 
ET EQUATION: SCS BLANEY-CRIDDLE 

............................................................................................................ 
PRECIPITATION SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

WY R APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

4 . % 8 2 . % 1 1 . %  3 . %  O . %  O . %  O . %  O . %  O . %  O . %  
- - - - -  INCHES-- - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 4.60 3.63 8.23 23.1 23.4 19.6 19.8 22.9 
1 9 n  1.04 6.30 7.34 25.4 25.8 21.3 21.9 25.1 
1978 4.99 4.91 9.90 22.8 23.2 19.2 19.8 22.6 
1979 2.92 1.65 4.57 24.1 24.3 20.5 20.6 23.8 
1980 6.26 4.68 10.94 23.8 24.2 20.2 20.4 23.6 
1981 4.80 3.71 8.51 25.0 25.2 21.3 21.5 24.7 
1982 7.16 7.62 14.78 23.5 23.5 19.8 20.6 23.0 
1983 5.07 8.80 13.87 23.6 23.4 20.0 20.7 23.0 
1984 5.47 7.55 13.02 23.6 23.8 20.0 20.7 23.3 
1985 3.73 4.99 8.72 25.1 25.6 20.9 21.7 24.9 
1986 6.25 5.33 11.58 25.1 25.1 20.7 21.7 24.5 
1987 4.29 4.27 8.56 24.8 25.1 20.9 20.8 24.5 

AVG 4.72 5.29 10.00 24.2 24.4 20.4 20.8 
AF/A 2.01 2.03 1.70 1.74 



A p p e n d i x  E c o n t i n u e d .  C a l c u l a t e d  s e a s o n a l  c o n s u n p t i v e  u s e  f o r  s u b b a s i n s  o f  t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) u s i n g  v a r i o u s  ET e q u a t i o n s .  

BEAR RIVER SUBBASIN RANDOLPH NOAA WEATHER STATION WOODRUFF 03-07-1989 
ET EQUATION: SCS BLANEY-CRIDDLE CALIBRATED K t  

............................................................................................................ 
P R E C I P I T A T I O N  SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

WY R APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

4 . % 8 2 . % 1 1 . %  3 . %  O . %  0 . X  O . %  O . %  O . %  O . %  
- - - - -  I N C H E S - - - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 4.60 3.63 8.23 23.3 23.7 19.7 20.1 23.1 
1977 1.04 6.30 7.34 24.9 25.2 20.9 21.5 24.6 
1978 4.99 4.91 9.90 23.2 23.5 19.5 20.1 22.9 
1979 2.92 1.65 4.57 24.0 24.2 20.3 20.7 23.7 
1980 6.26 4.68 10.94 23.8 24.1 20.1 20.5 23.6 
1981 4.80 3.71 8.51 24.6 24.8 20.8 21.2 24.3 
1982 7.16 7.62 14.78 23.7 23.7 19.9 20.6 23.2 
1983 5.07 8.80 13.87 23.7 23.7 20.0 20.7 23.2 
1984 5.47 7.55 13.02 23.8 24.0 20.0 20.7 23.4 
1985 3.73 4.99 8.72 24.6 25.0 20.6 21.3 24.4 
1986 6.25 5.33 11.58 24.7 24.8 20.5 21.3 24.2 
1987 4.29 4.27 8.56 24.4 24.7 20.5 20.8 24.1 

AVG 4.72 5.29 10.00 24.1 24.3 20.2 20.8 
AF/A 2-01 2.02 1.69 1.73 

BEAR RIVER SUBBASIN RANDOLPH NOAA WEATHER STATION UOODRUFF 

ET EQUATION: F A 0  BLANEY-CRIDDLE 

WYR 

P R E C I P I T A T I O N  

OCT- MAY- ANN 

APR SEPT TOTL 

SUBBBASIN CROPS 

ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN 

ALFA HAY TURE WHEAT WHEAT BARLEY BEET 

4 . % 8 2 . %  11 .% 3 . %  O . %  O . %  O . %  O . %  
. - - - - - - - - - - - - - - - - - - -  SEASONAL CONSUMPTIVE USE, I N C H E S - - - -  

23.4 23.7 19.8 20.2 
24.8 25.1 20.8 21.4 
23.3 23.6 19.6 20.2 
24.1 24.3 20.4 20.7 
23.9 24.2 20.2 20.6 
24.6 24.8 20.8 21.2 
23.7 23.7 19.9 20.6 
23.8 23.7 20.1 20.7 
23.8 23.9 20.0 20.7 
24.6 25.0 20.5 21.3 
24.7 24.7 20.4 21.3 
24.5 24.8 20.6 20.8 

PEAC OTHER WGHTD 

HES TOTAL 

0.  % 0. % 
. . . . . . . . . . . . . . . . . . . . .  

23.2 
24.5 
23.0 
23.7 
23.7 
24.3 
23.2 
23.2 
23.4 
24.4 
24.1 
24.2 

AVG 4.72 5.29 10.00 24.1 24.3 20.3 20.8 23.7 
AF/A 2.01 2.02 1.69 1.73 1.98 
............................................................................................................ 



A p p e n d i x  E c o n t i n u e d .  C a l c u l a t e d  s e a s o n a l  c o n s u n p t i v e  u s e  f o r  subbasins o f  t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) u s i n g  v a r i o u s  ET e q u a t i o n s .  

BEAR RIVER SUBBASIN COKEVILE NOAA WEATHER STATION BORDER 03-07-1989 
ET EQUATION: HARGREAVES 

............................................................................................................ 
P R E C I P I T A T I O N  SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

UYR APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

2 . %  6 5 . %  3 1 . %  2 . %  O . %  O . %  O . %  0 . X  O . %  0.96 
- - - - -  INCHES-- - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 8.61 6.05 14.66 25.0 25.2 21.5 21.9 24.0 

1977 2.85 10.72 13.57 25.5 25.8 21.7 22.3 24.5 

1978 11.69 7.15 18.84 24.7 25.0 21.1 21.9 23.7 

1979 5.89 4.06 9.95 26.0 26.3 22.5 22.7 25.0 
1980 10.69 7.76 18.45 24.2 24.4 20.8 21.3 23.2 

1981 5.33 5.65 10.98 25.2 25.4 21.8 22.4 24.2 
1982 11.60 9.73 21.33 24.0 23.9 20.5 21.2 22.8 
1983 8.01 11.13 19.14 23.1 23.2 19.9 20.5 22.2 

1984 10.15 9.47 19.62 23.6 23.8 20.3 20.9 22.6 

1985 5.07 5.53 10.60 25.9 26.0 22.0 22.8 24.7 

1986 13.64 7.86 21.50 24.6 24.5 20.7 21.5 23.2 

1987 3.94 8.11 12.05 24.7 24.7 21.2 21.3 23.6 

AVG 8.12 7.77 T5.89 24.7 24.9 21.2 21.7 23.6 

AF/A 2.06 2.07 1.76 1.81 1.97 
--------------------------------------------------------------------------------------+--------------------- 

BEAR RIVER SUBBASIN COKEVILE NOAA WEATHER STATION BORDER 03-07-1989 

ET EQUATION: SCS BLANEY-CRIDDLE 
............................................................................................................ 

P R E C I P I T A T I O N  SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

WYR APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

2 . % 6 5 . % 3 1 . %  2 . %  0 . X  O . %  0 . X  O . %  O . %  0 . X  
- - - - -  INCHES-- - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 8.61 6.05 14.66 23.9 24.1 20.8 20.7 23.0 

1977 2.85 10.72 13.57 25.6 25.9 21.8 22.4 24.6 

1978 11.69 7.15 18.84 23.2 23.5 20.0 20.4 22.3 

1979 5.89 4.06 9.95 24.3 24.4 21.1 21.1 23.3 

1980 10.69 7.76 18.45 24.0 24.2 20.8 21.0 23.1 

1981 5.33 5.65 10.98 25.5 25.6 22.1 22.4 24.5 

1982 11.60 9.73 21.33 24.1 24.0 20.7 21.4 22.9 

1983 8.01 11.13 19.14 23.9 23.8 20.7 21.4 22.8 
1984 10.15 9.47 19.62 23.7 23.8 20.3 21.1 22.6 
1985 5.07 5.53 10.60 24.5 24.8 20.8 21.5 23.5 
1986 13.64 7.86 21.50 26.0 25.7 21.7 22.6 24.4 

1987 3.94 8.11 12.05 24.9 25.0 21.3 21.1 23.8 

AVG 8.12 7.77 15.89 24.5 24.6 21.0 21.4 

AF/A 2.04 2.05 1.75 1.78 



Append ix  E c o n t i n u e d .  C a l c u l a t e d  s e a s o n a l  c o n s u n p t i v e  u s e  for s u b b a s i n s  o f  t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) u s i n g  v a r i o u s  ET e q u a t i o n s .  

BEAR RIVER SUBBASIN COKEVILE NOAA WEATHER STATION BORDER 03-07- 1989 
ET EQUATION: SCS BLANEY-CRIDDLE CALIBRATED K t  

............................................................................................................ 
PRECIPITATION SUBBBASIN CROPS 

OCT- HAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER UGHTD 

UTR APR SEPT TOTL ALFA HAY TURE WHEAT UHEAT BARLEY BEET HES TOTAL 

2 . % 6 5 . % 3 1 . %  2 . X  0 . X  0 .X  0 . X  0 . X  0 . X  0 . X  
- - - - -  INCHES--- - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 8.61 6.05 14.66 23.9 24.1 20.7 20.8 23.0 
1977 2.85 10.72 13.57 25.1 25.3 21.3 22.0 24.0 
1978 11.69 7.15 18.84 23.5 23.7 20.2 20.7 22.6 
1979 5.89 4.06 9.95 24.2 24.3 20.9 21.1 23.2 
1980 10.69 7.76 18.45 24.1 24.2 20.7 21.1 23.1 
1981 5.33 5.65 10.98 25.0 25.1 21.6 22.0 23.9 
1982 11.60 9.73 21.33 24.1 24.1 20.7 21.4 23.0 
1983 8.01 11.13 19.14 24.0 24.0 20.7 21.3 22.9 
1984 10.15 9.47 19.62 23.9 23.9 20.4 21.1 22.8 
1985 5.07 5.53 10.60 24.4 24.6 20.7 21.4 23.3 
1986 13.64 7.86 21.50 25.3 25.2 21.3 22.1 23.9 
1987 3.94 8.11 12.05 24.6 24.6 21.0 21.1 23.4 

AVG 8.12 7.77 15.89 24.3 24.4 20.8 21.4 23.3 
AF/A 2.03 2.04 1.74 1.78 1.94 
............................................................................................................ 

BEAR RIVER SUBBASIN COKEVILE NOAA WEATHER STATION BORDER 03-07- 1989 
ET EQUATION: FA0 BLANEY-CRIDDLE 

............................................................................................................ 
PRECIPITATION SUBBBASIN CROPS 

OCT- HAY- ANN ALF OTHER PAS SPRNG UINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

W R  APR SEPT TOTL ALFA HAY TURE UHEAT UHEAT BARLEY BEET HES TOTAL 

2 . % 6 5 . % 3 1 . %  2 . X  0 . X  O . %  0 . X  O . %  0 . X  0 . X  
- - - - -  INCHES------- . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 8.61 6.05 14.66 24.0 24.2 20.7 20.9 23.0 
1977 2.85 10.72 13.57 25.0 25.3 21.3 21.9 24.0 
1978 11.69 7.15 18.84 23.7 23.9 20.3 20.8 22.7 
1979 5.89 4.06 9.95 24.3 24.4 21.0 21.2 23.3 
1980 10.69 7.76 18.45 24.2 24.3 20.8 21.1 23.2 
1981 5.33 5.65 10.98 25.0 25.1 21.6 22.0 24.0 
1982 11.60 9.73 21.33 24.1 24.1 20.7 21.4 23.0 
1983 8.01 11.13 19.14 24.0 24.0 20.7 21.3 22.9 
1984 10.15 9.47 19.62 23.9 23.9 20.4 21.1 22.8 
1985 5.07 5.53 10.60 24.4 24.6 20.8 21.4 23.3 
1986 13.64 7.86 21.50 25.2 25.1 21.3 22.0 23.9 
1987 3.94 8.11 12.05 24.7 24.7 21.1 21.2 23.5 

AVG 8.12 7.77 15.89 24.4 24.5 20.9 21.4 
AF/A 2.03 2.04 1.74 1.78 



A p p e n d i x  E c o n t i n u e d .  C a l c u l a t e d  s e a s o n a l  c o n s u n p t i v e  use for  s u b b a s i n s  o f  the B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) using v a r i o u s  ET e q u a t i o n s .  

BEAR RIVER SUBBASIN THOMASFK NOAA WEATHER STATION BORDER 03-07-1989 
ET EQUATION: HARGREAMS 

............................................................................................................ 
PRECIPITATION SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER UGHTD 
WY R APR SEPT TOTL ALFA HAY TURE WHEAT UHEAT BARLEYBEET HES TOTAL 

2 . X  62 .X  35.X l . X  0 . X  0 . X  0 . X  O . %  O . %  0 . X  
- - - - -  I N C H E S - - - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL COI ISWPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 8.61 6.05 14.66 25.0 25.2 21.5 21.9 23.9 
1977 2.85 10.72 13.57 25.5 25.8 21.7 22.3 24.4 
1978 11.69 7.15 18.84 24.7 25.0 21.1 21.9 23.6 
1979 5.89 4.06 9.95 26.0 26.3 22.5 22.7 24.9 
1980 10.69 7.76 18.45 24.2 24.4 20.8 21.3 23.1 
1981 5.33 5.65 10.98 25.2 25.4 21.8 22.4 24.1 
1982 11.60 9.73 21.33 24.0 23.9 20.5 21.2 22.7 
1983 8.01 11.13 19.14 23.1 23.2 19.9 20.5 22.0 
1984 10.15 9.47 19.62 23.6 23.8 20.3 20.9 22.5 
1985 5.07 5.53 10.60 25.9 26.0 22.0 22.8 24.5 
1986 13.64 7.86 21.50 24.6 24.5 20.7 21.5 23.1 
1987 3.94 8.11 12.05 24.7 24.7 21.2 21.3 23.5 

AVG 8.12 7.77 15.89 24.7 24.9 21.2 21.7 
AF/A 2.06 2.07 1.76 1.81 

BEAR RIVER SUBBASIN THOMASFK NOAA WEATHER STATION BORDER 03-07-1989 
ET EQUATION: SCS BLANEY-CRIDDLE 

............................................................................................................ 
PRECIPITATION SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

WYR APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

2 . % 6 2 . % 3 5 . %  1 . X  0 . X  O . %  O . %  0 . X  0 . X  O . %  
- - - - -  INCHES-- - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 8.61 6.05 14.66 23.9 24.1 20.8 20.7 22.9 
1977 2.85 10.72 13.57 25.6 25.9 21.8 22.4 24.4 
1978 11.69 7.15 18.84 23.2 23.5 20.0 20.4 22.2 
1979 5.89 4.06 9.95 24.3 24.4 21.1 21.1 23.2 
1980 10.69 7.76 18.45 24.0 24.2 20.8 21.0 23.0 
1981 5.33 5.65 10.98 25.5 25.6 22.1 22.4 24.4 
1982 11.60 9.73 21.33 24.1 24.0 20.7 21.4 22.8 
1983 8.01 11.13 19.14 23.9 23.8 20.7 21.4 22.7 
1984 10.15 9.47 19.62 23.7 23.8 20.3 21.1 22.5 
1985 5.07 5.53 10.60 24.5 24.8 20.8 21.5 23.4 
1986 13.64 7.86 21.50 26.0 25.7 21.7 22.6 24.3 
1987 3.94 8.11 12.05 24.9 25.0 21.3 21.1 23.6 

AVG 8.12 7.77 15.89 24.5 24.6 21.0 21.4 
A F/A 2.04 2.05 1.75 1.78 



A p p e n d i x  E c o n t i n u e d .  C a l c u l a t e d  s e a s o n a l  c o n s u r p t i v e  u s e  f o r  subbasins of t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) using v a r i o u s  ET e q u a t i o n s .  

BEAR RIVER SUBBASIN THOMASFK NOAA WEATHER STATION BORDER 03-07-1989 

ET EQUATION: SCS BLANEY-CRIDDLE CALIBRATED K t  
............................................................................................................ 

P R E C I P I T A T I O N  SUBBBASIN CROPS 

OCT- MAY- ANN A L F  OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

WY R APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

2 . % 6 2 . % 3 5 . %  I.% O.% O.% 0.X O.% O.% O.% 
- - - - -  I N C H E S - - - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 8.61 6.05 14.66 23.9 24.1 20.7 20.8 22.9 

1977 2.85 10.72 13.57 25.1 25.3 21.3 22.0 23.9 
1978 11.69 7.15 18.84 23.5 23.7 20.2 20.7 22.4 
1979 5.89 4.06 9.95 24.2 24.3 20.9 21.1 23.1 
1980 10.69 7.76 18.45 24.1 24.2 20.7 21.1 23.0 
1981 5.33 5.65 10.98 25.0 25.1 21.6 22.0 23.8 

1982 11.60 9.73 21.33 24.1 24.1 20.7 21.4 22.9 
1983 8.01 11.13 19.14 24.0 24.0 20.7 21.3 22.8 

1984 10.15 9.47 19.62 23.9 23.9 20.4 21.1 22.7 

1985 5.07 5.53 10.60 24.4 24.6 20.7 21.4 23.2 
1986 13.64 7.86 21.50 25.3 25.2 21.3 22.1 23.8 

1987 3.94 8.11 12.05 24.6 24.6 21.0 21.1 23.3 

AVG 8.12 7.77 15.89 24.3 24.4 20.8 21.4 

AF/A 2.03 2.04 1.74 1.78 

BEAR RIVER SUBBASIN THOMASFK NOAA WEATHER STATION BORDER 03-07-1989 

ET EQUATION: F A 0  BLANEY-CRIDDLE 
............................................................................................................ 

P R E C I P I T A T I O N  SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

WY R APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

2.% 62.% 35.X I.% 0.X 0.X O.% O.% O.% O.% 
- - - - -  I N C H E S - - - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 8.61 6.05 14.66 24.0 24.2 20.7 20.9 22.9 

1977 2.85 10.72 13.57 25.0 25.3 21.3 21.9 23.8 

1978 11.69 7.15 18.84 23.7 23.9 20.3 20.8 22.6 

1979 5.89 4.06 9.95 24.3 24.4 21.0 21.2 23.2 

1980 10.69 7.76 18.45 24.2 24.3 20.8 21.1 23.0 

1981 5.33 5.65 10.98 25.0 25.1 21.6 22.0 23.9 

1982 11.60 9.73 21.33 24.1 24.1 20.7 21.4 22.9 

1983 8.01 11.13 19.14 24.0 24.0 20.7 21.3 22.8 

1984 10.15 9.47 19.62 23.9 23.9 20.4 21.1 22.6 

1985 5.07 5.53 10.60 24.4 24.6 20.8 21.4 23.2 

1986 13.64 7.86 21.50 25.2 25.1 21.3 22.0 23.7 

1987 3.94 8.11 12.05 24.7 24.7 21.1 21.2 23.4 

AVG 8.12 7.77 15.89 24.4 24.5 20.9 21.4 23.2 

AF/A 2.03 2.04 1.74 1.78 1.93 
............................................................................................................ 



A p p e n d i x  E c o n t i n u e d .  C a l c u l a t e d  s e a s o n a l  c o n s u m p t i v e  u s e  fo r  s u b b a s i n s  o f  t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) u s i n g  v a r i o u s  ET e q u a t i o n s .  

BEAR RIVER SUBBASIN BEARLAKE NOAA WEATHER STATION L I F T O N  03-07-1989 
ET EQUATION: HARGREAVES 

............................................................................................................ 
P R E C I P I T A T I O N  SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER UGHTD 

WY R APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

1 7 . %  3 9 . %  2 4 . %  O . %  O . %  20 .%  O . %  O . %  O . %  O . %  
- - - - -  I N C H E S - - - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 7.56 5.16 12.72 23.3 24.3 20.0 20.1 22.3 
1977 1.42 9.04 10.46 24.1 25.1 20.3 20.8 22.9 
1978 8.55 4.49 13.04 23.3 24.3 19.8 20.3 22.3 
1979 4.03 2.33 6.36 24.1 25.1 20.7 20.6 23.0 
1980 8.58 7.82 16.40 21.9 22.9 18.8 19.0 21 .O 

1981 4.61 4.49 9.10 23.6 24.5 20.3 20.5 22.6 
1982 10.42 11.10 21.52 22.1 22.7 18.7 19.0 20.9 
1983 6.15 12.08 18.23 21.3 22.0 18.2 18.3 20.2 
1984 4.89 7.32 12.21 21.7 22.5 18.5 18.7 20.6 
1985 4.80 4.12 8.92 23.7 24.5 20.0 20.4 22.5 
1986 11.04 4.16 15.20 22.8 23.4 19.2 19.6 21.5 
1987 3.51 7.03 10.54 23.6 24.5 20.2 20.0 22.4 

AVG 6.30 6.59 12.89 23.0 23.8 19.6 19.8 21.8 
AF/A 1.91 1.99 1.63 1.65 1.82 
............................................................................................................ 

BEAR RIVER SUBBASIN BEARLAKE NOAA WEATHER STATION L I F T O N  03-07-1989 
ET EQUATION: SCS BLANEY-CRIDDLE 

............................................................................................................ 
P R E C I P I T A T I O N  SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

UY R APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

1 7 . % 3 9 . %  2 4 . %  O . %  O . %  20 .%  O . %  O . %  O . %  O . %  
- - - - -  I N C H E S - - - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 7.56 5.16 12.72 21.9 22.9 18.9 18.8 21 .O 
1977 1.42 9.04 10.46 22.7 23.6 19.2 19.7 21.6 
1978 8.55 4.49 13.04 21.1 22.0 18.0 18.4 20.2 
1979 4.03 2.33 6.36 22.6 23.4 19.5 19.2 21.5 
1980 8.58 7.82 16.40 21.7 22.7 18.7 18.8 20.8 
1981 4.61 4.49 9.10 23.1 23.9 19.9 19.9 22.0 
1982 10.42 11.10 21.52 22.2 22.8 19.0 19.3 21.1 
1983 6.15 12.08 18.23 22.3 22.8 19.2 19.3 21.2 
1984 4.89 7.32 12.21 22.1 22.8 18.9 19.2 21 .O 

1985 4.80 4.12 8.92 23.1 24.1 19.5 20.0 22.0 
1986 11.04 4.16 15.20 23.3 23.9 19.4 20.0 21.9 
1987 3.51 7.03 10.54 23.1 23.9 19.7 19.2 21.8 

AVG 6.30 6.59 12.89 22.4 23.2 19.2 19.3 21.3 
AF/A 1.87 1.94 1.60 1.61 1.78 
............................................................................................................ 



A p p e n d i x  E continued. C a l c u l a t e d  s e a s o n a l  c o n s u n p t i v e  u s e  fo r  s u b b a s i n s  of t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) u s i n g  v a r i o u s  ET e q u a t i o n s .  

BEAR RIVER SUBBASIN BEARLAKE NOAA WEATHER STATION L I F T O N  03-07-1989 
ET EQUATION: SCS BLANEY-CRIDDLE CALIBRATED K t  

............................................................................................................ 
P R E C I P I T A T I O N  SUBBBASIN CROPS 

OCT- MAY- ANN A L F  OTHER PAS SPRNG W I N T E R S P R I N G S U G A R  CORN PEAC OTHER UGHTD 

WY R APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

1 7 . % 3 9 . % 2 4 . %  O . %  0 . X  20.% O . %  O . %  O . %  O . %  
- - - - -  I N C H E S - - - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 7.56 5.16 12.72 22.1 23.0 19.0 19.0 21.1 
1977 1.42 9.04 10.46 22.6 23.5 19.2 19.6 21 -5 
1978 8.55 4.49 13.04 21.6 22.5 18.4 18.7 20.6 
1979 4.03 2.33 6.36 22.5 23.4 19.4 19.3 21.4 
1980 8.58 7.82 16.40 22.0 22.9 18.8 19.0 21 .O 
1981 4.61 4.49 9.10 22.9 23.7 19.7 19.7 21.8 
1982 10.42 11.10 21.52 22.4 23.0 19.1 19.3 21.2 
1983 6.15 12.08 18.23 22.4 23.0 19.2 19.3 21.3 
1984 4.89 7.32 12.21 22.2 23.0 19.0 19.3 21.2 
1985 4.80 4.12 8.92 22.9 23.9 19.4 19.8 21.8 
1986 11.04 4.16 15.20 23.1 23.7 19.4 19.7 21.8 
1987 3.51 7.03 10.54 22.8 23.6 19.4 19.2 21.6 

AVG 6.30 6.59 12.89 22.5 23.3 19.2 19.3 21.4 
AF/A 1.87 1.94 1.60 1.61 1.78 
............................................................................................................ 

BEAR RIVER SUBBASIN BEARLAKE NOAA WEATHER STATION L I F T O N  

ET EQUATION: F A 0  BLANEY-CRIDDLE 

P R E C I P I T A T I O N  

OCT- MAY- ANN 

APR SEPT TOTL 

SUBBBASIN CROPS 

ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

1 7 . % 3 9 . % 2 4 . %  O . %  0 . % 2 0 . %  O . %  O . %  0 . X  O . %  
. . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

22.1 23.1 19.0 19.0 21.1 
22.6 23.5 19.2 19.6 21.5 
21.7 22.6 18.5 18.8 20.7 
22.6 23.4 19.4 19.3 21.5 
22.0 23.0 18.9 19.0 21 .O 

22.9 23.7 19.7 19.7 21.8 
22.3 23.0 19.1 19.3 21.2 
22.4 23.0 19.2 19.3 21.3 
22.2 23.0 19.0 19.2 21.1 
22.8 23.8 19.3 19.7 21.7 
23.0 23.6 19.3 19.7 21.7 
22.9 23.7 19.5 19.2 21.7 

AVG 

AF/A 



A p p e n d i x  E c o n t i n u e d .  C a l c u l a t e d  s e a s o n a l  c o n s u n p t i v e  u s e  fo r  subbasins of t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) using v a r i o u s  ET e q u a t i o n s .  

BEAR R I V E R  SUBBASIN SODASPRG NOAA WEATHER STATION SODASPRG 03-07-1989 
ET EQUATION: HARGREAVES 

............................................................................................................ 
P R E C I P I T A T I O N  SUBBBASIN CROPS 

OCT- MAY- ANN A L F  OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER UGHTD 

WY R APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT B A R L E Y B E E T  HES TOTAL 

1 7 . % 3 9 . % 2 4 . %  7 . %  6 . %  7 . %  O . %  0 %  O . %  O . %  
- - - - -  INCHES-- - - - - -  -------------------. SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 9.35 5.47 14.82 28.1 24.8 21.1 20.2 20.3 19.2 23.5 

1977 5.80 9.89 15.69 27.4 24.8 20.9 20.3 20.1 19.2 23.3 
1978 8.55 6.13 14.68 27.5 24.8 20.9 20.4 20.1 19.2 23.3 

1979 7.99 6.90 14.89 29.1 25.8 21.8 21.1 20.9 19.9 24.4 

1980 8.40 10.80 19.20 28.0 25.2 21.3 20.6 20.3 19.4 23.7 

1981 8.25 6.61 14.86 29.9 26.6 22.6 21.8 21.4 20.4 25.1 

1982 15.07 6.73 21.80 26.1 23.2 19.9 19.0 18.6 17.7 22.0 

1983 5.73 10.99 16.72 26.3 23.5 19.9 19.3 18.9 18.1 22.2 

1984 13.89 9.45 23.34 26.8 24.0 20.3 19.7 19.5 18.5 22.6 

1985 7.26 8.77 16.03 28.9 26.2 22.1 21.6 21.6 20.4 24.7 

1986 9.40 8.48 17.88 27.0 24.6 20.8 20.2 19.9 19.0 23.1 

1987 3.98 9.13 13.11 29.0 25.5 21.9 20.6 20.7 19.6 24.2 

AVG 8.64 8.28 16.92 27.9 24.9 21.1 20.4 20.2 19.2 23.5 
AF/A 2.32 2.08 1.76 1.70 1.68 1.60 1.96 , ............................................................................................................ 

BEAR RIVER SUBBASIN SODASPRG NOAA WEATHER STATION SODASPRG 03-07-1989 
ET EQUATION: SCS BLANEY-CRIDDLE 

............................................................................................................ 
P R E C I P I T A T l O N  SUBBBASIN CROPS 

OCT- MAY- ANN A L F  OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

WYR APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

1 7 . % 3 9 . % 2 4 . %  7 . %  6 . X  7 . %  O . %  O . %  O . %  O . %  
- - - - -  I N C H E S - - - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 9.35 5.47 14.82 27.1 24.0 20.3 19.6 19.8 18.7 22.7 
1977 5.80 9.89 15.69 27.3 24.9 20.9 20.5 20.1 19.3 23.3 
1978 8.55 6.13 14.68 26.1 24.0 20.0 19.8 19.5 18.7 22.4 
1979 7.99 6.90 14.89 28.8 26.0 21.7 21.4 21.0 20.1 24.4 
1980 8.40 10.80 19.20 28.1 25.3 21.3 20.7 20.6 19.6 23.8 
1981 8.25 6.61 14.86 30.5 27.5 23.2 22.6 22.1 21.2 25.9 
1982 15.07 6.73 21.80 26.4 23.3 19.9 19.0 18.5 17.7 22.1 
1983 5.73 10.99 16.72 28.2 24.7 21.3 20.1 19.3 18.5 23.4 
1984 13.89 9.45 23.34 26.6 23.7 20.1 19.5 19.3 18.3 22.4 
1985 7.26 8.77 16.03 28.0 25.8 21.6 21.3 21.7 20.4 24.2 

1986 9.40 8.48 17.88 26.4 24.2 20.4 20.0 19.6 18.7 22.7 
1987 3.98 9.13 13.11 28.5 25.3 21.7 20.5 21.0 19.7 24.0 

AVG 8.64 8.28 16.92 27.7 24.9 21.0 20.4 20.2 19.2 
AF/A 2.31 2.07 1.75 1.70 1.68 1.60 



A p p e n d i x  E continued. C a l c u l a t e d  s e a s o n a l  c o n s u m p t i v e  u s e  fo r  s u b b a s i n s  o f  t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) u s i n g  v a r i o u s  ET e q u a t i o n s .  

BEAR RIVER SUBBASIN SODASPRG NOAA WEATHER STATION SODASPRG 03-07-1989 
ET EQUATION: SCS BLANEY-CRIDDLE CALIBRATED K t  

............................................................................................................ 
PRECIPITATION SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTERSPRINGSUGAR CORN PEAC OTHER WGHTD 

WYR APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

1 7 . % 3 9 . % 2 4 . %  7 . %  6 . %  7 . %  O . %  O . %  O . %  O . %  
- - - - -  INCHES-- - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 9.35 5.47 14.82 26.9 24.0 20.3 19.6 19.7 18.6 22.6 
1977 5.80 9.89 15.69 27.1 24.6 20.7 20.2 19.9 19.0 23.1 
1978 8.55 6.13 14.68 26.4 24.0 20.1 19.8 19.5 18.7 22.5 
1979 7.99 6.90 14.89 28.1 25.3 21.3 20.8 20.5 19.6 23.8 
1980 8.40 10.80 19.20 27.6 24.9 20.9 20.4 20.2 19.3 23.4 
1981 8.25 6.61 14.86 29.2 26.3 22.2 21.6 21.2 20.3 24.7 
1982 15.07 6.73 21.80 26.6 23.6 20.1 19.3 18.9 18.1 22.3 
1983 5.73 10.99 16.72 27.8 24.5 21.0 20.0 19.4 18.5 23.2 
1984 13.89 9.45 23.34 26.7 23.9 20.2 19.6 19.4 18.4 22.5 
1985 7.26 8.77 16.03 27.5 25.1 21.1 20.7 20.8 19.7 23.6 
1986 9.40 8.48 17.88 26.6 24.2 20.4 19.9 19.6 18.7 22.7 
1987 3.98 9.13 13.11 27.8 24.7 21.0 20.1 20.4 19.2 23.4 

AVG 8.64 8.28 16.92 27.4 24.6 20.8 20.2 19.9 19.0 23.2 
AF/A 2.28 2.05 1.73 1.68 1.66 1.58 1.93 
............................................................................................................ 

BEAR RIVER SUBBASIN SODASPRG NOAA WEATHER STATION SODASPRG 03-07- 1989 
ET EQUATION: FA0 BLANEY-CRIDDLE 

............................................................................................................ 
PRECIPITATION SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

WYR APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

1 7 . % 3 9 . % 2 4 . %  7 . %  6 . %  7 . %  O . %  O . %  O . %  O . %  
- - - - -  INCHES-------  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 9.35 5.47 14.82 27.0 24.0 20.3 19.6 19.7 18.6 22.7 
1977 5.80 9.89 15.69 27.1 24.5 20.7 20.2 19.8 19.0 23.1 
1978 8.55 6.13 14.68 26.4 24.0 20.2 19.8 19.5 18.7 22.6 
1979 7.99 6.90 14.89 27.9 25.1 21.1 20.7 20.3 19.4 23.6 
1980 8.40 10.80 19.20 27.6 24.8 20.9 20.3 20.1 19.2 23.4 
1981 8.25 6.61 14.86 28.9 26.0 21.9 21.3 20.9 20.0 24.4 
1982 15.07 6.73 21.80 26.7 23.7 20.1 19.4 19.0 18.1 22.4 
1983 5.73 10.99 16.72 27.7 24.4 20.9 19.9 19.4 18.5 23.1 
1984 13.89 9.45 23.34 26.7 23.9 20.2 19.6 19.4 18.4 22.5 
1985 7.26 8.77 16.03 27.5 25.0 21.1 20.6 20.7 19.6 23.6 
1986 9.40 8.48 17.88 26.6 24.2 20.4 19.9 19.6 18.7 22.7 
1987 3.98 9.13 13.11 27.8 24.8 21.1 20.2 20.3 19.2 23.4 

AVG 8.64 8.28 16.92 27.3 24.5 20.8 20.1 19.9 18.9 
AF/A 2.28 2.04 1.73 1.68 1.66 1.58 



A p p e n d i x  E c o n t i n u e d .  C a l c u l a t e d  s e a s o n a l  c o n s u n p t i v e  u s e  f o r  s u b b a s i n s  o f  t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) u s i n g  v a r i o u s  ET e q u a t i o n s .  

BEAR RIVER SUBBASIN ONEIDA NOAA WEATHER STATION GRACE 03-07-1989 
ET EQUATION: HARGREAVES 

............................................................................................................ 
P R E C I P I T A T I O N  SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTERSPRINGSUGAR CORN PEAC OTHER WGHTD 

WYR APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

37.X  1 2 . %  1 9 . %  8 . %  8 . %  8 . %  4 . %  O . %  O . %  4 . %  
- - - - -  INCHES---..--- . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 8.53 5.58 14.11 28.4 25.3 21.4 20.7 20.6 19.6 22.9 14.2 23.9 

1977 2.04 8.95 10.99 27.3 24.9 20.9 20.5 20.2 19.4 22.4 14.2 23.3 

1978 10.76 3.60 14.36 27.4 24.8 20.9 20.5 20.2 19.3 22.6 14.2 23.3 
1979 6.97 2.75 9.72 29.1 25.8 21.9 21.0 21.0 19.9 23.5 14.5 24.5 

1980 9.33 10.49 19.82 26.7 23.9 20.2 19.6 19.2 18.4 22.1 13.6 22.6 

1981 7.93 5.64 13.57 28.3 25.0 21.3 20.4 19.8 19.0 23.6 14.1 23.7 

1982 16.56 8.75 25.31 26.6 23.8 20.3 19.5 19.2 18.3 21.9 13.3 22.5 

1983 10.37 11.60 21.97 26.4 23.4 19.9 19.1 18.8 18.0 21.7 13.2 22.2 
1984 14.23 10.52 24.75 26.7 23.9 20.2 19.6 19.4 18.5 21.8 13.4 22.6 
1985 7.00 8.12 15.12 28.3 25.7 21.7 21.1 21.0 19.9 22.9 14.3 24.1 

1986 14.92 9.88 24.80 27.7 25.3 21.3 20.9 20.6 19.6 22.7 14.2 23.7 
1987 4.81 9.69 14.50 29.4 26.0 22.2 21.1 21.1 20.0 23.5 14.6 24.7 

AVG 9.45 7.96 17.42 27.7 24.8 21.0 20.3 20.1 19.2 22.6 14.0 23.5 
AF/A 2.31 2.07 1.75 1.70 1.67 1.60 1.89 1.17 1.95 

BEAR RIVER SUBBASIN ONEIDA NOAA WEATHER STATION GRACE 03-07-1989 

ET EQUATION: SCS BLANEY-CRIDDLE 
............................................................................................................ 

PRECIPITATION SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

WY R APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

3 7 . % 1 2 . % 1 9 . %  8 . %  8 . X  8 . %  4 . X  O . %  O . %  4 . %  
- - - - -  INCHES----- - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 8.53 5.58 14.11 27.6 24.6 20.8 20.0 20.3 19.1 21.8 13.7 23.3 

1977 2.04 8.95 10.99 28.5 26.2 21.9 21.6 21.4 20.5 23.3 14.9 24.5 

1978 10.76 3.60 14.36 25.7 23.3 19.6 19.1 18.9 18.1 21.0 13.2 21.9 
1979 6.97 2.75 9.72 28.8 25.4 21.7 20.6 20.7 19.6 22.9 14.2 24.2 

1980 9.33 10.49 19.82 25.9 23.2 19.6 18.9 18.8 17.9 21.0 13.1 21.9 

1981 7.93 5.64 13.57 28.5 25.2 21.6 20.5 20.1 19.2 23.5 14.1 24.0 

1982 16.56 8.75 25.31 27.0 24.0 20.4 19.6 19.1 18.3 22.3 13.4 22.7 

1983 10.37 11.60 21.97 27.0 23.7 20.4 19.2 18.7 17.9 22.3 13.3 22.6 

1984 14.23 10.52 24.75 26.7 23.9 20.2 19.6 19.4 18.4 21.8 13.3 22.6 

1985 7.00 8.12 15.12 28.0 25.8 21.5 21.3 21.5 20.3 22.4 14.5 24.0 

1986 14.92 9.88 24.80 27.6 25.4 21.4 20.9 20.7 19.7 22.5 14.1 23.7 
1987 4.81 9.69 14.50 29.1 25.9 22.1 20.9 21.4 20.1 22.5 14.3 24.5 

AVG 9.45 7.96 17.42 27.5 24.7 20.9 20.2 20.1 19.1 22.3 13.9 23.3 

AF/A 2.29 2.06 1.74 1.68 1.67 1.59 1 :86 1.15 1.94 
............................................................................................................ 



A p p e n d i x  E continued. C a l c u l a t e d  s e a s o n a l  c o n s u r p t i v e  use for  subbesins o f  t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) u s i n g  v a r i o u s  ET equations. 

BEAR RIVER SUBBASIN ONEIDA NOAA UEATHER STATION GRACE 

ET EQUATION: SCS BLANEY-CRIDDLE CALIBRATED K t  

P R E C I P I T A T I O N  

OCT- MAY- ANN 

APR SEPT TOTL 

ALF 

ALFA 

37. % 
- - - - - - -  
27.3 
27.9 
26.1 
28.1 
26.2 
27.9 
27.0 
26.9 
26.8 
27.5 
27.3 
28.2 

OTHER 

HAY 

12. % 
- - - - - - - .  

24.4 
25.4 
23.5 
24.9 
23.4 
24.8 
24.0 
23.8 
24.0 
25.1 
24.9 
25.1 

SUBBBASIN CROPS 

PAS SPRNG WINTER SPRING SUGAR CORN 

TURE WHEAT WHEAT BARLEY BEET 

19. % 8. % 8. % 8. X 4. % 0. % 
. -----  SEASONAL CONSUMPTIVE USE, I N C H E S - - - -  

20.6 19.9 20.0 18.9 21.8 
21.3 21.0 20.7 19.8 22.8 
19.9 19.3 19.1 18.2 21.3 
21.2 20.3 20.2 19.2 22.5 
19.8 19.2 19.0 18.1 21.3 
21.2 20.3 19.9 19.0 23.0 
20.4 19.7 19.3 18.4 22.2 
20.4 19.4 19.0 18.1 22.2 
20.3 19.6 19.4 18.4 21.9 
21.1 20.7 20.8 19.7 22.3 
21.0 20.5 20.2 19.3 22.3 
21.4 20.4 20.6 19.5 22.3 

PEAC OTHER UGHTD 

HES TOTAL 

0. % 4. % 

13.6 23.1 
14.4 23.8 
13.3 22.2 
13.9 23.6 
13.2 22.2 
13.9 23.5 
13.5 22.8 
13.4 22.6 
13.4 22.7 
14.1 23.6 
13.9 23.3 
14.0 23.8 

AVG 9.45 7.96 17.42 27.3 24.5 20.7 20.0 19.9 18.9 22.2 13.7 23.1 
AF/A 2.27 2.04 1.73 1.67 1.65 1.57 1.85 1.14 1.92 
............................................................................................................ 

BEAR RIVER SUBBASIN ONEIDA NOAA WEATHER STATION GRACE 03-07-1989 
ET EQUATION: FA0 BLANEY-CRIDDLE 

....................................................................................................... 
PRECIPITATION SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

3 7 . % 1 2 . %  19.% 8 . %  8 . %  8 . %  4 . %  O . %  O . %  4 . %  
- - - - -  INCHES-- - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

8.53 5.58 14.11 27.3 24.4 20.6 19.9 20.0 18.9 21.9 13.6 23.1 
2.04 8.95 10.99 27.8 25.2 21.2 20.8 20.5 19.6 22.7 14.3 23.7 

10.76 3.60 14.36 26.3 23.7 20.0 19.4 19.2 18.3 21.4 13.4 22.3 
6.97 2.75 9.72 28.0 24.9 21.1 20.3 20.2 19.2 22.5 13.9 23.6 
9.33 10.49 19.82 26.4 23.6 20.0 19.3 19.1 18.2 21.5 13.3 22.3 
7.93 5.64 13.57 27.8 24.8 21.1 20.2 19.9 18.9 22.9 13.9 23.5 

16.56 8.75 25.31 27.0 24.1 20.5 19.7 19.3 18.4 22.2 13.5 22.8 
10.37 11.60 21.97 27.0 23.9 20.4 19.5 19.1 18.2 22.2 13.4 22.7 
14.23 10.52 24.75 26.8 24.0 20.3 19.7 19.4 18.5 21.9 13.4 22.7 
7.00 8.12 15.12 27.5 25.0 21.0 20.6 20.6 19.5 22.2 14.0 23.5 

14.92 9.88 24.80 27.2 24.8 20.9 20.4 20.1 19.2 22.2 13.8 23.2 
4.81 9.69 14.50 28.1 25.1 21.3 20.4 20.5 19.4 22.3 14.0 23.7 

AVG 9.45 7.96 17.42 27.3 24.4 20.7 20.0 19.8 18.9 22.2 
AF/A 2.27 2.04 1.73 1.67 1.65 1.57 1.85 



A p p e n d i x  E c o n t i n u e d .  C a l c u l a t e d  s e a s o n a l  c o n s u n p t i v e  u s e  f o r  s u b b a s i n s  o f  t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) u s i n g  v a r i o u s  ET e q u a t i o n s .  

BEAR R I V E R  SUBBASIN CACHEVAL NOAA WEATHER STATION LOGAN5 03-07-1989 
ET EQUATION: HARGREAVES 

............................................................................................................ 
PRECIPITATION SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

WY R APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

35.X 4.X 18.X 6 . X  15.X 12.X 3 . X  6 . X  0 .X l . X  - - - - -  INCHES-- - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 14.41 4.09 18.50 30.4 30.2 24.0 21.0 22.4 21.7 25.4 23.0 16.2 25.7 
1977 2.93 10.13 13.06 30.7 30.5 24.2 21.4 22.5 21.8 25.8 23.3 16.7 25.9 
1978 13.28 5.47 18.75 29.8 29.7 23.6 20.9 21.9 21.0 25.4 23..1 16.3 25.3 
1979 7.71 3.96 11.67 31.3 30.7 24.6 21.1 22.5 21.7 26.3 23.9 16.6 26.3 
1980 15.00 9.26 24.26 29.5 29.2 23.3 20.2 21.3 20.6 25.1 22.7 15.9 24.9 
1981 7.62 6.09 13.71 30.8 30.2 24.3 20.8 21.8 21.0 26.7 24.3 16.4 25.8 
1982 17.89 10.36 28.25 28.8 28.6 22.8 19.7 20.9 20.2 24.5 22.2 15.3 24.3 
1983 12.71 13.62 26.33 28.1 27.7 22.2 19.2 20.0 19.2 24.4 22.2 15.1 23.6 
1984 16.19 11.12 27.31 29.2 28.9 23.1 20.0 21.1 20.4 25.0 22.6 15.6 24.6 
1985 11.23 7.03 18.26 31.4 31.5 24.9 22.0 23.4 22.7 26.3 23.8 16.9 26.7 
1986 24.80 8.91 33.71 29.5 29.5 23.4 20.5 21.7 21.1 25.0 22.6 15.8 25.0 
1987 6.37 8.46 14.83 31.3 30.6 24.5 20.8 22.5 22.1 25.6 23.3 16.3 26.2 

AVG 12.51 8.21 20.72 30.1 29.8 23.7 20.6 21.8 21.1 25.5 23.1 16.1 25.4 
AF/A 2.51 2.48 1.98 1.72 1.82 1.76 2.12 1.92 1.34 2.11 

BEAR R I V E R  SUBBASIN CACHEVAL NOAA WEATHER STATION LOGAN5 03-07-1989 
ET EQUATION: SCS BLANEY-CRIDDLE 

............................................................................................................ 
PRECIPITATION SUBBBASIN CROPS 

OCT- HAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

UYR APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

35.% 4 . %  18.X 6 .X 15.X 12.% 3 . %  6 . %  O . %  1 . X  
- - - - -  INCHES- - - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 14.41 4.09 18.50 29.5 29.4 23.3 20.6 21.9 21.1 24.9 22.5 15.9 25.0 
1977 2.93 10.13 13.06 30.8 30.7 24.4 21.6 22.6 21.8 26.3 23.7 16.8 26.1 
1978 13.28 5.47 18.75 28.5 28.4 22.6 19.9 20.7 19.9 24.6 22.3 15.7 24.1 
1979 7.71 3.96 11.67 30.5 29.8 24.0 20.5 21.7 20.9 26.0 23.7 16.1 25.5 
1980 15.00 9.26 24.26 29.4 29.0 23.2 20.1 21.2 20.5 25.1 22.7 15.8 24.7 
1981 7.62 6.09 13.71 31.0 30.4 24.5 20.7 21.9 21.1 26.8 24.3 16.4 26.0 
1982 17.89 10.36 28.25 28.1 27.6 22.2 19.1 20.0 19.1 24.6 22.3 15.0 23.6 
1983 12.71 13.62 26.33 29.5 28.8 23.4 19.7 20.6 19.8 25.7 23.5 15.6 24.7 
1984 16.19 11.12 27.31 29.0 28.8 23.0 20.0 21.0 20.2 25.1 22.7 15.5 24.5 
1985 11.23 7.03 18.26 30.9 31.3 24.5 22.2 23.6 22.8 25.6 23.1 16.9 26.4 
1986 24.80 8.91 33.71 30.5 30.5 24.2 21.3 22.6 21.9 25.8 23.3 16.4 25.9 
1987 6.37 8.46 14.83 30.8 30.2 24.1 20.7 22.6 22.2 24.7 22.4 15.9 25.9 

AVG 12.51 8.21 20.72 29.9 29.6 23.6 20.5 21.7 20.9 25.4 23.0 16.0 25.2 
AF/A 2.49 2.46 1.97 1.71 1.81 1.75 2.12 1.92 1.33 2.10 
............................................................................................................ 



A p p e n d i x  E c o n t i n u e d .  C a l c u l a t e d  s e a s o n a l  c o n s u n p t i v e  u s e  f o r  s u b b a s i n s  o f  t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) u s i n g  v a r i o u s  ET e q u a t i o n s .  

BEAR R I V E R  SUBBASIN CACHEVAL NOAA WEATHER STATION LOGAN5 

E T  EQUATION: SCS BLANEY-CRIDDLE CALIBRATED K t  

WYR 

PRECIPITATION 

OCT- MAY- ANN 

APR SEPT TOT1 

- - - - -  INCHES-.  

14.41 4.09 

2.93 10.13 

13.28 5.47 

7.71 3.96 

15.00 9.26 

7.62 6.09 
17.89 10.36 
12.71 13.62 
16.19 11.12 

11.23 7.03 

24.80 8.91 

6.37 8.46 

ALF 

ALFA 

35. % 
. - - - - - -  
29.6 
30.5 

29.0 

30.3 

29.5 

30.7 

28.8 
29.7 

29.3 

30.5 

30.4 

30.4 

OTHER 

HAY 

4. % 
- - - - - - -  
29.4 

30.4 

28.8 

29.7 

29.2 

30.1 

28.3 
29.1 

29.1 

30.7 

30.3 

29.9 

SUBBBASIN CROPS 

PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER 

TURE WHEAT WHEAT BARLEY BEET HES 

18.% 6.% 15.% 12.% 3.% 6.% O.% 1.X 
- - - - - -  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - -  

23.3 20.5 21.8 21.1 24.9 22.5 15.8 

24.1 21.2 22.3 21.6 25.9 23.3 16.5 

22.9 20.1 21.1 20.3 24.7 22.4 15.7 

23.9 20.4 21.7 21.0 25.6 23.3 16.0 

23.3 20.2 21.4 20.7 25.0 22.7 15.8 

24.2 20.6 21.8 21.1 26.2 23.8 16.2 

22.7 19.5 20.6 19.8 24.7 22.4 15.3 

23.5 19.9 21.0 20.3 25.5 23.2 15.7 

23.2 20.1 21.2 20.5 25.1 22.7 15.6 

24.1 21.5 22.9 22.2 25.4 22.9 16.5 

24.1 21.0 22.3 21.7 25.6 23.1 16.2 

23.9 20.5 22.2 21.8 24.7 22.4 15.8 

UGHTD 

TOTAL 

AVG 12.51 8.21 20.72 29.9 29.6 23.6 20.5 21.7 21.0 25.3 22.9 15.9 25.2 

AF/A 2.49 2.46 1.97 1.70 1.81 1.75 2.11 1.91 1.33 2.10 
............................................................................................................ 

BEAR R I V E R  SUBBASIN CACHEVAL NOAA WEATHER STATION LOGAN5 03-07-1989 

ET EQUATION: FA0 BLANEY-CRIDDLE 
............................................................................................................ 

PRECIPITATION SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTERSPRINGSUGAR CORN PEAC OTHER WGHTD 

WYR APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 
35.% 4.% 18.X 6.X 15.% 12.% 3.% 6.% O.% I.% 

- - - - -  INCHES-- - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 14.41 4.09 18.50 29.6 29.4 23.3 20.4 21.8 21.0 24.9 22.5 15.8 25.0 
1977 2.93 10.13 13.06 30.4 30.2 24.0 21.0 22.2 21.5 25.7 23.2 16.4 25.7 

1978 13.28 5.47 18.75 29.1 28.9 23.0 20.1 21.1 20.4 24.7 22.4 15.7 24.6 

1979 7.71 3.96 11.67 30.3 29.7 23.8 20.4 21.7 21.0 25.5 23.2 16.0 25.4 

1980 15.00 9.2624.26 29.6 29.3 23.4 20.2 21.4 20.8 25.0 22.7 15.8 24.9 

1981 7.62 6.09 13.71 30.5 30.0 24.1 20.5 21.8 21.1 26.0 23.6 16.1 25.6 
1982 17.89 10.36 28.25 28.8 28.4 22.8 19.6 20.7 20.0 24.7 22.4 15.3 24.2 

1983 12.71 13.62 26.33 29.6 29.1 23.4 20.0 21.1 20.3 25.4 23.1 15.7 24.9 

1984 16.19 11.12 27.31 29.3 29.1 23.2 20.1 21.3 20.5 25.0 22.6 15.6 24.7 

1985 11.23 7.03 18.26 30.4 30.5 24.0 21.3 22.7 22.1 25.3 22.8 16.4 25.8 
1986 24.80 8.91 33.71 30.2 30.1 23.9 20.8 22.2 21.5 25.4 23.0 16.1 25.5 

1987 6.37 8.46 14.83 30.4 30.0 23.9 20.5 22.2 21.7 24.8 22.6 15.9 25.6 

AVG 12.51 8.21 20.72 29.9 29.5 23.6 20.4 21.7 21.0 25.2 22.8 15.9 25.2 

AF/A 2.49 2.46 1.96 1.70 1.81 1.75 2.10 1.90 1.32 2.10 



Appendix E continued. Calculated seasonal consunptive use f o r  subbasins of  the Bear River Basin (water 
years 1976-1987) using various ET equations. 

BEAR RIVER SUBBASIN MALAD NOAA WEATHER STATION MALADCTY 03-07- 1989 
ET EQUATION: HARGREAVES 

............................................................................................................ 
PRECIPITATION SUBBBASlN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

WY R APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 
29 .% 3 . % 4 8 . %  5 . %  9 . X  5 . %  O . %  I.% 0 . X  I.% 

- - - - -  I N C H E S - - - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, INCHES-- - - - - - - - - - - - - - - - - - - - - - - -  

1976 9.26 6.43 15.69 29.0 30.4 25.3 26.0 22.9 22.3 24.1 20.9 26.4 
1977 2.21 9.06 11.27 29.7 31.2 25.7 26.6 23.4 22.7 24.5 21.5 26.9 
1978 13.36 3.04 16.40 29.5 30.9 25.5 26.7 23.0 22.5 24.6 21.5 26.7 
1979 7.03 6.65 13.68 30.3 31.8 26.4 26.9 23.9 23.2 25.2 21.8 27.6 
1980 10.13 8.38 18.51 28.8 30.3 25.1 26.2 22.3 21.8 24.5 21.2 26.2 
1981 5.44 4.20 9.64 30.4 31.8 26.6 27.7 23.3 22.7 26.1 22.4 27.6 
1982 14.44 12.32 26.76 27.7 28.7 24.0 25.0 21.3 20.6 23.1 20.1 25.0 
1983 11.32 10.64 21.96 27.1 28.3 23.6 24.4 21.1 20.5 22.8 19.7 24.6 
1984 12.86 10.37 23.23 27.4 28.6 23.8 24.8 21.4 20.8 22.9 19.8 24.9 
1985 7.28 5.34 12.62 30.3 31.6 26.1 27.3 23.9 23.1 24.8 21.8 27.4 
1986 11.13 5.92 17.05 29.8 30.9 25.4 26.7 23.4 22.5 24.0 21.3 26.8 
1987 2.99 8.53 11.52 30.3 31.5 26.3 26.5 23.7 22.7 24.8 21.5 27.4 

AVG 8.95 7.57 16.53 29.2 30.5 25.3 26.2 22.8 22.1 24.3 21.1 26.5 
AF/A 2.43 2.54 2.11 2.19 1.90 1.84 2.02 1.76 2.20 
............................................................................................................ 

BEAR RIVER SUBBASIN MALAD NOAA WEATHER STATION MALADCTY 03-07-1989 
ET EQUATION: SCS BLANEY-CRIDDLE 

............................................................................................................ 
PRECIPITATION SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTERSPRINGSUGAR CORN PEAC OTHER WGHTD 

WYR APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

29 .% 3 . % 4 8 . %  5 . %  9 . %  5 . %  O . %  I .% O . %  I.% 
- - - - -  INCHES-- - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, INCHES-- - - - - - - - - - - - - - - - - - - - - - - -  

1976 9.26 6.43 15.69 27.9 29.2 24.4 25.0 21.8 21.1 23.5 20.1 25.4 
1977 2.21 9.06 11.27 30.1 31.4 25.9 27.0 23.5 22.9 24.8 21.8 27.2 
1978 13.36 3.04 16.40 27.7 29.1 24.2 25.0 21.5 20.9 23.4 20.2 25.2 
1979 7.03 6.65 13.68 29.5 30.6 25.8 26.2 22.7 22.0 24.8 21.2 26.7 
1980 10.13 8.38 18.51 27.8 29.1 24.4 25.1 21.5 20.9 23.7 20.3 25.3 
1981 5.44 4.20 9.64 30.0 31.3 26.4 27.2 22.8 22.1 25.8 22.0 27.3 
1982 14.44 12.32 26.76 27.8 28.7 24.3 25.5 20.9 20.3 24.0 20.4 25.2 
1983 11.32 10.64 21.96 27.8 28.6 24.4 25.2 20.6 20.1 24.2 20.4 25.2 
1984 12.86 10.37 23.23 27.6 28.5 24.0 25.2 21.0 20.3 23.6 20.1 25.0 
1985 7.28 5.34 12.62 30.1 31.6 25.8 27.1 24.0 23.2 24.6 21.7 27.2 
1986 11.13 5.92 17.05 30.2 31.1 25.7 27.1 23.4 22.5 24.5 21.7 27.1 
1987 2.99 8.53 11.52 30.3 31.5 26.3 26.4 23.8 22.7 24.5 21.4 27.4 

AVG 8.95 7.57 16.53 28.9 30.1 25.1 26.0 22.3 21.6 24.3 20.9 26.2 
AF/A 2.41 2.50 2.09 2.17 1.86 1.80 2.02 1.75 2.18 



A p p e n d i x  E c o n t i n u e d .  C a l c u l a t e d  s e a s o n a l  c o n s u n p t i v e  u s e  fo r  subbesins of t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) using v a r i o u s  ET e q u a t i o n s .  

WYR 

BEAR RIVER SUBBASIN MALAD NOAA WEATHER STATION MALADCTY 03-07-1989 
ET EQUATION: SCS BLANEY-CRIDDLE CALIBRATED K t  

.---------------------------------------------------------------------------------------------------- 
P R E C I P I T A T I O N  SUBBBASIN CROPS 

OCT- HAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

29.% 3.%48.% 5.% 9.% 5.% O.% l.% O.% I.% 
- - - - -  INCHES-------  ---------------..---- SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

9.26 6.43 15.69 28.5 29.7 24.8 25.5 22.3 21.6 23.7 20.5 25.9 
2.21 9.06 11.27 30.1 31.4 25.9 27.0 23.6 22.9 24.7 21.7 27.2 
13.36 3.04 16.40 28.4 29.8 24.7 25.5 22.2 21.5 23.7 20.6 25.8 
7.03 6.65 13.68 29.7 30.8 25.8 26.4 23.0 22.3 24.7 21.3 26.9 
10.13 8.38 18.51 28.6 29.9 24.9 25.7 22.2 21.5 24.0 20.7 26.0 
5.44 4.20 9.64 30.1 31.3 26.2 27.1 23.1 22.3 25.4 21.9 27.3 
14.44 12.32 26.76 28.6 29.6 24.9 25.9 21.8 21.1 24.2 20.8 25.9 
11.32 10.64 21.96 28.6 29.5 24.9 25.7 21.6 21.0 24.3 20.8 25.9 
12.86 10.37 23.23 28.4 29.4 24.6 25.7 21.8 21.1 23.9 20.6 25.7 
7.28 5.34 12.62 30.0 31.4 25.8 27.0 23.8 23.0 24.5 21.6 27.1 
11.13 5.92 17.05 30.2 31.2 25.8 27.0 23.5 22.6 24.5 21.7 27.1 
2.99 8.53 11.52 30.2 31.4 26.1 26.5 23.7 22.7 24.5 21.4 27.3 

AVG 8.95 7.57 16.53 29.3 30.5 25.4 26.3 22.7 22.0 24.3 21.1 26.5 
AF/A 2.44 2.54 2.11 2.19 1.89 1.83 2.03 1.76 2.21 
............................................................................................................ 

BEAR RIVER SUBBASIN MALAD NOAA WEATHER STATION MALADCTY 03-07-1989 
ET EQUATION: F A 0  BLANEY-CRIDDLE 

............................................................................................................ 
P R E C I P I T A T I O N  SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER UGHTD 

WY R APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 
29.% 3.%48.% 5.% 9.% 5.% O.% l.% O.% l.% 

- - - - -  INCHES-- - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 9.26 6.43 15.69 28.3 29.4 24.5 25.4 22.1 21.4 23.5 20.3 25.6 

1977 2.21 9.06 11.27 29.5 30.6 25.4 26.6 23.0 22.5 24.3 21.3 26.6 

1978 13.36 3.04 16.40 27.9 28.9 24.1 25.2 21.6 21.1 23.3 20.3 25.2 

1979 7.03 6.65 13.68 29.2 30.2 25.3 26.1 22.6 22.0 24.3 21.0 26.4 
1980 10.13 8.38 18.51 28.2 29.3 24.4 25.4 21.8 21.3 23.6 20.4 25.5 
1981 5.44 4.20 9.64 29.4 30.4 25.5 26.6 22.5 21.9 24.8 21.3 26.6 
1982 14.44 12.32 26.76 28.1 28.9 24.3 25.6 21.3 20.9 23.7 20.4 25.3 
1983 11.32 10.64 21.96 28.0 28.7 24.3 25.4 21.1 20.7 23.8 20.4 25.3 
1984 12.86 10.37 23.23 28.0 28.9 24.2 25.4 21.5 20.9 23.5 20.3 25.3 
1985 7.28 5.34 12.62 29.6 30.8 25.3 26.6 23.3 22.7 24.1 21.2 26.7 
1986 11.13 5.92 17.05 29.3 30.1 25.0 26.4 22.7 22.1 23.9 21.1 26.3 
1987 2.99 8.53 11.52 29.6 30.6 25.6 26.2 23.1 22.3 24.1 21.0 26.7 

AVG 8.95 7.57 16.53 28.7 29.7 24.8 25.9 22.2 21.6 23.9 20.8 26.0 
AF/A 2.40 2.48 2.07 2.16 1.85 1.80 1.99 1.73 2.16 



A p p e n d i x  E continued. C a l c u l a t e d  s e a s o n a l  c o n s u n p t i v e  use f o r  s u b b a s i n s  of t h e  B e a r  R i v e r  B a s i n  ( u a t e r  

y e a r s  1976-1987) using v a r i o u s  ET e q u a t i o n s .  

BEAR RIVER SUBBASIN TREMONTN NOAA WEATHER STATION TREMONTN 

ET EQUATION: HARGREAVES 

WYR 

P R E C I P I T A T I O N  

OCT- MAY- ANN 

APR SEPT TOTL 

- - - - -  INCHES- 

13.44 3.79 
2.82 12.27 
13.58 4.80 
10.61 5.04 
11.82 10.62 
7.93 4.52 
16.48 9.20 
14.51 12.92 
15.58 11.15 
9.02 8.29 
16.52 8.90 
4.40 8.85 

A L F  

ALFA 

28. % 
- - - - - - -. 
33.5 
33.1 
33.4 
34.2 
32.8 
34.1 
31.7 
30.6 
31.2 
33.6 
32.8 
34.0 

SUBBBASIN CROPS 

OTHER PAS SPRNG WINTER SPRING SUGAR CORN 

HAY TURE WHEAT WHEAT BARLEY BEET 

O.% 20.% 6.% 14.% 7.% 13.% lo.% 
. - - - - - - - e m - - -  SEASONAL CONSUMPTIVE USE, INCHES-- - - .  

26.3 22.8 22.8 23.8 27.6 24.7 
26.0 22.5 22.6 23.5 27.4 24.5 
26.4 23.1 22.5 23.5 28.1 25.1 
26.7 23.1 23.1 24.1 28.1 25.2 
25.8 22.3 22.0 22.9 27.5 24.7 
26.8 22.7 22.3 23.3 28.9 26.0 
25.0 21.2 21.4 22.2 26.5 23.7 
24.0 20.6 20.0 21.0 25.8 23.2 
24.5 21.2 21.1 22.0 26.0 23.3 
26.5 23.0 23.3 24.2 27.7 24.7 
25.9 22.5 22.8 23.6 27.3 24.1 
26.6 22.4 23.4 24.0 27.4 24.7 

PEAC OTHER WGHTD 

HES TOTAL 

0. % 2. % 
. - - - - - - - - - - - - - - - - - - - -  

22.2 27.4 
22.2 27.1 
22.7 27.4 
22.6 27.9 
22.2 26.9 
23.1 27.9 
21.3 25.9 
20.7 25.0 
20.9 25.5 
22.4 27.6 
22.1 27.0 
22.2 27.6 

AVG 11.39 8.36 19.75 32.9 25.9 22.3 22.3 23.2 27.3 24.5 22.1 26.9 
AF/A 2.74 2.16 1.86 1.86 1.93 2.28 2.04 1.84 2.24 
............................................................................................................ 

BEAR RIVER SUBBASIN TREMONTN NOAA WEATHER STATION TREMONTN 03-07-1989 
ET EQUATION: SCS BLANEY-CRIDDLE 

............................................................................................................ 
P R E C I P I T A T I O N  SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTERSPRINGSUGAR CORN PEAC OTHER WGHTD 

WY R APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

28.% 0.%20.% 6.%14.% 7 . % 1 3 . % 1 0 . %  O.% 2.% 
- - - - -  I N C H E S - - - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 13.44 3.79 17.23 32.6 25.4 21.7 21.6 22.6 26.8 24.2 21.5 26.5 
1977 2.82 12.27 15.09 34.4 27.0 23.8 23.4 24.5 28.8 25.6 23.3 28.2 
1978 13.58 4.80 18.38 31.7 25.0 21.4 20.9 21.8 26.6 24.1 21.5 25.9 
1979 10.61 5.04 15.65 33.5 26.2 22.1 22.0 22.9 27.7 25.1 22.3 27.2 
1980 11.82 10.62 22.44 31.7 24.9 21.3 20.9 21.9 26.5 23.9 21.3 25.9 
1981 7.93 4.52 12.45 34.4 27.0 22.6 22.1 23.1 29.2 26.4 23.4 28.0 
1982 16.48 9.20 25.68 31.3 24.6 20.6 20.2 21.2 26.7 24.0 21.3 25.5 
1983 14.51 12.92 27.43 30.6 24.0 19.9 19.3 20.2 26.1 23.8 20.9 24.9 
1984 15.58 11.15 26.73 30.8 24.2 20.4 20.1 21.1 26.0 23.5 20.8 25.1 
1985 9.02 8.29 17.31 33.3 26.3 23.1 23.4 24.3 27.4 24.3 22.2 27.4 
1986 16.52 8.90 25.42 33.1 26.2 22.6 22.7 23.5 27.9 24.7 22.5 27.2 
1987 4.40 8.85 13.25 34.1 26.6 22.3 23.6 24.1 27.2 24.5 22.1 27.6 

AVG 11.39 8.36 19.75 32.6 25.6 21.8 21.7 22.6 27.3 24.5 21.9 26.6 
AF/A 2.72 2.14 1.82 1.81 1.88 2..27 2.04 1.83 2.22 
............................................................................................................ 



A p p e n d i x  E c o n t i n u e d .  C a l c u l a t e d  s e a s o n a l  c o n s u m p t i v e  u s e  fo r  s u b b a s i n s  o f  t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) u s i n g  v a r i o u s  ET e q u a t i o n s .  

BEAR RIVER SUBBASIN TREMONTN NOAA WEATHER STATION TREMONTN 03-07- 1989 
ET EQUATION: SCS BLANEY-CRIDDLE CALIBRATED K t  

............................................................................................................ 
P R E C I P I T A T I O N  SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

WY R APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

2 8 . %  O . %  2 0 . %  6 . %  1 4 . %  7 . %  1 3 . %  l o . %  O . %  2 . %  
- - - - -  I N C H E S - - - - - - -  - - - - - - - - - e m - - - - - - - - -  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 13.44 3.79 17.23 32.8 25.7 22.0 22.1 23.0 27.0 24.3 21.7 26.7 
1977 2.82 12.27 15.09 34.1 26.8 23.4 23.4 24.3 28.4 25.2 23.0 28.0 
1978 13.58 4.80 18.38 32.2 25.4 21.8 21.6 22.5 26.8 24.2 21.7 26.3 
1979 10.61 5.04 15.65 33.4 26.2 22.2 22.4 23.2 27.6 24.9 22.2 27.2 
1980 11.82 10.62 22.44 32.2 25.3 21.7 21.6 22.5 26.8 24.1 21.6 26.3 
1981 7.93 4.52 12.45 34.1 26.8 22.6 22.5 23.4 28.7 25.8 23.0 27.8 
1982 16.48 9.20 25.68 32.0 25.2 21.3 21.2 22.1 26.9 24.2 21.6 26.1 
1983 14.51 12.92 27.43 31.5 24.8 20.7 20.5 21.4 26.5 24.0 21.3 25.6 
1984 15.58 11.15 26.73 31.6 24.9 21.1 21.1 22.0 26.4 23.8 21.2 25.8 
1985 9.02 8.29 17.31 33.3 26.3 23.0 23.3 24.2 27.4 24.4 22.2 27.4 
1986 16.52 8.90 25.42 33.2 26.2 22.6 22.9 23.6 27.8 24.7 22.4 27.3 
1987 4.40 8.85 13.25 33.8 26.5 22.4 23.4 24.0 27.2 24.4 22.1 27.5 

AVG 11.39 8.36 19.75 32.9 25.8 22.1 22.2 23.0 27.3 24.5 22.0 26.8 
AF/A 2.74 2.15 1.84 1.85 1.92 2.27 2.04 1.83 2.24 

BEAR RIVER SUBBASIN TREMONTN NOAA WEATHER STATION TREMONTN 

ET EQUATION: FA0 BLANEY-CRIDDLE 

P R E C I P I T A T I O N  

OCT- MAY- ANN 

APR SEPT TOTL 

A L  F 

ALFA 

28. % 
- - - - - - -  
32.4 
33.4 
31.6 
32.9 
31.8 
33.2 
31.5 
31 .O 
31.2 
32.8 
32.3 
33.2 

SUBBBASIN CROPS 

OTHER PAS SPRNG WINTER SPRINGSUGAR CORN PEAC OTHER UGHTD 

HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 

O . %  2 0 . %  6 . %  1 4 . %  7 . %  1 3 . %  l o . %  O . %  2 . %  
- - - - - - - - - - * - *  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

25.2 21.7 21.7 22.8 26.7 24.0 21.4 26.3 
26.2 22.9 22.7 23.8 27.8 24.7 22.4 27.3 
24.8 21.4 21.1 22.2 26.5 23.8 21.3 25.9 
25.7 21.9 21.9 22.9 27.2 24.4 21.9 26.7 
24.9 21.4 21.2 22.3 26.5 23.7 21.3 25.9 
26.0 22.1 21.9 23.0 27.9 25.1 22.4 27.1 
24.6 21.0 20.8 21.8 26.5 23.7 21.2 25.7 
24.2 20.6 20.1 21.2 26.2 23.6 21.0 25.2 
24.4 20.9 20.8 21.8 26.2 23.5 20.9 25.5 
25.7 22.5 22.8 23.8 27.1 24.0 21.8 26.9 
25.4 22.0 22.0 23.0 27.1 24.0 21.8 26.5 
25.9 22.1 22.8 23.6 26.9 24.1 21.7 27.0 

AVG 11.39 8.36 19.75 32.3 25.2 21.7 21.6 22.7 26.9 24.1 21.6 26.3 
AF/A 2.69 2.10 1.81 1.80 1.89 2.24 2.00 1.80 2.20 
............................................................................................................ 



A p p e n d i x  E c o n t i n u e d .  C a l c u l a t e d  s e a s o n a l  c o n s u m p t i v e  u s e  f o r  s u b b a s i n s  o f  t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) u s i n g  v a r i o u s  E T  e q u a t i o n s .  

BEAR R I V E R  SUBBASIN BRIGHAM NOAA UEATHER S T A T I O N  BRIGHAM 03-07-1989 

E T  EQUATION: HARGREAVES 
............................................................................................................ 

P R E C I P I T A T I O N  SUBBBAS I N CROPS 

OCT- MAY- ANN A L F  OTHER PAS SPRNG WINTER S P R I N G  SUGAR CORN PEAC OTHER UGHTD 

WY R APR SEPT TOTL ALFA HAY TURE UHEAT WHEAT BARLEY BEET HES TOTAL 
2 5 . %  0 . % 2 1 . %  5 . %  5 . %  6 . %  1 5 . %  1 2 . %  9 . %  2 . %  

- - - - -  I N C H E S - - - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE U S E ,  I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 15.40 5.69 21.09 32.7 25.6 22.4 22.5 23.5 26.8 23.9 37.0 21.6 27.9 

1977 5.10 12.23 17.33 32.6 25.7 22.5 22.4 23.3 27.1 24.1 37.2 21.9 27.9 

1978 14.37 6.60 20.97 32.4 25.6 22.7 22.2 23.2 27.2 24.2 37.3 22.0 27.9 

1979 10.58 4.37 14.95 33.9 26.5 23.2 23.3 24.2 27.8 24.8 38.4 22.4 28.9 

1980 15.05 10.58 25.63 33.0 26.0 22.5 22.1 23.1 27.8 24.9 37.9 22.4 28.4 

1981 9.44 5.93 15.37 33.5 26.4 22.7 22.5 23.4 28.2 25.2 38.2 22.7 28.7 

1982 16.88 13.81 30.69 31.2 24.5 21.0 21.1 21.9 26.0 23.3 35.4 20.9 26.7 

1983 17.16 12.97 30.13 30.1 23.7 20.3 19.9 20.8 25.3 22.7 34.7 20.4 25.8 

1984 18.53 8.97 27.50 30.9 24.2 20.8 20.6 21.6 25.8 23.2 35.1 20.7 26.4 

1985 9.03 7.81 16.84 33.4 26.3 22.8 23.3 24.1 27.4 24.4 37.7 22.2 28.5 

1986 19.39 6.64 26.03 32.7 25.8 22.4 22.6 23.4 27.3 24.2 37.2 22.0 28.0 

1987 6.64 8.72 15.36 34.3 26.9 22.7 23.7 24.3 27.7 24.9 38.8 22.4 29.1 

AVG 13.13 8.69 21.82 32.5 25.6 22.2 22.2 23.1 27.0 24.2 37.1 21.8 27.8 
AF/A 2.71 2.13 1.85 1.85 1.92 2.25 2 . 0 1 / 3 . 0 9  1.82 2.32 

BEAR R I V E R  SUBBASIN BRIGHAM NOAA UEATHER S T A T I O N  BRIGHAM 03-07-1989 
E T  EQUATION: SCS BLANEY-CRIDDLE 

............................................................................................................ 
P R E C I P I T A T I O N  SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG W I N T E R S P R I N G S U G A R  CORN PEAC OTHER WGHTD 

WYR APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 
2 5 . %  0 . % 2 1 . %  5 . %  5 . X  6 . %  1 5 . %  1 2 . %  9 . %  2 . X  

- - - - -  I N C H E S - - - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE,  I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 15.40 5.69 21.09 33.8 26.4 22.7 22.7 23.8 27.8 25.0 38.2 22.3 28.7 

1977 5.10 12.23 17.33 35.0 27.5 24.1 23.6 24.7 29.5 26.2 40.1 23.8 30.0 

1978 14.37 6.60 20.97 32.8 26.0 22.2 21.4 22.5 27.9 25.2 38.1 22.5 28.3 

1979 10.58 4.37 14.95 34.2 26.6 22.7 22.7 23.6 28.2 25.4 39.1 22.7 29.1 

1980 15.05 10.58 25.63 30.7 24.1 20.5 20.2 21.1 25.7 23.2 35.1 20.7 26.2 

1981 9.44 5.93 15.37 34.8 27.3 22.8 22.9 23.8 29.2 26.3 39.6 23.4 29.7 

1982 16.88 13.81 30.69 31.7 24.9 21.0 20.6 21.6 27.1 24.3 36.4 21.6 27.2 

1983 17.16 12.97 30.13 32.0 25.2 21.1 20.3 21.3 27.3 24.8 37.2 21.9 27.5 

1984 18.53 8.97 27.50 31.8 24.9 21.1 20.7 21.7 26.9 24.3 36.3 21.5 27.2 

1985 9.03 7.81 16.84 33.5 26.4 23.3 23.4 24.4 27.7 24.6 37.8 22.4 28.7 

1986 19.39 6.64 26.03 32.8 26.0 22.1 22.4 23.1 27.5 24.5 37.5 22.2 28.1 

1987 6.64 8.72 15.36 34.0 26.6 22.6 23.8 24.4 27.2 24.4 38.3 22.1 28.8 

AVG 13.13 8.69 21.82 33.1 26.0 22.2 22.1 23.0 27.7 24.8 37.8 22.2 28.3 
AF/A 2.76 2.17 1.85 1.84 1.92 2.31 2.07 3.15 1.85 2.36 
............................................................................................................ 



A p p e n d i x  E c o n t i w e d .  C a l c u l a t e d  s e a s o n a l  c o n s u n p t i v e  u s e  f o r  s u b b a s i n s  o f  t h e  B e a r  R i v e r  B a s i n  ( w a t e r  

y e a r s  1976-1987) u s i n g  v a r i o u s  ET e q u a t i o n s .  

BEAR RIVER SUBBASIN BRIGHAM NOAA WEATHER STATION BRIGHAM 03-07-1989 
ET EQUATION: SCS BLANEY-CRIDDLE CALIBRATED K t  

............................................................................................................ 
P R E C I P I T A T I O N  SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

UYR APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 
25.% O . %  21.% 5 . X  5 . X  6 .X 15.% 12.% 9 .X  2.X 

- - - - -  INCHES-------  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

1976 15.40 5.69 21.09 33.6 26.3 22.7 22.8 23.8 27.6 24.8 38.1 22.2 28.6 
l 9 n  5.10 12.23 17.33 34.5 27.1 23.7 23.5 24.5 28.8 25.7 39.4 23.3 29.6 
1978 14.37 6.60 20.97 33.0 26.1 22.3 22.0 22.9 27.7 24.9 38.0 22.4 28.3 
1979 10.58 4.37 14.95 33.9 26.5 22.7 22.9 23.7 27.9 25.1 38.7 22.5 28.9 
1980 15.05 10.58 25.63 31.5 24.8 21.2 21.1 22.0 26.2 23.6 36.0 21.1 26.9 
1981 9.44 5.93 15.37 34.4 27.0 22.8 23.0 23.8 28.6 25.7 39.1 23.0 29.3 
1982 16.88 13.81 30.69 32.3 25.4 21.5 21.4 22.3 27.2 24.4 36.9 21.8 27.7 
1983 17.16 12.97 30.13 32.4 25.5 21.6 21.2 22.2 27.3 24.7 37.4 22.0 27.8 
1984 18.53 8.97 27.50 32.3 25.4 21.6 21.5 22.4 27.1 24.4 36.8 21.7 27.7 
1985 9.03 7.81 16.84 33.5 26.4 23.1 23.3 24.2 27.6 24.6 37.8 22.3 28.6 
1986 19.39 6.64 26.03 33.0 26.1 22.2 22.7 23.4 27.4 24.5 37.6 22.2 28.3 
1987 6.64 8.72 15.36 33.8 26.5 22.6 23.6 24.2 27.2 24.4 38.1 22.1 28.6 

AVG 13.13 8.69 21.82 33.2 26.1 22.3 22.4 23.3 27.6 24.7 37.8 22.2 28.4 
AF/A 2.77 2.17 1.86 1.87 1.94 2.30 2.06 3.15 1.85 2.36 
............................................................................................................ 

BEAR RIVER SUBBASIN BRIGHAM NOAA WEATHER STATION BRIGHAM 03-07- 1989 
ET EQUATION: FA0 BLANEY-CRIDDLE 

...................................................................................................... 
PRECIPITATION SUBBBASIN CROPS 

OCT- MAY- ANN ALF OTHER PAS SPRNG WINTER SPRING SUGAR CORN PEAC OTHER WGHTD 

APR SEPT TOTL ALFA HAY TURE WHEAT WHEAT BARLEY BEET HES TOTAL 
25.% O . %  E l . %  5 . %  5 . %  6 . %  15.% 12 .% 9 . %  2 . %  

- - - - -  INCHES-- - - - - -  . . . . . . . . . . . . . . . . . . . .  SEASONAL CONSUMPTIVE USE, I N C H E S - - - - - - - - - - - - - - - - - - - - - - - - -  

15.40 5.69 21.09 33.1 25.8 22.3 22.4 23.5 27.3 24.4 37.5 21.9 28.2 

5.10 12.23 17.33 33.8 26.4 23.0 22.9 24.0 28.2 25.1 38.6 22.7 28.9 

14.37 6.60 20.97 32.3 25.4 21.8 21.4 22.6 27.1 24.4 37.3 21.8 27.7 

10.58 4.37 14.95 33.3 25.9 22.3 22.3 23.3 27.4 24.6 38.0 22.1 28.3 

15.05 10.58 25.63 31.2 24.4 21.0 20.8 21.9 26.0 23.3 35.6 20.9 26.7 

9.44 5.93 15.37 33.5 26.2 22.3 22.3 23.4 27.9 25.0 38.1 22.4 28.6 

16.88 13.81 30.69 31.7 24.8 21.2 21.0 22.0 26.7 23.9 36.2 21.4 27.1 

17.16 12.97 30.13 31.8 24.9 21.2 20.7 21.9 26.9 24.1 36.7 21.5 27.2 

18.53 8.97 27.50 31.8 24.9 21.3 21.1 22.2 26.7 23.9 36.3 21.4 27.2 

9.03 7.81 16.84 33.0 25.8 22.6 22.8 23.8 27.2 24.2 37.2 21.9 28.1 

19.39 6.64 26.03 32.2 25.3 21.8 21.9 22.9 26.9 23.9 36.8 21.6 27.6 

6.64 8.72 15.36 33.2 25.9 22.2 22.9 23.8 26.9 24.0 37.6 21.7 28.1 

AVG 13.13 8.69 21.82 32.6 25.5 21.9 21.9 22.9 27.1 24.2 37.2 21.8 27.8 
AF/A 2.71 2.12 1.83 1.82 1.91 2.26 2.02 3.10 1.82 2.32 




