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DIRECIOR'S STATEMENT

Fiscal Yesr 1982

KEY WATER RELATED PROBLEMS IN WYOMING

Water 5vai1ability and allocation for farming, ranching, mineral
extraction, and industrial development continue to be the center of
water related problems in Wyoming. The development of new water
resources through impoundment, while complying with existing interstate
water compacts, is a challenge in planning and implementation. Once
additional surface and groundwater supplies are available, the equitable
distribution, conservation and maintenance of quality are important and
complex issues facing the State.

In an attempt to address those problems most critical to the State,
the Wyoming Water Research Centei (WWRC), in consultation with its
Research Review and Prioritiés Advisory Committee, established the
following three major areas of water research: 1) evaluation of
historical and current water use practices; 2) demand analysis and water
resources development and 3) development of water resources. These
three major areas include water quality and quantity, as well as the
-economic and social aspects of water research. We believe this emphasis
provides a very logical, step-wise approach to addressing water research
needs in the State of Wyoming. Certainly, projects dealing with the
economic, technical and legal aspects of historical and current water
use practices are necessary for the proper analysis of need for
additional water resources development and the appropriate development
of water resources can best be determined with information resulting
from efforts under items 1 and 2 above. This framework should allow for
a meaningful priority structure that can lead to information development
germaine to the needs of the State and the weggern Tnited States.

RESEARCH RESULTS
The University of Wyoming, through the Institute program, has a

long tradition of research in the area of trout habitat evaluation.




During FY82, Thomas A. Wesche conducted a study entitled, 'Two
Approaches for Estimation of 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 roughn:ss coefficients for mountain streams in the
Rocky Mountain Region was conducted to devise an empirical method for
determination of Manning's n. Two separate approaches were developed.
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 sfudy indicate that:

° 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 felationship.

° 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.

o 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.

The 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.



INFORMATION DISSEMINATION

Over the past year, WWRC has developed a computerized Wyoming
Water Bibliography ccntaining nearly 15,000 citations on previous and
current water research in the State. The use and availability of this
database has been demonstrated to all state and federal agencies having
responsibility for water resources. Seminars have been given at all of
the regional community colleges for interested water users. In addition
to the Water Research Bibliography, the Water Resources Data System
(WRDS) has been updated and demonstrated for use to state and federal
agengies, as well as the private sector. C

WWRC has an impressive number of publications each year and faculty
working through the Water Center have reported their results in
professional journals and at conferences. The results of research are
also disseminated through technology transfer efforts by organized

workshops, seminars, etc.

ADVISORY STRUCTURE
' The organizational structure and operational procedures of WWRC for
a high degree of accountability and relevance to state and regional
wwater research seems to be working well. In 1982, the WWRC was
4}estructured to include a Research Advisory and Priorities Committee
appointed by the Governor of the State of Wyoming with membership
approved by the President of the University. The membership was
designed to reflect the interests and inputs of the Executive Office,
the legislative branch of government, the academic community and the
University administration (Table 1). The Committee meets at least three
times annually to discuss Water Center activities, research needs as
they may have been perceived to change, and to approve projects
presented.
Prior to presentation of projects to the Advisory Committee, a
review process that includes relevant state agencies in addition to
scientific peer review has been completed. This process has insured

good science directed toward issues meaningful to water research needs




Table 1. WWRC - Research Review and Priorities Committee

Chairman:

Dick Hartman

State Planning Coordinator
2320 Capitol Avenue
Cheyenne, Wyoming 82002
777-7574

U.W. Appointees:

Donald L. Veal, President
Office of the President
0l1d Main, Room 206
766-4121

Robert A. Jenkins

Vice President for Research
01d Main, Room 408

766-5353

Executive Secretary:

Robert W. Brocksen, Director
Wyoming Water Research Center
Room 151, VA Building
766-2143

Dennis H. Knight
Department of Botany
Aven Nelson, Room 135
766-3291

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

(All University of Wyoming, Laramie, Wyoming 82071)

Executive Appointees:

Governor Ed Herschler
State Capitol Buildjing
Cheyenne, Wyoming 002
777-7434

Kenneth Kennedy

Water Development Commission

Circle Drive

Wheatland, Wyoming 82201
322-9789 (office)

322-3100 (home)

Legislative Appointees:

George R. Salisbury, Jr.

Representative, Carbon County

Savory, Wyoming 82331
383-2430

Paul Schwieger

DEPAD

Division of Water Development
Barrett Building

Cheyenne, Wyoming 82002
777-7284

Warren White (alternate)
Governor's Office
State Capitol Building
Cheyenne, Wyoming 82002

Donald R. Cundall

Senator, Goshen—-Platte County
Wendover Route

Guernsey, Wyoming 82214
322-3311




in the State. A citizens advisory committee 1is currently being formed
and will input to the main Advisory Committee a broader set of

perstactives on water related issues.

ADMINISTRATION

The FY82 period saw the formation of the WWRC with two interim
acting directors and the installation of a full-time director. The
transitibn period has been difficult, but successful. The State of
Wyoming committed $1.2 million to the operation of the WWRC for the
period July 1, 1982 through June 30, 1984. These funds are for
operational purposes, as well as for research support for University
faculty participating with the Water Center. In addition to these
activities, the Center has dedicated an amount of these monies for
response to short—term State requests.

In general, the WWRC has demonstrated a viability to serve as a
focal point in the State of Wyoming for water research and information
dissemination. We believe we are meeting the objectives of the Federal
Institute Program and the needs of the State of Wyoming. We are
continually attempting to increase our awareness of state and regional

“ information requirements and respond to them in a timely and meaningful
“manner.

For the Water Center program to achieve maximum effectiveness, it
must be addressing those water problems most critical to Wyoming. The
following is a sum?ary of staff activities as well as faculty research
projects funded with state allocationmns.

Director's Office

The majority of the Director's time has been spent in confirming
organizational and operational charges of the Center. For purposes of
this report, both the Director's office activities and technical staff
activities will be presented in abbreviated form.




e Service to State Agencies

- Continual liaison with state agency officials.

- Basic technology transfer to state agencies and Wyoming
water users and managers.

- Serve as advisor to Wyoming Water Development Commission.

- Continued attempts to integrate state and federal research
programs.

- Attend Governor's Water Forum.

-~ Attend meetings regarding specific research projects.

o University Service

- Serve on University committees.

- Continued effort to apprise faculty members of research
needs and opportunities in water-related research.

- Work with academic standards committee on Water Resources
curriculum.

- Serve on appropriate graduate student committees.
- Serve on appropriate national and international technical

review panels.

e Other Activities

- Continued effort to be cognizant of regional and national
water issues and research opportunities.

- Participation in state water resource management symposium.

- TranS¥er of research results to appropriate users.




WWRC Staff

e Development of the Wyoming Water Bibliography

A major State service project undertaken by the Water Center
technical staff during the past year has been the development of
the Wyoming Water Bibliography (WWB). The WWB is the most
comprehensive, multidisciplinary, computer-based bibliographic
storage and retrieval system regarding Wyoming's water resources
ever developed. Currently operational, the WWB contains
approximately 11,000 citations which can be searched, free of
’charge, on a request basis. The User's Manual for the system is
now developed and being mailed to over 1,000 people in the State
involved with water issues, including legislators, agency
personnel, representatives of county and municipal governments,
libraries, special interest groups and interested members of the
private sector. As previously mentioned, seminars will be given
by Water Center staff statewide this coming spring to familiarize

potential users with the system.

® Water Resources Data System

The Water Resources Data System (WRDS) has provided water
related data to Wyoming researchers for over a decade. The
system, through the years, has developed into the most
comprehensive single source of surface and ground water quantity
and quality, snow quantity and climatological data available for
Wyoming. The broad applicability of the system is attested to by
the variety of its users. Over the past 18 months, staff members
of eight Wyoming state agencies have used WRDS in support of
their functions. In addition, the system has provided
information to many federal, county and municipal agencies and
private firms.

Since quality answeré to research questions depend upon
accuraﬁe and comprehensive information, it is important that WRDS
be kept current in its data and analytical capabilities. The




system has been supported in total by the State Engineer's Office
during the 1983-1984 biennium. Resource constraints over the
past several years have limited activities on the system's data
and program correction and documentation, and data updating
through major sources providing magnetic tape data. During the
1985-86 biennium, the Center will cost share with the State
Engineer's Office to enhance the WRDS capabilities. This
enhancement project will assure that WRDS be maintained at a
progressive level through the sustained reinstatement of limited

‘manual data entry and development activities.

e Other Service to the State

- Preparation of report for Precipitation Enhancement in
Northeast Wyoming
(Wyoming Water Development Commission)

- Evaluation of Impacts to Hog Park Area from Cheyenne's
Stage II Water Development
' (Wyoming Game and Fish Department,
U.S. Forest Service)

- Critique of Water Resources Section of Peacekeeper EIS
(Wyoming Governor's Office)

- Critique of Hydrologic Report for Federal Flood Insurance
Program
(Wyoming Office of Disaster Preparedness)

- Evaluation of U.S. Fish and Wildlife Service's "Water for
Energy'" Program
(Wyoming Governor's Office)

- Preparation of manuscript entitled "Stream Channel
Modifications and Reclamation Structures to Enhance Fish
Habitat"

(Wyoming Highway Department)

- Provided hydrologic data reduction services for the Laramie
River Basin Water Commissioner
(State Engineer's Office)



While the above activities are not all inclusive, they are

indicative of the varied activities in which the technical staff

have been involved in behalf of service to the State.

o Participation in Funded Research

Center technical staff have assigned responsibilities in the

following research projects:

Channel Conveyance Loss Study
Upper Green River Evapotranspiration Study

Development of the Bighorn Basin Natural Resources
Bibliography

Overthrust Industrial Association Project

Development and'testing of two methods for determining
channel roughness coefficient in steep, rough channels

Winter trout stream conditions and habitat utilization. by
brook trout in the Snowy Range

Evaluating the use of ocular stream habitat assessment
methods to predict trout biomass

Maintenance of the Snowy Range Observatory




) University Service

Technical staff of the Center have been involved in numerous
service activities during the past 18 months for the University
in general and in particular for those departments involved with
water research, extension and education. These activities are as
diverse as assisting with the maintenance of the Water Center
Library to organizing seminars by industrial manufacturing

-representatives on water resources instrumentation.

Faculty Research Activities - State Funds

The 1982 Legislature appropriated $1,247,875 for the 1983-1984
.biennial funding of the Wyoming Water Research Center. Of this
amount, $650,000 was allocated to grants-in-aid for research pertinent
to Wyoming's water research needs. Projects funded are relevant to
these needs, and 10 of the 20 projects funded were in direct response
 to state agency requests to address specific issues. A listing of

approved and funded projects follows.

e Funded Research Projects

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

- Evaluation of factors and models pertinent to estimating
natural losses of water in Wyoming streams. (Civil
Engineering Dept., Hasfurther)

- Evaluation of evaporation/transpiration losses in the Green
River. (Agricultural Engineering Dept., Burman, Pochop,
Borrelli)

- Development of a Wyoming Water Bibliography. (Wyoming
Water Research Center, Wesche)

10




Underground water resources: Thermopolis Hot Springs.
(Geology Dept., Huntoon)

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

Use of furrow compaction to improve irrigation efficiency
and irrigation return flow quality. (Agricultural
Engineering Dept., Smith)

Use of satellite imagery to determine regional
relationships between snowcover and annual runoff in
Wyoming. (Geology Dept., Marrs)

Alternative management and policy strategies for center
pivot irrigation. (Agricultural Economics Dept., Jacobs)

Winter stream habitat conditions in the Snowy Range of the
Medicine Bow Mountains. (Wyoming Cooperative Fish &
Wildlife Unit, Hubert and Wesche)

Geothermal potential in Wyoming. (Geology Dept., Heasler)

Available information on hazardous waste production,
transport, and disposal in Wyoming. (Zoology Dept.,
Bergman)

Acid deposition in Wyoming. (Wyoming Water Research
Center, Brocksen)

11




RESEARCH ACTIVITIES DURING FISCAL YEAR 1982

1982 Annual Cooperative Program
14~-34-0001~-2154

A. OWP 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 XVIIL

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

A-035~WYO:

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-037-WYO:

Heavy Element Release to Groundwater at In-Situ Uranium Solution
Mining Sites/Phase 1

A-038~-WYO:

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

12



A-039-WYO:
Projected Demands and Supplies of Water Under Al:ernative Energy

and Agricultural Development Scenarios in the Green River Drainage
of Wyoming: An Economic Analysis

13




Form OW-1
(Rev. 10/80)

ANNUAL REPORT -- ANNUAL COOPERATIVE PROGRAM OR MATCHING FUND PROGRAM PROJECT

PROJECT TI'LE:

A-030-WYO
,OWRT PROJECT NO. INVESTIGATIONS INTO PREDICTIVE TECHNIQUES

FOR ESTIM/TING HYDROGRAPH CHARACTERISTICS
AGREEMENT NO. 14-34-0001-_2154 FOR UNGAGED MOUNTAIN STREAMS

FCCSET RESEARCH CATEGORY: _ II-E

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

University of Wyoming
Laramie, Wyoming 82071

PROJECT BEGAN -- TO BE COMPLETED --
MONTH: October ; YEAR: 198] MONTH: _seprember 3 YEAR: _719g3
PRINCIPAL INVESTIGATORS - DEGREE DISCIPLINE
Wesche, . Thomas A. M.S. . Water Resources

Other Professional Investigators

Hasfurther, Victor R. .. <Ph.D.. Civil Engineering -
Hitl, William M.S. Civil Engineering
1 DISCIPLINE OR
STUDENT ASSISTANTS—/ DEGREE HELD (IF ANY) ACADEMIC BACKGROUND

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 FORMS
OW-2, 3, AND 5. INCLUDE POST-DOCTURAL STUDENTS IF NOT SERVING AS PROFESSIONAL INVESTI-
GATORS. : :

NARRATIVE STATEMENTS
" (REFER TO THE ATTACHMENT TO THIS FORM OW-1)
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NARRATIVE STATEMENT
A-030-WYO
Investigations into Predictive Techniques for

Estimating Hydrograph Characteristics for
Ungaged Mounrain Streams

A, Research Project Accomplishments

An analysis of roughness coefficients for mountain streams in the
Rocky Mountain Region was conducted to devise an empirical method for
determination of Manning's n. Two approaches were developed. One
procedure utilizes a diagrammatic key approach based upon water surface
slope and observable channel characteristics, while the other attempts
to relate the time-of-travel velocity of a dye cloud through a stream
reach to channel roughness. The conclusions drawn indicate that good
potential exists for the use of the diagrammatic key approach. A second
significant conclusion of the study is that the estimation of n for
steep, rough, tributaries at low flow by means of published tables

and/or photographic comparisons can lead to erroneous results.

;B. Application of Research Results

The determination of roughness coefficients for particular stream
reaches can be an extremely difficult task, especially in steep, rough
channels. The methodology developed during this project will be applied
in the selection of proper coefficients by river engineers/hydrologists
in the determination of streamflows and the development of proper
channel designs. Also, habitat biologists working in the areas of
instream flow analysis and habitat improvement/modification will find
the approach useful. Thus, the results of this project will be of
benefit to stream scientists from state, federal and local agencies
dealing with water as well as engineering and envirommental consulting

firms from the private sector.

15
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A-030-WYO

C. Publications

Wesche, T.A., W.T. Hill, Jr., and V.R. Hasfurther. 1983. Two
- Approaches for Estimation of Manning's n in Mountain Streams.
Research Project Technical Completion Report (A-030-WYO,
Agreement No. 14-34-0001-2154), prepared for U.S. Dept. of
Interior, September. 42 p.

It is also anticipated that in the near future this report
will be disseminated as a WWRC Series Publication for
statewide and regional distribution and as a contribution to a
major water research journal for national exposure.

D. Project Status

Completed and completion report submitted.

16




Form OW-1
(Rev. 10/80)

ANNUAL REPORT -- ANNUAL COOPERATIVE PROGRAM OR MATCHING FUND PROGRAM PROJECT

PROJECT TITLE:

_OWRT PROJECT NO. _A-034-WYO FAULT SEVERING OF AQUIFERS AND OTHER

GEOLOGICALLY CONTROLLED PERMEABILITY
AGREEMENT NO. 14-34-0001-__2154 CONTRASTS IN THE BASIN-MOUNTAIN INTERFACE,
AND THE IMPLICATIONS FOR GROUND WATER
RECHARGE TO AND DEVELOPMENT FROM THE MAJOR
ARTESIAN BASINS OF WYOMING

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

Department of Geology and Geophyslcs
University of Wyoming
Laramie, Wyoming 82071

FCCSET RESEARCH CATEGORY: _II-A

PROJECT BEGAN -~ TO BE COMPLETED --

MONTH: March _; YEAR: _ 1982 MONTH: _June ; YEAR: 1983
PRINCIPAL INVESTIGATORS - - DEGREE DISCIPLINE
Peter W. Huntoon - Ph.D. Hydrology
1 DISCIPLINE OR
STUDENT ASSISTANTS—/ DEGREE HELD (IF ANY) ACADEMIC BACKGROUND

Dale Doremus B.S. (Working on M.S.) Geology
John R. Copeland B.S. (Working on M.S.) ' Geology
Julia Dudley B.S. (Working on M.S.) 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 FORMS
OW-2, 3, AND 5. INCLUDE POST-DOCTURAL STUDENTS IF NOT SERVING AS PROFESSIONAL INVESTI-
GATORS.

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

A. Research Project Accomplishments

The recharge areas for the major Paleozoic aquifers in the Wyoming
foreland basins fall into three broad classes ranked from least to most
efficient in hydraulic interconnection with the aquifers in the basins:
(1) fault severed, (2) continuous homoclines, and (3) obliquely faulted.
The fault severed and continuous homoclines classes each encompass
slightly less than half the basin perimeters thus making these types
very common. Recharge to the deep basins is precluded the fault severed
boundaries. Consequently indépendent circulation develop in the hanging
wall blocks mountainward from the basin perimeter. Most of the recharge
water which enters the recharge areas along the homoclinal margins is
rejected from the aquifer before entering the deep parts of the basin.
This results because the diagenetic processes of recrystallization,
‘cementation, and compaction have operated to reduce or destroy
permeability basinward from the recharge areas since the recharge areas
became differentiated from the basin proper. 1In both the fault severed
and homoclinal margin cases, recharge along the basin perimeters is
precluded or diminished over permeabilities determined for the aquifers
from the recharge areas. The consequences of this finding are twofold:
(1) development of ground water from the Paleozoic rocks in the interior
parts of the extensive Wyoming artesian basins is largely unfavorable,
and (2) developers are forced to limit their search for the best
prospects to the recharge zones along the perimeters of the basins. The
immediate result is: (1) the target drilling areas are dramatically
reduced to a small percentage of the basin surfaces, and (2) development

in the recharge areas interferes with existing surface water rights.

18



A-034-WYO

B.

Apjlication of Research Results

The results of this research are usable directly in basin

development and management strategies by every Wyoming state agency

involved in water including:

v &~ LN

1. Wyoming State Engineer's Office,

. Wyoming Water Development Commission,

. Wyoming Department of Envirommental Quality

. Wyoming Department of Economic Planning and Development, and
. Wyoming Governor's Office.

Ground water consultants concerned with development of water from

the Paleozoic aquifers in the Wyoming foreland province are anxiously

awaiting the results of this study.

Wyoming municipalities are in urgent need of this type of

information in order to get the jump on industrial competitors for the

limited ground water prospects available.

C.

Publications

Huntoon, P. 1983.  Fault severed aquifers along the perimeters of
Wyoming artesian basins: Ground Water, in review.

Huntoon, P. 1983. Rejection of recharge water from the Madison
aquifer along the eastern perimeter of the Bighorn artesian
basin, Wyoming: Ground Water, in review.

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

Huntoon, P, 1983. 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. Research Project Technical Completion
Report (A-034-WYO, Agreement No. 14-34-0001-2154), prepared
for U.S. Dept. of Interior, June. 64 p.

19




A-034-WYO

D. Project Status

The project has been completed.

E. Work Remaining

None.

20




Form OW-1
(Rev. 10/80)

* ANNUAL REPORT -- ANNUAL COOPERATIVE'PROGRAM OR MATCHING FUND PROGRAM PROJECT

PROJECT TITLE: |
OWRT PROJECT NO. A-035-Wyo TREE WATER RELATIONS OF ENGELMANN SPRUCE

AND SUBALPINE FIR IN WYOMING
AGREEMENT NO. 14-34-0001-__ 2154

FCCSET RESEARCH CATEGORY: _ II-D

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

Department of Botany
University of Wyoming

Laramie, WY
PROJECT BEGAN -- ; ‘ TO BE COMPLETED --

MONTH: October ; YEAR: 1981 : MONTH: _ September ; YEAR: _1983
PRINCIPAL INVESTIGATORS - DEGREE : | DISCIPLINE
Dennis H. Knight | ‘ Ph.D. Botany
William K. Smith Ph.D. Botany

’ y BISCIPLINE OR
STUDENT ASSISTANTS—/ " DEGREE HELD (IF ANY) ACADEMIC BACKGROUND
Grég Cartér , M.S. Botany
o Julian>Hadley" | M.S. Botény

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 FORMS

OW-2, 3, AND 5. INCLUDE POST-DOCTURAL STUDENTS IF NOT SERVING AS PROFESSIONAL INVESTI-
GATORS. | | R | :

 NARRATIVE STATEMENTS |
(REFER TO THE ATTACHMENT TO.THIS FORM OK-1)




NARRATIVE STATEMENT
A-035-WYO

Tree Water Relations of Englemann Spruce
And Subalpine Fir in Wyoming

A. Research Project Accomplishments

Leaf conductances (ng) to water vapor loss were determined from

late May through mid-August for Picea engelmannii, Abies lasiocarpa, and

Pinus contorta at 2,860 m, and for Picea engelmanni and Abies lasiocarpa

at 3,200 m in the Medicine Bow Mountains of Wyoming. Moist soil

conditions persisted throughout the summer. Near- or below-freezing air
temperatures in late spring and early summer limited maximum 8y in
spruce and fir at 3,200 m to 0.4 and 0.1 mm s_l, respectively.
Following onset of consistently non-freezing nights, maximum daily B
in all species at both elevations generally increased over the summer,
but low soil temperatures at the higher elevation site appear to be a
primary factor limiting maximum Bry® Diurnally, spruce 8y VWas
generally greater than fir Biry? and pine 8.y ¥Was higher than in either
spruce or fir from mid-to-late summer. These results will be useful in
“developing a computer simulation model for water flow through the

Véubalpine spruce-fir forests of Wyoming.

B. Application of Research Results

This research is of interest to watershed managers with the U.S.
Forest Service in the Rocky Mountain region. Though considerable
information is now available for lodgepole pine, these latest results
pertain to the spruce-fir forest, which covers an extensive area in the
region and which is less well known hydrologically. The results
contribute toward a database which will be used in developing computer

simulation models for water yield from subalpine forests.

22



A-035-WYO

C. Publications

The final report was written in a form that could be submitted
directly to the journal Ecology. This has been done, and the manuscript

is now being reviewed.

Carter, G.A., J.L. Hadley, W.K. Smith and D.H. Knight. 1983.
Summer Water Relations of Abies lasiocarpa, Picea engelmanni,
and Pinus contorta at Higher and Lower Elevation Sites in
Southeastern Wyoming. Research Project Technical Completion
Report (A-035-WYO, Agreement No. 14-34-0001-2154), prepared
for U.S. Dept. of Interior, December. 24 p.

D. Project Status
This one-year project has been completed, and the Final Report

has been submitted.

E. Work Remaining
None
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NARRATIVE STATEMENT
A-036-WYO

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

A, Research Project Accomplishments

Parametric flood prediction on ungaged basins in Wyoming requires
the use of temporal storm patterns that realistically represent
anticipated local rainfall events. Because methods of hyetograph
construction currently in use are very general in application, this
requirement is not met. Therefore, a design storm methodology based on
analysis of time distribution characteristics of 603 observed storms in
Wyoming was developed. The "WYO" method of storm design that was
developed uses not one, but several mass rainfall curves, allowing
flexibility of use and maximization of runoff from a given storm volume.

Comparisons were made between the "WYO" method and design storms
recommended by the U.S. Soil 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 distribution of both thunderstorms and general storms
is not dependent upon the drainage basin in which the storms
occur.

2. The most outstanding characteristic of the storms analyzed is
their individual diversity. No relationship exists between
time distribution characteristics and duration of general
storms or thunderstorms. However, a difference in the time
distribution of thunderstorm rainfall, compared to general
storm rainfall, exists.

3; One set of thunderstorm design curves and one set of general
storm design curves can be used to create design hyetographs
for the entire State of Wyoming. '
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4. The "WYO" design storm methodology should not be used to design
for '"probable maximum" type events because the most intense
rainfall values have been neglected by the definition of ten
percent and 90 percent limit curves.

5. Simulation of runoff peak and volume using WYO design curves is
sensitive to storm duration and choice of model.

6. WYO curves typically predict greater runoff peaks than Soil
Conservation Service or Bureau of Reclamation synthetic
hyetographs for short duration events, and less runoff for long
duration events, according to HEC-1, HYMo; and HYDRO model
results. .

7. WYO Curves consistently produce less runoff than Soil Conserva-
tion Service or Bureau of Reclamation synthetic hyetographs

when the USGS Distributed Routing model is used.

B. Application of Research Results

The Wyoming Highway Department has adopted the methodology
developed in this research and has incorporated it into some of their
rainfall-runoff models. The savings will result in better design storm

runoff estimates for sizing culverts, etc.

C. Publications

Tyrrell, Patrick, T. 1983. Design Rainfall Patterns for the State
of Wyoming. Proceedings of the ASCE Irrigation and Drainage
Division Specialty Conference on Advances in Irrigation and
Drainage: Surviving External Pressures, Jackson, Wyoming, July
20~-22. pp. 494-502.

Hasfurther, Victor R. and Patrick T. Tyrrell. 1984. Wyoming Storm
Hyetograph Properties. Accepted for publication in: Transpor-
tation Research Board Journal, 1984. Paper presented at 63rd
Annual Meeting of TRB, January 16-20, 1984, Washington, D.C.
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Hasfurther, Victor R. and Patrick T. Tyrell. 1983. Design Rainfall
Distributions for the State of Wyoming. Research Project
Technical Completion Report (A-036-WYO, Agreement No.
14-34-0001-2154), prepared for U.S. Dept. of Interior, August.
41 p.

D. Project Status
Project is completed.
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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. Data were obtained and
processed to provide required information to simulate field conditions
when evaluating heavy element migration at uranium solution mining
sites.

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

results.

B. Application of Research Results

The results of this research will be used to develop simulation
models of groundwater transport of heavy elements. This work is just
starting as part of Phase II of the work. The modeling effort will be
very useful in setting criteria for the restoration and eventual closing
of the solution mining sites.
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C. Publications

We are in the process of developing a paper for publication in

the refereed literature.

Humenick, M.J., W.L. Dam, J.I. Drever. 1983. Heavy Element
Release to Groundwater at In-Situ Uranium Mining Sites: Phase
I. Research Project Technical Completion Report (A-037-WYO,
Agreement No. 14-34~0001-2154), prepared for Dept. of
Interior, August. 71 p.

D. Project Status

This work is continuing as Phase II in which we are developing
a simulation model as indicated in (B), above. A final report is
submitted for Phase I.

E. Work Remaining

Work on Phase I is completed.
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NARRATIVE STATEMENT
A-038-WYO

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

A. Regearch Project Accomplishments

Six new compounds for use as water tracers were synthesized by
alkylation of the sodium salts of 3-phenyl-2-pyridone and 3-carbomoyl-
2-pyridone with Br (CHz)xsos—Na+, where x = 2, 3, and 4. These -(3-
substituted-2-oxo-1-pyridyl)-alkylsulfonates are chemically stable and
resist adsorption in the environment. The compounds are designed to be
separated by ion-impairing reversed phase high performance liquid
chromatographic (HPLC) techniques, with fluorescence detection. These
properties make the compounds uniquely suited for site—Spécific water,

tracers.

B. Application of Research Results

Some 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 iﬁ the use of water tracers. Although preliminary tests were
inconclusive, they indicated the problems that needed to be solved, and
led to the design of the pyridone sulfonates. He feels that these
compounds do have unique potential as tracers, and has agreed to test
-others as they beéome available in_quantity. | 7

Interest in these compounds has also been expressed by a group at
the Water Systems Developmeﬁt Branéh, TVA, Norris, Tennessee, and by a
.research group at MIT. ,

The benefits or savings that would result,frch the efféctive
application of these compounds as water tracers relate to a) their
sensitivity of detection, b) the lower cost of the detection.gysten, and
c) the simplicity of the detection method.
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Even though the compounds are more expensive per unit than some

~ currently used tracers, the levels of detection are so low that the cost
is more than compensated for. Technology is currently available to
detect these compounds at levels 100 to 1000 times lower than those
reported. These methods would involve microbore HPLC and laser-induced
fluorscence. | N

The levels of detection report here can be achieved with
commercially available equipment costing less than $10,000. The only
‘competitive technology would be a gas chromatograph coupled with a mass
spectrometer (GC-MS). These systems cost from $100,000 to over
$250,000.

The HPLC instrumentation used in the methods developed in this
research is relatively simple to operate. Dedicated HPLC systems can be
operated by individuals with expertise in other areas, and by general
technicians. Their maintenance costs are low, particularly if modern
microbore systems are used. GC-MS requires expert operators and
maintenance is expensive.

These compounds are uniquely suited for remote monitoring, and for
multiple-site labeling. In this latter regard, they offer benefits in
that no other group of structurally related compounds exists that can be
determined by the same method in the same sample in one run. This fact
would result in significant savings in analysis time for anyone using

water tracers.

C. Publications

A paper reporting these résults has been submitted for pfesentation
at the 1984 Pittsburgh Conference on Analytical Chemistry and Applied
Spectroscopy. A copy of the abstract is attached.
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Nelson, D.A. and D.M. Lenz. 1983. Synthesis and High Performance
Liquid Chromatography of w-(3-Substituted-2-Oxo-1-Pyridyl)-
Alkylsulfonates for Use as Water Tracing Compounds. Research
Project Technical Completion Report (A-038-WYO, Agreement No.
14-34-0001-2154) prepared for U.S. Dept. of Interior,
September. 21 p.

D. Project Status

OWRT funding for this project ended September 30, 1983, and a
completion report has been submitted.

E. Work Remaining

Research related to this project will be continued as part of
a Ph.D. program. Additional compounds will be synthesized, and labora-
tory tests related to properties as water tracers will be conducted.

Continued funding for this research will be sought.
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New, Highly Pluorescent Water Tracing Compounds Designed for
HPLC Analysis

Douglas M, Lenz and David A. Nelson, Dept. of Chemistry, .
University of Wyoming, Laramie, WY 82071,
(307)766-3134

Categories 46, 24a, 20
Please consider this contributed paper for oral presentation.

We declare that this paper, and all material therein, has not been

and shall not be published or presented before the 1984 Pittsburgh
Conference week. '

Dosplos A Lory M‘A A/J’g‘ﬂﬁ

Douglas M. Lenz David A. Nelson

Date 1! %L*ti / fé?:i

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. 1In this way a set of tracers
could be differentiated in the same sample, and thus serve as
site-specific markers.

To this end we have synthesized the two series of compounds
shown below, which are 1,3-disubstituted-2-pyridones. Synthesis
involved the alkylation of the pyridone sodium salts with the
corresponding bromoalkyl sulfonates. These compounds are highly
fluorescent, with quantum yields of fluorescence ranging from 0.3
to over 0.9. Absorption maxima are at 325 nm (&=9000) for series

I, and 315 nm (£=6000) for series II. Emission maxima are near 390
nm for both series.
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Series I R = CONH;, X = 2,3,4

AN

Series II R =C4H; » X =2,3,4
N“ O
(CHz) xSO3 " Na*

Both series of compounds have desirable properties as water
tracers. They are photochemically stable and resistant to
adsorption. Their fluorescence intensity is essentially constant
over the pH range 2-12. The fluorescence is not gquenched by
chloride, or a variety of heavy metal ions. Series II is
chemically very stable, and can withstand a variety of aggressive
conditions, both oxidative and reductive. 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. Series II compounds were separated with 90% PIC A
and 10% acetonitrile. Detection of the compounds was accomplished
using a Schoeffel FS 970 L.C. Fluorometer modified to use a zinc
resonance lamp as light source. With this system we can detect a
10 ul sample of a 5 x 10710 M solution of series I compounds.- This
is equivalent to 5 x 10715 moles, or about 10-12 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-039-WYO
Projected Demands and Supplies of Water Under

Alternative Energy and Agricultural Development
Scenarios in the Green River Drainage of Wyoming

A. Research Project Accomplishments

The results of a linear program model suggest that if water is
easily transferable, development of energy resources along with their
municipal impacts could be accomplished with limited public investment,
loss in net farm income, or increases in salinity in the Green River
Basin of Wyoming. Wyoming will not "use' up its entitlement to Colorado
River water. If, however, water is not fréely transferable and
agricultural returns increase by 25 percent, the net cost to the state
is estimated to be a minimum of $1.5 million in salinity damages.
Salinity concentration is a major constraint to development in the Upper
Colorado River Basin. If agricultural growth is to take place, given
the EPA ruling in 1974 salinity levels, public investment must take
place and some trade-off of water between energy and agriculture must be
incorporated. Without public investment and water transfer to energy,
the implications could be of a larger magnitude because of reduced
development of energy resources. As increases in the salt concentration
occur downstream, the imposition of an additional cost borne by Wyoming

decreases the opportunity to increase profits.

B. Application of Research Results

The Wyoming Water Development Commission has indicated (summer
1982) having a copy of the final report to use in its study of the Green
River Basin. The consulting firm of ARIX has also indicated an

interest.
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C. Publications

Franklin, D.R., J.J. Jacobs and P.J. Farris. 1983. Projected
Demands and Supplies of Water Under Alternative Energy and
Agricultural Development Scenarios in the Green River Drainage
of Wyoming. Research Project Technical Completion Report
(A-039-WYO, Agreement No. 14-34-0001-2154) prepared for U.S.
Dept. of Interior, August. 50 p.

D. Project Status

Project is completed during the fiscal year ending
September 30, 1983.
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APPENDIX A

FINANCIAL STATEMENTS

OWP 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-WYO:

A-039-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
Fir 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 Evalﬁation 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: An
Economic Analysis
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Reoort as of Septemper 30, 1983

WYOMING
OWKi Project No: NA
Acreement No: 14-34-3000- 2154
Federal Amount of Agreement: $ 13,982

Type of Project:

Annual Cooperative
Matcning Fund
Tech. Transfer L/

ProJect iitle:

Information Dissemination

Princioal Investigator(s):
Smith, James L. and Jenkins, Robert A.

(Interim Directors)

Project Starting Jatz  October

, 19813 ACTual,SCnequiec COMCieTion .at2 September (983

Cost Catacgrias anc .4Qrx “ontns ducgeteq S Cxoengizures <V IC 82> 2/
Totai i regerai Non-recerai | 1ctal i
|
A, Salaries ana Wages
°rincipal lnvestigator(s) !
No: Work-Months : ( )k $ 881.15 ) W ¢ 881.15)]
Uther ProTessional Staff i k k
No: Nork-Months : {$ 4,052.00 ) s 4.261.83 YW 4,261.83%
Grad. SIU. ASST3. & .eqn. | ! I i
Mot Work-Months : { N ) ) )
Ungergrad. Stu. Assts. & iecn. | i 3 !
No: Work-Months : ( X 1,352.15 ) W 1.352.35)
Non-3tu. iechs. & Otners i ‘ |
No : Work-Months : k 2 080 A0 )‘( 4,323.80 )l( 2,289.00 Y 6,612.80):
{ -
Total: 7.132.00 6.557.10 6.550.83 | 13.107.93 |
3. Etmplovee Benefits Total: 2,017.46 ’ 2,017.46
Non-Expendatle ' } .
C. Procerty Total: .
: 1
J. Expendable Property Total: ' 350.00 | 567.24 | | 567.24
Communicatien/ ! ' k
E. Other Cost (sreci<v)Contractual{ 1,000.00 \k 3,857.66 )k ) 3,857.66)
! i
Land & Water Law Review {  5,500.00 )  3,000.00 ) W 3,000.00
] |
Indirect Costs I3 W }k;, 7,628.91 W 7,628.91"
Tozal: $ 6,500.00 ’ $ 6,857.66 s 7,628.91 | $ 14,486.57
Total Zxpenditures FY 19 82 $ 13,982.00 l $ 13,982.00 | $ 16,197.20 | $ 30,179.20
t { f
Cumulative Expenditures sinca & J [
Star+ of Project ({f Myltivear) . ]l ' |

N
2}

submitted and accentad by CWRT.

unliquidatad orders for equipment.
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(Rev.

Form QW2
19/30)

Pranare a separate ‘orm for each Sec. 101 and Sec. 105(a) Projec*t in Procress Durina FY

State wnere [nstituta is iocatead:
WYOMING

Revort as of September 30,

1983

ORI ProJect No: _
Acreement No: 14-34-005?- 2l54

ProJect iitle:

Federal Amount of Agreement:

3 12,600

Type of Project:
Matcning Fund
Tech. Transfer

Annual Cooperative

g

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

®rincipal lnvestigator(s):
Wesche, Thomas A.

Project Starting Jata October 1881 Actuai/Scneguied comcietion .&te September 19,83
C0sST Catacories ang #orx ‘onIns i 3ucgetsg 1/ Sxnanditures Y 1682 2/
Total i regerai ‘ Nen-recerai | ietai g
|
A. Salaries and Wages ;
Principal lnves<tigator(s) 2 500.00 01,7 9204 |
No: Work-Months : $ 2,5 W S 101.76 )(S 4,220.46 Y $ 4,322.22)!
Qther ProTessional Staf? k k |
No: Work-Menzhs : { 2,500.00 ) ) 7,041.54 W 7.041.54)
arad. Stu. ASST3. & .=2cCn. ‘ | ; \
MNo: Work-Months : ~ X )X )l ) ;
Ungergrad. Stu. Assts. & iecn. | : ‘ ‘
No: Work-Vonhs - {  5,000.00 }f  5,751.21 ){ W 5,751.21
Non-Stu. ieens. & Otners | !
No: Work-Months : { #)kg, 3,345.30 )k ){ 3,345.30 )
[ N
Total: 10,000.00 9,198.27 11,262.00 l 20,460.27 !
2. Cmnlovee Banefits Total: 900.00 1,455.71 } 2,252.39 ! 3,708.10
Non-Expendatie l l
C. Pronerty Tozal: -
0. CExpendable Propertv Total: 500.00 1,507.20 | t 1.507,20
£. Other Cost (sceci<v) k )k 1 bL¢ 1
- . ‘ l , |
Travel k 1.200.00 K 438.82 X ¢ 438.82
I ‘ B
Indirect Costs ‘( Bl ,l( 8,687.51 )  8.687.51
Total: ' 1,200.00 ' 438.82 l 8,687.51 i 9.126,33
Total Expenditures FY 1982 $ 12,600.00 l $ 12,600.00 {$ 22,201.90 !$ 34,801.90

Cumulative Expenditures since
tar+ of Project [(if Myltivear)

B |

J
l

r
]
!

1)

submitted and accentad by CWRT.

2)
unliquidatad orders for equi

Actual Ixcenditures 'ncludnng outstanding camM'tmenus (or

pment.
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Prepare a separate form for each Sec. 1071 and Sec. 105(a) Proiect in Procress During FY

State wners [nstitute is iocated:
WYOMING

Report as of Septemver 3C, 1983

OWRi Project No: A-034~-WYO - Project iitle:
Acreement No: 14-34-GQQ1- 2154 Fault Severing of Aquifers and Other
Federal Amount of Agreement: 3 13,148 Geologically Controlled Contrasts in the Basin-

Annual Cooperative
Matcning Fund
Tech. Transfer

Type of Project:

Mountain Interface, and the Implications for
Ground Water Recharge to and Development from
the Major Artesian Basins of Wvoming

Princioal investigator(s;:

Huntoon, Peter W.

Project Starting Jate October , 1981; AcTuai,Scnequiec comoietion .&te September 1983

CCST Catacoriss anc .iorx ‘onIns Succetaq 1/ Sxoangisures =¥ 1682 2/ !

Total i regerai I Non-recerai | ictal i
|

A. Salaries and Wages ' :
rincipal lnvestigator(s) |

Yo: Work-Months :  $ 2,000.00 X $ 6,659.05 ) $ 5,800.00 ){ $ 12,459.05)

Otner Protessional Staf? | k k , :

No: Work-Months : { ) )! M Vi
Graa. Stu. AsSsts. & Tecn. ’( : | i

No: Work-Months: i( 3,450.00 ) ) W )
Ungergrad. Stu. Assts. & iecn. | i ! !

No: Work-¥onzhs : K ) 200.00 ){ ) 200.00 V-

Non-3tu. iecns. & Jthers k k | ;

No: Work-Months { 1,350.00 ) N i )|

| ) -

Total: 6.,800.00 6.859.05 5,800.00 | 12,659,053

3. Ctmpnlovee Renafits Total: 603.00 976.72 1,160.00 I 2,136.72 !

Non-Expendatle | i

. Pronarty Total: 300.00 . 300.00

] 1 i

0. Expendable Prepertv Total: 1,275.00 3,640.67 1 ; _3.640.67

Communicatidn/ k k [ v

S. Other Cost (scecivXontractuald{ _1.000,00 ) 317.06 ) ) 317.06

i ] l~ ' N

Travel { 3,470.00 W 1,054.50 ) W 1.0s4.50 )

] l ;

Indirect Costs k )k ' 3& 6,656.90 ) 6.656.90 V-

Total: | 4,470.00 t 1,371.56 | 6.,656.90 | 8,028.46

Total Expenditures FY 1982 $ 13,148.00 ! $ 13,148.00 {$ 13,616.90 | $ 26,764.90

|

!

Cumulative Expenditures since i

- —{}-—

tar« of 3roject [(if Multivear) \

1) Total Federal/Non-Federal amount budgetad as set forth in oroject Budgets (and revisions)
submitsad and accsnted by OWRT. ‘ ‘

2\ Actual Ixcenditures including cutstanding commiiments (or cbligations); for examzie,

unliquidatad orders far equipment.
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ACP and MFP FY 1982 Annual Report
Prepare a separate “orm for each Sec. 1071 and Sec. 105(a) Proiect in Progrecs During FY

Form QW-2

(Rev. 19/80)

State wnere [nstitute is iocatea:

Reoort as of Septemper 30, 19 83

WYOMING
OWRY Progject No:  A-035-WYO - Project iitie:
Acreement No: 14-34-3001- 2154 Tree Water Relations of Engel S
Federal Amount of Agreement: 3 13,500 ° gelmann opruce

Annual Cooperative
Matening Fund
Tech. Transfer

Type of Project:

and Subalpine Fir in Wyoming

Princioal lnvestigator(s):
Knight, Dennis H.

Project Starting Jate October » 1881; ACTuai;Scneauiec comoietion .ateSeptember 1983
CCSt Catacorias anc 4orx .“onens i Bucgetag i/ Cxzandizures Y ¢ 32 2/ ?
Total recerai L Mon-recera: | ietal |
i
A. Salaries anc Wages ( 1
Principal lnvestigator(s) '
No: Work-Months : ( ) s 2,517.30 ) s 2,517.30)]
Utner Protessional Staff _ k | l !
No: Work-Menths: { 650.00 ) 650.00 )3 L 650.00)
3rad. STU. ASSTS. & .eCn. | i
No: Work-Months : k 5,775.00 W 5,772.00 W W 5.772.00)
Ungergrad. Stu. Assts. & recn. | k ! N
No: Work-¥onths : ( )} ) b1 )
Non-3tu. 1ecas. & Jthers k k t :
MNo: Work-Months : ( 1,800.00 ) 1,747.35) 105.92 )K, l,853.27)
{ -~
Total: 8,225.00 8,169.35 2,623.22 ! 10,792.57
3. Cmplovea Benefits  Total: 441.00 540.75 522.32 ‘ 1,063.07
Non-Expendatle ; ’ E
C. Praerty Total: 2,188.00 2,182.49 | ! 2,182.49
| ‘ X
0. Expendable Property Total: ’ 1,700.00 1,195.61 | | 1,195.61 "
Communicatipn/ k k “ ﬁ
€. Other Cost (steci®v)contracrualf ) 466,34 )N ) 466,34
_ , ; , '
Travel k 946.00 Y 945. 46 I W 945,46 )
i | i
Indirect Costs & ) )k 5,592.64 W 5,592.64 "
—atal: 946.00 | 1,411.80 | 5.502.64 | 7.004.44
Total Expenditures FY 1882 $ 13,500 ‘ $ 13,500.00 | $ 8,738.18 | $ 22.238.18
T 1 {
Cumulative Expenditurss since ' ‘ | |
tars of Project (if Myltivear) | | | |

1)
2)

submittad and accentad by CWRT.

unliquidatad orders for egquipment.

Total Federal/Non-Federal amount hudgetad as set forth in oroj

ace
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budgets (and revisions)

Actual Ixcenditurss including cutsianding comm::ments (or obligations); for examole,



ACP and MFP FY 1982 Annual Report

Ferm OW-2
(Rev. 19/80)

Prepare a separate form for each Sec. 101 and Sec. 105(a) Proiect in Procress During FY

State wnere [nstituta is iocatea:
WYOMING

Recort as of September 30, 1983

QWRT Progect No:
Acreement No:

TR e

Federal Amount of Agreement:

Type of Project:
Matching Fund
Tech. Transfer

$ 10,586
Annual Cooperative

Project iitle:
Development of In-Storm Rainfall
Distributions for the State of Wyoming

’rincinal [nvestigator(s):
Hasfurther, Victor R.

Project Starting Jate October

, 1981;

Actuali/Scneauiec Compietign -ate September (9383

Cost Catacoriss apnc orx ‘ontns Bucgetad i/ i Cxoendi<ures =V 1€go 2/
jotal i regeraj Non-receral | 1ctal
|
A. Salaries ana Wages
’rincipal ilnvestigator(s) k
No: Work-Months : (s 2,510.00 ) s 2.832.21 )K$ 5,559.41 )( $ 8,391.62)!
Qther ProTessional Staft k i
No: Work-Manths : { ) 5,095.50 )Q ) 5,095.50 )
Grad. Stu. AssIs. & .ecn. k I
No: Work-Months: k 5,900.00 }k 47.55 )‘ )K 47.55)
Undergrad. Stu. Assts. & Tecn. k !
No:  Work-¥onths: ( 500.00 ﬂ( ) )] )
Non-Stu. iecns. & Others h k ! ‘
Mo : Work-Months : { 910.00 ) 1.460.87 ) W 1,460.87 )
' -
Total: 9,820.00 9,436.13 g 5,559.41 | 14.,995.54
2. Emploves Benefits Total: 616.00 791.69 l 1,111.87 { 1,903.56
Non-Expendatle I ‘
C. Proverty Total: 5
i ] 1
i
0. Expendable ?roperty Total: 150.00 | 358.18 | | 358.18
€. Other Cost (szecisv) ( )k )k ) :
* 1 i !
Indirect Costs \ 1 W s.738.78 M 5.738.78"
{ . !
{i 1 J‘t( ) )
Total: ' | 5.738.78 ‘ 5,738.78
Total Expenditures FY 1982 $ 10,586 ' $ 10,586.00 ! $ 12,410.06 ! $ 22,996.06

Cumulative Expenditures sinca

i

! ]
L % |

tar- of "roject [(if Multivear)

1)
2}

submi<ted and accesntad by OWRT.
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Tatal Federal/Non-Federal amount budgetad as set “orth in aroject budgets (and revisions)

Actual Zxgcenditures including outstanding commsi<ments (or cbligations); for exampie,
unliquidatad orders for egquipment.



ACP and MFP FY 1982 Annual Report
Prepare a separate form for each Sec. 101 and Sec. 105(a) Project in Procress During FY

Ferm OW-2
(Rev. 17/80Q)

State wnere [nstitute is located:
WYOMING

Report as of Septemper 30, 1983

QWRi ProJject No: A-037-WYO Project iitle:
Acreement No: 14-34-3001-_2154

Federal Amount of Agreement: 3

10,800

Annual Cooperative
Matcnine Fund
Tech. Transfer

Type of Project:

Sites:

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

"rincinal Investigator(s):

Humenick, Michael J.

Project Starting oJate October

» 1981; Actuai/Scneauieg Compietion Jate September 19_83

Cest Catecories anc .dorx Montns Bucgezed i/ | Expendizures FY 1682 2/ }
Total i regerai Non-receral | rotal ;
|
A. Salaries ana Wages i
Principal investigator(s) l
No: Work-Months : ( )i $ 6,811.07 )($ 6,811.07)
Other ProTessional Starf ‘( k !
No: Work-Months : { ) ) ) )!
Sae. Stu. Assts. & lecn. k l
Mo: Work-Months : { $ 7,700.00 ) $ 8,413.84 ) W 8.,413.84)!
Unagergrad. Stu. Assts. & lecn. '( ! '!
No: Work-Months : X ) )X )X )i
Non-3tu. jecns. & Others k i( ﬂ( k ;
No: Work-Months : ) ) )i
| -
Total: 7,700.00 8,413.84 6,811.07 |  15,224.91 |
3. Emploves Benefits Total: 506.74 1,362.21 ‘ 1,868.95 ?
Non-Expendatle |
C. Proverty Total: 1,500.00 } !
0. Excendable Propertv Total: f 650.00 1,812.28 | | 1.812.28 |
Communication/ k k ﬁ
€. Other Cost (sceci®v) Contractua 350.00 ) 67.14 ) ) 67.14 Y
Travel k 600.00 )k )k )|
l i
Indirect Costs t( Bl )(( 6,352.71 ) 64352%7:&!
Total: ’ 950.00 ] 67.14 ‘ 6,352.71 ! 6,419.85 |
|
Total Expenditures FY 1982 $ 10,800 $ 10,800.00 {$ 14,525.99 !s 25,325.99 |
1 | .
Cumulative Expenditures since ) I ’
tart of Project (if Multivear) J
1) Total Federal/Non-Federal amount budgetad as set forth in oroject budgets (and revisions)

submi<tad and acceoted by OQWRT.

2) Actual Ixcenditures including cutstanding commiments (or cbligations); for examole,
unliquidatad orders for equipment.
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ACP and MFP FY 19 82 Annual Report

- Ferm QW22
(Rev. 19/80)

Prepare a separate form for each Sec. 1071 and Sec. 105(a) Project in Procress During FY

State wnere [nstituta is located:
WYOMING

Report as of September 30, 1983

OkR1 Progect No: _A-038-WYO
Acreement No: 14-34-3001-__ 2104
Federal Amount of Agreement: 35_9, 840
Type of Project: Annual Cooperative
Matcning Fund
Tech. Transfer

£

Project iitle:

Design and Evaluation of a New

Class of Water Flow Tracing Compounds

Principal lnvestigator(s):
Nelson, David A.

Project Starting Date October » 19381

Actuai/Scnegutea Compietion -ate September|$83

Cost Catecories anc .orx Montns Buc‘geted i/ Expenditures FY 1682 2/ |
otal Feaerai Non-receral | Total |
: }

A. Salaries and Wages ‘
’rincipal lnvestigator(s) 1
No: Work-Months ¢ K ) S 1,333.61 )($ 1,333.61)
Other Protessional Starf l
No:  Work-Months: { ) ) D]
Grad. Stu. AssTs. & .ech. l
No: Work-Months : ($ 4,590.00 ) ) b1 )
Undergrad. Stu. Assts. & iecn, k ;
No: Work-Months : ( 750.00 Y 8 3.547.45 ) ) 3,547.45 )1
Non=-Stu, lecns. & Others k ‘:
No: Work-Months : { ) 1 )4 )

] -1
Total : 5,340.00 3,547 .45 1,333.61 |  4,881.06 |

3. Fmplovee Benefits Total: 266.71 266.71
Non-Expendatle

C. Proverty Total: 495.00 ! 495.00

D. Expencable Provertv Total: 3,500.00 4,942.81 | 4,942.81

Communication/ )k ‘ \

€. Other Cost (sreci®y) ContractuaX 300. 00 574.85 ) ¢ 574.85

Travel t( 700.00 )k 279.89 ) ' 279.89 )i
Il l 3
Indirect Costs ‘ )k }k 3,837.62 ) 3,837.62 V'
Total: 1,000.00 854.74 ‘ 3,837.62 ' 4,692.36
Total Expenditures FY 19 82 . |$ 9,840.00 | $ 9,840.00 {$ 5,437.94 $ 15,277.94 '

Cumulative Expenditurss sincea
+tar+ of Project (if Myltivear)

| -

|

|

v é
: !

]

1) Total Federal/Non-Federal amount budgetad as set forth in oroject bBudgets (and revisions)

submitted and accsoted by OWRT.

2) - Actual Ixcenditures including outstanding commiiments (or qb’.-:gaticns); for examole,

uniiquidatad orders for equipment.
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ACP and MFP FY 1982 Annual Report

- Ferm CW-2
(Rev. 19/80)

Prepars a separate form for each Sec. 101 and Sec. 105(a) Proj'ect in Procress During FY

State wnere [nstitute is located:
WYOMING

Reoort as of September 30, 1983

OWRT Project No: A-039-WYO Project title:
Acreement No: 14-34-0001- 2154 Projected Demands and Supplies of Water

Federal Amount of Agreement: i
Type of Pro:ject;

Annual Cooperative
Matcning Fund
-Tech. Transfer

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

’rincipal Investigator(s):
Franklin, Douglas R.

» 1985

Project Starting Late October Actuai/Scneauted (ompietion cate September [§ 83
Cost Catecories and Jork vontns Bucgeted 1/ | Expenditures FY 1982 27 I
1otal rederal Non-receral | Total i
|
A. Salaries and Wages
Principal Lnvestigator(s) I
No: Work-Months : (s 1,050.00 W s 1.052.94 ) M 1.052.94)
Uther Proressional Staff
No: Work-Months : { bl ¢ )X ) )
Grad. Stu. Assts. & liech.
No: Work-Months : ( X )X X D)
Undergrad. Stu. Assts. & rech.
No: Work-Months : ( )X ) b )l
Non-3tu. jecns. & otners k :
No: Work-Months : { 4,858.00 ) 4,500.00 ) M 4.500.00)
1 -
Total: 5,908.00 5,552.94 | 5.552.94 !
3. Emplovee Benefits Total: $ 1,085.59 1,085.59
Non-Expendable ‘ ' |
C. Property Total: !
: .
D. Excendable Provertv  Total: 500.00 491.21 | 491.21 '
Communicatidn/ k ' \
E. Other Cost (sceci fyXontractual 500,00 ) 420.42 ) L 420,42 )
Travel k 750.00 ) 1,193.43 ) )k 1,193.43 )i
i
Indirect Costs ‘ W )1( 3,059.01 ){  3,059.01 )|
‘ . i
Total: 1,250.00 1,613.85 3,059.01 ‘ 4.672.86
|
Total Expenditures FY 1982 - |$ 7,658.00 | $ 7,658.00 | $ 4,144.60 |$ 11,802.60 |
T
Cumulative Expenditures since J
tar+ of Project (if Multivear) ) |

1) Total Federal/Non-Federal amount budgetad as set forth in oroject budgets (and revisions)

submitiad and accsptad by OWRT.
2)
: unliquidatad orders far eauipment.
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FY 19.82_ ANNUAL REPORT
FOR INSTITUTE DIRECTORS OFFICE

Form OW-3
(Rev. 10/80)

"State where Institute is located:

WYOMING

Report as of September 30, 19 83

Smith, James L.

(Interim Directors)

Annual Coop. Agreement:

-Director's Name: Jenkins, Robert A. No.: 14-34-0001-_ 2154
Cost Categories and Work-Months Budgeted 1/ Expenditures FY 1982 2/
Total Federal Non-Federal Total
A. Salaries and Wages
Principal Investigator(s)
No: Work-Months: { $ 4,527.00 ) y )
Other Professional Starf R
No: Work-Months : ( 6,087.00 M s 5.321.43 M $ 1,195.72 W$ 6,517.15 )
Grad. Stu. Assts. & Tech. -
No: Work-Months : ( i ) K )
Undergrad. Stu. Assts. & Tech. ,
No: Work-Months : ( i I )i )
Non-Stu. Techs. & QOthers
No: Work-Months : (  6,160.00 )  8,112.12 )  1,678.60 )  9,790.72 )
Total: 16,774 13,433.55 |  2,874.32 16,307.87
B. Empnleyee Benefits Total: 2,766.55 2,766.55
C. Non-Expendable
’ Property Total:
D. Expendable Property Total: 2,160.24 2,160.24
Communicati%u/ .
E. Other Cost (specify)Contractual W 1,450.38 W W 1,450.38 )
Travel (  1,500.00 )  1,229.83 N W 1,229.83 )
Indirect Costs N )] W 7,644.83 W 7,644.83 )
Total: 1,500.00 2,680.21 7,644.83 10,325.04
. 3/
Total Expenditures FY 19_8_2_ $ 18,274.00 $ 18,274.00 $ 13,285.70 $ 31,559.70

1)
2)

3)

Amount budgeted is as set forth in budget (and revisions) submitted to and accepted by OWRT.

Actual exoenditures including firm outstanding comm1tments (or ob11gat1ons) for example,
uniiquidated orders for suppliies or equipment.

If total of actual expenditures vary more than 10% from amount budgeted an exp1anation of such
variance should be provided on an attachment to this sheet.

50




Form CW=li

FY 19_82 ANNCAL RETPCRT —— FCR THE INSTITUTT DIRECTCR'S OFFTICE

Escizated Tunctional Distridbuticn of FY 19_82Annual Cooperative Program funds
Expended for Operation of the Office of the Iastitute Directer

- FTederal Non-=Faderal
Research program (P.L. 95-467) plamning and $ $
development, including establishment of 5
year goals and objectives, and review and
analysis of reseazch project proposals = = - = = § 2,500.00 $ 5,455.34

Coordinating the approved Institute P.L.
95-467 research and development and related
traizing activities, includiag evaluation of

~ progress, coordinatiom with State agencies,

3.

L.

5-

6.

7.

Water research and training program symposia
relating to current or projected P.L. 95-467
activity but not directly associated with (or

-included in) the budgets of specific projects- - §_1.32].43 . $.2,901.78

Administrative expenses, includizg such house-

keeping activities as che preparation of Iasti-

tuze time aad attendance TepoTts, ragquisitioning

miscellaneocus cffice supplies and equipment,

cperating Iastitute mails and files systems,

general Iastitute record kesepiag, etc. = = = = = § 192.9572.57 $ 1.678.60 pYs

TOTAL Expenses for the Inszituze
Director's QfSice = = = = = = = = = = = = § 1297400 $_13,285.70 2/

I a cost of the Institute Director's 0ffice can be attributed to a research
prezran 2ctivisy, such as described inm items 1, 2, and 3 above, thez that cost

should be included in that program activity and 20t as "adminiscrative expenses.”

This dollar Zigure should be equal to the total "actual expenditures 7Y 19_" as

showa on the bottom lize of Form CW-3, FY 19__ Annual Repor:z--Tor the Institute
Diceczor's O0ffice.
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Form QW-5
(Rev. 10/80)

FY 1982, ANNUAL REPORT
SUMMARY SHEZT

ANNUAL CCOPERATIVE PROGRAM /X7 or MATCHING FUND PROGRAM /—7
(Prepare a Separate Summary Rerort for each Program and Indicate 2y » Above)
State Where Institute is Located: Total Number of Projects Underway, FY 1982: 9
WYOMING Of these, number completed during FY: 9
8udgatea 1/ Expenditures FY 198272/
Cost Catagories and Work Months iotal rederal Non-raderal| iotal
A, Salaries and Waces
- Principai [nvestigator(s) | |
No.: Work-Vonths : ($ 12,587.00 ¢ $ 11,527.11 y¢ $ 26,241.85 y¢ $ 37,768.96
.Uther froressionai Start
No. : Work-Yonths : 13,289.00 Y¥¢  11,066.93 y( 12,499.09 ¢ 23,566.02
Grad. Stu. Assts. & iecn.
Mo.:  Work-Months: ( 27,415.00 Y(_ 14,233.39 \( ¥ _14,233.39
Ungerqgraa, Stu. Assts. & jech.
No.: Work-Yonths : 6,250.00 y¢ 10,850.81 y¢ ¥y¢ 10,850.81
Non-Stu. iecns. & Others
No.: Work-on*hs : ( 18,158.00 y¢ 23,489.44 Y( 4,073.52 W 27,562.96
Total: 77,699.00 71,167.68 42,814.46 113,982.14
3. Emploves Benafiis Total: 2,560.00 4,271.61 12,545.10 16,816.71
f
C. Mon-£xpendable Preperty Total: 3,688.00 2,977.49 | 2,977.49
Communicatilgn/ K \
E. Other Cost (soecify)Contractualll  3.150.00 X 7,153.85 Y M 7,153.85
Travel 9,166.00 5,141.93 5,141.93
Land & Water Law Review {{ 5,500.00 Y¥( 3,000.00 Y( M 3,000.00
i
Indirect Costs ( ¥ W 55,198.91 (  55,198.91
Total: 17,816.00 15,295.78 { 55,198.91 70,494.69
Tatal Expenditures FY 19_8_2: $110,388.00 $110,388.00 $110,558.47 ‘ $220,946.47

This summary report includes, but is not Timitad to, the foliowing projec+ts comnietad during the
renortad fiscal year (shew CWRT project numbers):
Institute Director's Office

A-030-WYO A-036-WYO A-039-WYO
A=-034-WYO A-037-WYO
" A-035-WYO " A-038-WYO

v votal Federal and llen-federal amount budgetad as set forth in aroject Sudgets (and revisions)
submittad and acceptad Sy OWRT.

ctual excenditures, including firm outstanding commi“ments (or obligations); for axamole,
unhcu1cat=d orders for aguinment.
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€S

SOURCE AND APPLICATION OF INSTITUTE FINANCIAL RESOURCES T e eT Form O4-10

(Expenditure of Funds During the Fiseal Year) d/ (Reve10/80)
Fisoal Years OS2 State Where Institute is Locateds  Wyoming
OWRT Funds Non-QWRT Funds ¢/
Other - Other
ACTIVITY Allotment 8/| oupr b/ Federal State Private TOTAL
-1 | Reasarch & Dovelopment Programs

n Annual Federal/State

Cooperative Projects (ACP) 78,132 170,899 249,031
1B OWRT Matching Fund

Projecta (MFP)

OWRT Focused
1c Research Projects

Non-OWRT Sponsored Research

D and Development Projects |
2 Subtotal = Ressarch & Dovelop- T I
mnt Progran (Shown Above) © 78,132 , ‘ 170,899 249,031

3 Five-Year Water Research
Priorities Davelopment

State Research Program 200,000 200,000

L Development & Coordination

' Technology and Information ' .

5 | Transfer Activities 13,982 13,982
6 | Administration 18,274 30,000 48,274
q | Column Totals (2 thru 6)s 110,388 ,. 400,899 511,287

Allocation by Source of Support

a/ Allotment - Expenditures supported by Federal funds provided by OWRT through the Annual Cooperative Program.
/ Other OWRT - Experditures supported by Federal funds provided by OWRT through the Matching Fund Program,
~ Focused R&D Program, Technology and Information Transfer Program, and other OWRT programs.
g_/ Non-OWRT - Expenditures supported by funds made available from sources other than OWRT.
Sl./ Expenditures include firm commitments, such as undelivered ordera. Indirect costs or in-kind contributions applied

to the Institute program during the fiscal year, even though not agpearing in Institute-related accounting records,
should be considered to be expenditures for purposes of this report.

o—— ————




