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DIRECTOR'S STATEMENT 

F i sca l  Yerr 1982 

KEY WATER RELATED PROBLEMS I N  WYOMTNG 

Water a v a i l a b i l i t y  and a l loca t ion  f o r  farming, ranching, mineral 
extract ion,  and i n d u s t r i a l  development continue t o  be the  center of 

water r e l a t ed  problems i n  Wyoming. 

resources through impoundment, while complying with ex is t ing  i n t e r s t a t e  

water compacts, is a challenge i n  planning and implementation. Once 

addi t iona l  surface and groundwater suppl ies  are avai lable ,  the  equi table  

d i s t r ibu t ion ,  conservation and maintenance of qua l i t y  are important and 

complex i ssues  facing the  State. 

The development of new water 

In  an attempt t o  address those problems most cr i t ical  t o  the State, 

the  Wyoming Water Research Center (WWRC), i n  consul ta t ion with its 

Research Review and P r i o r i t i e s  Advisory Committee, es tabl ished the  

following three  major areas of water research: 1)  evaluation of 

h i s t o r i c a l  and current  water use pract ices;  2) demand analysis  and water 

resources development and 3) development of water resources. These 

three  major areas include water qua l i t y  and quantity,  as w e l l  as the  
economic and s o c i a l  aspects  of water research. M e  bel ieve this  emphasis 

provides a very log ica l ,  step-wise approach t o  addressing water research 

needs i n  the  S t a t e  of Wyoming. 

economic, technical and l e g a l  aspects  of h i s t o r i c a l  and current  w a t e r  

use prac t ices  are necessary for the proper analysis  of need f o r  

addi t iona l  water resources development and the appropriate development 

of water resources can bes t  be  determined with information r e su l t i ng  

from e f f o r t s  under items 1 and 2 above. This framework should a l h  for 
a meaningful p r i o r i t y  s t r u c t u r e  that can lead t o  informatton development 

Certainly,  p ro jec ts  dealing with the  

germaine t o  the  needs of the State and the wes 9 ern United States. 

RESEARCH RESULTS 

The University of Wyoming, through the I n s t i t u t e  program, has a 

long t r a d i t i o n  of research i n  the area of t rou t  hab i t a t  evaluation. 



During FY82, Thomas A. Wesche conducted a study entitled, "Two 

Approaches for Estimation o E Manning's n in Mountain Streams". 
Manning's n is a key coefficient in analyzing the suitability of 
mountain streams as trout habitat. 

An analysis of roughn3ss coefficients for mountain streams in the 
Rocky Mountain Region was conducted to devise an empirical method for 
determination of Manning's n. 
One procedure utilizes a diagrammatic key approach based upon water 
surface slope and observable attempts to relate the time-of-travel 
velocity of a dye cloud through a stream reach to channel roughness. 
The conclusions drawn from the study indicate that: 

Two separate approaches were developed. 

a 

a 

a 

a 

The 

Good potential exists for the diagrammatic key approach to 
roughness coefficient estimates. 
While preliminary results using the time-of-travel approach 
were encouraging, verification studies failed to duplicate the 
original strong relationship. 
In steep, rough, tributary channels (especially at low flow), 
the use of tabled roughness coefficients and/or photographic 
comparisons can lead to erroneous estimation of Manning's n. 
Under field conditions n was generally found to increase as 
flow was reduced. However, several examples were found when 
the opposite occurred. Thus, any analysis which makes this 
assumption should also include a detailed inspection of the 
study channel to attempt to eliminate the possibility of such 
exceptions. 
The predictive equations developed for mountain streams can be 
used with a high degree of reliability to estimate parameters 
that would, under most circumstances, be time and equipment 
intensive. 
results of this research are particularly important to state 

and federal agencies charged with the management of fisheries resources. 
The cost savings using this reliable methodology are significant and 
results are being requested by many agencies for incorporation in their 
current models for instream flow evaluation. 
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INFORMAT ION DIS SEMIiUT ION 
Over the pas t  Fear, WWRC has developed a computerized Wyoming 

Water Bibliography c m t a i n h g  near ly  15,000 c i t a t i o n s  on previous and 

current  water research i n  the  State. 

database has been demonstrated t o  a l l  state and federa l  agencies having 

respons ib i l i ty  f o r  water resources. Seminars have been given a t  all of 

the  regional  community colleges f o r  in te res ted  water users.  

t o  t he  Water Research Bibliography, the Water Resources Data System 

(WRDS) has been updated and demonstrated f o r  use t o  state and f ede ra l  

agencies, as w e l l  as the p r iva t e  sector ,  

The use and a v a i l a b i l i t y  of t h i s  

In addition 

c 
WWRC has an impressive number of publications each year and f acu l ty  

working through the  Water Center have reported their r e s u l t s  i n  

professional  journa ls  and a t  conferences. 

a l so  disseminated through technology t ransfer  e f f o r t s  by organized 

workshops, seminars, etc. 

The r e s u l t s  of research are 

ADVISORY STRUCTURE 
The organizational s t ruc tu re  &d operational procedures of WWRC f o r  

a high degree of accountabi l i ty  and relevance t o  state and regional  

%(water research seems t o  be working w e l l .  In 1982, the WWRC was  
&. 
rest ructured t o  include a Research Advisory and P r i o r i t i e s  Committee 

appointed by the  Governor of the State of Wyoming with membership 

approved by the President of the University. 

designed t o  reflect the i n t e r e s t s  and inputs  of the  Executive Office, 

t he  l e g i s l a t i v e  branch of government, the academic community and the 

University administration (Table 1). 
times annually t o  discuss  Water Center activities, research needs as 
they may have been perceived t o  change, and t o  approve pro jec ts  

presented. 

The membership w a s  

The Committee meets at  least three  

P r io r  t o  presentation of p ro jec t s  t o  the Advisory Committee, a 

review process that includes relevant  state agencies i n  addi t ion t o  

s c i e n t i f i c  peer review has been completed. 

good science d i rec ted  toward i ssues  meaningful t o  water research needs 

This process has insured 

3 



Table -1.. WWRC - Research Review and P r i o r i t i e s  Cormittee 

Chairman: Executive Secretary: 

Dick Hartman Robert W. Brocksen, Director 
State Planning Coordinator 
2320 Capitol Avenue 
Cheyenne, Wyoming 82002 7 66-2143 
777-7574 

Wyoming Water Research Center 
Room 151, VA Building 

U.W. Appointees: 

Donald L. Veal, President 
Office of the  President 
Old Main, Room 206 
766-4121 

Robert A. Jenkins 
V i c e  President f o r  Research 
Old Main, Room 408 
7 66-53 53 

Dennis H. Knight 
Department of Botany 
Aven Nelson, Room 135 
7 66-3 2 91 

Donald J. Brosz 
Agricultural  Engineering 
Engineering Bldg., Room 260 
766-4396 

( A l l  University of warning, Laramie,  GFyoming 82071) 

Execu t ive Appo i n  tees : 

Governor Ed Herschler 
*.L 

7 7 7- 7 434 

Kenneth Kennedy 
Water Development Commission 
Circle Drive 
Wheatland, Wyoming 82201 ' 
322-9789 (off i ce )  
322-3100 (home) 

Paul Schwieger 
DEPAD 
Division of Water Development 
Barrett Building 
Cheyenne Wyoming 82002 
777-7284 

warren mite (al ternate)  
Governor' s Off i c e  
State Capitol Building 
Cheyenne, Wyoming 82002 

Legis la t ive Appointees: 

George R. Salisbury, Jr. Donald R. Cundall 
Representative, Carbon County Senator, Goshen-Platte County 
Savory, Wyoming 82331 Wendover Route 
3 83- 243 0 Guernsey, Wyoming 82214 

322-3311 
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i n  the State, 

and v i l l  input  t o  the  main Advisory Committee a broader set of 

persgectives on water r e l a t ed  issues .  

A c i t i z e n s  advisory committee is current ly  being formed 

AIMIN1 STRAT ION 
The FY82 period s a w  the formation of the  WWRC with two inter im 

ac t ing  d i r ec to r s  and the  i n s t a l l a t i o n  of a full-t ime director .  The 

t r a n s i t i o n  period has been d i f f i c u l t ,  but successful. The State of 

Wyoming committed $1.2 mil l ion t o  the  operation of t he  WWRC f o r  the 

period Ju ly  1, 1982 through June 30, 1984. These funds are f o r  

operat ional  purposes, as w e l l  as f o r  research support f o r  University 

f acu l ty  pa r t i c ipa t ing  with the Water Center. In  addi t ion t o  these 

a c t i v i t i e s ,  the Center has dedicated an amount of these monies f o r  

response t o  short-term State requests. 

In general ,  the W C  has demonstrated a v i a b i l i t y  t o  serve as a 
foca l  point i n  the State of Wyoming f o r  w a t e r  research and information 

dissemination. 

I n s t i t u t e  Program and the  needs of the S ta t e  of Wyoming. 

continually attempting t o  increase our awareness of state and regional 

*$nformation requirements and respond t o  them in a timely and meaningful 

W e  bel ieve w e  are meeting the object ives  of t he  Federal 

W e  are 

k.. 
manner . 

For the Water Center program t o  achieve maximum effect iveness ,  it 

must be addressing those w a t e r  problems most c r i t i ca l  t o  Wyoming. The 

following is a s T r y  of s t a f f  activities as w e l l  as f acu l ty  research 

pro jec ts  funded w i t h  state al locat ions.  L 

Director 's  Office 

The majority of the Director 's  time has been spent i n  confirming 

organizat ional  and operational charges of the Center. For purposes of 

this repor t ,  both the Director 's  o f f i c e  a c t i v i t i e s  and technical s t a f f  

a c t i v i t i e s  w i l l  be presented i n  abbreviated form, 
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.'.. 

0 Service t o  State Agencies 

- Continual l i a i s o n  with state agency o f f i c i a l s .  

- Basic technology t r ans fe r  t o  state agencies and Wyoming 
water users  and managers. 

- Serve as advisor t o  Wyoming Water Development Commission. 

- Continued attempts t o  in t eg ra t e  state and f ede ra l  research 
programs. 

- Attend Governor's Water Form. 

- Attend meetings regarding spec i f i c  research projects .  

0 University Service 

- Serve on University committees. 

- Continued e f f o r t  t o  apprise  facul ty  members of research 
needs and opportuni t ies  i n  water-related research. 

- Work with academic standards committee on Water Resources 
curriculum. 

- Serve on appropriate graduate student committees. 

- Serve on appropriate na t iona l  and in t e rna t iona l  technical  
review panels. 

0 Other Activities 

- Continued e f f o r t  t o  be cognizant of regional  and na t iona l  
water issues  and research opportunities. 

- Par t ic ipa t ion  i n  state water resource management symposium. 

- T r a n a e r  of research r e s u l t s  t o  appropriate users. 

6 



WWRC Staff 

0 Development of the Wyoming Water Bibliography 

A major State serv ice  project  undertaken by the Water Center 

technical  s t a f f  during the  past  year has been the development of 

the Wyoming Water Bibliography (m). 
Comprehensive, multidisciplinary,  computer-based bibliographic 

s torage and r e t r i e v a l  system regarding Wyoming's water resources 

ever developed. Currently operational, the  WWB contains 

approximately 11,000 c i t a t i o n s  which can be searched, f r e e  of 
charge, on a request basis.  The User's Manual f o r  the  system is 
now developed and being mailed t o  over 1,000 people i n  the  State 

involved with water issues ,  including l eg i s l a to r s ,  agency 

personnel, representatives of county and municipal governments, 

l i b r a r i e s ,  spec ia l  i n t e r e s t  groups and in te res ted  members of t he  

pr iva te  sector .  As previously mentioned, seminars w i l l  be given 

The WWB is the  most 

by Water Center s t a f f  statewide this coming spring t o  fami l ia r ize  

po ten t i a l  users  with the system. 

0 Water Resources Data System 
I The Water Resources Data System ( F S )  has provided water 
4.. 

re la ted  data  t o  Wyoming researchers for over a decade. 

system, through the years,  has developed i n t o  the most 

comprehensive s ingle  source of surface and ground water quantity 

and qua l i ty ,  snow quant i ty  and climatological data avai lable  f o r  

Wyoming. 

the va r i e ty  of its users. 

of e igh t  Wyoming state agencies have used WRDS i n  support of 

t h e i r  functions. In addition, the system has provided 

information t o  many federa l ,  county and municipal agencies and 

pr iva te  firms. 

The 

The broad appl icabi l i ty  of the  system is a t t e s t ed  t o  by 

Over the  past  18 months, s t a f f  members 

Since qua l i t y  answers t o  research questions depend upon 

accurate and comprehensive information, it is important t ha t  WRDS 
be kept current  i n  its data  and ana ly t i ca l  capabi l i t i es .  The 

7 



system has been supported i n  t o t a l  by the  State Engineer's Office 

during the  1983-1984 biennium. 

pas t  severa l  years  have l imited a c t i v i t i e s  on the  system's data  

and program correct ion and documentation, and data updating 

through major sources providing magnetic tape data. 

1985-86 biennium, the  Center will cos t  share with the  State 

Engineer's Office t o  enhance the  WRDS capabi l i t i es .  

enhancement pro jec t  w i l l  assure  that WRDS be maintained a t  a 

progressive level through the  sustained reinstatement of l imited 

manual data  entry and development activities. 

Resource cons t ra in ts  over the 

During t h e  

This 

a Other Service t o  the State 

Preparation of report  f o r  Prec ip i ta t ion  Enhancement i n  
Northeast Wyoming 

(Wyoming Water Development Commission) 

Evaluation of Impacts t o  Hog Park Area from Cheyenne's 
Stage 11 Water Development 

(Wyoming Game and Fish Department, 
U o S a  Forest  Service) 

Cri t ique of Water Resources Section of Peacekeeper EIS 
(Wyoming Governor * s Off ice)  

Critique of Hydrologic Report f o r  Federal Flood Insurance 
Program 

(Wyoming Office of Disaster Preparedness) 

Evaluation of U.S. Fish and Wildl i fe  Service's "Water f o r  
Energy" Program 

(Wyoming Governor' s Off i ce )  

Preparation of manuscript e n t i t l e d  "Stream Channel 
Modifications and Reclamation Structures  t o  Enhance Fish 
Habit at" 

(Wyoming Highway Department) 

Provided hydrologic data  reduction services for the Laramie 
River Basin Water Commissioner 

(State Engineer's Office) 

U 
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While the  above a c t i v i t i e s  are not a l l  inclusive,  they are 

indica t ive  of the var ied activit ies i n  which the technical  s t a f f  

have been involved i n  behalf of service t o  the  State. 

0 Par t ic ipa t ion  i n  Funded Research 

Center technica l  s t a f f  have assigned r e spons ib i l i t i e s  i n  the 

following research projects :  

- Channel Conveyance Loss Study 

- Upper Green River Evapotranspiration Study 

- Development of the Bighorn Basin Natural Resources 
Bibliography 

- Overthrust Indus t r i a l  Assocfation Project  

- Development and t e s t ing  of two methods f o r  determining 
channel roughness coef f ic ien t  i n  s teep,  rough channels 

- Winter t rou t  stream conditions and hab i t a t  u t i l i z a t i o n  by 
brook t rou t  i n  the Snowy Range 

- Evaluating the  use of ocular streamvhabitat assessment 
methods t o  pred ic t  t r o u t  biomass 

- Maintenance of the Snowy Range Observatory 

9 



a University Service 

Technical s t a f f  of the Center have been involved i n  numerous 

service a c t i v i t i e s  during t h e  past  18 months f o r  the  University 

i n  general  and i n  par t icu lar  f o r  those departments involved with 

water research, extension and education. These a c t i v i t i e s  are as 

diverse  as a s s i s t i ng  with the maintenance of the Water Center 

Library t o  organizing seminars by indus t r i a l  manufacturing 

representat ives  on water resources instrumentation. 

Faculty Research Ac t iv i t i e s  - Sta t e  Funds 

The 1982 Legislature appropriated $1,247,875 f o r  t he  1983-1984 

biennia l  funding of the  Wyoming Water Research Center. Of t h i s  

amount, $650,000 was al located t o  grants-in-aid for research per t inent  

t o  Wyoming's water research needs. 

these needs, and 10 of the 20 projects  funded were i n  d i r ec t  response 

t o  state agency requests t o  address spec i f i c  issues. 

approved and funded pro jec ts  follows. 

Projects  funded are relevant t o  

A l i s t i n g  of 

0 Funded Research Projects  

- Flaming Gorge Watershed Project:  Analyses with exis t ing  
data. (Zoology Dept., Parker and Hubert) 

- Evaluation of f ac to r s  and models per t inent  t o  estimating 
na tura l  losses  of water i n  Wyoming streams. 
Engineering Dept., Hasfurther) 

(Civil 

- Evaluation of evaporation/transpiration losses  i n  the  Green 
River. 
Bor re l l i  ) 

{Agricultural Engineering Dep t . , Burman, Pochop , 

- Development of a Wyoming Water Bibliography. (Wyoming 
Water Research Center, Wesche) 
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- Underground water resources: Thermopolis Hot Springs. 
(Geology Dept., Huntoon) 

- Operation of the  Snowy Range Observatory. (Wyoming Water 
Research Center, Wesche) 

- U s e  of furrow compaction t o  improve i r r i g a t i o n  e f f i c i enc j  
and i r r i g a t i o n  re turn  flow qual i ty .  
Engineering Dept., Smith) 

(Agricultural  

- Use of satell i te imagery t o  determine regional 
re la t ionships  between snowcover and annual runoff i n  
Wyoming. (Geology Dept . , Marrs) 

- Alternat ive management and policy s t r a t e g i e s  f o r  center 
pivot  i r r iga t ion .  (Agricultural  Economics Dept., Jacobs) 

- Winter stream hab i t a t  conditions i n  the Snowy Range of the 
Medicine Bow Mountains. 
Wildl i fe  Unit, Hubert and Wesche) 

(Wyoming Cooperative Fish & 

- Geothermal po ten t i a l  i n  lQoming. (Geology Dept., Heasler) 

- Available information on hazardous waste production, 
(Zoology Dept., t ransport ,  and disposal  i n  Wyoming. 

Bergman) 

- Acid deposit ion i n  Wyoming. (Wyoming Water Research 
Center, Brocksen) 
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RESEARCH ACTIVITIES DURING FISCAL YEAR 1982 

1982 Annual Cooperative Program 
14-34-0001-2154 

A. O W  Annual Allotment Program 

Reports of individual investigators for the Wyoming Water Research 
Center's Annual Cooperative Program are given on the following pages. 
Projects included are: 

Information Dissemination: 

Land and Water Law Review: Volume XVII 

A-030-WYO : 

Investigations into Predictive Techniques for Estimating Hydrograph 
Characteristics for Ungaged Mountain Streams 

A-034-WYO : 

Fault Severing of Aquifers and Other Geologically Controlled 
Permeability Contrasts in the Basin-Mountain Interface, and the 
Implications for Ground Water Recharge to and Development from the 
Major Artesian Basins of Wyoming 

Tree Water Relations of Engelmann Spruce and Subalpine Fir in 
Wyoming 

A-036-WYO : 

Development of In-Storm Rainfall Distribution for the State of 
Wyoming 

A-03 7-WO : 

Heavy Element Release to Groundwater at In-Situ Uranium Solution 
Mining Sites/Phase I 

Design and Evaluation of a New Class of Water Flow Tracing 
Compounds 

12 
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A-03 9-WYO : 

Projected Demands and Supplies of Water Under Alternative Energy 
and Agricultural Development Scenarios in  the Green River Drainage 
of Wyoming: An Economic Analysis 

13 



Form OM-I 
(Rev. lOl80) 

PROJECT BEGAN 0- 

MONTH: October ; YEAR: 1981 

ANNUAL REPORT -0 ANNUAL COOPERATIVE PROGRAM OR MATCHING FUND PROGRAF: PROJECT 

TO BE COHPLETED -- 
MONTH: ._Sentember ; YEAR: 1981 

PROJECT T1"LE: - 
A-030-WYO 

INVESTIGATIONS INTO PREDICTIVE TECHNIQUES OWRT PROJECT NO, 
FOR ESTIW-TING HYDROGRAPH CHARACTERISTICS I FOR UNGAGED MOUNTAIN STREAMS AGREEMENT NO. 7 4-34-0001 - 2154 

FCCSET RESEARCH CATEGORY: 11-E 

- 

NAME AND LOCATION OF UNIVERSITY WHERE PROJECT IS BEING CARRIED OUT: 

University of Wyoming 
Laramie, Wyoming 82071 

PRINCIPAL INVESTIGATORS DEGREE DISCIPLINE 

Wesche, Thomas A. M.S. Water Resources 

Other Professional Investigators 

Hasfurther, Victor R. Ph .D. Civil Engineering 
1 H i U  William Civil E ineerin 

STUDENT  ASSISTANT^^ DEGREE HELD ( I F  ANY) ACADEMIC BACKGROUND 
DISCIPLINE OR 

1' LIST ONLY THOSE STUDENTS SERVING AS RESEARCH ASSISTANTS IN A PROFESSIONAL SENSE, DO 
NOT INCLUDE HOURLY WAGE EARNERS SUCH AS LAB DISHASHERS HERE BUT INCLUDE THEM IN FORMS 

GATORS. 
OW-2, 3, AND 5,  INCLUDE POST-DOCTURN STUDENTS I F  NOT SERVING AS PROFESSIONAL INVESTI- 

NARRATIVE STATEMENTS 
(REFER TO THE ATTACHMENT TO T H I S  FORM OW-1) 
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NARRATIVE STATEMENT 

A-030-WYO 

Invest igat ions i n t o  Predict ive Techniques f o r  
Estimating Hydrograph Characteristics f o r  

Ungaged Mount a i n  Streams 

A. Research Project  Accomplishments 

An analys is  of roughness coef f ic ien ts  f o r  mountain streams i n  the  

Rocky Mountain Region w a s  conducted t o  devise an empirical method f o r  

determination of Manning's n. Two approaches were developed. One 

procedure u t i l i z e s  a diagrammatic key approach based upon water surface 

s lope and observable channel cha rac t e r i s t i c s ,  while the  other attempts 

t o  relate the  time-of-travel velocity of a dye cloud through a stream 

reach t o  channel roughness, The conclusions drawn indica te  t h a t  good 
po ten t i a l  exists f o r  t he  use of t he  diagrammatic key approach, 

s ign i f i can t  conclusion of the  study is t h a t  t he  estimation of n for 
steep,  rough, t r i b u t a r i e s  a t  low flow by means of published tab les  

and/or photographic comparisons can lead t o  erroneous r e s u l t s .  

A second 

B. Application of Research Results 

The determination of roughness coef f ic ien ts  f o r  pa r t i cu la r  stream 

reaches can be an  extremely d i f f i c u l t  task, especial ly  i n  s teep,  rough 

channels. 

i n  the  se l ec t ion  of proper coe f f i c i en t s  by river engineers/hydrologists 

i n  the  determination of streamflows and the development of proper 

channel designs. 

instream flow ana lys is  and h a b i t a t  improvement/modification w i l l  f i nd  

the  approach useful .  

benef i t  t o  stream s c i e n t i s t s  from state, f ede ra l  and l o c a l  agencies 

dealing with water as w e l l  as engineering and environmental consulting 

firms from the  p r iva t e  sector .  

The methodology developed during t h i s  pro jec t  w i l l  be applied 

Also, hab i t a t  biologists working i n  the areas of 

Thus, t he  r e s u l t s  of t h i s  pro jec t  w i l l  be of 
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A-03 0-WYO 

C . Publications 

Wesche, T . A . ,  W.T. H i l l ,  Jr., and V.R. Hasfurther. 1983. Two 
Approaches f o r  Estimation of Manning’s n i n  Mountain Streams. 
Research Project  Technical Completion Report (A-030-WYO, 
Agreement No. 14-34-0001-2154), prepared f o r  U.S. Dept. of 
I n t e r i o r ,  September. 42 p. 

It is a l s o  an t ic ipa ted  t h a t  i n  the  near fu tu re  t h i s  repor t  
w i l l  be  disseminated as a WWRC Series Publication f o r  
statewide and regional d i s t r ibu t ion  and as a contr ibut ion t o  a 
major water research journal  f o r  na t iona l  exposure. 

D. Project  Status  

Completed and completion repor t  submitted. 
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GEQLOGI CALLY CONTROLLED PERMEABILITY 

AGREEMENT NO 14-34-OOOl- 2154 I CONTRASTS IN THE BASIN-MOUNTAIN INTERFACE, 

FCCSET RESEARCH CATEGORY : 11-A 
AND THE IMPLICATIONS FOR GROUND WATER 
RECHARGE TO AND DEVELOPMENT FROM THE MAJOR 

1 ARTESIAN BASINS OF WYOMING 
- 

NAME AND LOCATION OF UNIVERSITY WHERE PROJECT IS BEING CARRIED OUT: 
Department of Geology and Geophysics 
University of Wyoming 
Laramie, Wyoming 82071 

PROJECT BEGAN -0 

M0M.H : March ; YEAR: 1982 

TO BE COMPLETED -- 
MONTH: June ; YEAR: 1983 

PRINCIPAL INVESTIGATORS 

Peter W. Huntoon 

DEGREE D I S C I P L I N E  

Ph.D. Hydro logy 

STUDENT  ASSISTANT^ 
Dale Doremus 
John R. Copeland 
Julia Dudley 

DEGREE HELD (IF ANY) 

B.S. (Working on M.S.) 
B.S. (Working on M.S.) 
B.S. (Working on M.S.) 

DISCIPLINE OR 
ACADEMIC BACKGROUND 

Geology 
Geology 
Geology 
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NARRATIVE STATEMENTS 
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NARRATIVE STATEMENT 

A-034-WYO 

Faul t  Severing of Aquifers and Other Geologically Controlled 

Implicritions f o r  Ground Water Recharge t o  and Development 
Permeability Contrasts i n  the  Basin-Mountain In te r face ,  and the 

from the Major Artesian Basins of Wyoming 

A. Research Project  Accomplishments 

The recharge areas f o r  the major Paleozoic aqui fe rs  i n  the ‘c1Jjtoming 

foreland basins f a l l  i n t o  th ree  broad classes ranked from least t o  most 

e f f i c i e n t  i n  hydraulic interconnection with the  aquifers  i n  the  basins:  

(1) f a u l t  severed, (2) continuous homoclines, and (3) obliquely faul ted.  

The f a u l t  severed and continuous homoclines classes each encompass 

s l i g h t l y  less than half  t he  basin perimeters thus making these types 

very common. Recharge t o  the deep basins is precluded the f a u l t  severed 

boundaries. 

w a l l  blocks mountainward from the bas in  perimeter. 

water which en te r s  the  recharge areas along the  homoclinalmargins is 

I re jec ted  from t he  aquifer  before enter ing the  deep pa r t s  of the  basin.  
This r e s u l t s  because the diagenet ic  processes of r ec rys t a l l i za t ion ,  

cementation, and compaction have operated t o  reduce o r  destroy 

permeability basinward from the recharge areas s ince  the  recharge areas 

became d i f f e ren t i a t ed  from the  basin proper. I n  both the  f a u l t  severed 

and homoclinal margin cases, recharge along the basixvperimeters is 

precluded o r  diminished over permeabi l i t ies  determined f o r  the aqui fe rs  

from the  recharge areas. The consequences of t h i s  f inding are twofold: 

(1) development of ground water from the Paleozoic rocks i n  the i n t e r i o r  
pa r t s  of t he  extensive Wyoming a r t e s i a n  basins  is l a rge ly  unfavorable, 

and (2) developers are forced t o  l i m i t  t h e i r  search f o r  the bes t  

prospects t o  the  recharge zones along the perimeters of the  basins.  

immediate r e s u l t  is: (1) the t a rge t  d r i l l i n g  areas are dramatically 

reduced t o  a small percentage of the basin surfaces ,  and (2) development 

i n  the  recharge areas i n t e r f e r e s  with ex is t ing  surface water r igh t s .  

Consequently independent c i rcu la t ion  develop i n  the  hanging 

Most of the recharge 

The 
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B. Apilication of Research Results 

The r e s u l t s  of t h i s  research are usable d i r e c t l y  i n  basin 

development and management s t r a t e g i e s  by every Wyoming state agency 

involved i n  water including: 

1. Wyoming State Engineer’s Office, 

2. Wyoming Water Development Cammission, 

3. Wyoming Department of Environmental Quality 

A. Wyoming Department of Economic Planning and Development, and 

5. 
Ground water consultants concerned with development of water from 

Wyoming Governor ’ s Off i c e  . 
the  Paleozoic aquifers  i n  the  Woming foreland province are anxiously 

awaiting the  r e s u l t s  of t h i s  study. 

Wyoming municipal i t ies  -are i n  urgent need of t h i s  type of 

information i n  order t o  ge t  the jump on indus t r i a l  competitors f o r  the 

l imited ground water prospects available.  

C. Publications 

* Huntoon, P. 1983. Fault  severed aqui fe rs  along the perimeters of 
Wyoming a r t e s i a n  basins: Ground Water, i n  review. 

Huntoon, P. 1983. Rejection of recharge w a t e r  from the  Madison 
aquifer  along the  eas te rn  perimeter of the Bighorn a r t e s i an  
basin, Wyoming: Ground Water, i n  r e v i e w .  

Huntoon, P. 1983. Gradient controlled caves, Trapper-Medicine 
Lodge area, Bighorn Basin, Wyoming: Ground Water, i n  review. 

Huntoon, P. 1983. Fault  Severing of Aquifers and Other 
Geologically Controlled Permeability Contrasts i n  the 
Basin-Mountain Interface,  and the  Implications for Ground 
Water Recharge to  and Development from the Major Artesian 
Basins of Wyoming. Research Project  Technical Completion 
Report (A-034-WY0, Agreement No. 14-34-0001-2154), prepared 
f o r  U . S .  Dept. of In t e r io r ,  June. 64 p. 
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D .  Project Status 

The project has been completed. 

Work Remaining 

None. 

E. 

20 



F o ~  Otl-1 
(Rev. 10/80) 

ANNUAL REPORT 0.. ANNUAL COOPERATTVE PROGRAM OR MATCHING FUND PRO6RAM PROJECT 

PROJECT TITLE: 
TREE WATER RELATIONS 
AND SUBALPINE F I R  IN 

OF ENGELMA" SPRUCE 
WYOMING 

OWRT PROJECT NO. A-035-WYo 

AGREEMENT NO. 14-34-0001- 2154 

FCCStr RESEARCH CATEGORY: 11-11 

NAME AND LOCATION OF UNIVERSITY WHERE PROJECT IS BEING CARRIED OUT: 

Department of Botany 
University of Wyoming 
Laramie, WY 

TO BE COMPLETED 0- 

MONTH: September; YEAR: 1983 
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William K. Smith 

Ph.D. 

Ph.D. 

Botany 

Botany 

DISCIPLINE OR 
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Greg Carter M.S. Botany ' 

Botany Julian Hadley M.S. 
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NARRATIVE STATEMENT 

A-035-WYO 

Tree Water Relations of Englemann Spruce 
And Subalpine Fir i n  Wyoming 

A. Research Project  Accomplishments 

Leaf conductances (g ) t o  water vapor loss were determined from w v  
late May through midoAugust f o r  Picea engelmannii, Abies las iocarpa,  and 

Pinus contor ta  a t  2,860 m, and f o r  Picea engelmami and Abies lasiocarpa 

a t  3,200 m i n  the Medicine Bow Mountains of ‘FJyoming. 

conditions pers i s ted  throughout the summer. 

temperatures i n  la te  spring and ear ly  summer limited maximum g 

spruce and f i r  a t  3,200 m t o  0.4 and 0.1 mm so’, respectively.  

Following onset of cons is ten t ly  non-freezing nights ,  maxhum da i ly  gw 

i n  a l l  species a t  both elevat ions general ly  increased over the summer, 

but low s o i l  temperatures a t  the  higher e levat ion s i te  appear t o  be a 

primary f ac to r  l imi t ing  maximum h. 
generally g rea t e r  than f i r  g 

spruce o r  f i r  from mid-to-late summer. 

Moist s o i l  

Near- or  below-freezing a i r  

in wv 

Dfurnally, spruce gwv w a s  

and pine g-was higher than i n  e i t h e r  wv’ 
These r e s u l t s  will be usefu l  i n  

‘developing a computer simulation model f o r  water flow through the  
-.. 
subalpine spruce-f ir f o r e s t s  of woming . 
B. Application of Research Results 

This research is of i n t e r e s t  t o  watershed managers with the  U.S. 
Forest  Service i n  the Rocky Mountain region. 

information is now avai lab le  f o r  lodgepole pine, these latest r e s u l t s  

pe r t a in  t o  the  spruce-fir  f o r e s t ,  which covers an extensive area i n  the  

Though considerable 

region and which is less w e l l  known hydrologically. 

contr ibute  toward a database which w i l l  be used i n  developing computer 

simulation models f o r  water y ie ld  from subalpine fo re s t s .  

The r e s u l t s  
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C. Publications 

The f i n a l  report  w a s  wr i t ten  i n  a form t h a t  could be submitted 

d i r e c t l y  t o  the  journa l  Ecology. 

is now being reviewed. 

This has been done, and the manuscript 

Carter, G.A., J.L. Hadley, W.K. Smith and D.H. Knight. 1983. 
Summer Water Relations of Abies las iocarpa,  Picea engelmanni, 
and Pinus contorta a t  Higher and Lower Elevation S i t e s  i n  
Southeastern Wyoming. 
Report (A-035-WYO, Agreement No. 14-34-0001-2154) , prepared 
for U.S. Dept. of In t e r io r ,  December. 24 p. 

Research Project  Technical Completion 

D. Projec t  Status  
This one-year pro jec t  has been completed, and the  F i n a l  Report 
has been submitted. 

E . Work. Remaining 
None 

I i 
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NARRATIVE STATEMENT 

A-03 6-WYO 

Development of In-Storm Rainfall 
Distr ibut ion f o r  the  S t a t e  of Wyoming 

A. Research Project  Accomplishments 

Parametric flood predict ion on ungaged basins i n  Wyoming requires  

the  use of temporal storm pa t te rns  tha t  r e a l i s t i c a l l y  represent 

ant ic ipated l o c a l  r a i n f a l l  events. 

construction current ly  i n  use  are very general  i n  appl icat ion,  t h i s  

requirement is not m e t .  Therefore, a design storm methodology based on 
analysis  of time d i s t r i b u t i o n  charac te r i s t ics  of 603 observed storms i n  
Wyoming w a s  developed. 

developed uses not one, but  severa l  mass r a i n f a l l  curves, allowing 

f l e x i b i l i t y  of u s e  and maximization of runoff from a given storm volume. 

Because methods of hyetograph 

The "WYO" method of storm design t h a t  w a s  

Comparisons were made between the  ''WYO'' method and design storms 

recommended by the U . S .  Soi l  Conservation Service and U . S .  Bureau of 

Reclamation using HEC-1, HYMO, HYDRO (Triangular Hydrograph), and USGS 

Distributed Routing rainfall-runoff models. 

Conclusions 

1 The time d i s t r i b u t i o n  of both thunderstorms and general  storms 

is  not dependent upon the  drainage basin i n  which the storms 

occur 

2, The most outstanding characteristic of the storms analyzed is 

t h e i r  individual  d ivers i ty ,  No re la t ionship  exists between 

time d i s t r i b u t i o n  charac te r i s t ics  and duration of general  

storms o r  thunderstorms. However, a difference i n  the  time 

d i s t r i b u t i o n  of thunderstorm r a i n f a l l ,  compared t o  general  

storm rainfall, exists. 

One set of thunderstorm design curves and one set of general  

storm design curves can be used t o  create design hyetographs 

f o r  t h e  e n t i r e  State of Wyoming. 

3. 
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4 .  

5 .  

6. 

7. 

The I'WYO'' design storm methodology should not be used t o  design 

f o r  "probable maximm" type events because the  most i n t ense  

r a i n f a l l  values have been neglected by the  d e f i n i t i o n  of t en  

percent and 90 percent l i m i t  cumes. 

Simulation of runoff peak and volume using WYO design curves is 

s e n s i t i v e  t o  storm duration and choice of model. 

WYO cumes  typ ica l ly  pred ic t  g rea t e r  runoff peaks than S o i l  

Conservation Service or  Bureau of Reclamation syn the t i c  

hyetographs f o r  sho r t  duration events, and less runoff f o r  long 

dura t ion  events, according t o  HEC-1, HYMO, and HYDRO model 

r e s u l t s  . 
WYO Curves cons is ten t ly  produce less runoff than S o i l  Conserva- 

t i o n  Service o r  Bureau of Reclamation syn the t i c  hyetographs 

when the  USGS Distributed Routing model is used. 

B. Application of Research Results 

The Wyoming Highway Department has adopted the  methodology 

developed i n  t h i s  research and has incorporated it i n t o  some of t h e i r  

rainfall-runoff models. 

runoff estimates f o r  s i z i n g  cu lver t s ,  e t c .  

The savings w i l l  r e s u l t  i n  b e t t e r  design storm 

C.  Publications 

T y r r e l l ,  Pa t r i ck ,  T. 1983. Design Ra in fa l l  Patterns f o r  t he  State 
of Wyoming. 
Division Spec ia l ty  Conference on Advances i n  I r r i g a t i o n  and 
Drainage: 

Proceedings of t h e  ASCE I r r i g a t i o n  and Drainage 

Surviving External Pressures, Jackson, Wyoming, Ju ly  
20-22. pp. 494-502. 

Hasfurther, Victor R. and Pa t r i ck  T. Tyr re l l .  1984. Wyoming Storm 
Hyetograph Properties.  
t a t i o n  Research Board Journal, 1984. Paper presented a t  63rd 
Annual Meeting of TRB, January 16-20, 1984, Washington, D.C. 

Accepted for publ ica t ion  in: Transpor- 
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Hasfurther ,  Vic tor  R. and P a t r i c k  T. Tyre l l .  1983. Design Rainfall 
Di s t r ibu t ions  f o r  t h e  S t a t e  of Wyoming. 
Technical Completion Report (A-036-WYO, Agreement No. 
14-34-0001-2154), prepared f o r  U.S. Dept. of I n t e r i o r ,  August. 
41 p. 

Research P ro jec t  

D. P r o j e c t  Status 
P r o j e c t  i s  completed.  

27 



F o ~  OW-I 
(Rev. 10/80) 

OWRT PROJECT NO. A-037-WYO 

AGREEMENT NO. 14-34-0001- 2154 

ANNUAL REPORT -0 ANNUAL COOPERATIVE PROGRAM OR MATCHING FUN0 PROGRAK PROJECT 

PROJECT TITLE: 
HEAVY ELEMENT RELEASE TO GROUNDWATER AT 
IN-SITU URANIUM SOLUTION MINING SITES, 
PHASE I 

~~ ~ ~ 

PROJECT BEGAN -- 
MONTH: a i l  ; YEAR: 1982 

FCCSET RESEARCH CATEGORY: V-B 

~~~ - _ _  - -~ 

TO BE COKPLETED -0 

MONTH : August YEAR: 1983 

NAME AND LOCATION OF UNIVERSITY WHERE PROJECT IS BEING CARRIED CUT: 

Unive r s i ty  of Wyoming 
Laramie, Wyoming 82071 

PRINCIPAL INVESTIGATORS DEGREE DISCIPLINE 

Michael J. Humenick 

CO-INVESTIGATORS 
~~ ~ 

James I. Drever 

Ph.D. 

Ph.D. 

Environmental 

Geology 

Engineering 

STUDENT ASSISTANT~L/ 

William Dam 

DEGREE HELD ( IF  ANY) 

B . S .  

- DISCIPLINE OR 
ACADEMIC BACKGROUND 

Geology 

1’ LIST ONLY THOSE STUDENTS SERVING AS RESEARCH ASSISTANTS IN A PROFESSIONAL SENSE. DO 
NOT INCLUDE HOURLY WAGE EARNERS SUCH AS LAB DISWASHERS HERE BUT INCLUDE THEM IN mRMs 
OM-2, 3, AND 5. INCLUDE POST-DOCTURAL STUDENTS IF NOT SERVING AS PROFESSIONAL INVESTI- 
GATORS. 

NARRATIVE STATEMENTS 
(REFER TO THE ATTACHMENT T O  THIS FORM OW-1) 

28 



NARRATIVE STATEMENT 

A-037-WYO 

Heavy Element Release to Groundwater at In-situ 
Uranium Solution Mining Sites/Phase I 

A. Research Project Accomplishments 

This laboratory experimental research project evaluated the 
mechanism and kinetics of release of heavy elements to groundwater from 
sandstone ores which have been mined by an in-situ leach process and 

subsequently subjected to groundwater flow through mined area. Ores 
from Wyoming and Texas were examined during the work, and heavy elements 
of interest were uranium, molybdenum, vanadium, arsenic and selenium. 

The mechanism of release was found to be controlled by diffusion. 
The kinetics of release were modeled by an overall mass transfer 
relationship. Under conditions of the experiments, the heavy elements 
were calculated to be anionic in nature. 
processed to provide required information to simulate field conditions 
when evaluating heavy element migration at uranium solution mining 

sites. 

Data were obtained and 

The experimental procedures utilized a recirculating batch system 
for the leach and groundwater flow steps. 
thought to be innovative and most useful in achieving the desired 
results. 

The experimental equipment is 

B. Application of Research Results 

The results of this research will be used to develop simulation 
models of groundwater transport of heavy elements. 
starting as part of Phase 11 of the work. 
very useful in setting criteria for the restoration and eventual closing 

of the solution mining sites. 

This work is just 
The modeling effort will be 
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C. Publications 

W e  are in t h e  process of developing a paper for publication in 
t h e  refereed l i t e r a t u r e .  

Hmenick, M. J., W.L. Dam, J.I. Drever. 1983. Heavy Element 
Release t o  Groundwater a t  In-Situ Uranium Mining S i t e s :  
I. 
Agreement No. 14-34-0001-2154), prepared for Dept. of 
I n t e r i o r ,  August. 7 1  p. 

Phase 
Research Project Technical Completion Report (A-037-WYO, 

D. Project  Status  

This work is continuing as Phase 11 i n  which we are developing 

a simulation model as indicated i n  (B), above. 

submitted for Phase I. 

A f i n a l  repor t  is 

E. Work Remaining 

Work on Phase I is completed. 
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NARRATIVE STATEMENT 

A-O3&WYO 

Design and Evaluation of a New Class 
of Water Flow Tracing Compounds 

A. Research Proi ect Accomlishments 

Six new compounds fo r  use as w a t e r  tracers w e r e  synthesized by 

alkylation of the sodium salts of 3-phenyl-2-pyridone and 3-carbomoyl- 

2-pyridone with B r  (CH2)xS03-Na+, where x = 2, 3, and 4 .  

substituted-2-oxo-l-pyridyl)-alkylsulfonates are chemically s tab le  and 
resist adsorption i n  the environment. 
separated by ion-impairing reversed phase high performance l iquid 

chromatographic (HPLC) techniques, with fluorescence detection. These 

properties make the compounds uniquely suited fo r  si te-specific water 

These 4 3 -  

The compounds are designed to  be 

tracers. 

B. Application of Research Results 

Same of the  compounds developed from this research have been used 

by Dr. Glenn Thompson at  the  Department of Hydrology, University of 
Arizona. Dr.  Thompson is a consulting hydrologist, and a recognized 

expert in the  use of water tracers. Although preliminary tests w e r e  

inconclusive, they indicated the  problems t h a t  needed t o  be solved, and 
led t o  the design of the  pyridone sulfonates. H e  feels that these 

compounds do have unique potent ia l  as tracers, and has agreed to  test 

others as they become available i n  quantity. 

In te res t  in these compounds has also been expressed by a group at 
the  Water Systems Development Branch, TVA, Norris, Tennessee, and by a 
research group a t  MIT. 

The benefi ts  or-savings that would r e su l t  from the ef fec t ive  

application of these compounds as water tracers relate t o  a) t he i r  
s ens i t i v i ty  of detection, b) t h e  lower cost of the detection. system, and 

c )  the simplicity of the  detection mthod. 
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Even though the compounds are more expensive per un i t  than some 

currently used tracers, the leve ls  of detection are so low t ha t  the cost 
is more than compensated for .  Technology is currently available t o  
detect  these compounds a t  leve ls  100 t o  1000 tfmes lower than those 

reported, 

f luorscence. 

These methods would involve microbore HPLC and laser-induced 

The levels  of detection report  here can be achieved with 

camaercially avai lable  equipment costing less than $10,000. 

competitive technology would be a gas chromatograph coupled with a mass 

spectrometer (GC-MS). 
$250,000 . 

The only 

These systems cost  fram $100,000 t o  over 

The HPLC instrumentation used i n  the methods developed in t h i s  

research is re la t ive ly  simple t o  operate. 

operated by individuals with expertise i n  other areas, and by general. 
Dedicated HPLC systems can be 

technicians. 

microbore systems are used. 

maintenance is expensive, 

Their maintenance costs are low, part icular ly  if modern 

GC-MS requires expert operators and 

These compounds are uniquely suited f o r  remote monitoring, and for  
multiple-site labeling. In  t h i s  latter regard, they of fe r  benefits  i n  

tha t  no other group of s t ruc tura l ly  re la ted compounds exists tha t  can be 

determined by the same method i n  the same sample i n  one run. 

would r e su l t  in signif icant  savings i n  analysis time f o r  anyone using 

w a t e r  tracers . 
This f a c t  

C, Publications 

A paper reporting these r e s u l t s  has been submitted for presentation 

at the 1984 Pittsburgh Conference on Analytical ChePaistrp and Applied 

Spectroscopy. A copy of the  abs t rac t  fg attached, 
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A-038-WYO 

Nelson, D.A. and D.M. Lenz. 1983. Synthesis and High Performance 
Liquid Chromatography of ~ - ( 3 - S u b s t i t u t e d - 2 - ~ 0 4 - P ~ r i d y l ) -  
Alkylsulfonates for U s e  as Water Tracing Compounds. Research 
Project Technical Completion Report (A-038-WYO, Agreement No. 
14-34-0001-2154) prepared f o r  U.S. Dept. of In te r ior ,  
September. 2 1  p. 

D. Project  Status 

OWRT funding f o r  t h i s  project ended September 30, 1983, and a 

completion report  has been submitted. 

E. Work Remaining 

Research re la ted  to  t h i s  project will be continued as p a r t  of 
Additional compounds w i l l  be synthesized, and labora- a Ph.Dl program. 

tory tests re la ted  t o  properties as w a t e r  tracers w i l l  be conducted. 

Continued funding f o r  t h i s  research w i l l  be sought. 

. /  . -  
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Hew. Highly Fluorescent Water Tracing Compounds Designed for 
HPX Analysis 

Doualas M, Le.u and David A. Nelson, Dept. of Chemistry,. 
University of Wyoming, Laramie, WY 82071. 
(307 1766-3 13 4 

Categories 46, 2 4 a ,  20 

Please consider this contributed paper for ora l  presentation. 

We declare that this paper, and all material therein, has not been 
and s h a l l  not be published or presented before the 1984 Pittsburgh 
Conference week. 

\ DoGglas AJA - David A. Nelson 
4 L+ 
M. Lenz 

Date I \  Y L - 4  1 re3 

The objective of this research was to design a series of 
compounds suitable for water tracing that could be separated and 
detected using modern HPLC methods. 
could be differentiated in the same sample, and thus serve as 
site-specific markers. 

shown below, which are 1,3-disubstituted-2-pyridones. 
involved the alkylation of the pyridone sodium salts with the 
corresponding bromoalkyl sulfonates. 
fluorescent, with quantum yields of fluorescence ranging from 0 -3 
to over 0.9. Absorption maxima are at 325 nm ( 8 = 9 0 0 0 )  for series 
X, and 315 m ( ~ 6 0 0 0 )  for series 11. 
NP f o r  both series. 

In this way a set of tracers 

To this end we have synthesized the two series of compounds 
Synthesis 

These compounds are highly 

Emission maxima are near 390 
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Series I R = CONH2, X = 2 , 3 8 4  

Series I1 R =C6H5 8 x = 2,384 

Both series of compounds have desirable properties as water 
tracers. They are photochemically stable and resistant to 
adsor tion. Their fluorescence intensity is essentially constant 
over t he pH range 2-12, The fluorescence is not quenched by 
chloride, or a variety of heavy metal ions, Series I1 is 
chemically v e r y  s t a b l e ,  and can w i t h s t a n d  a variety of aggressive 
conditions, b o m  oxidacive and reduct ive .  Series I compounds can 
undergo hydrolysis to the acid (R=COOH), but this form can be 
detected with equal sensitivity. The series R=COOH is extremely 
stable, chemically. 

Separation of series I compounds was achieved using a C-18 
column and a mobile phase of 85% 0 .05  M tetrabutyl ammonium 
phosphate (Waters Associates PIC-A ion pairing reagent) and 15% 
acetonitrile. S e r i e s  II compounds were separated with 90% PIC A 
and 10% acetonitrile. Detection of the compounds was accomplished 
using a Schoeffgl FS 9 7 0  L.C. Fluorometer modified to use a zinc 
resonance lamp as light source ,  With this system we can detect a 
10 p 1  sample of a 5 x M solution of series I compounds. This 
is equivalent to 5 x moles, or about grams (1 picogram) 
of compound Ia. Various preconcentration techniques could be used 
to increase the sensitivity to significantly lower levels. 

Limited field tests have been carried out with derivatives of 
Series I which indicate that the compounds are resistant to 
biodegradation. The compounds have shown persistence of several 
months in a test well. 

Our initial research with these compounds leads to the 
conclusion that they could be very useful to measure pollution 
transport. Various locations at pollution sites or burial dumps 
could be marked with a series of the test compounds. Since the 
synthesis is a general one, additional members of any series could 
be obtained. The compounds are new, and thus would be exotic in 
any particular environment. Any potential interferences should be 
minimized by the HPLC separation. 
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NARRATIVE STATEMENT 

A-03 9-WYO 

I 

Projected Demands and Supplies of Water Under 
Al te rna t ive  Energy and Agricultural  Development 

Scenarios i n  the  Green River Drainage of Wyoming 

A. Research P ro jec t  Accomplishments 

The r e s u l t s  of a l i n e a r  program model suggest t h a t  i f  w a t e r  is 

e a s i l y  t r ans fe rab le ,  development of energy resources along with t h e i r  

municipal impacts  could be accomplished with l imi ted  public investment, 

loss  i n  n e t  farm income, or increases  i n  s a l i n i t y  i n  t h e  Green River 

Basin of Wyoming. 

River water. If,  however, water is  not f r e e l y  t r ans fe rab le  and 

a g r i c u l t u r a l  r e tu rns  increase  by 25 percent, t he  ne t  cost  t o  t he  s ta te  

is estimated t o  be a minimum of $1.5 mi l l ion  i n  s a l i n i t y  damages. 

S a l i n i t y  concentration is  a major cons t r a in t  t o  development i n  the  Upper 

Colorado River Basin. If  a g r i c u l t u r a l  growth is t o  take place, given 

the  EPA ru l ing  i n  1974 s a l i n i t y  l e v e l s ,  public investment must take  

place and some trade-off of water between energy and a g r i c u l t u r e  must be 

incorporated. Without publ ic  investment and water t r a n s f e r  t o  energy, 

t h e  implications could be of a l a r g e r  magnitude because of reduced 

development of energy resources. As increases i n  the  sal t  concentration 

occur downstream, the  imposition of an add i t iona l  cos t  borne by Wyoming 

decreases the  opportunity t o  increase  p ro f i t s .  

Wyoming w i l l  not "use" up its entit lement t o  Colorado 

B. Application of Research Results 

The Wyoming Water Development Commission has indicated (summer 

1982) having a copy of the  f i n a l  r epor t  t o  use i n  its study of t he  Green 

River Basin. The consulting f i rm  of ARIX has a l s o  indicated an 

i n t e r e s  t . 
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A- 03 9-WYO 

C. P u b l i c a t i o n s  

F rank l in ,  D.R., J.J. Jacobs and P . J .  F a r r i s .  1983. P ro jec t ed  
Demands and Suppl ies  of Water Under A l t e r n a t i v e  Energy and 
A g r i c u l t u r a l  Development Scenar ios  i n  t h e  Green River Drainage 
of Wyoming. 
(A-039-WY0, Agreement No. 14-34-0001-2154) prepared f o r  U.S. 
Dept .  of I n t e r i o r ,  August. 50 p .  

Research P r o j e c t  Technica l  Completion Report 

3. P r o j e c t  S t a t u s  

P r o j e c t  is completed dur ing  t h e  f iscal  y e a r  ending 

September 30, 1983. 
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APPENDIX A 

FINANCIAL STATEMENTS 

O W  Annual Allotment Program (14-34-0001-2154) 

Financial Statements for the Wyoming Water Research Center's Annual 
Allotment Projects for FY82 are submitted herein. 

Information Dissemination: 

Information Dissemination/Technology Transfer Program 

Land and Water Law Review: Volume XVII 

Publication costs for Volume XVII were included in the 
budget for Information Dissemination/Technology Transfer 
Program 

A-030-WYO: 

A-034-WYO: 

A-035-WYO: 

A-036-WYO: 

A-037-WYO : 

A-038-WO : 

A- 03 9-WYO : 

Investigations into Predictive Techniques for 
Estimating Hydrograph Characteristics for Ungaged 
Mountain Streams 

Fault Severing of Aquifers and Other Geologically 
Controlled Permeability Contrasts in the Basin-Mountain 
Interface, and the Implications for Ground Water 
Recharge to and Development from the Major Artesian 
Basins of Wyoming 

Tree Water Relations of Engelmann Spruce and Subalpine 
F i r  in Wyoming 

Development of In-Storm Rainfall Distribution for the 
State of Wyoming 

Heavy Element Release to Groundwater at In-Situ Uranium 
Solution Mining Sites/Phase I 

Design and Evaluation of a New Class of Water Flow 
Tracing Compounds 

Projected Demands and Supplies of Water Under 
Alternative Energy and Agricultural Development 
Scenarios in the Green River Drainage of Wyoming: 
Economic Analysis 

An 
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Director's Office Administration Statements 

Form OW-3 - Institute Director's Office 

OW-4 - Estimated Functional Distribution of Fiscal Annual 
Cooperative Program Funds Expended for Operation of 
the Office of Institute Director 

OW-5 - Summary Sheet - Annual Cooperative Program 

OW-10 - Source and Application of Institute Financial 
Resources for Fiscal Year 1982 
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Apernent No: 14-34-X?Ol- 2154 

Katcnin? Fund 

Federal h u n t  o f  Agreement: 9 
Type o f  Project: Annual Cooperative 

ACP and YFP 2 1 9 ~  Annual Regort 

Information Dissemination 

FCYF C2=2 
(Rev. 19/80) 

7.1 32.00 Total : I i 
n t  6.557.10 6,550.83 1 3  -1  07.9 3 i 

I I 1 

L '  

! I A ,  SaiariPc anci Wages 

Aon-Exbendat 1 e 

bincipa'l investi gator(s) 
YO : Work-Fbnths: $ 881.15 ) )i $ 881.15j 
Otfler Professional S t a f f  I I t ! 

I ! I 
I 1 

I I 1 - I  

I 
9. Excendable 13moett.r Total : I 350.00 9 567.24 ! I 567.24 

E. Ot3er Cost (scecj %)Contractual[ 1,000.00 )k 3,857.66 )I( 3,857.66 

i 
Communicatibn/ I I 

i I I I 
Land & Water Law Review 5,500.00 )k 3,000.00 )k I.[ 3,000.00? 

i I 

I 7 ,628.91 ' 3  Indirect Costs ?i 7,528.91 \ I (  
I - i a t a 1 :  I $  6,500.00 1 $ 6,857.66 ! $ 7,628.91 ! $ 14,486.57 

I 1 1 

I 1 T o t a l  Exmnaltures Ff 1 3 2 2  

Cum1 at i  ve Exoenditures since 
S t a r t  at' ? m j e c  f f f  kttivear) 

1) Total Fedgral/Non-Faderal m u n t  budget& as set f o c h  !n amject  budgets (and E V ~ S ~ O ~ S )  
submitt= and occ~.oted by CMRT. 

2) Actual Zxcenditums !ncIuCing outstandfng camnitnmtt (or W f g a t f o n s ) ;  for  e x m l e ,  
. unliauidatzd orders ?or eaufpment. 

I $  13,982.00 1 $ 13,982.00 1 $ 16,197.20 i $ 30,179.20 
I I 
1 I i 
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ACP and FFP fy 1082 Annual Regort 

don- Emendab 7 e 

FCF C2=2 
(Rev. 73/80) 

I ! 1 
I 

WYOMING I 
I 

PmJe'ct ilr;7e: 

f o r  Estimating Hydrograph Characteristics 
for Ungaged Mountain Streams 

OkiRi Project NO: - -  
Ag-eernen t No : 

Katcnin! Fund 
Tech. Transfer 

Federal h u n t  o f  Agreerent: S 
Type o f  Project: Annual 

Pc nct Dai h v e s  t: gator1 s )  : 

1 4- 36-GOo 1 - 2 15 4 Investigations into Predictive Techniques 

Wesche, Thomas A. 

I 1 

I I A. Salaries anti \Jags 1 
, 

I I 

2r1 nc7 gal investt gattoris) 
Yo : Work-Fbn+hs: i( $ 2,500.00 ,k $ 101.76 4,220.46 ) k  $ 4,322.22 
Other Profess t anal Staff  t ,  i 
Y O :  

Y 'I( ) 
Zraa, Sta. r i s x x .  5 Asc~. 

Qnaerzrsa. Stu. h s t s .  h Tecr,. 
No: 'rlor+%ntfis : [ 5,000.00 5,751.21 )k 5,751.21' 
Non-Stu. t e a s .  h 3tners 

Wo r'c - ye rl z% : it 2,500.00 )k  7,041.54 ?[ 7,041.54 7 - 
I L 

I t 1 
Yo : 'rlork-Mnz!!s: \ ,ic 

'lo : Woh-hntfrs : ) k  3,345.30 ) }(  3,345.30 '1 

i 

I 

1 I 1 1 

Total: I 10,000.00 I 9,198.27 1 11,262.00 i 20,460.27 ' 
i ! I I 

I I I I 
I 500.00 1,507.20 ! 1 507.70 

1 i 
9. Excendabi e ?rabe*i Total : I 

1 

1.200.00 LL3R - 87  438.82 
I Travel M )k 

I 1 I I 

Indirect Costs  )k 8,687.51 jk 8 ,687 .51  ' 
+ . - : a t a t  : 1 1,200.00 I 438.82 1 8.687.51 ! g , I  76.33 

I I t I 
Total c5menaftures FY 1982 - 1 $ 12,600.00 1 $ 12,600.00 fs 22,201.90 1 $ 34,801.90 

I I 

Cumul a t i  ve Exuendi'cures since I 1 i I Star), oT' ??aject ( i f  Ftultivear) 

1) 

2) 

Total fedetal/Non-FederaI mount  budget& as set f o r 3 1  in JrwJect &udgets (and =visions) 
submit*p~r and actigfod by Own. 
.~ctuaI Scenaitures 'ncluding autstandfng cmnftmexs (OF abEgatians) ; ?or e x m ' l e ,  
ur~l i aui dattd orders f o r  eaui pmcnt. 
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ACP and XFP Fy l o g 2  Annual Regort 

State wnere 1nst;tute 3s  located: 
WYOMING 

Reoort as of Septemoer 3C, 1 9 8 3  

Huntoon, Pe te r  W. 

Acreernent 80: f 4-3A-ijO01- 2154 F a u l t  Severing of Aquifers  and Other 

Travel 1( 3,470.00 )I( 1,054.50 !k It( 1,054.50 ) '  
I 1 I 

k $ 2,000.00 1: No : Mark-Fbnths : 

I 1 

I n d i r e c t  Costs  'r ,i( )k 6,656.90 \ (  6.656.90 

$ 6,659.05 ) k $  5,800.oo )I( $ 12,459.05)i  
I 

- , o t a l :  I 4,470.00 I 1,371.56 i 6,656.90 I 8 ,025-46  
I 

- 1  

I I 
. I $ 13,148.00 f $ 13,148.00 ! $  13,616.90 $ 26,764.90 ' Total c%pena:tures Fy 1 9 ~ 2  

I 

Cumul a t i  ve Expendi t u n s  since I 1 1 I 
Start  a i  ? m j e c t  ( i f  hi f t ivear )  

1) 

2) 
. utliauidat~d orders far eou:pment. 

Tatal feberal/Nan-ftdcra\ amunt buaget2C as set f o c h  !n aruiect budgets (and rev i s ions )  
submit*m and accr9t20 by WRT. 
.IctuaI 'Ix~enaftures h c l u d i n g  out~tandfng C ~ ~ ~ ~ I X E X S  (or obljgztions); for  e x m l e ,  
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ACP and ?FP R 19 - 82 Annual Regort 
Preocm a seoarate for  each Sec. 101 and Sec. l E ( a )  ?raject in Procress 3urina FY 

Reoort as o f  SepternPer 30, '1983 State  wnere hst:tute i s  located: 
WYOMING 

OkiRi Projec t  140: A-035-WYO 
Acreement 80: 14-34-WOl- 2154 

1 OkiRi Projec t  140: A-035-WYO Project Title: 
Agreement 80: Tree Water Relations of Engelmann Spruce . 14-34-WOl- 2154 

Katcnin9 Fund 
Tech. Transfet 

Federal Amount of Agreerent: 9 and Subalpine Fir in Wyoming 
Type o f  Project: Annual 

Project Title: 

and Subalpine Fir in Wyoming 
Tree Water Relations of Engelmann Spruce . 

'Pri nci oai I n v e s t i  gatori s 1 : 
Knight, Dennis H. 

I 

I I i A. Salaries an6 Wages 

?rincqgai investi gator\s j ,k $ 2,517.30 ) i (  $ 2,517.30)I 
I 

I I 
) [  6 5 0 . 0 0 )  I Y O :  'Eior'c-%nz!!s : 650.00 )!( 650.00  ) I  

Graa. 5 ~ 2 .  A S S ~ .  a i s ~ ? .  I t 

?la : Yo rC -.%n t!! s : 5,775.00 ,k 5 ,772 .00  ) k  'I( 5 ,772  .0Oli  
bnaergrsa. Stu. Asszs. .j, Tea. 

Non-Stu. T e a s .  & 3tners 1 

vo : Ua*-Mnttts : 1,800.00  ) 1 , 7 4 7 . 3 5 )  105.92 )[ 1,853.2711 

T o t a l  : 8,225.00  8,169.35 2 ,623 .22  1 10,792.57  I 
! I I 

YO: Work-IYbnths : ,k 

No: No rK-%nt.'ls : ,k ) k  ,K 

f)tner Profess;onal S t a f f  I 
. -  

1 f 

I - I  

I I 

3. Lmlovee Senefits Total : 1 441.00 1 540.75 I 522.32 1 1,063.07 ' 

I ! 2,182.49  C. h e e e y  Tot37 : 1 2,188.00 1 2,182.49 
 on- Exriendab 1 e I 

I I I 

1 ,195 .61  1 1 1 ,195 .61  ' 

466.34 ) '  

945.46 ? 1 

I I ! t I (  
9. Exaendabie ?mxrt.r Total: 1 19700=00  

El gther Cost ( s c e c W ) c p p t r ~ i  1 
Communicatibn/ 

466.34 ) k  
I Travel 946.00 )I( 945.46 )r( 

Indirect Costs  ? 5,592.64  I (  5,592.64 

L I 

I I I 

0 946.00 1 1,411.80 ! 5,592.64  I 7,004.44  I 
i 1 I I i 

- a t a t :  

t Total c5aentitttrres Ff 1 9 8 2  ~ 1 $ 13,500 I $ 13,500.00  } $ 8,738.18  1 $ 22,238.18 ' 
1 ! I 
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ACP and YFP F'! 19 - 82 Annual Regort 

ATreernent Yo: 14-34-JOOl- 2134 
Fedetal h u n t  o f  Agmement: 9 10 586 
Type o f  Pmject: Annual Cooperative 

FCF OK-? 
(Rev. 73/80) 

Development of In-Storm Rainfall 
Distributions for the State of Wyoming 

Prewcre a seoarzte form f a r  each Sec. 131 and See. lr3S(a) Pmject in Procress Curina N 
State wnere Institute i s  iocatea: I Reoort as o f  September 30, 1 9 8 3  

Hasfurther, Vic to r  R. 

Project Statt in! sate Octobe r  , i 9 a ;  Actuai :'Sc.eaui ec Zomoi esi on :ate September 19% 

I 

I 
Wor)c-Mnths: 1 s  2,832.21  )k $ 5,559.41  ) $ 8 , 3 9 1 . 6 2 ) i  

710 : 'riork-*%nt!s : 47.55 ,i( \ y  47.55 1 

NO: SJark-%nths : ) k  ,i \ I( 

I A. Saiartes a m  Ldages 

?rincqpal investi gatoris j 
YO: 

No : WarW+tmt!s : k ,k 5,095.50 i 1 Y  5,095.50  ? Other Profess 7 onal Staf f  

Graa. S U .  Ass's. & T e a .  

Unaergraa. Stu. Xssts. & Tecn. 

Non-Stu. T e a s .  & gttlers 

t 

t 

I 

i I f 

I 

Yo : Work -Mont!~s : 1,460.87  )1( 1,460.87 I 

T o t a l :  f 9,820.00 1 9,436.13 1 5,559.41  ! 14.995.54 
1 1 I I 

616.00 I 791.69 I 1,111.87 1 1,903.56  

I 1 I 
3,. Fy?ldovee Senefits Total  : I 

I aon-Exoend&l e 
C. P-certy Tota l  : 

i I I 

150.00 1 358.18 1 1 358.  I S  D. Excendab'le 2rmeW Total : I I I 
I I 

. ! 5,738.78 ! 5,738.78 I I - ! a t a l  t 
i I I I 

Tota l  5xvena:tures FY l ? g  - 1 $ 10,586 I $ 10,586.00 $ 12,410.06 \ $ 22,996.06 

1 t 

46 



. -. . 

O \ X i  Project No: 
AGreement No: 14-34-21001- 2154 

Type o f  Project: Annual 
Matcniny Fund 
Tech. Transfer 

Federal h u n t  o f  Agreement: 3 

A-O 3 7 -WYO 

ACP and XFP FY l9&2Annual Report 

Project i r t le :  
Heavy Element Release t o  Groundwater 

a t  In-Situ Uranium Solut ion Mining 
S i t e s :  Phase I 

Preot.re a sebarzte fonn far each Sec. 101 and Sec. I E ( a )  Project in Pmcress Curina N 
Remrt as of Septemer 30, 1 9 8 3  State wnere Insti tute is located: 

WYOMING 

A. Salaries ana J a g s  

30:  Work-ibnths : 
2rincipal fnvesti gatoris) 

i Total I feaerai r\lon-r‘ecerai-~ 1 l o r a i  
I i - 1  

I( )K ,i( $ 6,811.07 )I $ 6.811.07) i 

total : 

650.00 i 1,812.28 ! I 1,812.28 

- I  I 

7,700.00 8,413.84 6,811.07 ! 15,224.91 

I I 
I n d i r e c t  Costs ,k 6,352.71 6.352.71 

1 

I 

2 .  Emlovet Beneffts Total : 1 1 506.74 1,362.21 
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O k R I  Project No: A-038-WYO 
Agreement No: 14-34-OOOI = 2154 
Federal b u n t  of Agreement: 9 

Fc- CX-2 
ACP and KFP FY 1982Annual Regort (Rev. 19/80} 

Project Title: 
Design and Evaluation of a New 

Matcninq Fund 

Total ' Feaeral 

A. Salaries ana ~ a g s  

i 4,942.81 

E. OMer Cast (scedfy) Contractua 300.00, 574.85 )k  ,i( 574 . 85 ' 
Travel 7oo.00 ,k 279.89 )[ ) k  279.89 ) I  

I 

I I 
I I 

,k I I 
3,837.62 )1( 3,837.62 \ I  

\ Indirect Costs 
I L , 

i 
i 

tion - Fede ra 7 ~ -  1 Total 
I 

- i  

8 1 1,000.00 1 854.74 ! 3,837.62 I 4,692.36 Total : 

I 1 
$ 9,840.00 $ 9,840.00 I $  5,437.94 I $ 15,277.94 

1 t 
I I 

Total c9ptnaftures Fy 19-u I 
I Cum1 at f  v t  Expend? t u n s  since 

Star t  or' h j e c t  ( i f  Multivear) 

1) Total FederalfNon-Federal mount budget& as set f o c h  !n am:ec': budgets (and r e v i s i o n s )  
su&mit*m and ac-9-d by OWRT, 

2) Actual ZxEenaituEs fncludirrg out~tanCSng c 3 d t 1 ~ ~ t t  (01 0b:igat'ons); for e x m f e ,  
* wrfiauidattd orden for eaufpmcnt. 

?rincipal investi gator(s) 
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FCF OK-2 
ACP and FFP FY 1 9 g  Annual Regort (Rev. 13/80) 

Type o f  Project: Annual Cooperative 
Ratcninq Fund 

Pre~art  a seoarate fom for each Sec. 101 and Sec. tg5(a)  Project i n  Pmcress h r i n a  PI 
Reoort as o f  September 30, 1 9 z  State wnere Instjtute is located: 

WYOMING 

Development Scenarios i n  the  Green River 
Drainage of Wyoming: An Economic Analysis 

I 
I I ota i  Total  

Project Startinq Gate October Actuai /tc?eaui ed Cornoi esi on Zate September 1 9 8 3  

A. Salaries ana Wages 

2rincipal Investi gator(s) 

I 1 

i 
- I  

3. Lmlovec Beneffts Total: $ 1,085.59 1,085 . 59 

Do Excendabl e Praocrtv Total : 500.00 f 491.21 1 I 491.21 ‘ 
I 

;Yon- Exbendat; 1 e 
C. P-eerty i o t a 1  : 

I 

E. Other Cost (sceci 3 k o n t r a c t u a l  500.00 I!( 420.42 )k ,k 420.47 

i I I 
f 

I 

Travel 750.00 1 ,i( 1,193.43 ) I  b 

)k 3,059.01 \ 3,059.01 )I Indi rec t  Costs h i 

I I 1 L 1 

1 . T a t a f t  I 1,250.00 I 1,613.85 ! 3.059.01 ! 4.672.86 
I L b I 

I I i I Total c%penattures f f  1382 - 1 $ 7,658.00 I $ 7,658.00 1 $ 4,144.60 f $ 11,802.60 1 . 
I 1 

Crmnr’l a t f  v t  Expendf tuhs stnce I I 1 
S t a ~  ai ?mject ( i f  Ftultivear) 

1) Total ftdgral/?lon-Federal mount budgeted as set f o r t h  in omjec? budgets (and r w i s f o n s )  
s u b m f t : ~  and b c t h ~ t e d  by mRf. 

Z] Actual Scendf tum fncfuding outs:and:ng arrmi’;men~~ (ar oblfgctfons); ?or e x m ’ l e ,  
* unliauidat2d orders f o r  emipment. 
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Form OW-3 
(Rev. 10/80) 

'S ta te  where Institute i s  located: WYOMING 

Ff 1982 - ANNUAL REPORT 
FOR INSTITUTE DIRECTOf?S OFFICE 

Report as of September 30, 19 83 

Principal Investigator(s) 
No : Work-Months : ( $ 4,527.00 ) (  \ 
Other Professional S ta f f  
No : Work-Vanths : ( 6.087.00 ) (  $ 5,3&4 3 >K $ 1,195.72 

1) h u n t  budqeted is as set  fo r th  i n  budget (and revisions) submitted t o  and accepted by OWRT. 

) ( $  6,517.15 

2) Actual exuendftures Including ffm outstanding commitments (or obligations); f o r  exampfe, 
unliquidated orders for  supplies or equipment. 

No : Work-Months : 
Grad. Stu.  Assts. & Tech. 

No : Wurk-Months : 
Undergrad. Stu. Assts. & Tech. 

Non-Stu. T e c h  & Others 
No : Work-Months : 

3) If total of actual expenditures vary more than ?OX f r om amount budgeted an explanation of such 
variance should be provi-ded on an attachment t o  this sheet. 

( I (  ,k ) 

( I (  1 
( 6,160.00 ) (  8,112.12 ) (  9,790.72 ) 

T o t a l  : 16,774 13,433 . 55 

B. Em~loyee Benefits Total  : 

2,874.32 16,307.87 

2,766.55 2,766 -55 

C. Non-Expendabl e 
Property Total : 

D. Exuendabl e Property Total : 2,160.24 2,160 . 24 

E. Other Cost (specify) 

Travel ( 1,500.00 )( 

1,450.38 )I( 1,450.38 ? 
1,229.83 ) ) (  1,229.83 

( )1< )k 7,644.83 ) (  Indirect  Costs 7,644.83 

T o t a l  : 
-_ 

1,500. 00 2,680.21 7,644.83 10.325.04 

Total Expenditures FY 19 82 

I I - 31 
$ 18,274.00 $ 18,274.00 $ 13,285.70 $ 31,559.70 



E s t l x t e d  ?unctFonai DzstrLbuticn 02  r"L 1982Annual Cooperative 2rogram Zunts 
w e n d e d  for Opcratioa of the Office of  the Sastitute Director  

Federal 

1. 

2,. 

3. 

$ $ Research program (?.L. 95-467) planabg 
dcvelopmcot, including establishment of 5 

and 

year goals a d  objectives, a d  = d e w  and 
analysis or' research p r o j e c t  proposals - 0 - - - $ 2,500.00 $ 5,455.34 

Coordinating the approved Institute PeLm 
95-667 research aEd dcvelopent and related 
t t a k k g  activities, incrudkg evaluation df 
p a g z e s s ,  coordizltior with Sta te  agencies, 

W i t -  research and training program sprcposia 
r e l a t i n g  to cumeat or projected 2 ,L.  95-167 
sct iviry but not directly associated with (or 
included in] the budgets o f  specific projectso - $ 1 . 3 u . 4 3  . $ 2,,901.78 

$ 3,249.98 $ 1,500.00 etf, D - 0 0 -  0 0  0 0 0 . 1 1 -  0 - 0  0 - 0  - 0 0 0  

5. 

6. 

. 

1: a cost of  the b s t i t u f c  I ) iret tor 's  Office can be att t fbuted t o  a research 
p z c z a  act i&p,  such a3 d e s e i b t d  io it- t, 2, and 3 above, the= &.at cost  
thuuld oc induced ia that ptogzan a c t i v i t y  a d  nut as "rdainirtra~ive e~ertses . ' '  
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.* 

State Where Instftute i s  Located: 
WYOMING 

rl- 

.- 

~ ~ ~~ 

Total 1Yumber of Prajects Underday, N 19 82 : 
Of these, n u d e r  comleted during fy: 

9 
9 

Form OW-5 
(Rev. 7O/SO) 

P. Sal a r i  es 2nd 'hues 
Principal invest1 gatoris) 
No.: Mork-Van ths : 

N 1982 ANNUAL REPORT 
S U V A R Y  SHEE 

MATCHiNG FUN0 PRCEMCJ /7 - ANNUAL COOPERATIVE ?ROMAN &T or 
(Prepare a Separate Sur0na-r-y ReTort fa r  eac!! Pragran and Indicate 3y Above) 

I 

I I I 

( $  12,587.00 {( $ 11,527.11 4, $ 26,241.85 11, $ 37,768.96 
Other ?ror'essi onal Staff I 

I I 
?( 7,153.85 1( ( 7,153.85 

9,166.00 5,141.93 5,141.93 Travel 
Land & Water Law Review I (  5,500.00 3,000.00 )I( 3,000.00 

iYn' 3.150.00 Communicat ' 
Otfier COS t (sJeci ;C'/)Contractua 5. 

I 1 i 

0. EmendEbIe ?rcace*y To ta l :  

~- ~~ ~ ~~~ ~~~ 

Tota! ExDenditurs 3 1982: I $110,388.00 1 1 $110,558.47 1 $220,946.47 

8,625 .OO 16,675.44 1 16,675.44 

T h i s  summary recor t  i n d u d e s ,  b u t  is not limited t o ,  the foliowing gmjec't cornaletad durinq :!e 
=oar?ad fisctl  y e w  (show PART groject numbers) : 

I n s t i t u t e  Director 's  Office 
A-030-WYO A-0 3 6 -WYO 
A-0 3 4-WYO A-0 3 7-WYO 
A-0 35 -WYO A-038-WYO 

A-0 3 9-WYO 

-~ 

Total Federal and :Ian-iederal muns budgeted as set for t9  f n  p u j e c t  hdqers (and ro,risions) 
submiL,'_ld and a c r q m d  5y WIT.  

unl i q u i a a t d  oraers Fcr equisment, 
g' Actual exsenditur$s, including f im outst3nGfng crrrmrf%nts (or obl fgatfons); far cxam'le, 
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-- 1 

SOURCE AND APPLICATION OF INSTI!”I’S FINANCIAL RESOURCES 
(Expenditure of Fund3 During the Fisaal Tear) d/ 

m 

82 Fisoal  Year8 

Non-CkmT Fund3 c/ 

ACTIVITY Allotmnt a/ Fz Other . 

CXJRT ?rLvata Otl1or 
Federal Sttrte TOTAL 

>;=I>( Reeearch & Development Prograrnt 
! 

I 
i 
i 

i 
I 

i 
I 

1 
I 

1 

I 

i 
i 
I 

t 
i 
1 

i 
! 
1 

I 

A’nnual Federrrl/Stato 
Cooperative Project3 ( A ~ P )  78,132 I 170,899 249,031 

WRT Focueed 
Research h.oJect8 

Non-WIIT Sponsomd Reseamh 
and Dovolopmnt rrojects 

m - 
249,031 

SU 
rn - rbotal - RBsearch & Dovolop 

n t  ?rogram (Shown Abovo) * 78, I32 170,899 

Five-llenr Water Research 
P d o r i t i u a  Davelopmnt 

I 200,000 S t a t e  Research ?rogram 
Development & Coordination 
Technology and Informtion 
T ran8 fer Act l v i t i e  a 

200,000 

13,98.2 13,982 

Ad mini8 tra t ion 18,274 I 30,000 48,274 

Column Totals ( 2  thru 6); 
Alloc&ion by Source of Support 
I 400,899 511,287 110 , 388 

a/ Allotmnt - Expenditures supported by Federal f inds  provided by WIIT through the Annual Cooperative Progrant, 
6/ - Other OWRT - Expenditures. supported by Federal f d s  pruvidod by WRT through the Matching Fund bgram, 

Focused R&D Program, Technology and IBformation Transfer Program, and other OWRT programs. 
c/ Non-OWRT - E’xpenditures supported by funds made available from sources other than WlV. 
d/ Expenditures incltde firm conrmitments, such a9 undelivered ordma-. Indirect costs or in-kind contributions applied - 

to the Institub Program during the fiscal year; even t ho  h not a poring  in Institute-related accounting records, 
should be considered t o  be expendit-was for purposes of  t z s  repor!. 

- 


