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WATER-RESOURCES ACTIVITIES OF THE
U.S. GEOLOGICAL SURVEY IN NORTH DAKOTA,
FISCAL YEAR 1985

Compiled by Cathy R. Martin

MESSAGE FROM THE DISTRICT CHIEF

The North Dakota District of the U.S. Geological Survey, Water Resources
Division, has had a long-standing and ambitious cooperative program with the
North Dakota State Water Commission, the North Dakota Geological Survey, and
the counties of the State to develop a statewide inventory of ground-water
resources. This year, the last of the county reports, McKenzie County, will
be published, thus ending a farsighted program to provide a reconnaissance-
level data base (framework) on which the U.S. Geological Survey and the North
Dakota State Water Commission can build and which can be used to manage the
ground-water resources of North Dakota. North Dakota should be proud to be
one of only a few states to complete such a program.

Having completed the county ground-water studies, the Survey and the North
Dakota State Water Commission have started another cooperative effort to
advance the knowledge of hydrologic processes in the State--the mechanics of
ground-water recharge from snowmelt. This project was selected as one of the
WRD "Merit Fund" projects for fiscal year 1985 based on its scientific merits,

Also this year, the District and the North Dakota Geological Survey will
complete a multiyear study addressing the geochemical impacts of strip mining
of lignite. This project was a WRD "Merit Fund" project in 1983,

The District also prepared a report summarizing the water resources of
North Dakota for the Garrison Diversion Study Commission. Projects assisting
the U.S. Bureau of Reclamation and the State develop plans for water manage-
ment consistent with the Commission's recommendations comprise many of the
District's current activities.,

During the year, the District has continued the development of a statewide
data-collection network with the support of various Federal, State, and local
agencies. This network continues to provide the core of information necessary
for management activities, flood forecasting, and interpretive studies.

The next few years promise a growth of new projects oriented toward
assisting the State and Federal agencies in their management of our finite
water resources. 1 look forward to an active role of the U.S. Geological
Survey in these activities.

L. Grady Moore

District Chief

U.S. Geological Survey, WRD
Bismarck, N. Dak.,



U.S. GEOLOGICAL SURVEY ORIGIN

The U,S. Geological Survey was established by an act of Congress on March
3, 1879, to provide a permanent Federal agency to conduct the systematic
and scientific 'classification of the public lands, and examination of the
geological structure, mineral resources, and products of national domain.' An
integral part of that original mission includes publishing and disseminating
the earth-science information needed to understand, to plan the use of, and to
manage the Nation's energy, land, mineral, and water resources.

Since 1879, the research and fact-finding role of the U.S. Geological
Survey has grown and been modified to meet the changing needs of the Nation it
serves. As part of that evolution, the U.S. Geological Survey has become the
Federal Government's largest earth-science research agency, the Nation's
largest civilian mapmaking agency, the primary source of data on the Nation's
surface- and ground-water resources, and the employer of the largest number of
professional earth scientists. Today's programs serve a diversity of needs
and users. Programs include:

-=Conducting detailed assessments of the energy and mineral potential of

the Nation's land and offshore areas;

--Investigating and issuing warnings of earthquakes, volcanic eruptions,

landslides, and other geologic and hydrologic hazards;

-=Conducting research on the geologic structure of the Nation;

-=-Studying the geologic features, structure, processes, and history of

the other planets of our solar system;

--Conducting topographic surveys of the Nation and preparing topographic

and thematic maps and related cartographic products;

--Developing and producing digital cartographic data bases and products;

~=Collecting data on a routine basis to determine the quantity, quality,

and use of surface and ground water;

--Conducting water-resource appraisals in order to describe the

consequences of alternative plans for developing land and water resources;

-=Conducting research in hydraulics and hydrology and coordinating all

Federal water-data acquisition;

-=-Using remotely sensed data to develop new cartographic, geologic, and

hydrologic research techniques for natural resources planning and

management;

-=Providing earth-science information through an extensive publications

program and a network of public access points.

Along with its continuing commitment to meet the growing and changing
earth-science needs of the Nation, the U.S. Geological Survey remains
dedicated to its original mission to collect, analyze, interpret, publish,
and disseminate information about the natural resources of the Nation--
providing 'Earth Science in the Public Service,'



WATER RESOURCES DIVISION

Basic Mission and Program

The mission of the Water Resources Division is to provide the hydrologic
information and understanding needed for the optimum utilization and manage-
ment of the Nation's water resources for the overall benefit of the people of
the United States.

This is accomplished, in large part, through cooperation with other
Federal and non-Federal agencies, by:

--Collecting, on a systematic basis, data needed for the continuing

determination and evaluation of the quantity, quality, and use of the

Nation's water resources;

--Conducting analytical and interpretive water-resource appraisals

describing the occurrence, availability, and the physical, chemical,

and biological characteristics of surface and ground water;

--Conducting supportive basic and problem-oriented research in hydraulics,

hydrology, and related fields of science to improve the scientific basis

for investigations and measurement techniques and to understand hydrologic

systems sufficiently well to quantitatively predict their response to

stress, either natural or manmade;

--Disseminating the water data and the results of these investigations

and research through reports, maps, computerized information services,

and other forms of public releases;

--Coordinating the activities of Federal agencies in the acquisition of

water data for streams, lakes, reservoirs, estuaries, and ground waters;

--Providing scientific and technical assistance in hydrologic fields to

other Federal, State, and local agencies, to licensees of the Federal

Power Commission, and to international agencies on behalf of the

Department of State.
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TYPES OF FUNDING

Funds to support the water-resources activities of the North Dakota
District are derived from three principal sources:

(1) Federal Program--Funds are appropriated by Congress and are
specifically identifieds In fiscal year 1985, Federal funding for North
Dakota District program activities was $436,825,

(2) Federal-State Cooperative Program--Federal funds are appropriated by
Congress and used to match those furnished by State and other tax-supported
agencies on a 50-50 basise. These funds are used for a variety of hydrologic
data~-collection activities and water-resources investigations in which the
U.S. Geological Survey represents the national interest and the cooperating
agencies represent State and local interests. In fiscal year 1985,
Federal-State Cooperative funding for the North Dakota District was
$1,410,780,.

(3) Other Federal Agencies (OFA) Program--In this program, the funds are
transferred to the U.S. Geological Survey as reimbursement for work performed
at the request of another Federal agency. In fiscal year 1985, OFA funding
was $741,555.

The total budget for fiscal year 1985 is $2,589,160,

Federal program—

Federal-State “\ 4— 17 percent

Cooperative
program—54
percent

Other Federal Agencies
program—29 percent

The diagram below shows the percentage of the investigations for fiscal
year 1985 in each of the broad categories of research projects, areal
appraisals and interpretive studies, collection of hydrologic data, and
administrative projects.

i g Collection of
Areal appraisals [ r
and interpretive —a : ™ Ve gzdrgbgl: data—
studies—32 percent . : percen

Administrative
*——  projects—4
percent

Q Research projects—
40 percent



LIST OF COOPERATORS

Agencies supporting water-resources investigations during fiscal year 1985
are listed below.

Federal agencies

U.S. Department of Agriculture
Soil Conservation Service
U.S. Department of the Army
Corps of Engineers
St. Paul District
Omaha District
U.S. Department of Commerce
National Weather Service
U.S. Department of Energy
Western Area Power Administration
U.S. Department of the Interior
Bureau of Indian Affairs
Bureau of Land Management
Bureau of Reclamation
Fish and Wildlife Service
National Park Service
U.S. Department of State
International Joint Commission
Waterways Treaty
U.S. Environmental Protection Agency

Local agencies

Burleigh County Water Resource District
City of Dickinson

Lower Heart Water Resource District
Oliver County Board of Commissioners

State agencies

North Dakota Geological Survey

North Dakota Public Service Commission
North Dakota State Department of Health
North Dakota State University

North Dakota State Water Commission



SUMMARY OF MAJOR WATER PROBLEMS

Water has been a subject of major concern to the agricultural State of
North Dakota. Testimonial to this is the fact that the North Dakota State
Water Commission, the chief State water agency, has been one of the largest
State agencies over the years and generally has received adequate funding from
the State Legislature. It has regulatory authority over all water use within
the State and carries out a program of water-related activities with Federal,
other State, and local agencies.

The water problems are related mostly to natural conditions of geology and
climate but are socioeconomic as well. They are discussed herein under the
broad headings of quantity and quality.

Quantity

Precipitation in North Dakota (fig. 1) is erratic. Periods of surplus
water alternate with periods of deficiency. No regular cyclic pattern has
been demonstrated, but the periods generally extend over several years.
During the surplus periods, flooding is common. All major rivers in the
State (fig. 2) are subject to flooding; but for some rivers, such as the
Missouri, the risks are low because their flows are regulated by dams and
reservoirse.

The Red River valley is particularly wvulnerable to flooding because of
extremely flat topography and small channel capacity. Since 1950, 10 serious
floods have occurred along the Red River main stem in North Dakota and
Minnesota. The Souris River, which enters northwestern North Dakota from
Canada and eventually flows back into Canada from North Dakota, also is flood
prone. Since 1950, seven serious floods have occurred along the Souris River
main stem.

Studies to date indicate that the natural tendencies toward flooding in
the Red River valley and along the Souris River are being affected by man's
activities. However, these effects are very difficult to quantify because of
insufficient long-range records. It is known that large tracts of formerly
noncontributing wetlands in and on both sides of the Red River valley have
been drained for agricultural purposes. Drainage of the wetlands has added
to the contributing basin of the Red River. Also, it is known that a large
number of individual dike systems have been built for flood protection. These
systems tend to aggravate flood conditions in that they locally cause higher
than normal flood crests.

Wetland drainage affects water resources in other ways. Wetlands
constitute valuable habitat for waterfowl and other wildlife. North Dakota
normally produces more waterfowl than any other state in the contiguous United
States. Some of the deeper wetlands are used for stock-watering purposes,
particularly in the Coteau du Missouri. Finally, wetlands may be important
sources of ground-water recharge. To date, little quantitative work has been
done in North Dakota regarding ground-water recharge. During the 1985 fiscal
year, however, a cooperative project with the North Dakota State Water
Commission was begun to address snowmelt recharge to shallow aquifers.
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DATA-COLLECTION PROGRAM

The U.S. Geological Survey continually records stage, discharge, quality
of water, sediment concentrations, and ground-water levels at selected sites
throughout North Dakota. Some of the sites are operated on a long~term basis
to sample trends in the gross water supply, and others are operated for short
terms for correlation with long term to gain wider areal coverage or for
specific purposes. The information is published annually in water-data
reports and stored in computer files for retrieval and processing.

PROJECT TITLE: Surface-Water Stations
(ND 00-001)

LOCATION: Statewide
PERIOD OF PROJECT: Continuous STATEW|DE
PROJECT CHIEF: Russell E. Harkness

COOPERATING AGENCIES: Burleigh County Water Resource District
City of Dickinson
Lower Heart Water Resource District
North Dakota Public Service Commission
North Dakota State Water Commission
Oliver County Board of Commissioners
U.S. Department of Agriculture
Soil Conservation Service
U.S. Department of the Army
Corps of Engineers
U.S. Department of the Interior
Bureau of Reclamation
Fish and Wildlife Service
U.S. Department of State
International Joint Commission
Other Federal agencies of the U.S.
Department of the Interior for the
development of the Missouri River
basin

PROBLEM: Operation of current water projects and planning future works
requires the availability of accurate and unbiased streamflow and water-level
data. The information must be available in a timely manner in order to
assure efficient and effective operation of existing projects. The data also
must be available over a wide range of space and time in order to provide
statistically accurate projections used for planning.
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OBJECTIVES: Specific objectives are (1) to collect surface-water data
sufficient to satisfy needs for current purpose uses, such as assessment of
water resources, operation of reservoirs or industries, forecasting, disposal
of wastes and pollution controls, discharge data to accompany water-quality
measurements, compact and legal requirements, and research or special studies
and (2) to collect data necessary for analytical studies to define for any
location the statistical properties of, and trends in, the occurrence of water
in streams, lakes, etc., for use in planning and design.

APPROACH: Standard methods of data collection will be used as described
in the series, "Techniques of Water-Resources Investigations of the United
States Geological Survey." Partial-record gaging will be used instead of
complete~record gaging where it serves the required purpose.

PROGRESS IN 1984: All network (fig. 6) data were collected on schedule
and the water-year records are being prepared for publication. Six former
coal-lease monitoring stations were discontinued. One former streamflow-
gaging station was reinstalled with a new sheet-pile control. Extensive
repairs were made to the control at one other streamflow station.

The Interim National Water Data Storage and Retrieval System (WATSTORE)
was installed on the District's PRIME computer. All digital recorder data for
the 1984 water year were processed on the PRIME system.

PLANS FOR 1985: Two streamflow gages will be converted to crest-stage
gages and one crest-stage gage will be discontinued. One lake gage will be
turned over for operation by another agency and a new lake gage will be
installed. One former streamflow-gaging station will be reinstated. Five
new streamflow gages will be installed during the summer and will be ready
for data collection during the 1986 spring snowmelt period. Five existing
short-term seasonal gages will be discontinued. Control rehabilitation
will continue with new sheet-pile controls planned for three stations. The
conversion to the 12-volt power system will be completed.

The National Water Information System (NWIS) will replace the Interim
WATSTORE system on the PRIME computer. Improved data-management capabilities
and experience with the system should result in more current processing of
streamflow records and an earlier publication date of the annual report.

REPORT PRODUCTS: U.S. Geological Survey, 1984, Water-resources data,
North Dakota, Water year 1983: U.S, Geological Survey Water-Data Report
ND-83-1, 382 p.

U.S. Geological Survey, Water-resources data, North Dakota, Water yeér
1984 (planned).
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PROJECT TITLE: Ground-Water Stations A el
T WL:{ e T
(ND 00-002) bvjr.%;;‘;q an
T
LOCATION: Statewide ) b LT
PERIOD OF PROJECT: Continuous STATEWIDE
PROJECT CHIEF: Russell E. Harkness g

COOPERATING AGENCIES: North Dakota Public Service Commission
North Dakota State Water Commission
U.S. Department of the Army
Corps of Engineers

PROBLEM: Planning for management and development of ground-water
resources requires extensive knowledge of the occurrence and availability of
ground water, the stresses on the system, and the ability of the system to
recover when stress ceases.

OBJECTIVES: Specific objectives are (1) to collect water-level data
sufficient to provide a minimum long-term data base so that the general
response of the hydrologic system to natural climatic variations and induced
stresses is known and potential problems can be defined early enough to
allow proper planning and management and (2) to provide a data base against
which the short-term records acquired in areal studies can be analyzed. This
analysis must (1) provide an assessment of the ground-water resources, (2)
allow prediction of future conditions, (3) detect and define pollution and
supply problems, and (4) provide the data base necessary for management of
the resources.

APPROACH: Evaluation of regional geology allows broad, general definition
of aquifer systems and their boundary conditions. Within this framework and
with some knowledge of the stress on the system in time and space and the
hydrologic properties of the aquifers, a subjective decision can be made on
the most advantageous locations of observation wells to determine long-term
system behavior. This network can be refined as records become available and
detailed areal studies of the ground-water system more closely define the
aquifers, their properties, and the stresses to which they are subjected.

PROGRESS IN 1984: All network (fig. 8) data were collected on schedule.
The data were tabulated and stored in District and WATSTORE files.

PLANS FOR 1985: Plans are to continue to operate the data network and to
conduct a Beta test (initial field application and testing) of the ground-
water software for NWIS on the District PRIME computer,
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REPORT PRODUCTS: U.S. Geological Survey, 1977, Ground-water levels in
the United States, 1972-74, north-central states: U.S. Geological Survey
Water-Supply Paper 2163, p. 57-61. :

Ground-water data for the basic network have been and will continue to be
published in the annual report series, "U.S. Geological Survey, Water-
resources data, North Dakota."
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PROJECT TITLE: Water—-Quality Stations [1:]j%j11j7§
(ND 00-003) WjT_Lﬁ_._‘:ﬁm‘ \
| ;}%; ﬁ;l
LOCATION: Statewide :;ﬂ“t,s(iil_’xl g
PERIOD OF PROJECT: Continuous STATEWIDE
PROJECT CHIEF: Robert L. Houghton

COOPERATING AGENCIES: North Dakota Public Service Commission
North Dakota State Water Commission
U.S. Department of the Army
Corps of Engineers
U.S. Department of the Interior
Bureau of Reclamation
Fish and Wildlife Service

PROBLEM: Water-resource planning and water-quality assessment require a
nationwide base level of relatively standardized information. For proper
planning and assessment of the water resource, the chemical and physical
gualities of surface water and ground water must be defined and monitored.

OBJECTIVES: Specific objectives are (1) to provide a national bank of
water-quality data for broad Federal planning and action programs and (2) to
provide data for Federal management of interstate and international waters.

APPROACH: A network of water—quality stations will be operated to provide
average chemical concentrations, loads, and time trends as required by
planning and management agencies.

PROGRESS IN 1984: All network (fig. 7) data were collected on schedule
and records are being prepared for publication.

PLANS FOR 1985: The network will continue to operate with a few
cooperator-requested modifications. Water-quality sampling frequency and
constituents for analysis will be expanded at all main-stem stations on the
James River.

REPORT PRODUCTS: U.S. Geological Survey, 1984, Water-resources data,
North Dakota, Water year 1983: U.S. Geological Survey Water-—-Data Report
ND-83-1, 382 p.

U.S. Geological Survey, Water-resources data, North Dakota, Water year
1984 (planned).
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PROJECT TITLE: Sediment Stations SRR

(ND 00-004) AN

pUATLACE S e

. P suk SR IR AN

LOCATION: Statewide E e g

) = MR

PERIOD OF PROJECT: Continuous STATEWIDE
PROJECT CHIEF: Russell E. Harkness

COOPERATING AGENCIES: North Dakota Public Service Commission
U.S. Department of the Interior
Bureau of Reclamation
Other Federal agencies of the U.S.
Department of the Interior for the
development of the Missouri River
basin

PROBLEM: Water-resources planning for intrastate as well as interstate
waters requires a standardized data base containing sediment transport
information. The information must be accurate, unbiased, and available to
the user.

OBJECTIVES: Specific objectives are (1) to provide a national bank of
sediment data for use in broad Federal and State planning and action programs
and (2) to provide data for Federal management of interstate and international
waters.

APPROACH: A network of sediment stations will be established and operated
to provide spatial and temporal averages and trends of sediment concentration,
sediment discharge, and particle size of sediment being transported by rivers
and streams.

PROGRESS IN 1984: Data were collected and analyzed for 21 partial-~record
stations (fig. 7). Records are being prepared for publication.

PLANS FOR 1985: Plans are to continue to operate the network.

REPORT PRODUCTS: U.S. Geological Survey, 1984, Water-resources data,
North Dakota, Water year 1983: U.S. Geological Survey Water-Data Report
ND-83-1, 382 p.

U.S. Geological Survey, Water-resources data, Noxrth Dakota, Water year
1984 (planned).
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PROJECT TITLE: National Trends Network for E_'."‘TK-LT{";’J;I‘;’J}
L Lk

Atmospheric Deposition et o A e
LY Ll -+
(ND 00-005) T e
LT J.LL_J i
SNILas=c)
LOCATION: Statewide
STATEWIDE
PERIOD OF PROJECT: Continuous since November 1983
PROJECT CHIEF: Robert L. Houghton

PROBLEM: 1In order to determine atmospheric fluxes to the hydrologic
system and man's influences on these fluxes, it is necessary to establish and
operate a nationwide, long-term monitoring network for atmospheric depositione.

OBJECTIVES: The objectives of the project are (1) to establish and
operate a nationwide long-term monitoring network to detect and measure levels
of atmospheric deposition and (2) to determine variations in atmospheric
deposition that occurs on a week-to-week basis by collection of wet- and
dry-deposition products for analysis of elements and constituents that can
contribute to the chemical composition of surface waters.

APPROACH: Monitoring stations are to be set up as part of the National
Trends Network (NTN). Stations will be maintained, on-site measurements made,
samples processed, and samples submitted to the analytical laboratory. Data
will be stored in NWIS and verified. Results will be reported to the national
program coordinator.

PROGRESS IN 1984: Two atmospheric deposition stations were operated.
Records for the first year's precipitation and quality are being prepared for
publication, Collection of dry fall was terminated in August 1984.

PLANS FOR 1985: Stations will continue to be monitored. Data will be
stored in NWIS files, Digitally recording rain gages will be installed at
each station. Field operators will receive training from the National
Atmospheric Deposition Program.

REPORT PRODUCTS: Houghton, R. L., 1984, Differences in composition
of wet fall collected on weekly and event basis in North Dakota: National
Atmospheric Deposition Program Technical Committee Meeting, Abstract of
Papers, October 31-November 2, 1984, p. 11-12,

U.S. Geological Survey, Water-resources data, North Dakota, Water year
1984 (planned).
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PROJECT TITLE: Water-Use Data Acquisition r‘*idﬁ“LtL—r}
and Dissemination Program VVA;-LALﬁ”:j&
(ND 00-007) T th l
i Liqd,
a "'*“L/'( 1 i
LOCATION: Statewide
STATEWIDE
PERIOD OF PROJECT: Continuous
PROJECT CHIEFS: Jon C. Patch, North Dakota State Water

Commission, and Edwin A. Wesolowski,
U.S. Geological Survey

COOPERATING AGENCY: North Dakota State Water Commission

PROBLEM: The water resources of North Dakota are being used more
extensively with each succeeding year. Competition among users for available
water resources--both those parts of the resources that have not been used and
those parts that are available for reuse--in the State has greatly increased.
Increased energy development during the next decade will place an even greater
stress on the hydrologic system. In order to control the development of the
resources and to project future trends, planners and managers must be aware of
existing patterns of use. The types of analyses that must be made to evaluate
the availability of the water resources require more detailed water-use
information than currently is available from Federal and State agencies.

OBJECTIVES: This study will establish a program to provide water-use
information for the optimum utilization and management of the State's water
resources. The program will collect, store, and disseminate water-use data to
complement data on availability and quality of the State's water resources.

APPROACH: Withdrawal uses can be evaluated quantitatively because they
require removal of the water from the ground, stream, lake, or reservoir.
The categories that would be applicable for obtaining the total withdrawals
are irrigation, municipal use, industrial self-supply, agricultural
(nonirrigation), withdrawn can be obtained by adding together the known
amounts of withdrawals. Two nonwithdrawal uses that need to be considered
are recreation and preservation. For each of these categories, not only the
record of withdrawal would be collected but other pertinent information that
would be useful in water-use analysis.

PROGRESS IN 1984: The major cooperator, North Dakota State Water
Commission, continued to collect water-use data and to store these data in
their site-specific oriented data base. The water-use data are obtained
through contact with individuals who have permission to withdraw water for
consumptive use. Field investigators were used to verify and supplement the
user-supplied data.

In 1982, North Dakota used an estimated 371 billion gallons of water. The
largest user was thermoelectric, 77.2 percent; followed by irrigation, 13.2
percent; municipal/rural, 9.2 percent; and industrial, 0.4 percent.
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PLANS FOR 1985: (1) The North Dakota State Water Commission will continue
to update and maintain the detailed water-use data base. (2) A computerized
system that can retrieve the water-use data from the detailed state-level
water-use data base and transfer these data to the National Water-Use Data
System's (NWUDS) national-level aggregated data base will be developed and
implemented. (3) In order to improve data collection, various techniques for
obtaining accurate discharge information will be tested.

REPORT PRODUCTS: Patch, J. C., and Haffield, N, D,, 1982, Estimated use
of water for North Dakota, 1982: North Dakota State Water Commission
Information Series No. 33 (map).

Smith, M. L., and Harkness, R. E., 1982, Water use in North Dakota, 1980:
North Dakota State Water Commission Information Series No. 31 (map).
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PROJECT TITLE: Evaluation of the Streamflow TR

m*L:thL,_4

Collection Network for North “j; Lilw
Dakota (ND 90093) T %HLLI
_i - L{
*LL’TtﬁﬂﬁJ
LOCATION: Statewide
STATEWIDE
PERIOD OF PROJECT: October 1983 to September 1986
PROJECT CHIEF: Gerald L. Ryan

PROBLEM: Changes in the streamflow data-collection network are being
made in a somewhat indiscriminate manner based on individual agency needs.
The changes or cutbacks are necessary due to severe restraints on funds
and manpower and increased cost of operation. The tendency is to collect
selective data to meet immediate requirements with little thought to future
needs.,

OBJECTIVES: The purpose of this study is to make a systematic review of
the network to determine how best to serve the immediate and long-term Federal
and State needs. The specific objectives of the study are (1) to define the
purpose of the data collection at each site, (2) to make a comparative merit
evaluation for all sites, (3) to identify alternative ways to supply data
requirements and the changes that could be made in the network to effect
savings in funds and manpower, and (4) to identify requirements for periodic
or continuous network evaluation.

APPROACH: The study will be conducted in two phases. Phase 1 will be to
answer objectives 1 and 2. Phase 2 will be to answer objectives 3 and 4. A
questionnaire will be prepared and distributed to cooperators and other
interested agencies to ascertain individual station interest. The data from
the questionnaire will be compiled and manipulated to develop a relative merit
for each existing station as well as any that might be proposed. Phase 2 will
lend itself to statistical manipulation to effect network efficiency. This
can be accomplished by one or more of several methods. A method that might be
used effectively in improving data-collection activities and reducing funding
and manpower costs is the "Kalman Filter Cost Effective Resource Allocation
(K-CERO)." '

PROGRESS IN 1984: A general questionnaire was formulated and circulated
and data compiled to develop a relative merit for each station. The report
containing the results of the first phase of the investigation was written and
began the review process.

PLANS FOR 1985: Alternative ways to supply data requirements and the
changes that could be made in the network to effect savings in funds and
manpower will be identified. A start will be made on the statistical ewvalua-
tion of data operation. Publication of the report containing the results of
the first phase of the investigation is planned.

REPORT PRODUCTS: Ryan, G. L., 1985, Data uses and funding of the
streamflow-gaging program in North Dakota: U.S. Geological Survey Open-File
Report 85-349, 29 p. (in press).
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COUNTY GROUND-WATER STUDIES

The U.S. Geological Survey has for many years had a continuing program in
cooperation with State and other Federal agencies to investigate the ground-
water resources of the counties in North Dakota. The studies are connected
under county or multicounty boundaries and every county has a study completed
or in progress (fig, 9). In 1985, the report on the final remaining county
will be published.

PROJECT TITLE: Ground-Water Resources of

McKenzie County, North Dakota
(ND 79-086)

LOCATION: Western North Dakota
PERIOD OF PROJECT: October 1978 to September 1983
PROJECT CHIEF: Mack G. Croft

COOPERATING AGENCIES: North Dakota Geological Survey
North Dakota State Water Commission
U.S. Department of the Interior
Bureau of Land Management
National Park Service

PROBLEM: To plan the safe and intelligent development of water supplies
for farms, industry, and cities, information is needed on the sources of
recharge and discharge, quantities of water in storage, potential yield, and
chemical quality of water in agquifers in McKenzie County.

OBJECTIVES: The purpose of the investigation is to determine the quantity
and quality of ground water available for municipal, domestic, livestock,
industrial, and irrigation uses. Specifically, the objectives are (1) to
determine the location, extent, and nature of the major aquifers and confining
beds; (2) to evaluate the occurrence and movement of ground water, including
the sources of recharge and discharge; (3) to estimate the quantities of water
stored in the aquifers; (4) to estimate the potential yields to wells tapping
the major aquifers; and (5) to determine the chemical quality of the ground
water.,

APPROACH: This is a relatively comprehensive study of the ground-water
resources. The methods of study are categorized by the following activities:
(1) Project planning, (2) water records, (3) geologic mapping, (4) test
drilling, (5) chemical quality of water sampling and analyses, (6) aquifer
tests and special studies, (7) data compilation and analysis, and (8) report
preparation.
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PROGRESS IN 1984: Five test holes ranging from 1,600 to 2,100 feet deep
were drilled to the Pierre Shale. Thirty test wells were drilled to the base
of the Tongue River Formation. Glacial channels, some containing gravel, were
outlined in the northern part of the county and about 100 test wells were
drilled into them. The well canvass was completed. About 150 water samples
were collected and analyzed. The basic-data report was published and the
interpretive report was written.

PLANS FOR 1985: Plans are to process reviews for the interpretive report
and obtain approval for publication.

REPORT PRODUCTS: Croft, M. G., 1985, Ground-water data for McKenzie
County, North Dakota: North Dakota State Water Commission County Ground-Water
Studies 37, part II, and North Dakota Geological Survey Bulletin 80, part 1I,
455 p.

Croft, M. G., 1985, Ground-water resources of McKenzie County, North
Dakota: North Dakota State Water Commission County Ground-Water Studies 37,
part III, and North Dakota Geological Survey Bulletin 80, part III, 58 p.

Geology and ground-water resources of McKenzie County, North Dakota, part
I, Geology (planned).
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REGIONAL STUDIES

In anticipation of water demands on a scale unlimited by political
boundaries or local problems, the U.S. Geological Survey is conducting studies
of regional ground-water systems. Some of these studies are in cooperation
with other agencies. The studies are directed toward definition of the
systems and prediction of the effects of stresses that could be imposed by
present and future management plans.

PROJECT TITLE: Changes in Precipitation ZQZECZII;:E}
Chemistry Resulting from w{jé_;gL;qj:
Coal-Fired Energy Conversion ?jL‘EqFffj.jf
Plants in North Dakota igiﬂigfﬁfgﬁiiJ
(ND 82-106/108) A

/ STATEWIDE

LOCATION: North Dakota

PERIOD OF PROJECT: October 1981 to September 1984

PROJECT CHIEF: Robert L. Houghton

COOPERATING AGENCY: North Dakota State Department of Health

PROBLEM: Little data have been collected on precipitation quality in
relatively pristine areas of the country not presently receiving large
pollutant loads from the atmosphere. Of the western energy-producing states,
North Dakota may be the most vulnerable to serious environmental damage in the
future. The State is currently undergoing a rapid expansion of population,
lignite mining, petroleum and synfuel production, and energy production by
coal-fired powerplants. With the known energy development projects proposed
for operation within North Dakota by 1985, the total statewide emissions of
sulfur and nitrogen oxides are expected to exceed 1,300 tons per day.
Considering additional input from increased emissions in upwind regions of
Montana and Saskatchewan, the potential also exists for an adverse or episodic
acid rain problem on a regional scale in North Dakota by the mid-1980's,

OBJECTIVES: Detailed geochemical investigations will be made (1) to
determine baseline concentrations of certain elements in aerosol, precipita-
tion, soil, and water prior to large~scale development of fuel resources;

(2) to examine this baseline data for evidence of current influences by coal-
fired generating facilities; (3) to determine the variation in composition of
atmospheric precipitation both temporally and spatially; (4) to identify and
evaluate mechanisms by which elements transfer within the ecosystem among
atmosphere, water, and soil components; and (5) to determine the impact of
changes in precipitation chemistry on surface- and ground-water quality. The
results of these studies should provide the necessary basis (1) to develop a
conceptual model of the processes controlling the composition of atmospheric
deposition and (2) to follow with a mathematical model for quantitative
predictions of future changes in precipitation quality and network design
required to determine long-term changes in the quality of precipitation.
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APPROACH: Representative receptor locations will be chosen within and
downwind of the energy development area in western North Dakota.
Meteorological data and chemical data for wet and dry deposition collected
at each receptor location will be statistically evaluated to determine the
covariance of properties measured. Parameters indicative of differing types
of energy development will be identified and monitored on an event or weekly
basis. Stable isotopes will be monitored periodically to determine the
proportion of acidic substances in precipitation contributed by biogenic
processes and fossil-fuel combustion. A mass-balance flux-type model will
be used to evaluate the effects of changing precipitation composition on
the hydrologic system. An atmospheric model developed by the North Dakota
State Department of Health may be used to evaluate the effects of powerplant
emissions on precipitation quality and predict future impacts. The composi-
tion of streams and lakes in the vicinity of precipitation stations will be
monitored to measure the effects of precipitation chemistry on local surface
waters. If impacts of degraded atmospheric deposition are recognized in local
surface waters, regional surface- and ground-water quality data collected as
part of the statewide network will be evaluated to determine the extent of
these impacts.

PROGRESS IN 1984: The quality of water in potholes adjacent to
precipitation-collection stations at Canfield Lake and Woodworth and a
small~-basin headwater stream near Dunn Center was determined monthly to
determine the hydrologic consequences of changing precipitation chemistry.
During snowmelt, these surface-water quality determinations were supplemented
by daily samplings and snow cores to identify snowmelt enrichments in the
volatile trace metals. BAn area of apparent acidification in the Turtle
Mountains of northern North Dakota also was monitored on a monthly basis.
After a year's lapse, the Canfield Lake precipitation chemistry station was
reestablished in 1984 and the North Dakota State Department of Health con-
tinued to operate stations at Dunn Center and Woodworth. This network was
supplemented by two NTN stations operated by the U.S. Geological Survey,

a third NTN station operated by the U.S. Park Service, and 10 new weekly
stations geographically distributed across North Dakota and operated by the
North Dakota State Department of Health.

PLANS FOR 1985: Monitoring of pothole quality on a monthly basis will
be continued in Canfield Lake Pothole No. 1 and Woodworth Pothole No. 14.
These samplings will be supplemented by a daily monitoring during initial
snowmelt and snow cores. Canfield Lake precipitation-collection station will
be operated on an event basis. A within-event precipitation pH, specific
conductance, and temperature monitor will be installed at Canfield Lake and
operated between April and October. An improved automated digital meteoro-
logical monitoring system will be installed and operated at Canfield Lake
commencing May 1985,
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REPORT PRODUCTS: Houghton, R. L., 1983, Acidification of North Dakota
surface water: Proceedings, Symposium on Acid Rain in Western Canadian
Provinces, Regina, Saskatchewan, May 26-27, 1983, p. 16.

Houghton, R. L., 1983, Composition of atmospheric deposition in western
North Dakota: Proceedings, 75th Annual Meeting of the North Dakota Academy of
Science, Grand Forks, N. Dak., April 28-30, 1983, p. 59.

Houghton, R. L., 1984, Differences in composition of wet fall collected on
weekly and event basis in North Dakota: National Atmospheric Deposition
Program Technical Committee Meeting, Abstract of Papers, October 31-November
2, 1984, p. 11-12.

Houghton, R. L., Berger, M. E., Zander, N., and Dutchuk, S. K., 1984,
Atmospheric deposition: Sample handling, storage, and analytical procedures
for chemical characterization of event-based samples in North Dakota: U.S.
Geological Survey Water-Resources Investigations 83-4205, 71 p.

Houghton, R. L., and Briel, L. I., 1985, Chemistry of precipitation in
rural North Dakota: Proceedings, International Conference on Acidic
precipitation, Muskoka, Ontario, Canada, September 15-20, 1985 (in press).

Houghton, R. L., and Foss, J. E., 1985, Snowmelt trace-element enrichments
in prairie potholes and soils of central North Dakota: Proceedings,
International Conference on Acidic Precipitation, Muskoka, Ontario, Canada,
September 15-20, 1985 (in press).
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PROJECT TITLE: Hydrology of Area 46,
Northern Great Plains Coal
Province, North Dakota
(ND 83-112)

LOCATION: Northwestern North Dakota
PERIOD OF PROJECT: October 1982 to September 1983
PROJECT CHIEF: Mack G. Croft

PROBLEM: Because of the rapidly developing energy resources (i.e., coal
and oil), water availability and protection of water resources are significant
problems in coal area 46, Expected energy development included surface
mining, powerplants, and coal conversion plants. Mining companies are
required by law to analyze the hydrologic effects of proposed activities and
to take appropriate measures to minimize adverse effects. There was, there-
fore, a need for comprehensive and easily understood information about the
water resources in coal area 46.

OBJECTIVES: The purpose was to describe the hydrology of area 46 in a
format readily usable by the coal-mining industry, the regulatory agencies,
interest groups {(such as environmental organizations), and the general
public. The specific objectives of the study were to present (1) a descrip-
tion of the area in a hydrologic framework, (2) a guantitative assessment of
the occurrence and availability of water, (3) an assessment of the present
guality of available water, and (4) an identification of current and planned
utilization of water.

APPROACH: A topic outline was developed based on previous reports. Only
existing data were utilized to establish an information framework for the
study area. All available data were used to prepare graphs, maps, and text to
fulfill the objectives of the study. The report was prepared in accordance
with the Sequential Thematic Organization of Publications (STOP) format.

PROGRESS IN 1984: The report was completed and approved for publication.

PLANS FOR 1985: Publication of the report is anticipated.

REPORT PRODUCTS: Croft, M. G., and Crosby, O. A., 1985, Hydrology of area
46, northern Great Plains and Rocky Mountain coal provinces, North Dakota:
U.S. Geological Survey Open-File Report 84-467, 135 p. (in press).

37



PROJECT TITLE: Generation of a Data Base
for the James River Salinity
Model, North Dakota and
South Dakota (ND 85-135)

LOCATION: James River Basin of
Eastern North Dakota and
South Dakota

PERIOD OF PROJECT: April 1985 to December 1986
PROJECT CHIEF: Lawrence I, Briel
COOPERATING AGENCY: U.S. Department of the Interior

Bureau of Reclamation

PROBLEM: Operation of the Garrison Diversion Unit will bring Missouri
River water into the James River basin to augment flows in the James River
sufficiently to permit expanded irrigation and provide new supply for
municipalities and industry. Increased irrigation may increase river
salinity beyond acceptable limits. Before the U.S. Bureau of Reclamation
can model unit impact on river salinity, model inputs must be estimated in
a hydrochemically sound manner.

OBJECTIVE: The purpose of this investigation is (1) to generate the input
data required by the river salinity model of the U.S. Bureau of Reclamation to
evaluate a variety of different management options and (2) to index the effect
of each option on water quality in the James River.

APPROACH: Successive reaches of the James River will be defined for
purposes of the model. For each reach, input of water-quality and quantity
data is required for surface-water, ground-water, and irrigation return
flows. Most information on surface-water contribution will be taken from the
historical gaged record. Ungaged surface-water inflows will be estimated from
residuals in the flow model and assigned salinities according to equations
correlating tributary salinity to land use, drainage area, and flow. Ground-
water data will be estimated from seepage information. Irrigation return flow
gquality will be estimated from extract or reaction-model data.

PLANS FOR 1985: The historical data base will be screened to eliminate
erroneous data. Equations relating surface-water salinity to land use,
drainage area, and flow will be developed for each stream reach and tributary.
Monthly mean or monthly period-of-record data bases will be developed.
Ground-water and irrigation return flow qualities will be developed based on
available ground-water and extract quality data. Documentation of the methods
used to develop the data base will begin.

REPORT PRODUCTS: Development of a water-quality data base to arm the U.S,
Bureau of Reclamation's salinity model of the James River in North and South
Dakota (planned).
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SPECIAL INVESTIGATIONS

Special hydrologic investigations often are needed to supplement the
ongoing program. These special investigations include water-supply problems,
drainage problems, ground-water and surface-water relationships, ground-water
recharge, water-quality problems, geochemical studies, and water management.
The objective is to assist State and Federal agencies in solving water-
resources problems on short notice.

PROJECT TITLE: Feasibility of Aerial Snow
Surveys to Determine the
Variation of Snow Cover on
Snow Courses of 1 Mile or
Less on the Northern Plains
of North Dakota (ND 81-093)

LOCATION: North-Central North Dakota
PERIOD OF PROJECT: October 1980 to September 1982
PROJECT CHIEF: Douglas G. Emerson

COOPERATING AGENCIES: U.S. Department of Commerce
National Weather Service
U.S. Department of the Interior
Bureau of Land Management

PROBLEM: Snow-cover data in terms of water equivalents were needed by
Federal, State, and local agencies, and private groups who have the respon-
sibility of managing snow cover for maximum crop production, maintaining
transportation routes, and determining runoff for flood predictions and
reservoir storage. Most of these uses require information on variations in
snow-cover distribution. There has always been difficulty in obtaining data
on the variations in snow-cover distributions on the northern plains.

OBJECTIVE: The objective of this investigation was to evaluate the
feasibility of using aerial surveys to obtain information on the snow water
equivalents of the snow cover on small selected land use/terrain type units in
order to minimize the necessity of labor intensive ground snow surveys.

APPROACH: Two methods of making snow surveys were used to obtain the
objective of the study. The first method was a ground snow=-survey technique
based on stratified sampling. This technique was based on the research
relating snow accumulation to terrain, vegetation, and land use. The second
method was an aerial snow-survey technique used by the U.S. National Weather
Service that measured the attenuation of natural terrestrial gamma radiation
to determine snow water equivalent. The delineation of the aerial snow
survey data into smaller segments to determine the variation of snow cover
was examined.
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PROGRESS IN 1984: Data were collected and analyzed. One aerial snow-
survey pass was found to be adequate for measuring the snow cover over a
1-mile snow course. Aerially measuring snow cover for multiple single land
use units and extrapolating the data over an area to obtain the variations of
snow cover appeared to be feasible.

PLANS FOR 1985: None.

REPORT PRODUCTS: Emerson, D. G., Carroll, T. R., and Steppuhn, H., 1985,
Small—-area snow surveys on the northern plains of North Dakota: U.S.
Geological Survey Water-Resources Investigations Report 85-4026, 22 p. (in
press).
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PROJECT TITLE: Pumping Techniques Bias in [T

4 L xL'LTL, L

Chemistry of Ground-Water {j€~H;Lg{;
Samples (ND 81-096) T Lt S e SN
(. LDY&LHWH
_ Tt P
LOCATION: Statewide
STATEWIDE
PERIOD OF PROJECT: October 1980 to September 1982
PROJECT CHIEF: Robert L. Houghton
COOPERATING AGENCY: North Dakota State Water Commission

PROBLEM: One of the most common sources of error in the chemical analysis
of ground water is bias introduced by chemical alteration during sampling.
The largest source of alteration is believed to result from air entrainment
during pumping. Therefore, if the nature and magnitudes of the biases of
different common pumping techniques were known, it would be possible to deter-
mine which ground-water data currently on file are usable in future studies.
Current quantitative studies would not be hampered by historical data of
questionable accuracy.

OBJECTIVE: The objective of this investigation was to determine the
nature and magnitude of chemical biases introduced during the sampling of
ground water by several different common pumping methods. Pumps that were
investigated included air-1ift, gas-squeeze, gas-driven reciprocating,
peristaltic, and submersible centrifugal pumps and Kemmerer-type and conven-
tional bailers. Analyses of ground water sampled by these techniques provided
a basis for evaluating historical ground-water data and determining preferred
methods for future sampling.

APPROACH: 1In phase 1 of the project, only wells of similar construction
were studied, thus minimizing water=-quality alteration due to well conditions.
During phase 2, randomly selected wells were sampled without regard to
construction design, but only water from wells of similar construction and
composition was considered in each statistical group. To fully assess the
affected properties, deep, intermediate, and shallow wells were included. To
assure applicability of the results to all water types, wells yielding
sulfate-, bicarbonate-, and chloride~type waters were studied. Additionally,
adjacent wells to the same aquifer depth but cased in different materials were
sampled to evaluate the effect of well construction on apparent ground-water
guality.

PROGRESS IN 1984: The project was summarized in a report presented at the
National Water Well Association's Fourth National Symposium and Exposition on
Aquifer Restoration and Ground-Water Monitoring. The draft final report
remained in the review process.

PLANS FOR 1985: Publication of the final report is anticipated.
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REPORT PRODUCTS: Houghton, R. L., and Berger, M. E., 1984, Effects of
well-casing composition and sampling methods on apparent quality of ground
water: Proceedings, Fourth National Symposium and Exposition on Aquifer
Restoration and Ground-Water Monitoring, Columbus, Ohio, May 23-25, 1984,
National Water Well Association, p. 203-213,

Houghton, R. L., and Berger, M. E., 1985, Effect of sampling method on
apparent quality of ground water (in progress).
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PROJECT TITLE: Water-Quality Assessment of
the Souris River within
North Dakota (ND 82-103)

LOCATION: Souris River within North
Dakota
PERIOD OF PROJECT: October 1981 to September 1985
PROJECT CHIEF: Edwin A. Wesolowski
COOPERATING AGENCY: North Dakota State Department of Health

PROBLEM: The water-quality degradation of the Souris River has resulted
in both intrastate dispute and international concern. The source and movement
of contaminants are of concern to Saskatchewan and Manitoba, the municipali=-
ties and State agencies of North Dakota, and several Federal agencies. The
North Dakota State Department of Health and the U.S. International Joint
Commission's Souris River Pollution Control Board have requested that a
study be undertaken to determine the cause of water-quality degradation on
the Souris River. Potential sources of water-quality degradation include
inadequately treated municipal and industrial wastes, urban and rural runoff,
feedlots, and several large wildlife refuges.

OBJECTIVES: Specific objectives of the study are (1) to define the hydro-
logic system and the current water-quality problems; (2) to determine time-of-
travel, dispersion, and reaeration characteristics; (3) to quantitatively
evaluate water-quality processes; and (4) to develop conceptual and digital
models to evaluate the waste load and water-gquality relationships and to
predict the effect of waste discharges on the river at various flows and at
selected reaches of the river.

APPROACH: Existing data will be used to identify seasonal water-guality
and hydrologic trends and conditions when the river is susceptible to
degradation. At these critical periods, additional data will be collected to
isoclate the processes that degrade the stream. A one-dimensional steady-state
water-quality model will evaluate these processes using the new data and field
determined times-of-travel and dispersion and reaeration coefficients.

PROGRESS IN 1984: A meeting early in the year with the cooperator
resulted in a decision to produce two reports-"Reaeration, traveltime, and
dispersion characteristics of the Souris River from Lake Darling to J. Clark
Salyer Refuge" and "Analysis of waste-load assimilation capacity of the Souris
River from Lake Darling to J. Clark Salyer Refuge." Data processing for the
modeling aspect of the report was terminated and a concentrated effort was
made to produce the reaeration, traveltime, and dispersion (TRACER) report.
Illustrations, figures, and tables were sketched and the first draft of the
TRACER report was completed shortly after the end of the year. In the test
reaches, reaeration coefficients ranged from 0.5-2.1 day'1, traveltime
(10-mile reach) ranged from 54 to 293 hours, test reach velocities ranged from

0.06-0.35 feet per second, and dispersion coefficients ranged from <10 to 60
feet squared per second.
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PLANS FOR 1985: The precipitation received and the intermittent releases
from Minot's lagoon during the 1983 synoptic sampling may necessitate using an
unsteady-state model instead of the planned steady-state model. Data used
with the steady-state model will be reformatted for use with the unsteady-
state model. Plans are to process the 1983 data, calibrate the model, prepare
the illustrations, and begin writing the report.

REPORT PRODUCTS: Wesolowski, E. A., Reaeration, traveltime, and disper-
sion characteristics of the Souris River from Lake Darling to J. Clark Salyer
Refuge (in progress).

Analysis of waste-load assimilation capacity of the Souris River from Lake
Darling to J. Clark Salyer Refuge (planned).
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PROJECT TITLE: Hydrology of the Lower
James River Basin in
North Dakota (ND 82-104)

LOCATION: Southeastern North Dakota

PERIOD OF PROJECT: October 1981 to September 1984

PROJECT CHIEFS: Jeffrey E. Miller and Paul K. Christensen
COOPERATING AGENCY: North Dakota State Water Commission

PROBLEM: A significant relationship was noted by previous investigators
between the local glacial-drift aquifers, the terrace aquifers, and the lower
James River in North Dakota. Irrigation and other developments in the James
River basin were increasing their demands on the ground-water and surface-
water system. As development of the water resources of the basin increased,
concerns also increased regarding the impact of development or proposed
development on low flows and water quality in both the James River and the
connected aguifers. Before the North Dakota State Water Commission could
begin to allow additional use of the water in the basin, the system needed to
be defined so that the effects of further development could be predicted.

OBJECTIVES: The objectives of this study were (1) to define the hydrology
of the ground-water and surface-water system and (2) to develop quantitative
capabilities for the evaluation of water-use impacts.

APPROACH: The project was done in a series of stages over a 3-year
period. The ground-water and surface-water system was defined as far as
possible with available data. Based on this definition, a data-collection
procedure was designed so that the system could be redefined in detail.
Ground-water levels, flow data, and ground-water and surface-water quality
differences were used to define the system. A preliminary report was
prepared. Additional data needs again were determined and the data collected
before the final system definition was completed. Based on the system and
approach, a model was developed, tested, and described in the final report.

PROGRESS IN 1984: The data report was prepared. Final data development
for the digital ground-water and surface-water model was completed and the
modeling system was calibrated and simulation runs made. A draft final
report was begun,

PLANS FOR 1985: Review of report products will continue. Final
publication of the report is planned by year-end.
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REPORT PRODUCTS: Christensen, P. K., and Miller, J. E., Progress report
for the cooperator on the ground-water and surface-water system of the lower
James River basin, North Dakota (not published).

Christensen, P. K., Miller, J. E.,, and Patten, E. P., 1985, Spiritwood
aquifer and James River system: Synopsis of the system and an evaluation of
management scheme, southeastern Stutsman and north~-central LaMoure Counties,
North Dakota (in progress).

Miller, J. E., 1985, User's manual for a model for simulating intercon-
nected ground-~water and surface-water systems (in progress).

Wald, J. D., and Christensen, P. K., 1985, Water~resources data for the
lower James River, Dickey, LaMoure, and Stutsman Counties, North Dakota (in
progress).
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PROJECT TITLE: Inventory and Analysis of F:¢:¢%\H§f:?

Information for Flood Plain ijé-g;;:tg
Management in North Dakota uif?r*%f]ffi
(ND 83-118/119) Eo oy roan
LOCATION: Statewide STATEWIDE
PERIOD OF PROJECT: October 1982 to September 1985
PROJECT CHIEF: Douglas G. Emerson

COOPERATING AGENCIES: North Dakota State Water Commission
U.S. Department of the Army
Corps of Engineers

PROBLEM: The North Dakota State Engineer identified governmental units
(i.e., cities, townships, and counties) in North Dakota that have flood hazard
areas but do not have detailed base flood (100-year flood) information
available from the U.S. Federal Emergency Management Agency Flood Insurance
Studies, U.S. Soil Conservation Service Flood Hazard Analyses, or U.S. Army
Corps of Engineers Flood Plain Information Reports. To be in compliance
with the standards of the National Flood Insurance Program, these governmental
units are required to use the "best available data" to regulate new develop-
ment or expansion of existing development in flood-prone areas.

OBJECTIVES: The objectives of this investigation were (1) to determine
all data available regarding flood hazards, hydraulics, and hydrology for
particular areas; (2) to analyze these data to determine their adequacy for
flood-plain management purposes; (3) to present these data, if adequate, in a
format usable to local flood plain administrators; and (4) to determine, if
inadequate, the effort necessary to produce "best engineering -judgment” flood
elevations.,.

APPROACH: A systematic and comprehensive data search was conducted for
each site. The data search included files of the U.S. Geological Survey,
other Federal agencies, and the State agencies. Direct contact was made with
governmental units responsible for the area under consideration. The data
obtained through the systematic search were analyzed for adequacy in defining
flood information. If found adequate, data were put into a format that can be
used by managers. If the data were found inadequate, an attempt was made to
establish the fieldwork and analytical work necessary to provide at least a
minimal base for flood management decisions.

PROGRESS IN 1984: The data search was completed for 126 governmental
units.

PLANS FOR 1985: Publication of the supplemental report is anticipated.
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REPORT PRODUCTS: Emerson, D. G., and Wald, J. D., 1983, Inventory and
analyses of information for flood plain management in North Dakota: U.S.
Geological Survey Open-File Report 84-053, 201 p.

Emerson, D. G., and Wald, J. D., 1985, Supplement to inventory and
analyses of information for flood plain management in North Dakota (in
progress).
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PROJECT TITLE: Application of Unsaturated EiTﬁL,\Lgp*j
Zone Monitoring and o quj—f
Modeling Techniques to the Tj &J +f1 L
Determination of Ground- A =

Water Recharge (ND 83-120)

LOCATION: Southeastern North Dakota

PERIOD OF PROJECT: October 1983 to September 1986
PROJECT CHIEF: William F. Horak

COOPERATING AGENCY: North Dakota State Water Commission

PROBLEM: A review. of the hydrologic literature indicated that little
precedent was available for direct, guantitative approaches to studying
ground-water recharge and evapotranspiration (ET). Most geohydrologic
studies have involved either loosely defined water budgets or water-level
time-series analyses to estimate ground-water recharge or ET or both, Neither
of these approaches was suitable for the intensive management of North
Dakota‘'s heavily developed glacial-drift aquifers. Attempts to simulate the
effects of additional ground-water withdrawals on these aquifers have been
frustrated by the lack of data regarding recharge and ET. It was essential to
the responsible management of the aguifers, therefore, that reliable estimates
of the magnitudes of recharge and ET be made available,

OBJECTIVES: The specific objectives were (1) to measure the hydraulic
properties, including the functional relations of hydraulic conductivity and
of matric potential to moisture content, for the major soil groups in the
study area; (2) to evaluate the areal variability of those data; (3) to select
a physically-based model(s) for simulation of unsaturated or variably
saturated flow; (4) to use the model to test the sensitivity of the flow
system to variations in soil hydraulic properties and assumed boundary
conditions; (5) to collect the data required for use of the Penman combination
method of estimating potential evapotranspiration (PET); and (6) to make
recommendations as to the optimum manner in which to interface the information
output by the recharge and ET process model{s) with the ground-water flow
model.

APPROACH: The important emphasis of this study was the field collection
of soil hydrologic data. Tensiometers and neutron moisture measurements were
used to define the soil-moisture characteristics for the major soils in the
study area. The instantaneous profile method of determining unsaturated
hydraulic conductivity also was used. The acquired soil-moisture, moisture
potential, and hydraulic conductivity data were used with an unsaturated or
variably saturated flow model to determine probable rates of ground-water
recharge. Estimates of ET from the water table were derived from the PET,
moisture content, and moisture potential data.
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PROGRESS IN 1984: The draft report was prepared.

PLANS FOR 1985: Publication of the final report is anticipated.

REPORT PRODUCTS: Horak, W. F., 1985, Evaluation of the theory and
methodology for quantifying recharge and evapotranspiration for shallow
glacial aquifers in North Dakota (in progress).
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PROJECT TITLE: Evaluation of Streamflow- F—F;L:\Lgva{

Gaging Methods for P‘ }_LALE:G
Application to Rivers with y ifﬂﬁ+f4ﬁ“
Flat Slopes, North Dakota -+ﬁL/Ti s 3
(ND 83-121)

LOCATION: Southeastern North Dakota

PERIOD OF PROJECT: October 1982 to September 1985

PROJECT CHIEF: Gregg J. Wiche

COOPERATING AGENCY: U.S. Department of the Interior

Bureau of Reclamation

PROBLEM: The James River, like many rivers in eastern North Dakota and
other Plains states, has a flat slope and, therefore, experiences variable
backwater conditions, slow velocities, and reverse flows. These conditions
make accurate discharge measurements difficult to obtain and eliminate the
usefulness of the standard single-value rating curve for streamflow-gaging
applications.

OBJECTIVES: The objectives of this study are (1) to test and compare the
feasibility, cost effectiveness, and accuracy of acoustical velocity meters,
stage-fall discharge ratings, and unsteady-state flow models for gaging stream
discharge and (2) to collect adequate field data to develop streamflow records
at a site near Hecla, S. Dak.

APPROACH: The stage data necessary to drive the unsteady flow model have
been collected by constructing and operating three gaging stations. These
stage data will be used to develop the unsteady-state flow model for a 4-mile
section of the river ending at the downstream site. Discharge will be
computed by the flow model at the downstream site. A stage-~fall discharge
rating will be developed at the downstream site. Discharge also is being
collected at the downstream site using an acoustic velocity flow meter. The
accuracy, feasibility, and cost effectiveness of the three methods used to
collect discharge will be compared. In addition, a stage-discharge relation-
ship has been developed at the upstream site (a low-head dam) and this
discharge will be compared with the discharge at the downstream site.

PROGRESS IN 1984: A new acoustic velocity flow meter was installed and
calibrated at the downstream site. All other work was suspended because funds
were withheld pending the outcome of the Garrison Commission hearings.

PLANS FOR 1985: The cross-section data, required as input to the
unsteady flow model, will be compiled, and the initial calibration will be
conducted. Development of the stage-~fall discharge relationship will
continue. Initial comparisons of discharge at the upstream and downstream
sites will be undertaken.

REPORT PRODUCTS: A comparison of gaging methods on the lower James River,
North Dakota (planned).
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PROJECT TITLE: An Investigation of the
Hydrologic and Climatologic
Mechanisms Controlling the
Water~-Surface Elevation of
Devils Lake, North Dakota

(ND 83~124)
LOCATION: Northeastern North Dakota
PERIOD OF PROJECT: October 1983 to September 1984
PROJECT CHIEF: Gregg J. Wiche
COOPERATING AGENCY: U.S. Department of the Army

Corps of Engineers

PROBLEM: The current high water-surface elevations of Devils Lake pose
an immediate flood threat to the city of Devils Lake. The U.S. Army Corps
of Engineers has developed a draft report detailing a flood-control project
at Devils Lake. In this project, four structural and nonstructural flood-
control plans have been developed to prevent flooding. Implementation of any
of these plans should be based on knowledge of the hydrologic and climatologic
relationships of the Devils Lake system. The purpose of this study is to
gain an understanding of the interaction of the hydrologic and climatologic
mechanisms controlling the water-surface elevation of Devils Lake.

OBJECTIVES: There are two objectives that will be investigated to meet
the purpose of the study. First, a literature review will be conducted to see
what previous studies have been completed on other terminal lakes. The second
objective will be to conduct a statistical comparability analysis of Devils
Lake basin to other streams and basins.

APPROACH: A literature review will be conducted to see what studies have
been undertaken that may provide ideas and methods that can be incorporated
in the present study. These findings from previous studies will provide
guidelines as to what statistical techniques may show promising results., A
statistical analysis of Devils Lake basin and other streams and basins will be
conducted using multiple linear regression. In addition, correlations will be
made using the climatological indices of temperature and precipitation.

PROGRESS IN 1984: The literature review and the hydrologic and climato-
logic analyses were completed. The draft report has had inhouse review.

PLANS FOR 1985: Plans are to prepare the final report.

REPORT PRODUCTS: Investigation of Devils Lake water-level fluctuations
(planned).,
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PROJECT TITLE: Evaluation of the Theory - NL%P:[}
and Methodology for L{%%wlgg;gra
Quantifying Recharge and "EL‘EfoF%ﬁf
Evapotranspiration for 1154:5{iﬁ52§%)
Shallow Glacial Aquifers
in North Dakota (ND 83-127) STATEWIDE

LOCATION: Statewide

PERIOD OF PROJECT: October 1982 to September 1983

PROJECT CHIEF: William F. Horak, Jr.

COOPERATING AGENCY: North Dakota State Water Commission

PROBLEM: Several of North Dakota's shallow glacial aquifers are developed
extensively for irrigation and municipal water supplies. Requests for new
ground-water use permits for these aquifers are evaluated with regard to the
impact of the proposed use on prior appropriators and on the overall water
budget of the geohydrologic system. The evaluation procedure, particularly
for the agquifers that are already heavily appropriated, generally includes
the use of ground-water flow models. The models frequently have given
unsatisfactory results, however, because reliable data concerning recharge and
evapotranspiration magnitudes for North Dakota aquifers are lacking. This
study was designed, therefore, to provide information concerning recharge and
evapotranspiration that will strengthen the credibility of agquifer management
decisions.

OBJECTIVES: Specifically, the study objectives were (1) to review
the hydrologic literature dealing with the determination of ground-water
recharge and evapotranspiration; (2) to review the theory and methodology
for the determination and estimation of the critical soil and meteorological
parameters; (3) to consider the relative merits of a rigorous, data-intensive
approach versus an estimation, parametric approach; and (4) to review the
agronomic research, past and present, in North Dakota for applicability
of the research and the data generated to the study of recharge and
evapotranspiration.

APPROACH: This study involved no original data collection. Rather,
achievement of the objectives involved an extensive study of the literature
and a canvassing of appropriate scientific agencies and institutions. The
study had application to all shallow glacial aquifers in North Dakota. The
study provided the background research, preliminary planning, and sound
approach for a subsequent project in which the data actually were acquired
and the analyses and interpretations necessary for quantifying recharge and
evapotranspiration actually were made.
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PROGRESS IN 1984: The project was cancelled at the request of the
cooperating agency. The investigation will be completed by the cooperating
agency.

PLANS FOR 1985: None.

REPORT PRODUCTS: None.
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PROJECT TITLE: Flood Analysis Along the
Little Missouri River Within
and Adjacent to Theodore
Roosevelt National Park,
North Dakota (ND 84-006)

LOCATION: Little Missouri Badlands

PERIOD OF PROJECT: April 1984 to September 1984
PROJECT CHIEF: Douglas G. Emerson

COOPERATING AGENCY: U.S. Department of the Interior

National Park Service

PROBLEM: The U.S. National Park Service needed information on flood
potential as part of a general management plan for the Theodore Roosevelt
National Park.

OBJECTIVES: The objectives of the study were (1) to determine water-
surface elevations for the 100~ and 500~year flood discharges for selected
reaches of the Little Missouri River; (2) to determine water-surface eleva-
tions for the 100-year flood discharge for the areas near the mouths of
Knutson, Paddock, and Squaw Creeks; and (3) to evaluate the effects of ice
jams on flood elevations.

APPROACH: Peak flow frequency analysis described by the U.S. Geological
Survey (1982, Guidelines for determining flood flow frequency: Interagency
Advisory Committee on Water Data, Office of Water Data Coordination, 28 p.)
were used to determine the flood discharges at the gaging stations, 06336000
and 06337000, The 100- and 500-year flood discharges for the Elkhorn Ranch
Site were determined by using the drainage area ratio method. The 100-year
flood discharges for the mouths of Knutson, Paddock, and Squaw Creeks were
determined by using a regression equation developed to determine flood-peak
discharges for small drainage areas in North Dakota. Water-surface elevations
were determined by using step-backwater computations.

PROGRESS IN 1984: Cross-section data were obtained and flood profiles
were determined.

PLANS FOR 1985: Publication of the report is anticipated.

REPORT PRODUCTS: Emerson, D. G., and Macek-Rowland, K. M., 1985, Flood
analysis along the Little Missouri River within and adjacent to Theodore
Roosevelt National Park, North Dakota (in progress).
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PROJECT TITLE: Hydrogeochemical Controls on
the Mobility of Radiogenic
Constituents in Uraniferous
Lignite and Ash in North
Dakota (ND 84-125/126)

LOCATION: Billings, Stark, and Slope
Counties, North Dakota

PERIOD OF PROJECT: June 1983 to September 1987
PROJECT CHIEF: Robert L. Houghton
COOPERATING AGENCY: North Dakota Public Service Commission

PROBLEM: During operation of lignitic uranium mines in western North
Dakota, airborne fugitive dust from the ashing of mined lignite was deposited
on rangeland surrounding the sites. Adjacent to the kiln sites where the
greatest amount of ashing occurred, soil became highly contaminated with
radiocactive and trace-metal residuals. After the abandonment of North Dakota
lignitic uranium mines, most mine pits filled with ground water, providing a
potential for mobilization of metals and radioactive components concentrated
in ash and unburned lignite remaining in pit bottoms. Aquifers hydrologically
connected with mine pits locally are used for domestic and livestock supply.

OBJECTIVES: The objectives are (1) determination of the physiochemical
conditions that promote the mobility of radiogenic, select trace metal, and
other potentially hazardous chemical constituents from uraniferous lignite and
its ash throughout the hydrologic system; (2) prediction of the mobility of
these constituents at each of the abandoned mine sites in western North
Dakota; (3) comparison of predicted and observed ground-water, pore-water, and
surface-water compositions affected by mine-derived solutes; (4) development
of reclamation methods that might limit hazardous waste mobility from the
sites; and (5) evaluation of reclamation practices adopted by the North Dakota
Public Service Commission to restore the sites to maximum safe usefulness.

APPROACH: The study consists of three phases. Phase 1 is designed to
provide the geohydrologic and geohydrochemical data at all eight sites
necessary to develop initial reclamation plans. Phase 2 will determine the
geochemical processes controlling radiochemical mobility in the hydrologic
system. Specifically, one uranium mining and ashing site that intersects the
water table, a second uranium mining and ashing site remote from the water
table, and a kiln processing site will be selected for extensive study. Phase
3 will determine the transference value of information gathered in phase 2
to the remaining phase 1 sites. Proof of transference is requisite before
the simulation can be utilized to help develop standards for reclamation of .
mine sites.
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PROGRESS IN 1984: All existing hydrogeologic data in the vicinity of
the mine sites have been evaluated to look for evidence of mobility of
radiogenic constituents from the sites. Seepage surveys were conducted on
area streams and samples of baseflow and stream sediments taken for analysis
for radiogenic and selected trace-element components. Domestic- and
livestock=supply wells in the vicinity of mine sites were sampled and the
collected ground water analyzed for the same constituents as surface water.
During the fall, ground-water wells, pressure-vacuum lysimeters, and radon-
etch detectors were emplaced in and near mine sites. Ground and pore water
were sampled seasonally. Cores obtained during drilling operations were
subjected to leaching and soxholet extraction experiments to determine the
mobility of hazardous constituents occurring in the solid phase.

PLANS FOR 1985: Monitoring and water-quality sampling will continue. One
mine pit will be reclaimed by the North Dakota Public Service Commission using
methods believed to minimize deterioration of the aquifer. Monitoring sites
destroyed will be reestablished in the reclaimed site. Monthly ground-water
levels and drilling information will be used to develop flow models at the
phase 2 sites. Solute transport equations may be applied if errors in the
flow model are sufficiently low.

REPORT PRODUCTS: Houghton, R. L., Wald, J. D., and Anderson, Garth,
1984, Hydrogeochemical controls on the mobility of radiogenic constituents at
uraniferous lignite mines in southwestern North Dakota [abs.): Proceedings,
76th Annual Meeting of the North Dakota Academy of Science, Fargo, N. Dak.,
ve 38, p. 59.

Houghton, R. L., Wald, J. D., and Anderson, Garth, 1984, Hydrogeochemical
controls on the mobility of radiogenic constituents in mine spoils and
uraniferous lignite ash in southwestern North Dakota [abs.}: Proceedings of
the 1984 Rocky Mountain Ground-Water Conference, Great Falls, Mont., April
8-11, 1984, Montana Bureau of Mines and Geology Special Publication 91,

P. 26-27, :

Houghton, R. L., Wald, J. D., and Anderson, Garth, 1984, Hydrogeochemical
controls on the mobility of radiogenic constituents in the coal-bearing Fort
Union Formation and in lignite mines in western North Dakota: Proceedings of
the 1984 Rocky Mountain Coal Symposium, Bismarck, N. Dak., p. 89-113,

Houghton, R. L., Hall, R. L., Unseth, J. D., Wald, J. D., Burgess, Jeff,
Mount, Dana, Patrick, Dale, and Anderson, Garth, 1985, Prevention of ground-
water quality degradation during reclamation of a uraniferous lignite mine,
North Dakota: Proceedings of the 1985 U.S. Department of Energy, Low-Level
Radioactive Waste Symposium, Las Vegas, September 10-13, 1985 (in progress).

Distribution and hydrogeochemical mobility of radiocactive and associated

constituents in the coal-bearing Fort Union Formation of western North Dakota
(planned).
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PROJECT TITLE: Data Development and
Analysis for Use in the
U.S. Bureau of Reclamation
Model on the James River

(ND 84-128)
LOCATION: Southeastern North Dakota
PERIOD OF PROJECT: October 1983 to September 1984
PROJECT CHIEF: Gregg J. Wiche
COOPERATING AGENCY: U.S. Department of the Interior

Bureau of Reclamation

PROBLEM: The James River planning model that will be developed by the
U.S. Bureau of Reclamation will require as input data the nonregulated and
regulated discharges at a number of locations along the James River. A
combination of water-balance and statistical procedures will be used to
synthesize the necessary input data. The purpose of this study will be to
compile and analyze the monthly discharge data needed as input to the planning
flow model that will be developed by the U.S. Bureau of Reclamation.

OBJECTIVES: Specific objectives are (1) to compute a regulated discharge
for the period 1953-82 at the North Dakota-South Dakota State line, (2) to
compute unregulated discharge for six James River locations, (3) to charac-
terize the period of record in terms of the recorded climatological record,
and (4) to compute revised drainage area figures for the James River basin.

APPROACH: Two methods will be used to compute the regulated discharge at
the North Dakota-South Dakota line. The first method of record reconstruction
is the drainage area ratio technique outlined by Hirsch (Hirsch, R. M., 1979,
An evaluation of some record reconstruction techniques: Water Resources
Research, v. 15, no. 6, p. 1781-1790)., The second method will be to develop
log-log regression between the monthly flows of James River at LaMoure and the
monthly flows of James River at Ludden Dam, which is within a mile of the
North Dakota-South Dakota line. The unregulated flows will be computed by
determining the effect of Jamestown and Pipestem Reservoirs and then
subtracting or adding the monthly effect to the regulated flows at stations
downstream of the reservoirs.

PROGRESS IN 1984: The objectives of the study were completed and a draft
of the report written.

PLANS FOR 1985: Plans are to obtain Director's approval for report
publication.

REPORT PRODUCTS: James River model data (planned).
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PROJECT TITLE: Hydraulic Characteristics of
Aquifers and Confining Units
in the Fort Union Formation
(ND 84-129)

LOCATION: West-Central North Dakota
and Eastern Montana

PERIOD OF PROJECT: October 1983 to September 1985
PROJECT CHIEF: Thomas B. Reed

PROBLEM: Previous studies of the hydrogeology of lignite deposits in
North Dakota generally have not provided the areally distributed hydraulic
data that are required for use in ground-water flow models. Without this
type of data, the areal and temporal distribution of drawdown in the vicinity
of a strip mine cannot be projected accurately. Furthermore, without
valid, calibrated flow models, solute transport processes cannot be modeled
quantitatively.

OBJECTIVES: The objectives will be (1) to evaluate the available
methodologies appropriate for the in situ determination of hydraulic conduc-
tivity (or transmissivity), specific storage, and specific yield of fractured
rock aquifers and for the determination of wvertical hydraulic conductivity and
specific storage of confining beds; (2) to establish and execute a systematic
procedure for the collection and analysis of data required for the determina-
tion of the hydraulic properties of the lignite and sandstone aquifers and
confining beds; (3) to examine the data for correlative relationships between
lignite hydraulic conductivity and various physical or geologic parameters
such as depth of burial or lignite bulk density; and (4) to compare values of
aquifer hydraulic conductivity derived from slug testing with those derived
from pumping tests to evaluate the validity of the slug test method for
fractured rock and granular aquifers.

APPROACH: Accomplishment of the study objectives will require a drilling
program that will provide the production and observation wells necessary for
the pumping and slug tests. Aquifer testing by pumping methods will require
production wells to be drilled in several different locations, each fully
penetrating the aquifer and each accompanied by several observation wells
placed at varying distances and directions from the production well. Each
of the wells completed in aquifer zones also will be used for slug testing.
Additional wells will be completed in the confining beds.

PROGRESS IN 1984: Test holes and wells were drilled. The literature
review was completed.

PLANS FOR 1985: Plans are to conduct aquifer tests, analyze data, and
write the report.

REPORT PRODUCTS: Hydraulic parameters in the Fort Union Formation
(planned).
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PROJECT TITLE: Effects of Fallowed Land on
Soil Erosion, Northeastern
North Dakota (ND 85-130)

LOCATION: Northeastern North Dakota
PERIOD OF PROJECT: July 1983 to September 1986
PROJECT CHIEF: Robert L. Houghton
COOPERATING AGENCY: North Dakota State University

PROBLEM: Each year, large tracts of agricultural land in North Dakota are
left fallowed. Recent Federally-sponsored programs have increased this
acreage greatly., Because ground cover commonly is not used or is planted mid-
summer, early summer rains have a great potential to cause significant soil
erosion. Currently, no easily applicable means of remotely determining the
magnitude of this soil erosion are available.

OBJECTIVES: The objectives are (1) to make semiquantitative estimates of
soil erosion from farmlands managed with differing agricultural practices,
(2) to determine the effect of land laid fallow on the magnitude of soil
erosion, and (3) to determine the effect of expected increase in soil erosion
on sediment loads in major rivers and their tributaries draining eastern North
Dakota.

APPROACH: Low-level aerial photography of fallow fields will be employed
before and after the major summer rain period. Soil erosion will be estimated
from rill patterns on the photographs and calibrated against ground-truth
surveys. Calculated soil losses will be compared to suspended-sediment loads
at stations in the small basins being investigated.

PROGRESS IN 1984: Tracts identified for survey were flown and ground-
truth measurements taken. Data evaluation was begun.

PLANS FOR 1985: Three new tracts will be added to represent different
slope characteristics. Aerial and ground-truth measurements will be repeated.

REPORT PRODUCTS: BAerial determination of soil erosion in northeastern
North Dakota (planned).
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PROJECT TITLE: Heat and Water Transport Ly

TR
Model for Seasonally Frozen “‘j% by
Soils in North Dakota I},i}mLFfl 1
(ND 85-131) = v N
LOCATION: Eastern Dickey County,

Southeastern North Dakota

PERIOD OF PROJECT: January 1985 to Septembexr 1987
PROJECT CHIEF: Douglas G. Emerson
COOPERATING AGENCY: North Dakota State Water Commission

PROBLEM: Snow cover is an important manageable water resource of the
northern prairies. To take full advantage of this water resource, an
understanding of the processes of runoff and water movement into and through
seasonally frozen soils and an operational procedure to quantify these
processes are needed.

OBJECTIVES: The objectives of this investigation are (1) to develop a
physically-based model for simulation of flow through seasonally frozen soils,
(2) to measure the hydraulic properties of soil types in a study area and
collect meteorological and hydrological data for verification of the model,
(3) to use the model concurrently with the data-collection process to evaluate
the sensitivity of the model's flow system to variations in soil hydraulic
properties and driving variables, and (4) to couple the model to the U.S.
Geological Survey's precipitation-runoff model system.,

APPROACH: A physically-based heat and water transport model for
seasonally frozen soils will be developed. Data collection will consist of
measuring the necessary parameters to verify the snow accumulation and melt,
soil freezing and thawing, and soil water content.

PROGRESS IN 1984: New project.

PLANS FOR 1985: Plans are to develop a model and collect data.

REPORT PRODUCTS: Emerson, D. G., 1985, Heat and water transport model for
seasonally frozen soils in North Dakota: Study Plan; in Proceedings,
Workshop/Symposium: Snow Management for Agriculture.
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PROJECT TITLE: Ground-Water Flow in the F>I£L{ngLTL)
Marstonmoor Aquifer in the -JT ,L;:j:
Vicinity of Chase Lake, Tﬂmjﬁfo{ Bl
North Dakota (ND 85-134) Pl

LOCATION:

Stutsman and Kidder

Counties, North Dakota
PERIOD OF PROJECT: April 1985 to September 1986
PROJECT CHIEF: Thomas B. Reed

COOPERATING AGENCY: U.S. Department of the Interior
Fish and Wildlife Service

PROBLEM: Chase Lake National Wildlife Refuge is the sole nesting area for

the white pelican. Irrigation wells have been installed near the refuge, and

refuge officials fear that pumpage will cause lake-level declines and threaten

the nesting area.

OBJECTIVES: The purpose of this project is to determine whether nearby
irrigation pumpage can effect a decline in the level of Chase Lake. The
specific objectives are to ascertain ground-water gradients and relative
transmissivities adjacent to the lake.

APPROACH: Ground-water wells and meteorological stations will be
installed to measure aquifer gradients around the lake and hydrologic impacts
to the system. A ground-water flow model may be used to determine whether
irrigation pumpage is likely to affect lake levels.

PLANS FOR 1985: Ground-water wells and meteorological stations will be
installed in the vicinity of Chase Lake. Monitoring of water levels in the
wells and precipitation at the meteorological stations will commence. The
framework for a ground-water flow model of the Marstonmoor aquifer in the
vicinity of Chase Lake will be developed.

REPORT PRODUCTS: Ground-water flow in the Marstonmoor aquifer in the
vicinity of Chase lake, North Dakota (planned).

62



PROJECT TITLE: Ground-Water Flow in the ‘I*L{WLA*ﬂ—}
Warwick Aquifer, North ARl AR

Dakota (ND 85-136) j,i“ﬂ L%—Fﬁw

”“*‘—L l’jLLL \‘1

LOCATION: Benson, Eddy, and Ramsey
Counties, North Dakota

PERIOD OF PROJECT: April 1985 to December 1986
PROJECT CHIEF': Thomas B. Reed
COOPERATING AGENCY: U.S. Department of the Interior

Bureau of Indian Affairs

PROBLEM: It has been proposed to use the Warwick aquifer to irrigate land
on the Fort Totten Indian Reservation. However, it is not known if the
aquifer can sustain the required withdrawals.

OBJECTIVE: The purpose of the project is to augment existing hydrologic
knowledge of the Warwick aquifer so that it may be determined if the aquifer
will sustain planned irrigation withdrawals.

APPROACH: Most hydrologic properties of the aquifer are known.
Additional wells will be installed to determine leakage from East Devils Lake
into the aquifer and seepage from the aquifer to the Sheyenne River. This
information will be sufficient to complete input requirements for a simple
ground-water flow model to evaluate irrigation potential.

PLANS FOR 1985: All drilling and data collection will be completed. A
preliminary ground-water flow model will be developed to evaluate irrigation
potential.

REPORT PRODUCTS: Irrigation potential from the Warwick aquifer, north-
central North Dakota (planned).
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PROJECT TITLE: Effects of Irrigation and L‘_".;I;'::j‘;';t}
Ground-Water Recharge /“j%,g;;;tg
Practices on the Quantity ‘LifthtF}*f‘
and Quality of Shallow g

Ground Water and on Soil
Productivity along the
James River, North Dakota
(ND 85-137)

LOCATION: Dickey and Sargent Counties,
North Dakota '

PERIOD OF PROJECT: May 1985 to September 1987
PROJECT CHIEF:' Robert L. Houghton
COOPERATING AGENCY: U.S. Department of the Interior

Bureau of Reclamation

PROBLEM: The Garrison Diversion project includes plans to irrigate
approximately 46,000 acres of land in the Oakes area. To assure sufficient
water supply for irrigation, a proposal was made by the 12-member Garrison
Diversion Commission to supply irrigation water from the Oakes aquifer and to
recharge the aquifer with James River water during peak flows. The purpose
of the investigation is to provide the means to evaluate the effects of an
irrigation/ground-water recharge management plan for the Oakes aquifer on
ground-water quantity and quality prior to its implementation.

OBJECTIVES: Objectives include (1) determination of aquifer thickness
and hydraulic properties; (2) development of a regional, two-dimensional
ground-water flow model for the Oakes aquifer; (3) development of a three-
dimensional ground-water flow model of a single recharge pit; (4) evaluation
of the feasibility of other recharge designs; and (5) determination of the
effect of recharge design on water quality in the aquifer.

APPROACH: Observation wells will be installed in the Oakes aquifer to
provide information on hydraulic heads and water quality. Aquifer tests, core
samples, and geophysical logs will be evaluated to determine the hydraulic
properties of the aquifer. A two~dimensional ground-water flow model of the
aquifer will be developed. Based on design plans for the Garrison Diversion
project, a three-dimensional ground-water flow model will be developed to
evaluate the operation of a ground-water recharge pit and determine its
optimum dimensions. Based on the two models developed, a network of recharge
pits necessary to produce the required recharge will be designed and its
effects on the aquifer evaluated by another ground-water flow model.

PLANS FOR 1985: The observation-well network will be designed, installed,
and sampled. Aquifer tests will be completed. 1Initial design and evaluation
of the effectiveness of recharge pits using a three-dimensional ground-water
flow model will commence.

REPORT PRODUCTS: No report products are planned for 1985,
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ENERGY-RELATED STUDIES

The expanding domestic energy demand has resulted in increased coal
production and associated development in North Dakota. To meet the require-
ments for coal leasing and environmental protection, the U.S. Geological
Survey has developed a program to evaluate the water resources in areas of
current and planned development. This program is effected through the
cooperation of interested agencies and the U.S. Geological Survey.

PROJECT TITLE: Hydrologic Changes Due
to Lignite Mining in
North Dakota, Part 1--
Reconnaissance of Strippable
Lignite Deposits (ND 75-070)

LOCATION: Western North Dakota
PERIOD OF PROJECT: July 1974 to June 1977
PROJECT CHIEF: William F. Horak, Jr.

PROBLEM: There is a lack of reliable and detailed geologic and hydrologic
data for the assessment of the hydrologic effects of strip mining the lignite
coal in North Dakota. The mining will, in some areas, affect the availability
of water for shallow wells. The quality of water will be changed through
displacement and mixing of overburdened materials. Sediment yields from the
areas will be changed. The ground-water interrelationship with surface water
will be altered. None of these effects could be evaluated without a thorough
knowledge of present hydrologic conditions.

OBJECTIVES: The project objectives were to define for each strippable
lignite deposit (as identified in publications of the U.S. Bureau of Mines and
the U.S. Geological Survey) the following information: (1) A summary of local
geologic conditions; (2) description of the local ground-water flow system;
(3) flow characteristics of the streams; (4) chemical quality of water from
streams, lakes, and aquifers; (5) stream sediment loads; and (6) recommen-~
dations for more intensive hydrologic studies in probable problem areas.

APPROACH: A field reconnaissance was made to evaluate the deposit areas
in regard to geology, topography, and land use. A literature and data search
was made and all hydrologic and geologic data computerized. Conceptual models
were developed for each site through preliminary analysis and interpretation
of available data. Additional data needs were defined and a program of data
collection instituted. These data then were used to further develop and test
the conceptual models. The probable hydrologic changes due to mining were
evaluated for each deposit, and recommendations for areas of future intensive
hydrologic study were made.
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PROGRESS IN 1984: The ground-water aspects of the lignite deposit areas
have been completed. These are being incorporated into second-generation
reports. One area, the Avoca deposit, is being reported on separately.

PLANS FOR 1985: Publication of the report is anticipated.

REPORT PRODUCTS: Horak, W. F., and Crosby, O. A., 1985, Geohydrologic
reconnaissance of the Avoca lignite deposit area near Williston, northwestern

North Dakota: U.S. Geological Survey Water-Resources Investigations Report
85-4024, 23 p. (in press).
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PROJECT TITLE: Surface~-Water Resources,
Fort Union Coal Region of
Western North Dakota
(ND 77-107)

LOCATION: West-Central North Dakota
PERIOD OF PROJECT: October 1977 to September 1982
PROJECT CHIEF: Norman D. Haffield

COOPERATING AGENCIES: Other Federal agencies

PROBLEM: Because of the increasing demands for energy, the coal resources
in the Fort Union coal region of western North Dakota have been undergoing
extensive development. The mining and associated activities will put a demand
on the water resources and could alter the characteristics of the streams.
Because it will be necessary for resource developers to make decisions in
order to use and protect the available water resources, there is a need for a
comprehensive and easily understood source of data that describes the existing
hydrologic system.

OBJECTIVES: The purpose of the study is to describe the surface-water
resources of the Fort Union coal region of western North Dakota in a readily
usable format. The specific objectives are (1) to determine the streamflow
and water-quality characteristics for the streams located in the region and
(2) to describe seasonal and areal variations that occur within the various
stream systems.

APPROACH: All existing data will be condensed and analyzed in order to
define the characteristics of the various components of the streamflow systems

that are located within the region.

PROGRESS IN 1984: A limited amount of data analysis work was done.

PLANS FOR 1985: As time permits, work will continue on data analysis. -

REPORT PRODUCTS: Haffield, N. D., Streamflow and water quality for
streams in Fort Union coal region in North Dakota (in progress).
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PROJECT TITLE: Evaluation Through Modeling AT

=LA Ly
of Probable Surface-Water JjJ_Lgﬁqux
Hydrologic Effects of Future T4 éyﬂk#e e
Lignite Mining and Reclamation H ItLJ L

Activities in the Antelope
Creek Area, Mercer County,
North Dakota, and the Wibaux-
Beach Deposit Area, Wibaux
County, Montana, and Golden
Valley County, North Dakota
(ND 80-087)

LOCATION: Mercer County, North Dakota,
and Wibaux County, Montana

PERIOD OF PROJECT: October 1979 to September 1982
PROJECT CHIEF: Douglas G. Emerson
COOPERATING AGENCY: U.S. Department of the Interior

Bureau of Land Management

PROBLEM: The U.S. Bureau of Land Management has the responsibility of
evaluating the leasing applications for mining of Federal coal. Their evalua-
tions evaluations must address environmental impacts, which include those of
hydrology. Therefore, a basic problem to be addressed in this investigation
was the assessment of impacts of surface mining on the surface-water hydrology
of mined and adjacent unmined areas.

OBJECTIVES: The objectives of this investigation were (1) to determine
premining hydrologic conditions in a small representative drainage basin,
(2) to provide historical data with which to compare the magnitude of change
with mining, and (3) to develop the capability of making reasonably accurate
projections of hydrologic effects resulting from the various land treatments
imposed by surface mining.

APPROACH: This was a very comprehensive study of two small representative
watersheds. A surface-water model was developed through coupling of snowmelt-
rainfall runoff models. A modular-design program was used with each element
of the hydrologic system being defined by a subroutine. This program has the
capability of combining subroutines to best fit a particular problem. A
distribution-parameter approach was used by having the basin partitioned
into subunits based on slope, aspect, vegetation type, soil type, and snow
distribution. Each subunit was considered homogeneous with respect to these
parameters. Partitioning into subunits helped define the temporal and spatial

variations of the hydrologic characteristics, climatic variables, and overall
system response,

PROGRESS IN 1984: For two watersheds, data were collected and analyzed,
and a watershed model was calibrated for snowmelt runoff.
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PLANS FOR 1985: Publication of the analysis report is anticipated.

REPORT PRODUCTS: Emerson, D. G., 1981, Progress report on the effects of
surface mining on the surface-water hydrology of selected basins in the Fort
Union coal region, North Dakota and Montana: U.S. Geological Survey Open-File
Report 81-678, 28 p.

Emerson, D. G., 1982, Hydrologic analysis of high flow from snowmelt on
small basins in the Fort Union coal region: Proceedings, 74th Annual Meeting
of the North Dakota Academy of Science, Bismarck, N. Dak., April 22-~24, 1982,
v. 36, p. 42,

Emerson, D. G., Norbeck, S. W., and Boespflug, K. L., 1983, Data from the
surface-water hydrologic investigations of the Hay Creek study area, Montana,
and the West Branch Antelope Creek study area, North Dakota, October 1976
through April 1982: U.S. Geological Survey Open-File Report 83-136, 273 p.

Emerson, D. G., 1985, Hydrologic analyses of Hay Creek, Montana, and West
Branch Antelope Creek, North Dakota (in progress).
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PROJECT TITLE: Geochemistry of the Upper SRV RPRER N
Fort Union Group as Related ij%_g;;r{;g
to Impacts of Strip Mining _Ltfﬁﬁkff%ﬁbx
of Lignite in the Gascoyne :41{?;rf¥fﬁ%J
Area, North Dakota
(ND 80-089)

LOCATION: Southwestern North Dakota

PERIOD OF PROJECT: October 1979 to September 1985

PROJECT CHIEF: Robert L. Houghton

COOPERATING AGENCIES: North Dakota Geological Survey (1980-83)
North Dakota Public Service Commission
(1983-85)
U.S. Department of the Interior
Bureau of Land Management (1980-82)
U.S. Environmental Protection Agency
(1981-82)

PROBLEM: Simultaneous demands for expanded surface-mining activity,
agricultural production, and urban development are placing ever-increasing
strains on the land and water resources of the region. Investigations of the
environmental effects of surface mining have bequn to provide the data base
required to make these land-use decisions, but failure to understand the
geochemistry of water-rock interactions may seriously limit the options for
future coal development in the Fort Union coal region. Definition of these
reaction mechanisms and rate-controlling factors could lead to the recognition
of critical parameters governing probable water-rock interactions at other and
projected mine sites within the Fort Union lignite region.

OBJECTIVES: The purpose of this investigation is to quantitatively
describe major controls on the movement of critical solutes in local and
regional ground-water systems within the Fort Union Group affected by surface
mining of lignite in western North Dakota. Specific objectives at the
Gascoyne site are to define the hydrogeologic and hydrogeochemical character
of the shallow ground-water system in the area and to ascertain the source
of observed anomalous sulfate concentrations. The effects of discharge of
mine-impacted ground water on the surface-water system in the area also are
of concern.

APPROACH: The first phase was to establish a clear and complete
understanding of the hydrologic regime. Next, the mineralogy and mineral
chemistry of the Fort Union Group was determined. Thirdly, determinations of
formation cation-exchange rates and constants were determined. Fourth,
oxidation-reduction reactions were defined for important species pairs.
Finally, the solute flux from mine to locations of water use must be defined
as mining expands.
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PROGRESS IN 1984: Continued monitoring of 22 ground-water wells and
one surface-water station on a tributary of Buffalo Creek draining the
mine area provided additional data on temporal hydrochemical changes in the
vicinity of the Gascoyne mine. Review of the data base to identify which
chemical parameters in ground and surface water best indicate mine impact
was initiated. Five new cores were obtained in the mine area to provide
material for stable and radiogenic carbon analyses in cooperation with D. C.
Thorstenson and H., A. Haas, Northeast Region Research staff. These carbon-
isotopic data are expected to constrain the number of possible organic
reactions involved in water-quality evolution at the site to a small number,
permitting refinement of preliminary solute transport simulations.

PLANS FOR 1985: Four new wells in mine spoils will be added to the
ground~-water network. Monitoring of the ground-water wells and one surface-
water station will continue. A summary of the existing hydrochemical data
will be developed. Work will continue on the reports.

REPORT PRODUCTS: Houghton, Re. L., 1982, Hydrochemistry of shallow ground
water from the Fort Union Group near the Peerless lignite strip mine,
Gascoyne, southwestern North Dakota [abs.]: Proceedings, 74th Annual Meeting
of the North Dakota Academy of Science, Bismarck, N. Dak., p. 40.

Houghton, R. L., 1982, Hydrogeochemical consequences of strip mining
in the Fort Union Group of southwestern North Dakota: Proceedings of the
1982 National Symposium on Surface Mining Hydrology, Sedimentology, and
Reclamation, Lexington, Ky., December 6-10, 1982, p. 79-86,

Houghton, R. L., 1982, Trace-element enrichments in waters associated with
strip mining of lignite in the Fort Union Group of southwestern North Dakota
[abs. ], iE_Gough, L. P., and Severson, R. C., eds., Trace-element mobilization
in western energy regions: Colorado School of Mines Research Institute,
Golden, Colo., p. 46.

Houghton, R. L., 1982, Weathering of coal scoria--a source for diagenetic
silica cements? [abs.]: Proceedings of the U.S. Geological Survey Workshop
on Diagenesis, Denver, Colo., March 1982, p. 36.

Houghton, R. L., and Davison, D., 1982, Stratigraphy and paleoenvironment
of the Paleocene Fort Union Group of the Williston basin near Gascoyne, south-
western North Dakota [abs.]: Proceedings, 74th Annual Meeting of the North
Dakota Academy of Science, Bismarck, N. Dak., p. 15.

Houghton, R. L., Thorstenson, D. C., Fisher, D. W.,, and Groenewold, G. H.,
1984, Hydrogeochemistry of the upper part of the Fort Union Group in the
Gascoyne lignite strip-mining area, North Dakota: U.S. Geological Survey
Open-File Report 84-131, 184 p.
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Houghton, Re. L., 1985, Inverse modeling of solute transport in shallow
ground water, With an example of sulfate movement around a lignite mine in
southwestern North Dakota: Proceedings, 77th Annual Meeting of the North
Dakota Academy of Science, Minot, N. Dak., v. 39, p. 53.

Fisher, D. W., Thorstenson, D. C., and Houghton, R. L., Geochemical
processes in the Gascoyne lignite mining area, Bowman County, North Dakota (in
progress).

Houghton, R. L., Probable and observed hydrologic consequences of lignite
strip mining in the Fort Union Group near Gascoyne in southwestern North
Dakota (in progress).

Houghton, R. L., Thorstenson, D. C., Fisher, D. W., and Groenewold, G. H.,

Hydrogeochemistry of the upper part of the Fort Union Group in the Gascoyne
lignite strip-mining area, North Dakota (in progress).
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PROJECT TITLE: Evaluation of Probable [ ) o
Hydrologic Effects of DJEJLLAL;J*
Future Lignite Mining and Tiwgﬁnyjl v
Subsequent Reclamation fﬁpﬂgy{tfgﬁLlJ

Activities in the M & M
Deposit, Williams County,
North Dakota (ND 81-091)

LOCATION: Northwestern North Dakota
PERIOD OF PROJECT: October 1980 to September 1983
PROJECT CHIEF: William F. Horak, Jr.
COOPERATING AGENCY: U.S. Department of the Interior

Bureau of Land Management

PROBLEM: There is a lack of reliable and detailed geologic and hydrologic
data for the assessment of the hydrologic effects of strip mining the lignite
coal in North Dakota. The mining will, in some areas, affect the availability
of water for shallow wells. The quality of water will be changed through
displacement and mixing of overburdened materials. Sediment yields from the
areas will be changed. The ground-water interrelationship with surface water
will be altered. None of these effects could be evaluated without a thorough
knowledge of present hydrologic conditions.

OBJECTIVES: The project objectives were (1) to define the hydrologic
regime in the greatest possible detail consistent with the duration of the
study and funding, including assessment of the ground-water flow system and
its chemical characteristics, determination of flow frequencies and magnitude,
chemical quality, and sediment concentration and load of the larger streams;
(2) to establish a historical data base; and (3) to develop the capability for
projecting the hydrologic effect of physical treatments imposed by surface
mining.

APPROACH: Data were assembled and collected for use in conjunction
with digital models to define the ground-water flow system. The surface-
water system was defined through available records, data collection, and
regionalized equations. Quality of water was defined through an intensive
sampling program. Methods for estimating the hydrologic effects of various
land treatments imposed by mining were developed.

PROGRESS IN 1984: The draft report was completed and the review was
initiated.

PLANS FOR 1985: Plans are to complete review through Director's approval
and publish the report.

REPORT PRODUCTS: Crosby, O. A., Horak, W. F., and Randich, P. G., 1985,
Hydrologic characteristics and possible effects of surface mining in the M & M
lignite deposit area, North Dakota (in progress).
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PROJECT TITLE: Evaluation of the Hydrologic iﬁu{thLTL§

System in the Sand Creek- Jj&-glgmfgﬁ
Hanks Coal Area, Williams e
County, North Dakota %I;;l( ?ﬂ%%
(ND 83-109) -

LOCATION: Northwestern North Dakota

PERIOD OF PROJECT: October 1982 to September 1983

PROJECT CHIEF: Clarence A. Armstrong

COOPERATING AGENCY: U.S. Department of the Interior

Bureau of Land Management

PROBLEM: The need for the proposed investigation came about as a response
to the Interior Department's request for hydrologic information concerning
Federal coal lands leased and eligible for lease within the Sand Creek-Hanks
coal area. Probably the most obvious effect of coal development in the study
area was the disruption of aquifers existing in the lignite beds and over-
burden material. The majority of farmsteads in the area (virtually all rely
on ground water for their water supply) draw water from wells 200 feet or less
in depth. Depending on the hydraulic properties and the areal continuity of
the lignite and adjacent aquifer, many of these water supplies could have
been diminished or obliterated. Any coal-development-induced diminuation of
streamflow, increase in dissolved chemical constituents, or increase in
sediment load could have had an effect on the usability of water in Sand,
Painted Woods, Willow, and Cottonwood Creeks.

OBJECTIVES: The primary objective was to define the hydrologic regime
in the greatest possible detail consistent with the project duration and
funding. This included assessment of the ground-water flow system and
chemical characteristics and determination of surface-water flow magnitudes,
chemical quality, sediment concentration, and sediment load. By defining the
hydrologic regime of the study area, a second objective was satisfied--the
establishment of a historical data base with which to monitor changes in the
system as mining proceeds.

APPROACH: Existing geologic and hydrologic data were assembled and used
to establish an information framework of the study area. Limited surface-
runoff, water-level, and quality-of-water information was collected in the
field. Where possible, regionalized information was used to define the
hydrology. The final report assesses the available information and makes
recommendations as to whether further study is needed for leasing purposes.
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PROGRESS IN 1984: The draft report was completed and began the review
process.

PLANS FOR 1985: Publication of the report is anticipated.

REPORT PRODUCTS: Armstrong, C. A., 1985, The geohydrologic system and
probable effects of mining in the Sand Creek-Hanks lignite area, Williams
County, North Dakota: U.S. Geological Survey Water-Resources Investigations
Report 85-4089, 38 p. (in press).
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PROJECT TITLE: Evaluation of the Hydrologic
System in the New England-
Mott Coal Area, Adams and
Hettinger Counties, North
Dakota (ND 83-110)

LOCATION: Southwestern North Dakota
PERIOD OF PROJECT: October 1982 to December 1983
PROJECT CHIEF: Mack G. Croft

COOPERATING AGENCY: U.S. Department of the Interior

Bureau of Land Management

PROBLEM: The need for the proposed investigation came about as a response
to the Interior Department's request for hydrologic information concerning
Federal coal lands leased and eligible for lease within the New England-Mott
lignite deposit. Probably the most obvious effect of coal development in the
study area will be the disruption of aquifers existing in the lignite beds and
overburden material. The majority of farmsteads in the area (virtually all
rely on ground water for their water supply) draw water from wells 400 feet
or less in depth. Depending on the hydraulic properties and the areal con-
tinuity of the lignite and adjacent aquifer, many of these water supplies
could be diminished or obliterated. Any coal-development-induced diminuation
of streamflow, increase in dissolved chemical constituents, or increase in
sediment load could have an effect on the usability of water in Thirty Mile
Creek and the Cannonball River.

OBJECTIVES: The primary objective will be to define the hydrologic
regime in the greatest possible detail consistent with the project duration
and funding. This includes assessment of the ground-water flow system and
chemical characteristics and determination of surface-water flow magnitudes,
chemical quality, sediment concentration, and sediment load. By defining the
hydrologic regime of the study area, a second objective will be satisfied--the
establishment of a historical data base with which to monitor changes in the
system as mining proceeds.

APPROACH: Existing geologic and hydrologic data will be assembled and
used to establish an information framework of the study area. Limited
surface~runoff, water-level, and quality-of-water information will be
collected in the field. Where possible, regionalized information will be
used to define the hydrology. The final report will assess the available
information and make recommendations as to whether further study is needed
for leasing purposes.

PROGRESS IN 1984: A detailed project proposal and work plan was prepared.
A limited canvass of wells and collection of additional water samples was
completed in the area. Data were assembled and illustrations and text
prepared. The report is ready for colleague review.
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PLANS FOR 1985: Plans are to process reviews and obtain Director's
approval for publication.

REPORT PRODUCTS: Wald, J. D., and Norbeck, S. W., 1983, Ground-water data
for selected coal areas in western North Dakota: U.S. Geological Survey
Open~File Report 83-219, 229 p.

Croft, M. G., 1985, Hydrology of New England-Mott coal area, North Dakota
{(in progress).
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PROJECT TITLE: Evaluation of the Hydrologic
System in the Dickinson
Coal Area, Stark County,
North Dakota (ND 83-111)

LOCATION: Western North Dakota

PERIOD OF PROJECT: October 1982 to September 1983
PROJECT CHIEF: Clarence A. Armstrong
COOPERATING AGENCY: U.S. Department of the Interior

Bureau of Land Management

PROBLEM: The need for the proposed investigation came about as a response
to the Interior Department's request for hydrologic information concerning
Federal coal lands leased and eligible for lease within the Dickinson lignite
area. Probably the most obvious effect of coal development in the study area
was the disruption of aquifers existing in the lignite beds and overburden
material. The majority of farmsteads in the area (virtually all rely on
ground water for their water supply) draw water from wells 200 feet or less
in depth. Depending on the hydraulic properties and the areal continuity of
the lignite and adjacent aguifer, many of these water supplies could have
been diminished or obliterated. Any coal-development-induced diminuation
of streamflow, increase in dissolved chemical constituents, or increase in
sediment load could have had an effect on the usability of water in Sand Creek
and Painted Woods Creek.

OBJECTIVES: The primary objective was to define the hydrologic regime
in the greatest possible detail consistent with the project duration and
funding. This included assessment of the ground-water flow system and
chemical characteristics and determination of surface-water flow magnitudes,
chemical quality, sediment concentration, and sediment load. By defining the
hydrologic regime of the study area, a second objective was satisfied--=the
establishment of a historical data base with which to monitor changes in the
system as mining proceeds.

APPROACH: Existing geologic and hydrologic data were assembled and used
to establish an information framework of the study area. Limited surface-
runoff, water-level, and quality-of-water information was collected in the
field. Where possible, regionalized information was used to define the
hydrology. The final report assesses the available information and makes
recommendations as to whether further study is needed for leasing purposes.

PROGRESS IN 1984: The report was completed and processed through
Director's approval,
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PLANS FOR 1985: Publication of the report is anticipated.

REPORT PRODUCTS: Armstrong, C. A., 1985, Evaluation of the hydrologic
system and potential effects of mining in the Dickinson lignite area, eastern
Slope and Western Stark and Hettinger Counties, North Dakota: U.S. Geological
Survey Water-Resources Investigations Report 84-4194, 41 p. (in press).
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PROJECT TITLE: Hydrochemical Impacts of
Surface Mining of Lignite--
The Sulfur Cycle
(ND 83-113/114)

LOCATION: Fort Union Coal Region,
North Dakota

PERIOD OF PROJECT: October 1983 to September 1984
PROJECT CHIEF: Robert L, Houghton
COOPERATING AGENCY: North Dakota Geological Survey

PROBLEM: Hydrogeochemical studies of the impacts of surface mining of
lignite in recharge areas of the northern Great Plains have not unambiguously
defined the sulfur cycle. As sulfate is the principal cause of ground-water
deterioration in the vicinity of mines, it is wvital that the sulfur cycle
be defined so that appropriate reclamation procedures may be developed to
mitigate sulfate generation.

OBJECTIVES: Detailed geochemical investigations will be made to quantita-
tively describe the sulfur sources that contribute to ground-water sulfate in
strip mines situated in recharge zones and to determine the hydrogeochemical
processes that control the sulfur path to the ground water. Isotopic studies
will be employed (1) to trace sulfur transformations among solid and aqueous
species present throughout the sulfur cycle, (2) to quantify the relative
magnitude of each transformation as a contributor to ground-water sulfate
concentrations, and (3) to determine which transformations are affected by
biological activity.

APPROACH: Cores and ground- and pore-water samples will be obtained from
two active strip mines and one potential mine site. Sulfur species present
at various depths will be identified and the sulfur isotopic ratios will be
used to determine transformation paths. Samples also will be obtained with
minimal contamination for determination of the presence and activity of
sulfur-metabolizing microorganisms. Comparison of organism distributions
and isotopic ratios will be used to determine the stages at which biological
activity affects the sulfur cycle. Observations will be simulated in the
laboratory as a control check.

PROGRESS IN 1984: All samples were collected and processed. The
contractor continued isotopic analysis of collected samples while the project
chief completed soxholet and microbiological studies. Preliminary project
results were presented at the Practical Applications of Ground-Water
Geochemistry Workshop sponsored by the Alberta Research Council and National
Water Well Association.

PLANS FOR 1985: The contractor will complete isotopic analysis of all
samples. The final report will be prepared and processed for publication.
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REPORT PRODUCTS: Houghton, R. L., Koob, R. D., and Groenewold, G. H.,
1985, Progress report on the geochemistry of the sulfur cycle in northern
Great Plains coal mines: U.S. Geological Survey Water-Resources
Investigations Report 85-4016, 70 p.

Houghton, R. L., Koob, R. D., and Groenewold, G. H., 1985, Sulfur cycle in
western coal mines, in Hitchon, Brian, and Wallick, E. I., eds., Proceedings
of the First Canadian/American Conference on Hydrogeology--Practical
Applications of Ground-Water Geochemistry, Banff, Alberta, Canada, June 22-26,
1984: Worthington, Ohio, National Water Well Association, p. 306-314,

Houghton, R. L., Koob, R. D., Groenewold, G. H., and Brekke, Dave, 1985,

Geochemistry and microbiology of sulfur in shallow ground-water systems asso-
ciated with lignite deposits, North Dakota (in progress).
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PROJECT TITLE: Evaluation of Effects of ) :¥3§::f2:?:
Ongoing and Future Mining vvj%_LgL;ﬁjgx
and Reclamation Activities Timfﬁyﬂjf%ﬁf
in Western North Dakota ii:ﬂ“y{ fgi;%J

(ND 83-115)

LOCATION: Western North Dakota

PERIOD OF PROJECT: October 1982 to September 1985

PROJECT CHIEF: Douglas G. Emerson

COOPERATING AGENCY: North Dakota Public Service Commission

PROBLEM: The North Dakota Public Service Commission serves as the State
regulatory authority to administer this agreement as well as the regqulations
for State and privately-owned lands. Although the obligation for hydrologic
monitoring to determine the effects of mining falls to the mining company,
the North Dakota Public Service Commission needs unbiased information to
effectively assure adherence to the regulations.

OBJECTIVES: The purpose of the study is to provide the capability to
assess and predict the effects of mining and energy development on the
hydrologic system. Specific objectives are (1) to monitor the variations in
the guantity and quality of surface water below active energy development
sites, (2) to use the data collected to augment and refine predictive models
presently available, and (3) to verify the transferability of a calibrated
watershed model.

APPROACH: The study includes the operation of five river stream-gaging
and water—quality sites, one complete weather station, and three precipitation
sites. The U.S. Geological Survey's Precipitation-Runoff Modeling System has
been selected as the predictive model. The model has not been completely
calibrated for the site where the model was developed; this is one of the five
sites to be operated under this project. The plans are to collect enough data
at the sites to check verification of the model. The present plans are to
collect data for 3 years, but it could depend on runoff conditions.

PROGRESS IN 1984: Data were collected on a continuing basis. Streamflow
data are being published in the annual water-resources data report.

PLANS FOR 1985: Collection of streamflow, chemical quality, and meteoro-
logical data will continue.

REPORT PRODUCTS: Data report of streamflow, chemical quality, and
meteorological data (planned).
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PROJECT TITLE: Effects of Energy MULTISTATE
Deve lopment on Trace-Element
Concentrations in Hydrologic
Benchmark Streams (ND 83-122)

LOCATION: Nationwide
PERIOD OF PROJECT: April 1983 to September 1983
PROJECT CHIEF: Robert L. Houghton

PROBLEM: Combustion of fossil fuels releases many substances to the
atmosphere. In regions where snowmelt constitutes a major source of stream
water, trace-metal enrichments may be further augmented by the physics of the
melt process. Relatively volatile elements such as mercury and silver are
leached from the entire snowpack during the initial phases of snowmelt and
may be concentrated by several orders of magnitude. These enrichments can
restrict water use for some purposes and, in the case of mercury, even
be a health hazard. Recognition of such enrichments thus is an important
responsibility of water~resources agencies.

OBJECTIVES: The purpose of this investigation was to evaluate existing
hydrochemical data from Hydrologic Benchmark Network sites for evidence of
snowmelt enrichments in atmospherically~derived trace constituents. On the
basis of the relationship of such enrichments to the hydrograph, it was
possible to develop guidelines for future sampling procedures at these sites
that would enhance our ability to monitor snowmelt enrichments.

APPROACH: Trace~element data from benchmark sites within the snow belt
were evaluated for enrichments during snowmelt periods. Once enrichments
were identified with respect to the hydrograph, these enrichments were
statistically quantified relative to the mean concentration for nonsnowmelt
periods. Standard statistics for each property summed over all stations were
used to determine the significance of observed enrichments.

PROGRESS IN 1984: The draft report continued in the review process.

PLANS FOR 1985: Publication of the final report is planned.

REPORT PRODUCTS: Houghton, R. L., and Schimke, LeAnn, 1985, Volatile
trace~element concentrations in snowmelt contributions to streams monitored by
hydrologic bench-mark network stations in the conterminous United States where
average snowfall exceeds 12 inches: U.S. Geological Survey Water~Resources
Investigations Report 85-4104, 20 p. (in press).
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PROJECT TITLE: Hydrogeologic and Geochemical
Data Base for Coal Areas in
North Dakota (ND 85-132/133)

LOCATION: Fort Union Coal Region, North
Dakota
PERIOD OF PROJECT: October 1984 to September

1986 (Preproject--May 1984 to
October 1984)

PROJECT CHIEF: Lawrence 1. Briel

COOPERATING AGENCIES: U.S. Department of the Interior
Bureau of Land Management
(Preproject--North Dakota Public
Service Commission

PROBLEM: Models of the principal geochemical processes controlling water
quality in North Dakota and the effects of mining on these processes have been
developed during investigations. Overburden chemical characteristics are
determined routinely on overburden and spoils both prior to and during mining
as part of the permitting reguirements and also have been collected during
scientific investigations of the hydrochemical consequences of mining.
Accordingly, a large and growing body of data exists to arm the chemical
models. Although the data generally are in existence, data collected by the
various industry and governmental groups are not readily accessible.

OBJECTIVES: The purpose of this project is to develop a geochemical data
base capable of centrally storing all the data required to arm the model that
has been developed to predict the hydrochemical consequences of mining.
Specific objectives include (1) designing a data base for storage of over-
burden geochemical data required to run models to predict the hydrochemical
consequences of mining, (2) initiating data transfer from other data files to
this data base, and (3) providing access to the data base by all participating
industries and agencies while protecting the propriety of provisional data.

APPROACH: Design of the data base will be undertaken in a tiered fashion.
Individual samples will be identified uniquely by geographic location, depth,
date and time of collection, and medium type. Numerical parameter codes will
be used to identify individual sample constituents or properties, analytical
methods, and collecting and analyzing agencies for which data values are
stored. To facilitate rapid development of the data base and ease of use by
others, the data base will be designed around the existing U.S. Geological
Survey WATSTORE data base. WATSTORE control code will be modified to extend
sample identification to include the depth parameter.
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PROGRESS IN 1984: As part of a preproposal investigation, the conceptual
design of the data base and the project proposal were developed,

PLANS FOR 1985: The data base manager will be developed by modifying
existing WATSTORE code. Population of the data base will commence with
machine-readable files.

REPORT PRODUCTS: User manual and documentation for hydrogeologic and
geochemical data base management system (planned).
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BOARDS AND COMMISSIONS

To coordinate water-resources activities with International, other
Federal, State, and local agencies, District personnel must participate
actively on numerous boards and commissions. Participation frequently
includes compilation, publication, and dissemination of meeting minutes or
researching special concerns of participating agencies.

PROJECT TITLE: Boards and Commissions
(NDO0-064)

LOCATION: Bismarck, North Dakota

PERIOD OF PROJECT: Continuous

PROJECT CHIEF: L. Grady Moore

COOPERATING AGENCIES: Other Federal agencies

PROBLEM: Coordination of water~data collection activities and supporting
information planning.

OBJECTIVES: The primary objectives of this project are (1) to assure
impartial Federal representation on the Yellowstone River Compact Commission
and the Souris River Board of Control and (2) to supply accurate, unbiased
information to boards and commissions.

APPROACH: Chair the meetings and provide administrative support to the
Yellowstone River Compact Commission. Act as alternate member for the United
States to the Souris River Board of Control. Furnish information requested by
members of the International Souris-Red River Engineering Board.

PROGRESS IN 1984: The 1983 Annual Report of the Souris River Board of
Control was printed and distributed. Meetings of the Board were held February
2, 1984, and June 7, 1984. Information was routinely furnished to parties
concerned with Souris River streamflow.

PLANS FOR 1985: All meetings of the Souris River Board of Control will be
attended. The Annual Report for 1984 will be prepared and distributed.

All meetings of the Yellowstone River Compact Commission and the
Administration Committee will be attended. The Annual Report for 1984 will be
prepared and distributed.
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SOURCES OF WRD PUBLICATIONS AND INFORMATION

Publications Program

Professional papers, water-supply papers, and bulletins are sold by the
U.S. Geological Survey, Eastern Distribution Branch, 604 South Pickett Street,
Alexandria, VA 22304; single copies of circulars still in print are available
upon request from that address. Hydrologic investigations atlases, hydrologic
unit maps, and other maps pertaining to North Dakota are sold by U.S.
Geological Survey, Western Distribution Branch, Box 25286, Federal Center,
Denver, CO 80225,

U.S. Geological Survey water-resources investigations reports and open-
file reports are available for inspection at the North Dakota District Office,
Water Resources Division, U.S. Geological Survey, 821 East Interstate Avenue,
Bismarck, ND 58501; information on their availability also may be obtained
from the District Chief at the above address. In addition, those reports
having an alpha-numeric designation in parentheses at the end of the citation
may be purchased as paper copy or microfiche from Open-File Services Sectionm,
Western Distribution Branch, U.S. Geological Survey, Box 25425, Federal
Center, Denver, CO 80225--these numbers are required when ordering from OFSS.

The series of reports entitled "Water-Resources Data for (State) for
(Year)," covering surface water, ground water, and water quality in each
state, must be purchased from the National Technical Information Service but
can be inspected in U.S. Geological Survey libraries and in Water Resources
Division District Offices in the region of the report.

New reports are announced monthly in "New Publications of the Geological
Survey," subscriptions to which are available upon request from the U.S.

Geological Survey, 582 National Center, Reston, VA 22092,

Water-Data Program

Water-data stations at selected locations throughout the Nation are used
by the U.S. Geological Survey to obtain records on stream discharge (flow) and
stage (height), reservoir and lake storage, ground-water levels, well and
spring discharge, and the quality of surface and ground water. These data
provide a continuing record of the quantity and quality of the Nation's
surface- and ground-water resources and thus provide the hydrologic infor-
mation needed by Federal, State, and local agencies and the private sector for
the development and management of land and water resources. All data
collected are stored in the Survey's National Water Data Storage and Retrieval
System (see section "WATSTORE" for additional information on this system) and
also are published by water year for each state in a publication series
entitled "U.S. Geological Survey Water-Resources Data Reports (see section
"Publications Program" for availability of these reports). Information about
the Water-Data Program can be obtained from the Assistant Chief Hydrologist
for Operations or from the District Chief of the state of interest.
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NAWDEX

The Water Data Sources Directory (WDSD) is a computerized data base
developed and maintained by the National Water Data Exchange (NAWDEX) Program
Office that contains information about organizations that collect, store, and
disseminate water data. This information includes the type of each
organization; the major orientation of water-data activities conducted by each
organization; the names, addresses, and telephone numbers of offices within
each organization from which water-data may be obtained; the types of data
held by each organization and the geographic locations within which these data
have been collected; and alternate sources of an organization's data.

WATSTORE

The WATer data STOrage and REtrieval system, which has remained basically
unchanged for about 10 years, is in the process of being downloaded from a
central computer located in Reston, Va., to PRIME minicomputers located in the
district offices. At the same time, the software is being enhanced to
streamline the data processing, allow for direct entry of data relayed via
satellite, and permit processing of variable-interval data (as opposed to
fixed~interval data; i.e., 15-minute punch tape).

All of the surface-water streamflow and stage data were downloaded to the
North Dakota PRIME during 1984. All 1984 water year data processing for
surface-water data was done on the District PRIME computer, Although the
conversion delayed the publication of the 1983 water year report, the 1984
water year report should be available before the end of the 1985 water year
and earlier completion dates should be attained in subsequent years.

In May 1985, the ground-water software was installed on the District PRIME
and all ground-water site information and water levels were downloaded from
Reston. The North Dakota District is acting as one of the test sites for the
new ground-water software.

The water-quality data have not been downloaded to the District PRIME, but
downloading is planned for 1985, Several utility programs such as the
Log~-Pearson Flood Frequency Analysis and Daily Values Duration also are not
available at this time. ‘

The new system, when complete, will be called the National Water
Information System (NWIS). Results so far appear encouraging. The data
management has become easier and data can be handled more quickly.

Significant improvements in timeliness of data availability are expected to
occur in the near future as software is developed.
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ADDITIONAL INFORMATION ON U.S. GEOLOGICAL SURVEY
PROGRAMS IN NORTH DAKOTA

Additional information on U.S. Geological Survey programs in North Dakota
may be obtained from the Public Inquiries Office, U.S. Geological Survey, 169
Federal Building, 1961 Stout Street, Denver, CO 80294, or from "A Guide to
Obtaining Information from the U.S. Geological Survey, 1982," Geological
Survey Circular 777.

89



*soTaeaqI] A3aang Ted1bolosn °gta 3@ uotizoadsul I0J STgeTleAR O] Ken /7

230o)ed Y3lJaoN ‘saTiunod
1TeI3UNON pue SWeITTIM ‘seaxr
£ seTpnis IsjeM s31eld PUnT33joH pur eHOTL 3JO
aTgel TRAY G9 ~-punols elzoxed Y3ION Tismod pue uosined S82IN0OSa1 I93em-punoib pue AboTosn 2961

elep OISeq Isjem-punoid
\Hucﬂum 9¢ urleTingd Asaans uosyd1opvy ‘e30)ed yY3zIoN ‘A3uno) asppTd JO
Jo 3n0 pElL TeoTboToan elONed UJIION pue ‘tajzed ‘yotpuryd S82IN0S31 Isjem-punoab pue AboTosn 2961

satoyzod statead Jo

sTqel1eAY [ 2Ly xeTnoaId sxayzo pue olz=alys AbotoapAy 3y3l 3Jo seIpnis usIand 2961
2l0)Yed Y3IAON ‘ssT3unod
8¢ SOTIpPN31S I93BM YSO3UIOW pur uebo] ‘aya] arsau

aTqeiteay ze —punoxsn eiloxed Y3aAON uosydiopy 33TIP TeIoeID WOII IS3BM URISSIAY 2961

1961 ‘0¢ asquaadss
o3 ‘yg6l ‘L AInL ‘eloded y3znos
pue yYylIoN Ul suealls Tleus

- rA A Ja1odsi 3AT3RI}STUTWPY 3soM pue AgsoxD a03 sebaeyosip pur ssbels pooTd 1961
ejoyeq
a-vzy Y3aoN ‘xoTdwod AsTTea pstang
sTqeitTeay € asded TrUOTISS®3OAd 19Xny poom3 TITdS ®y3z Ul JI93EM URIS®3AY 1961
L3TTTIqRITRAR sebed 3JO eIpaw uoTleOITqnd Ioyany 87313 3xodesy peystiqnd
310dayg JoquInN a3eq

LOIVLSIA YIOMVYA HIMON ‘XIAINS ITYDIDOTIOID °S°N HHL 40 TINNOSYHId Ad SNOILVYOITANd

90



OV SoTpnis Io3eM

ejoyed YzaoN ‘Ajunon

aTqeT TeAY 61l -punoin ejzoyed Y3l IoN usasuaf pue Aafpeag 809N ‘yernag aesu DBUITITIP 3IS9T 2961
ejo)ed Y3zaoN ‘Ajuno)
vy SeIpnis JIo3eM uosuag ‘speeT JO AITUIDTIA

aTqel1RAY Le ~-punoxn ejoyed YIIAON KeTpeag pue yotpuey 93l UT S92INOS3I IDJBM-PUNOID 2961
eloyeq Y3l aonN
8F SoIpnls I93®BM ‘f3uno) uosisN ‘eaie ejoyer]

91geTTRAY 89 -punoin ejoyed Y3 aIoN sauopf pue 1Tsmod 93l UT S90IN0SaI IIJemM—-punoln 2961
ejoyed
LY SSTpnis I193eM Y3aoN ‘soT3uno) [IrTeal pue syiog

oTqeT TReAY az -punoasn evjoyed Y3 ION uasuap puexy ‘spioudsy aesu I193BM puUNoIn 2961
ejoyedg
67 SeIpnis I93BM Y3IOoN ‘seT3juno) eurquad pue

sTgqeITRAY 6l -punoixs ejoyed Y3 IAON AsTpeag pue uasuap ysiem ‘o1dooH aesu I3j3BM—-pPUNOID 2961
vloyeq Y3z aonN
6€ S9IPN3IS JI93eM ‘s3T3UNO) 91993S pue TITRIL

sTqelteay €Z -punocxs ejoxed Y3AON uosydiopy ‘eso1e uOjl3EH 9Y3l UT IIJIBM puUNOID 2961

9] s®Taas

SNOSURTTOOSTH AsAang 20INnosax

sTqelTeAY G2 Teotboioen eiloyed Y3l ION uosned eyo)ed Y3AON [eITA Y—--I93EBM pUNOID Z961
eloyed Y3 aIoN ‘SsSoT3juno) paem
Zv SoTpnaS I93EeM pue ojang ‘sTTogmod JIesU Iajem

aTqeITRAY G9 -puno1s ejoxeq YiIAonN uasuap punoab Jo sdousxanddo pue Aboloen 2961

KytTIqRITRAR sabed 3O eIpauw uoIjedITqnd aoyany 91313 3aodsy paysIiTqnd
3xodayg ZaquniN ajeq

91



ejo3eq

Gy SeTpnly IslepM Y3ION ‘S8T3Uunoc) paeM pur UuevaTon

3TgRT TRAY e -punoasn ©l03EQ UJIAON buoajzsuray IXP JIP9U S8DINOSOI IA9JFBM-PUNO I €961
pl0)RQ
GG S9TPN3s Is3eM Y3IoN ‘Ajunod TTTRAL ‘Ox0qsSITTH

a1qelTRAY 6l -punoxs ejoxdeq Y3 ION AeTpeig pur uasusp| Jo A3 TUTIDOTA SU3 UT I93M PUNOID €961
PG SeTpPn3S I93eM ueRUWUSSIH pue v303eg Y3zION ‘Eoie

aTqeT IeAY LS -punoxsH vl0PA YIAON ‘uosusmg ‘snbooye] TTeYOW-AQSOIJ 8yl UT I9jem puUNOIDH €961
©v303ReQg Y3IAON ‘A3uno) suoumy
0G SsoTpn3ls Is3EM ‘eade bangsei3ls-uojul] a9yl 3o

aTqeT IeAY €S -puUnNoO X9 ®l03ed Y3 ION yoTpued S80IN0S®I I193BM-punoab pue AboToesn €961
BlRp OISeq J93BM-PUNOID ‘el03RQ
Ly urasTIing Asaans yazaoN ‘Ajuno) uewsinls Jo

sTqeT TeAyY 6€€ TeotboToen ®l0YRA YIION TX3®d pu®e T[SXNH se0aInossi 1sjem-punoib pue Aboroen €961
Js3em jo A31iPnb
TeoTWwsyo pue I93BM PUNOID
9¢ ur3elInd AsAaing uosyd 1opy ‘e3oxed Yy3zaoN ‘Ajuno)y 1eppTIM 3O

sTqeITRAY 8¢ Teotboloss e303Eg Y3 ION pue ‘T1ajzed ‘Aelpead $80aN0ssl I93em-punoib pue Abolosn €961
el03eg Y3 ION
9y sSoIpPN3IS I9jeMm ‘A3uno) paem ‘proylrayg IAvaU

aTqeT IRAY 9z -punois eioyeqg Y3 AON yotpuey $90INn0S9x Is8jem-punoib pue Aboloan €961

A3TTTqerTeae | sebed jo eIpsu uoTiledTIqnd aoyany 313713 3xodsy paystTand
3aoday JaqunN s3ed

92



*soTaRIqIT Asaang TeoTboTo®n *S*n 3e uoIjzoadsul 103 S[qeITRAR 8q >MZ\H

G9 SSTpPN3s IojeM

ejep
OTIseq JIsjem—-pUNOI) ‘elOo}ed YIAON
‘30UTH JO AJTUTOTA 3yy Uul AafTea

aTqeIIRAY 68 -punoisn ejo3ed Yl ION STTTH pue uyolfLijad JI3ATY STANOS ayy 3Jo Abotoapiyoan G96 |
ejo)ed
3oea3sqy ‘uotun Y3ION UT saajinbe j331ap-ieroelb
- L Teo1siydoss uedTasuwy uostned 30 jusudolsasp pue uorjeaOTdXT G961
UOTSSTWWOD s80IN0SaX
- L oTWouodod ejoyed YIIAON uosTned I93em-punoab s,ejoyeq Y3jIoN 96 L
spTaT&A Ter3jusajod pue saajinbe
Jo uoT3edo0l 3yz buimoys ‘eloyed
papasaadng 1 3113 uado yo TpURy Y3IoN ‘Ajunop ybrterang jo dew v961
ejoyeq
Y3ION ‘soT3uno) Appd pue ‘Assuey
9G SI3TPN3S JI93eM ‘uosuag ‘esxe ayeT STTIA3Q
aTqel TeAyY 1ie -punois ejo0xed Y3IAON ulyy pue uosined 9yl JO S90INOS3aI I93BM-PUNOID P96 1
e303ed Y3IIAON UI93Seaylnos uf
\ﬂu:ﬂum a-io0s IaATY suuakeys ayz jo abaeyosIp
Jo 3nQ S Iaded teuoIssejoad uosTned but3zosjyjye siojloey o1boTO v961
e3oyed Y3 ION ‘saTiunod
\Hu:ﬂum a-i10s ssuleqg pue ueusinis ‘xajyinbe
Jo 3nQ S aaded TeuoTssazoiad K119 poom31atds sy jo Aboroapiyosn vo6 L
A3TTTqeTTRAR® | Sebed jJO eTpau uoT3edTIqnd aoyany 91313 3aoday paysTIqnd
3aodayg JaquinN a3eq

93



*saTaRIqIT A8aing TeotboToen °*S*°n 3e uoridadsur 103 alqelTeaR o] mmz\ﬂ

uotrzebrisaaut
Axeutwitoxd y~--el03eQq

AboToxjzed U3ION Texjusdo-3sea ‘TTTI3
aTge] TRAY 9 KAIxejusuTpag JO Teuanop aaxeg pue ATT19M Tetoeldb UTYITM SUOT3RIIRA IAOTOD 9961
ejoxeqg yjzaoN ‘xeTdwoo
UBWo3NUTW JOUTH ‘(N) OwaN 931S
- 67 3I10dax aAT3RIISTUTUPY yotTpurvy pue umoag 10I3U0D 3B SUOT3FTPUOD I9IBM~PUNOID G961
ejoxeq Y3jaoN ‘xoTduod uewsjinutu
JOUTH ‘(Jd) 3IoI3IX0J ©3 TS
- ve 310ds1 8A13RIFSTUTWPY umoag pue yot1puey 10A3U0CD 3B SUOT3TPUOD I93BM-PUNOID G961
A31Tenb TedoTWSYO
S3T pue I83BM punoxsy ‘ejoyeq
Ly ut3isyIng Asaing U3IoN ‘Ajunop uewsinis Jo
aTgqeITReAY 89 TeoTboT09D elOyeqg YIAON TI139d pue IaxXny S80IN0SaA I9jem~punoab pue AboToen G961
e3lep O1ISEq JI93BM~-puUNoOId
Gp uT3ILaTIng AsAaang ‘ejoxeq Yy3zaoN ‘A3uno) 8pTATQg FO
aTqe] teay ZLL TeoTboT0o8s e3ONEd Y3AON buoxysway S90aNn0sax JI9j3em-punoab pue AHoToan G961
e3ep OTSeq I9jem-punoid ‘ejoyed
\Hucﬂum Zb utr3eIIng Aaaang Y3aoN ‘Ajuno) ybreTang 3o
Jo ano €LZ 1eoTboT089 ElONeq YJIAON yo Tpuey $90IN0S81 I9j3em~-punoab pue AboToan G961
e3ep OTSBq JI93EM-PUNOID
€p ut3leTIng Asaang ‘ejoxeg ylzaoN ‘A3uno) sauaeg Jo
aTqerTeAay 9g1L Teo1boT09n eloleqg YJIAON ATT™X s90aInosax aajem-punoib pue Abo1osn G961
KyTT1qeTTRAR sabed 3o eIpsSuW uotledTIqnd Ioy3nyg 213113 33odey paystIgnd
3axoday JoqumN aj3eq

94



*soTIRIqIT A9Aang TedTboT08D °S*n e uorjzosdsur I03 STqRITRAR 9] %mz\ﬂ

9y ut3lsTIng £Laaang

e3ep O1SBq JI93eM-pUNOIs ‘elONeq|
y3zaoN ‘A3unos pueTyoTtd IO

aTqeITeAY oLl Teotboroen ejl03eq Y3 ION aoyed $@01INnosal1 1sjem—-punoab pue AHoTowH Qg6 1
ejep
o1seq JIsj3em-punoas ‘ejoyed Y3zaoN
b utasTIng Asaang ‘s8T3uUnoy 193504 pue Appd JO

aTqeT teay €be 1eo1boT0o9H ejOyeqg Y3IAON ddeag, $80a1Nn0sax I9j3em-punoab pue AboToen 9961
e3Ep OTSB( I9j3EM-pUnOID
LP uTaoITng AsAaing ‘ejoyed YzaoN ‘L3uno)y ssen Jo

sTqelTeay 861 TeoTboTO9n BlOYRQ Y3 ION butrsnery $90IN0SvI I9jem—-punoab pue AHoToD Q961
S890INOS8I I9jem—-pPunois ‘ejoleq
Zy utaaTIng Aaaing I3ayd3 ' ya3IoN ‘A3unoy ybrerang jo

aTqeT1eay 26 1eoTbo109n ejlO0xeq YIION pue yoipuey $90aN0831 I93em-punoab pue AboToan 996 L
§90INn0Sal A93BM-PUNOID
€y uT3eoTIng &Asains ‘ejoyeg Y3zaoN ‘A3uno) ssuaeg JoO

aTqeT TeAy L9 TeoTboT089 elOYRq Y3 ION ATTI9X $80IN0Ssax iI9aj3em-punoab pue AHoToeH 9961
yoaeesay yotpuey seole pajeroelrb ur sdeu

aTqeT TeAyY Lt S$90IN0S9Y A93eM pue uyofAjjzed s9TORJOY3 IT JO 8sn orboroapiyoan Qg6 L
e30)eg YIION TeI3usd-3samyiznos

aTqeTTeAY Sli 9113 uado Aqsox)d ut ‘996l ‘ST-pg SunL Jo spooTd 9961
/putad 0-06S suTeld 3eaid

JO 3nQ q asded TeuOoTssejyoid uyof&33ed uisyjiou 9yz ur Jososred auso0x Q961

K311 TR TRAR sobed Jo eIpsWl UOT3RDTITINd Ioyzny 97313 3aodey paystTand
3aoday Jaquny 23ed

95



°soTIRIqIT Aaaang Teo1bOTo8H *s°n 3e uoridadsur 10 oTqeIIRAR °q %m:\ﬂ

e30)R(Qq

yiaoN ‘xa7dwodo uewsjnuiw aseg

90104 ATV SYIO4 puerd ‘O) pue
‘OI ‘OH S®3 TS TOI3UO0D 3B I8j3em

o o€ 330d8x dATIRAISTUTWPY A1T®) pue erlanang punoab soTTeys 3o AFTTiqerIRAY L961
G9~-ZE€6l ‘®e303eqg YyzaoN ‘L3310

aTqeT TReAY 9 I@23eM punois K119 AoTTeA e a9bieyosx TeIOTITIAV L9611

L9611 Ioquadaqg

aTqel 1eaAyY Z =ATnp ‘ut3eTing UM ATTa sabeb uTex 8qn3i-3s93 S3ILINDOY L96 L
ejoxeq Y3laoN ‘IeATy
\ﬂu:ﬁgﬂ g-06S auuadays aya 3JO 8sanoo Teulbaeu

3o ano € aeded TeUOTISS®3OAd aoxeg -301 Ue ‘Tauueyd IAOCUTTHW SYL 9961
I12ATY (®SNOW) SIANOS ¥aYy3 Uuo
wep jueld JIe3em JO0UTW 2aodqe Tood

aTqeT teay 8 o113 uado Agqsoa)d woxj Apn3ys ssof-Ierem Jo 3xodey 9961
ejoyed Y3zIoN ‘A3junod
swet{TIM 3o dew A3TTTqeiIeae

pepesaadng L o713 uedo buoajysuay I93em-punorb Azeutwiied 9961
9961 YoI®W sedotAap buipaooea

9TqeI TRAY Z -Axenuer ‘urloTing QUM SR T9a9T~I93EM UNUIXeW Pue WNWTUTH 9961

A31r1qetTRAR | S9bed jo BTpSW UOT3eDTITqnd Ioyany ®T3T3 3xodey paystTqnd
a3axoday JaquinN @3edg

96



*saTaeIqiT Aaaing Teotbor1oen *s°n 3e uorlzoadsur 103 STqeITRAR 8] >m2\ﬂ

9p uT3ISTTNg Asaing

Kbotoen ‘ejoleq
y3aoN ‘Ajuno) puelyotrd 3O

aTqeTtTRAY %% Teoiboroes ejoyedq Y3IoN z9yed §901N0sax x9j3em-punoib pue AboTosn L96
S90INOSSI I93BM-PUNOID
gy ur3yar(ng Asaang ‘ej0yeqg yjaoN ‘A3unod IPTATIQ JFO
sTqeTTeAY 9g 1eoTboTO®H ®303RQ YIION buoxysuay $902IN0sa1 I3j3em-punoxb pue Aboyoen L9611
KboToen
€y utzaTIng &LsAins ‘ej03eg yzaoN ‘Ajuno) sauaeg JoO
aTqeT TeAY 1S TeothoT09n ejONRd Y3 ION 3oorg pue A1Ted s9oaInosax i9jem-punoib pue XbHoroen L96 1
ejoxed Y3z IoN
\ﬂu:ﬂum ‘30uT Jo A3TUTOTA ®Yy3 ut XoTTea
3o 3no €5 vvgL asded A1ddns-asjem uyolfA33ag IoATd stanog ayy jo AboroapAyoen L9611
(III LsaH JIvsn)
ejoxed yizaoN ‘A31d KeTTeA Ieau
93Ts 3s93 uotrsordxe awaronu
- 8z 3aodea 8AT3RIFISTUTWPY yotpuey pue umoxg peojernuts ay3 jo Aboroapiyoan L9611
0¢ setaeg ejo3eq
SNOSUBTIIOSTH Adaang y3aon ‘Ajunop paeMm ut sTauueyd
STqeiTeAY 13 Teotborosn ej03eQ Y3ION uyo (43394 9071-gqns posde(1oo pue sabpta dung L961
BlOo)Pg Y3nos ‘jusunuopn
TeuoTieN spuelped ‘A1ddns
-— - 81 3x0d®x 9AT3RIFSTUTUWPY yotpuey a93em-punoab e yo jusudorasaq L9611
A3r1TqerTRAR | sabed jo BIpaw uoT3leDTIqNg - Ioyzny 1313 3aoday paysTIqNd
3aoday JaquapN @3ed

97



*saTIRIqI] A9AIng [edTboToon °ge*n 3e uoTljzoadsur 103 oIqeITRAR 9] wmz\ﬂ

L961 IaquedaQ

sSTqeiTRAY L -ATur ‘ur3ialing QM yorpury a123T9YsS I19paodax afqelaod L961
0€ salaag
SROBURITEOSTW Aaaang ejoyeqg Y3IAON [exjuad ut
oTqeT ITRAY S 1eot1boT08n e3O03Rd Y3 AON eranang pue Af1eY SWeails JO UOTISISATIP 2US8D03STaTd 1961
\ﬂucﬁnm g-GLS z1sseby aye] [eroelp Jo eliep
3o 3nQ L aaded jeuolssajoad aayed auusdalys SYy3 U0 SUOTIRAIISHO MB3N L9611
0f so1xes ejo3edq
SNOQURTIOOSTH Aaaing U3 ION ‘A3uno) piem uIajlsom
aTqerTeay 6 TeotboTo9n elOEg YIION uyol&33ed -y3nos utr S399Ys IJTIP STdIITNNW L9611
sasautbug yotpuey sdew 013eI-DTISETD SBTORIJOUYITIL
aTqeT TeAY it unafoaled Jo A3ISTD0S pue uyolAj3jag go suotjeoridde o1boToapAH L9611
elep OTISseq I9jem-punoas ‘ejoyed
8y urjeTIng Aaains Y3zoN ‘Ajuno) sweT{TIM 3FO
aTqeTTeAyY rA Teo1bo109n e30BRQ Y3 IAON buoajzsuay saoanossx I9jem—-punoib pue AboToan L9611
elep OISeq A93EeM-DPUNOID
6v ut3lelIng Asaiang ‘ejo)eq Y3IAON ‘A3unopy ITTeXL IO
a1qeT TeAY €01 Teo1boT1oes elOYBQ Y3IAON uasuap S90IN0saa Jo9jem-punoib pue AboTosn L9611
$80INOSIT I93eM-PUNOID ‘el03 eq
9y utr3leTInd AsAing Y3aoN ‘A3uno) puelyoId 3O
aTqe] TeAy Sy Teo1bo1oen elOed YIAON uosined pue Ioayeg S30aINn0sal Iajem-punoib pue XbHbo1oan L96 L
A31TTqRTTRAR sabed 30O elpau uoT3edTTqnd Ioyany 21313 3xoday paystIqnd
3axodsy ZoquinN a3eQq

gR



e303ed Y3IION

g-586 utr soToyzod atatead jo 38bpnq
aTqel TRAY 6V aaded TeuOTISS®jOiId o13alys I93em ayz pue uorjeatdsueajodeay 896 L
ejoxeq
Y3ION ‘JOUTW 3B weysks sbaeyosa
aTqeITRAY S I93EBM punoaIn uyolA33ag Tenp ® JO UOT3IONIISUCO puk ubrsag 8961
— z uossol H-¥ 313923 eH I9o3emM Jo AjTTendd L9611
ejoyed Y3 IoN ‘Ajuno) SURTIITIM
‘as3ytnbe Appni 9713317 Y3
3o spiati Ter3uazod pajeutyss
papasaadng L 8113 uado pAoaxxov ay3 butmoys dew Azeutwriaig L9611
ejoyed yilaoN ‘A3unod
sTTeM Jo dew A3T{TqeTRA®
popsasaadng i 8113 uedo eTanang I93em—punoab Axeutwirsag L96L
e3o)eq Y3jIoN ‘Ajuno) syiaog
puexd jo dew A3TTTqEITIRAR
pepoasaadng L 8713 uedo K119 Jo3em-punoixb Aaeurtwiraid L9611
ejo03ed YIION ‘S9@T3Uno) x93 sod
pue Appd Jo dew A3TTIqRIIRAR
papasaadng L 8113 uado ddeay, I93em-punoab Azeutwiraad L9611
evijoxeqg YjzaoN ‘A3unod
sse)y 3o dew A3TITTqeRIIRAR
papasaadng i 9113 uedo buisney a9j3em-punoab Laeutwilaag L961
A3TTTqRT TRAR sabed JO eIpau uUOT3RDTITNd aoyany 971313 3xodey paystIgnd
3aoday Jaquiny a3e(q

99



*s91aRIqT] A°aIng Ted1boTosn °*s*n e uoTloadsur 103 STqelIeRAR B3] mmZ\ﬂ

VL S9TPN3s I93epM 9961 ‘eaoyeq
STqelIBAY Lil ~-punoin ejoyed YIAON yoIpuey Y3ION UT ST8AS8T JI93emM-puUNnOI 8961
e3P OISEq I93EM-PUNOID
Ig uT3aTIng Aaaang ‘ejoyeq Y3laIoN ‘Ajuno) sTTaM 3FO
aTqelIPAY 8t TeoTboT08D ®3O0YRd YIJION eTanang s8@0aN0sax Iojem-punoab pue AHoToan 896 |
ejep
o1Skq JI93emM-puUnoOIs ‘ejloleq yYylzAoN
0§ ur3lsIIng Asaing ‘seT3luno) paeM pue S[TIAUSY JO
ITqeT IRAY Z0¢€ Teo1boT099 eOoNed YIAON uyolX33ed $90IN0sSax I93em-punoib pue AboTosn 896 L
elEp DISEq JI93EBM-pUNOID ‘elOoYed
\Hucﬂum €G ur3eTIng Asaang Y3IoN ‘A3uno) s)yIod puris 3JO
30 3nQ Lit Teo1boTo®D elOjRQ YIIAON ATToX $30IN0SaI I@jem-punoib pue AHoTosn 8961
se@oInosaa
I9jem-punois ‘eloyed Y3z aIonN
¥y urasTIng Asainsg ‘seT3uno) Is3sog pue Appd 3JO
aTqelTReAY oLt Teo1bhoTo9n e3O0YRQ YIAON ddexg, seoINnosal Isjem-punoib pue AHOTOSH 896 |
KboToapAH ’
Ly uT3eTIng Laaang ‘ejoxeg Y3lIoN ‘A3uno) ssed Jo
aTqeT TRAY LL Tes1boTosn e303Rd Y3IIAON butsnery seoInosaa Iojem-punoib pue Abojosn 8961
KboToen
\Hu:«um Ly ur3sTIng Asaing ‘ejoyed YaIAON ‘Ajunoy sse) Jo
Jo 3nQ 6¢ Teo1boT08H B3O} R Y3IIAON bursneX s@0IN0sax Iojem~-punoib pue AboTosy 8961
A3rTTqertese | sebed jo eIpauw uoTjedITqnd aoyzny 1313 3x0dey peysITqnd
3x0dey Jaquny o3eq

100



6961
‘og asquezdes o3 ‘ps6L ‘L ATnp
‘ejo)e@ Y3 ION UT sSweails Tleus

— Zsi 3x0d91 ©AT3IRIFISTUTWPY Kgsox) 03 sabaeyostp pue sabeis poold 6961
6961 aunp sbol otajoeTe woay Aj3rltqesuisd

aTgqet Teay € -Kaenuep ‘ut3zelind UM 330D butaeinoreos jo pouyjzsu y 6961
8961 UYOIEW 3jeadate butuzem

aTqeITRAY Z ~Kxenuep ‘urielind QUM wox3soxg a03 KemaTqeo uo saoyaeu K3ajes 896 L
ejoyeqg Y3aAoN ‘Ajunoc)
2oppT Jo dew A3TTTqERITRAR®

papesaadng l o113 uado umoag Jojem-punoab Aaeutwutioad 896 L
ejoyRQ
0-009 Y3 ION uxajses ‘suojlspues eviloyed

aTqeT teAY L aaded TreuoTssajoad AtT9 ay3 Jjo Aboroapiyosb ay3 uo SI3ON 896 L
8961 aunp sTIam butmotry

a1qeT TeAY L ~171ady ‘ur3eringd UM Kaumo(q butansesuw 103 z9yded 3SOD-MOT 8961
ejoyeqg Y3l aoN
ul STTeM Po3O8[dS UT ST9ADT

aTqeT TRAY L 3113 uadp umolg pue ussuap I93em~-puncab jo spusiz wuaslz-buog 8961
a-o009 rUOZTIY ‘ASTIeA OIpad ues

aTqeTTeAY S aaded TeUOTSS®JOIAJ AaumoQg ay3 3jo sydaowobel auad0I[d °3€T 8961

A3111qeTITRAR | S9bed JO eTpau uoTjedTIqnd Ioyzny #1313 310dey paystiqnd
3xodaj IaqunN a23eq

101



*saTaeaqI] Aaaang Teo1boToe *s*n 3 uoizoadsur 1o S[gelIRAR 3] Kew /T

O-00L 1o U3ION UI9}Som
1QeTTRAY i zoded TeUOTSS®IOId uo3 T TWeH ut uorjewioy dIeos-ToUURYD 0L61

ejOo3ReQ Y3 IAON XO3I
alqeTIRAY 89 oTT3 uadpo Agqsoxp wexboad ejaevp moryueaxlzs pasodoad y oL6l

g Xtpuadde ‘uor3oes

JIUSBUSSOSSY a93em=-punoxb ‘Apnys yaomsueay
— ap I93eM TRUOTI3EeN uosaspuy SUTSeq I9ATY AuTey-pay-sSIInosg 6961
6961 =unp
aTqeI TeAY L -Azenuep ‘uTtieTIng QM o13alys SUTT 3IBOTJ I0J 2ARIYS [PTINYH 696 L
vUR3IUOK

-e303eQ UIAON ‘93 TS OIAOISTH
TeUOT3IEN 3ISOd burpex] uOTUn
- 82z 330d3X SAT3IRXISTUTWPY buoaysuay 3104 3B S80IN0S3A I93eM=PUNCIH 696 L

AbotoapdiH ‘ejoxed

\Hucﬂum gy ur3oTIng Aaaang Yy3xoN ‘A3uno) swelTTIM JO
Jo 3ngo Z8 1eoTboTO®H PlONRQ YIION buoajzsuay sSe0INosal1 Iajem-punoib pue AboToan 6961
ejep
OTIsSeq J93EM-pUNOIH ‘evlOdRQ UY3IIAON
GG UuI3aTIng 4Asaansg {saT3UNno) [TIBIJUNOK pur I¥yang Jo
argqel 1eay 282 1eo1boTo99 elORgd YIAON buoajzsuay seoINosax xojem-punoib pue AboTosn 6961
A3trTqerTRAR | Sebed jO eTpSW uoT3edIIqnd Ioy3ny 81313 3x0odsy paystiqnd

jxoday JaqunN aa3ed

102



ga-0SL

sboTt
OTI1309T® woay A3TTTqesuasd

sTqeTTIRAY S aaded TeUOTSS®F0Ad 33010 butielnoTeo Jo poyzeu y LL6 L
ejoyed Y3IAON ‘sSOT3unod ILATIIO0
pue 19019 ‘UOT3RWIOCT HO9ID
TT=H =Yz pue auojspueg STTTH XO4
d-00L TYSMOTOS®aM ay3 ut saejInbe Jjo 3uaTOTIJFS00

aTqeT TBAY 9 aaded TeuoTssajoid pue 330i1D sbeiols pue A3TATSSTWSURI] 0L61l
g-00L euozIIy ‘A9TTeA OIped ues 9yl

aTqeTTeAy 9 asded Teuoissajoad Kaumoqg woxj oeptiodo] susO03STOTd STPPIW 0L61L
8C¢P-¥H seTlv ejo3eq
suotT3ebryssaul Y3ION uasjzseayjzaou ‘A3unond

aTqeT TeAY L ot1boToapiH Ksumoq UOSTSN JO S8D0IN0OS8l I93EeM=punoiIs oL61l
eloyeq
9G ur3eTIng Asaing Y3ION ‘seTjuno) ISATIQ pue

aTqeTTReAY 89C 1eo1boTo8n e3O3EQ Y3 IAON 3J0oxD aA90I0W ‘elEp OTISeq I93BM-PUNOID 0L61
$20IN0SaI I93BM-PUNOID
Ig ut3erIng Aaaians ‘ejoxeq Y3jaoN ‘A3uno) STTeM 3O

aTqeT TeAY LS T1eo1boT095 e3O03Ed YIAON eTan3yng $90ANOSSI I93em—-punoab pue LAboTosn oL6l
$80IN0S9X I93EM-pUNOIs ‘ElOoNRq
€G ur3srIng 4A2aansg Y3aIoN ‘A3uno) s3yiog puris 3Jo

aTqeTTRAY 85 1eoTboT08n e30}RQ Y3 AON uosTned pue ATI=N s90IN0S81 I93em~punoab pue Aborosn 0L61

KyTrIqeTTRAR sebed 3Jo eIpsu uoT3leoTITqnd Ioyany 971313 3xodsy peystTand
3axoday ZaqunN a3eq

103



*saTaraqT] Asaang TeoT1HOT09D *sS*n 3B uoTioadsul 103 sTgelIRA® 3 %mz\ﬂ

\Hucﬂum 05 uTr3aTIng Asaang UuoSUTYOINH ejoyed YIION /SSTIUNO) pIeM pue
3o 20 001l TeotboTosn el0Ra YIIAON pue uyolA3a3sd 9TTTAUSY JO S90INOS8I IIJRM-PUNOID 1261
ej03eQq
GG uT3eTIng AsAing Y3ION ‘sS9T3uno) TIRIJUNOHN pue
a1geITRAY g8 1eoT1boToss e'lOYRA Y3 IAON buoajysuay ajang JO S80INOSaIA I9FBM-PUNOID 1L61L
\Hucﬁum LG uT3sTIng AsAang el0)yed Y3ION ‘S9T13UNnOo) ysiem pue
3o 3Ing 6GSY TeotboToen elO0¥yRQ Y3 ION Asumoq uosTSN ‘eiep OTSEq I93BM-PUNOID 1,61
09 uI3laIIng Asaing ejoxeq YzioN ‘Ajunod
aTqeT TRAY 89% Teo1boTO8n B3OYEQ YIAON butsnery URSMOW ‘PlEp OTSeq I23eM—-punoid 1L61L
giL sa1pnis Bl0¥ed Y3IION ‘S9T3UN0D aeis pue
sTgqeTTeAY [oft Iajem~-punoxs A3unod ddeay, I9bUTIIBH ‘e3ep OTSeq I93BM-PUNOID 1.6l
ejoyeq
\Hucﬂum 65 UTIlarIng AsAaing Y3ION ‘sS9T3unc) 8018Td pue
IO 3nQ 09¢€ Teo1boTo09n BlOYRA YIION yotpuey uosuag ‘ejep OISeq I93BM-PUNOID 1L61L
S92INOS8I IBJBM-PUNOID
6y urT3oTIng AsAxng ‘ejoyeq yzaoN ‘L3juno)y T[TeIL 3FO
aTqeTeay ot TeotboTo9n ejO¥RQ YIAON butsneTy pue ussuap $90IN0Sa1 Iv¥jem-punoib pue AbojosH LL61L
UuoT3 eIl STUTWPY vjoyed Y3IAOoN ‘Ajunc) puelyodTy
Kemybty Tea9pPOqd 03 1331s moxxoq Aemybiy ® 3 3yeT
- L 9seo[9X SATIBRAISTUTWPY uosTned e uioy o3 Tesodoad jo uorjenieayg 1L61L
K3rTTIqeT 1RAR sabed jo eIpsuw uoIjeoIIqud Joyany 971313 3aodey paystTqnd
az0day JaqunN 23eq

104



uosTned pue

S902N0S91 193eM Uuo
uoT309s ® U3TM ‘pioyed Y3 ION

- it - ‘puoazsuay ‘LAqsoan JO S9DaINOSdI I93em puev TRIBUTK ZL61
SLY-¥H Sel3y B303eQq
suoT3eb13ysaaul Y3ION Teajuad-3sam ‘Ajunocd
a1qeltTeAy L o1boTOapPAH butsneTy Uea IOl JO S80IN0S9I I93BM~-PUNOID) ZL61
9LV~-VH S®eI3¥ el03eQ Y3AON Teajuad
suoTjebriysaaur ~y3aou ‘saIIUnNcy a9dI9Td pue
aTqeT IRAY 1 O1boTOapPAH yotpueyd uosuag JO S90INOSBA I93BM~—PUNOID ZL61L
LLel
‘0oe aaquendes o3 ‘ps6lL ‘L ATnr
‘e30)eQ Y3AON UT swesx3s [reuws
aTqerteav 091l 9113 u=do amad pue AqsoiD ao3 wwmumcnwwn pue sabels pooTd ZL6l
¢L-5061
‘ej03e@ Y3AON 103 ejep A3T1Tenb
I93em-20€3ans paysiTqudun
- — a1ty uadp uosury pue paystIqnd Jo A103UBAUT uy ZL6l
Kasbeut paaeajut
butsn ejoyeq Y3zaoN UT I9ATH
sTgeI TeAY ap o113 uado Kqsoap TINOSSTH 93 Jo Apnas Tewaay] L6l
LEY-YH SPeT3¥ ejoieq
suotjebTr3iseaur Y3ION uasjzseayjaou ‘Ajuno)
aTqeI IRAY 1 o1boT0apAH Kaumoq YysSTeM JO S90INn0Ssd1 I93BM-punos 1L61
A3TTTqRTTRAR sebed 3O eTpsuw uoT3ledTIqng Ioy3ny 91313 3zodsy paystTqnd
3axoday JoqunN 93ed

105



°saTIeIqTIT Asaing Teot1boloss <sen 3e uoridosdsur X0 alqelIeae aq Ken /T

v303eq
\Hucﬂum g9 uT3ISIIng Aeainsg U3laION ‘S8T3uno) ueumog pue
I0 3nQ v67T Teo1boTo@n elORQ YIAON 330D swepy JIOJ ejep OTSeq I33LM-PUNOID VL6l
e30Y®RQg
Y3xoN ‘A3juno) ueumog ‘sutu
93TUb1T Buloosen ayz 3e A3rrendb
aTqeIIeAyY L 3oBI3SqE VYSH KsumoQg pue 33oxd Io3em uo bututw drazs Fo s3o93Id vi6l
ejoyeq
Y3ION UT SsabxeydsSTp pPoOOT3F uo
aTqeT TeAy 6% 9ye-yL 2113 uedo KAqsoxd S309J33 ulseq Jo uoljebiyssaur uy VL6l
\Hucﬂum LG uT3IeTIng AsAaang eloO)Ed Y3 ION ‘SOTIUNO) YSTBM pue
JOo 3INQ L9 TeotboTo@n ejOMeQ Yl ION Kaumoq UOSTaN JO S9OINOS8I IDIRM-PUNOID €L6L
vl0¥Rd
\ﬂucﬂum 9G uT3laTIng A°aang U3 ION ‘S3T3UNO) ISATTO pPu®e
Jo 3no 18 Teotboioen eBIONBQ YIION 330x1D I30I9 JO SIDINOSII I93BM-PUNOID €L6L
el0YRd Y3IION
\Hucﬂum 29 utr3alTnd Aaaians $9T3UNC) PUTqWSd pue IaTTeARD
FO 3IN0 909 TeotboToen ejoed YIION uosutTyd3ny JO B3®p DO1ISBQ I33BM-PUNOID €L61
el03eq Y3z IoN
y9 ur3leTIng Asaans puelispuns pue ‘seT3uno) ol293s pue sbbH1ao
3TqeT TeAY 89V Teo1boToen e30YRQ Y3IION ‘uosutyoiny ‘Asumog I0J elep OISEq I93BM~PUNOID €L6L
A31TTqRITRAR sabed JO eTpauw uoTzeLTIqNd aoyany 913713 3x0day paystiqnd

a1zx0day Taquny ajed

106



ej03eq y3IoN

9| sSaTpnis 4s3T3UNOD Yae3s pue IX8buUTI33I8” JO
sTqeITRAY LS aajeM-punoas Ajuno) 330xD pue ddeaj, s9oanosal Iajem-punoab pue Abotoen GL6L
'ljoxed Y3ION uxsjzsamyinos ‘(3tup
y3anog) 3jIed T[eTIOCWSN TRUOTIEeN
3T9A3S00Y 3I0POdYL, ‘HOOTIBAQ
a[qel TeAY GE 9gi-pL S1T3I uadp 33010 uolue) psjuted 3e Arddns xsjem viet
'303eg Y3ION ‘sSaT3unod
919293 ¢ pue sbbtanp utr siajinbe
33tap-Teroerb zofeuw woxy
I93em punoab jJo A3TiTqelTeAR
popasaadng L aT13 usdo Ksumoqg butmoys deu Axeutwurraid VL6 L
ejo0xeq
Y3ION ux9lsesayinos ‘obreyostp
pue ST3A3T JI33eM-~punoab
pL-0€ suotjzebijyseaut uo axe] paaputly psuuerd ay3z
alqeTTeAY rAA $30INOSaI-I93eM uostned pue Asumoq 3O s30933° JO HBUTTSpPOW 3ATIIDTPald pL6L
09 ut3aTTng Asaiang e3oxeq yizaoN ‘A3unod
aTqeITeAY €L Teotbot1o9o ej0yEQ YIIAON puisnery UBITTOW JO S3D0INOS3aT II3JeM-PUNOCID vL6L
ejoyeq
Y3ION uIxajzsesyjzaou ‘Ajunod
IaTTeARD ‘O-g A3TTTIOo®I TOa3UO0D
- Li 3a0dax SAT3RAISTUTUDPY UuoSuTYO3NH younel 3e SUOT3TPUCD I33BM-PUNOID VL6 L
A3trTqerteae | sebed JO eTpaw uoT3EDTIANd aoyzny 7313 3aodey paystiqnd
3aoday JaquIiny ajed

107



*saoTaRAqIT A®aang TeotborTosn °se°n 3e uor3zoadsur 103 STHeRTTRAR 8q mmZ\ﬂ

Kanans

SL-¥L6l ‘eioyed Y3aoN
‘uotbex Teod uoTu 3AOI BYIF

aTqe TRPAY £V o113 uado Teot1boToad °s°n ur suoI3eb13sSvAUT S8DINOSBIA~IADJEM Sl61L
e3j03ed Y3AON
‘f3uno) 933970y ‘eaae 3anooTod
sTqeT TeAY 1€ 96£-G6L ©1T3 uado butasysn pue yoTpuey 9yl ut buiasey zasjyTnbe Jo s3Tnssy GL61L
ejoxeq Y3 aoN
G/.-61 suor3zebiyseaut ur suiseq sbeuTeap TTeWS UuT
aTqeIIeAY ve S90INOSaI-I33 M Aqsoad spooT3 3Jo Aousnbaazy pure spnitubep SL61L
ejo3ed Y3l AON
‘Aqunop sbbtan ‘0-0 A3TTIO®R3I
Ksumoqg 10a3uU0d yodunel ¥0x0d IATY °*S°*N
aTqeT IRAY i spe-gL o113 usdo pue pueTIapuns 103 uoT3ebI3zsaAuUT I83RM-PpUNOID GL6L
\ﬂu:ﬂum L9 uT3leTIng K8aing ejoyed Y3IAON ‘sS9I3uUnc) XNOIS pue
Jo 3nQ €0€ TeotboToen e3l0YEQ Y3 ION yoTpuey juely I0J eIEP OTISeq I93BM-PUNOIDH GL61
99 uT3eTIng Leainsg ejo3ed YylzxoN ‘AjunoD
a1qeT IRAY GLE Teo1boT08H e3IONRQ YIAON buoay suxy suowwyg IOJ ®BIRP OTISeq I93BM-PUNOIDH GL6L
e303RQ Y3 IAON
‘A3uno) 933970y ‘eeae 3INOOT8g
aTqetTEeAY 9€ vOiL=-GL 113 usdo yoTpuey ay3 utr A3TTTqeITRAR 183 PM-pUNOID SL6L
A3TTTqeITRAR sebed joO eIpsw UOTI3EROTIqnd aoyany 81313 3xodey psystiqnd
axodeay JaqunN a3e(q

108



*saTaeaqI] Asaang Teo1boroen °s*n e uorlvedsur I0J S[qRITRAR °Q mmz\ﬂ

s93e3s

Kaaang Texjusd-yjzaou ‘*p/-gL6l ‘See3s

9TqeT TPAY S ¢91z aoded A7ddns-io3eMm Teotbot1oan °s°*n pPa31TuUn 8Yy3z UT ST9A9T I93eM-puUnOIn LL6)
ejoyeq Y3laoN
1K3uno) Asswey ‘0-a LA3TTIORI
Toajuod younel 92I0d ITY *S°N

aTqeTTRAY €c 619-L, @113 uado yorpuey 3e uoT3lebT3saAuUT Id3eM-pUNOID LL6L
L UT3eTIng Asaaung ejoyeq Y3aoN ‘A3junod

aTqel IRAY e TeoTboTo9n ®jO3eQ Y3 ION uosuTyoO3INH Koswey 103 elEp OTSBQ I93EM=PUNOID LL6L
ZL uT3laTIng Asaiang ejoxed yiaon ‘A3unop

9TqeI TRAY 26S Te0TboTO99 elO0oyeg Y3 AON UBWIDOY UO3IO0W 10F B3P OISeq I93RM-PUNOID LL6L
9,.-GL61 ‘eioxed Y3z aoN
Konang ‘uotbax Teoo UOTUR JAOA VY

aTqel IeAY %7 o113 uado TeotboTo9n °*s°n U SuoI3ebTI]IS|AUT S90INOSII-I33BM 9.6l

9.6l aunp

STqelteay 4 -1Tady ‘ur3eling MM butasys ITUn UOT3eIlTTIF PazZ1INSSaid 9L61
ej0)eQ
Y3ION uxajzseayzaou ‘A3unod
Keswey ut sasjytnbe Teroerb woajy
Jo3em punoab Jo X3ITIqelTIRAR

popesxadng " 696-9,. 9113 usdo UOSUTYOINH butmoys dew AzeuTwIyaid 9L614
\Hucﬂum 89 UuTl°oTIng Aaaiang ejoyed YjzaoN ‘Ajunod

3o 3Ino 10S Teo1b0o7109H ®lO3RQ YIION bursnery uung I03 e3ep OTSeq I93EM-PUNOID 9L61

K3 TITqelIRAR sabed joO eIpauw uotljeoITAnd aoyany 97313 3aodey peysiTqund
3aodey JaquuN 23 eq

109



*s97aRIqT] A2aang T[eoTbolosn *s°n 3k uoTidoedsur I03 STQeTIRAR 3qQ Kew /T

ejo3eqg

Joeotad 0L UTI3ISTIng Aaaang 119a33n] Y3ION ‘S9T3UNO) aInowers pue
"7 10 ang LSS Teotboio®s ®lO0MRQ Y3zaoN pue buoxjsuay A9x0oTQ a03F B3RP DISEq I9JBM-PUROID 8L61
ejoxeq
yzaoN ‘sutw dtays suloosen
9yl 3B S3USWIpP®S I3ATY anbuog,
2TAQRT IRAY L 31oBI3SOR V¥YSH 3130ID pue AsTmead JO SOT3ISTA93ORIRYD Sbueryoxa-uoried 8L61
LL=9L61 ‘©30)eq Y3aoN
Ksaaung ‘uoTbex TeOO uoTuf] JIOS 3BY3J
aTqeIIRAY 1% 72 a113 uado Teotboloen *s°n UT sUOT1ebT3ISaAUT S8OINOSII-I93eM LL61L
ejo)eg Y3lzaoN ‘LAjuno) uung
ut siejtnbe 33Tap-TetoeTb WoOIz
J23em punoib 3o A3TIIgRITPRAR
popoasaadns L €L2-LL ®T13 usdo butsnery butmoys dew AaeutwiTaid LL6L
ejoyeq
$9 uT3lSTInNg Asaans buoagz swuay Y3JION ‘sS9T3uno) IT9935 pue
aTqeT IBAY €€ TeotboTo®s e303EQ Y3 AON pue ZLsumog sbbTan FO S80INOSSI AIFRM~-PUNOID LLEL
e3oyeq
29 uT3sTing Lsaiang Y3JION ‘seT3juno) eUTquUag pue
sTqel TRAY 89 1eoTbOoTO®D BROYRJ Y3 AON uosSuTyYOINY I9TITeARD JO SBDINOSSI IA9JBM-PUNOID LL61L
ejoyeq
6G UuT3ISTIng L3aans U3ION ‘SST3juno) a9oI9Td pue
sTqeT TeAY 9L Teo1boT09n elONEQ Y3 AON yotpuey Uosusg JO S3DINOS3I IAS3JEM-PUNOID LL6L
K31TTqeT1RAR sabed 3joO eIpsawWw uoT3lROTTIqnd aoyany 91313 3xoday psystTqnd
3xo0dayg Iaquny a3eQq

110



*saTIeiIqI] A@aang TedT1boT0en *S°*n 3e uoT3zdoadsur 103 oTqelIRAR O] Kew /v

89 ur3alIng £Laaiansg e3oxeq Y3aoN ‘A3unod
afqelTeAY 8t TeoTboToan evlONPQ Y3IAON butsneTy uung JO S90IN0SdI IIFIRM-PUNOID 6L61
el0)EeQq
69 UI3aIInNg Asaang Y3aAON ‘s9T13uno) juabieg pue
aTqeITRAY LEY9 Teo1boT089 elOYRG YIION buoxysuay uosury 103 B3IPP OISEq I33RM=-PUNOID 6L61
€L UTIB[INg L8aang ejoxed Y3AON ‘A3uno) Yyso3zuIoW
aTqerTRAY oYt Teo1b0T09nH v3ONRQ YJION butsnely I0J e3ep OTSeq A93BM=-PpUNOID 6L61
19pow Te31bIpP ® Aq paurwIalsp
se ‘pjoyeg Y3ziaonN ‘L3uno)d
aanowe] ‘aeyinbe Asyebpg ayz uo
aTqeITRAY A4 g8vL-6L o113 uadg Jaeyang s309339 butdund jo Testeadde uy 6L61L
ej0)eg Y3IAON UID3SEaIY3Nos
S9T3UNOD 9ANOWET pue A3O1d
ut sasjtnbe j33Tap-yeroeib woiaz
ao3em punoab jo A3rrIqERIIRA®
popasaadns L 106-8L o113 uadp buoay suay butmoys dew KxeurtwITaad 8L61
99 ur3alIng A8Aing BjoyeQ Y3ION ‘A3unoD
oTqeI TRAY %72 TeoTboTO®Y ®lONRQ U3IAON buoajsuay SuoCUUWH JO S92INOSOI 193 BM—PUNOID 8L61L
e303eQ
\Hucﬂum G9 uT3laTINg Laaans Y3 ION ‘S9T3uno) ueumog pue
3o 3no S Teo1boTo099 ep3OYRd Y3IIAON 330310 suepy JO S30INOS3I IAJIRM-PUNOID 8L61
K3TTTIqeTIRAR sabed 3o eIpau uoT3zROITqNd aoyny 97313 3a0dsy paystTqnd
3xodsy asqunn a3ed

111



*s9TaARIgT] ASAIng TeOTHOTO®H °*S* 3B UOT3IDadsSUT 10 o[geIIRAR 9] mmz\ﬂ

L\, UI3eTing Keaing buisnety ej303eq YlaoN ‘A3junc)

JTQUITRAY 3¢ TeDIboTCen el0yeQ UIIACON pue UuoOsSuTyO3INH Kosuwey JO SIDINCSdI I9IRM-PUNOCIH 0861
Z.L uTr3eTIng Asaing evl0Yed Y3l IOoN ‘A3junon

87ge] TEAY K TeoTboTces ep30MRd YIAON UeWIDOY UO3IOKW JO S80IN0S31 I83M-pUNOID 086 L
ejoyeq
0L uTI3STIng Asaing ‘ YIION ‘S9T3uUnc) SINORE] pue

aTqelTRAY 19 TeoTbcTO®D B3OYEd Y3IIAON buocxysuay AexOoTI@ JO S92IN0S3aA I93BM-PUNOIH 0861
gL ur3zellng Asaansg ‘e303ed Y3IION ‘A3unc)

sTqeiteay Zot Tedot1boTosn elOoyed YIAON Jaeang ueptaays JI03j elEp I33BPM-pUNOID 0861
el0ded Y3l AOoN ‘sar13unc) =2doTs
g, ulleoIIng Asaans pue ‘AsiTeA uspion ‘sburilid

a1qeTIrAY Lve Teo1boloen e3oyRAd YIAON euuy I0J e3ep OISBRQ IVJEPM-PUNOID 0861

ucT3TsTnbor ejeq
. 0861 aI=2quadaqg ‘1 3aed ‘we3sAs uUOT3IONPII puwr
aTqeTRAY 9 -ATng ‘uT3aTInd QUM butaeyn pue piey ucT3TsInboe ejeqg--3oofoad yIYWd 0861

0861 Ie9A TeOSTd ‘ej0MRd
UY3aoN ut Ksains Teo1boiosdn

Koaang *s*n oyy jo suoljzebriyssaut
oTqelTRAY 89 o113 uado Teotboiocen °*s°n S90IN0OSaI~-I93BM JUDXAND 0861
\Muaﬂum L9 uTaaTIng Asoaang : ejo)eg U3JION ‘S9T3Unc) Xnols pue
jo 3nQ (374 Teotbo1oes elOoyRQ YIAON yotpuey . Jueiy JO SIDANOSII I9JeM~PUNO I 6L61
A3t1tqelteae | sebed jo eTpsuW uoT3edTIqnd aoyzny 21313 3x0dey paystIqnd

3ao0dey aaqumy a3eqg

112



oTqeTTRAY

aTqeTTRAY

popesaadng

papesaadng

papasaadng

0s

Le

€26~18 ©T13 uado

9T0T3ae TeuInor

‘sasoutbug TTIATD

JO £A3STO0S URDTaABUWY

6vv-08 9113 usdo

296=-08 o113 u=ado

MP0G=-08 ®TT3F uado

MS0G-08 o113 u=do

IYybTAqIVY pue UIIIEW

I_TTIH

UBWIDOY

yoTpury

yotpuey pue jaesxang

buoajsuay

1861 Ae9A TeOST3 ‘ejoyed
YzaoN ut Lsaans Teorboioesn
*S°n °Yd JO suoT3ebIIS/AUT

$90INOSDA~IVJBM JUIITIND

sTopou
aAem-DTRRWBUTIY JO A3TTTqeoITddy

elo03Re(J Y3IXON UID3 5B

-y3jIou ‘spsysasiem IsATY jaed

youead Y3aIoN pue STppTW =Yl
JO @aduessTRUUCD®X A3TTenb-isjem

e3o)eg Y3l AON
Teajuao-yjzaou ‘Aunoc) AIUSHOW
utr sasjinbe 33yTap-TRIOETH
woxy Ia3em JO A3TTIqPITRAR
buimoys dew Axeututyaad

ej03ed

YIAON TrIzusd ‘A3unod ueprasys

utr sasjyrnbe 33yTap-TeIoRTH wWOX3

Io3em punoab jo K3ITTqRITRAR
butmoys dew AxeutwiTaad

vlo03ed Y3ION U9 SBOY3NOS
‘s3TUNOC) Jusbaes pue wosuey
ut sasjinbe j33ytTap-TeioeTbh woagz
Is3em punoib jyo A3TITgRIIERAR
butmoys dew LKxeutwiraad

ig6l

L1861

0861l

0861

0861

0861

A3TT1TqR] TRAR
a3xodsy

sobed 3jO
JaquinN

eTpauw uoT3EOTTIqNd

zoyany

9T3T3 3aodsy

peysTIqnd
e3ed

113



PUBJUON pue ®20}ed Y3ION ‘uoThHaa
1200 uoTUf 3IIO0I SBYF UT Suiseq
po3ooras jo AboToapdAy asjem
-90®BJINS 9yl uo buTuTw SdERFANS

BT TEAY 82 8.9-18 °113 u=do uosaswuyg 3o s309330 9yz uo 3zaodaa sseaboad 1861
ejoyed
Y3aoN ‘AjunoDd Ie9oaep ‘urseq
dos1) adoTejuy youeag 3saM JO
jaed uaejzsamyizaou syl utr bututu
6L—-18 suoljebiisaaut @orJaANS JO s309339 9lqrssod

TqeiTeAY A S90IN0SdI~IITBM uosaauyg pue AsTmead pue sSOT3STI@3zORIRYD OIDOTOIPAH 1861
G. UuT3aTIng Aaaang ejoyeg YizaoN ‘A3juno)d

9TqeT IPAY Z€ TeotboTO®n ®lOMRQ Y3} IAON jaeyang uepTaIsays JO S9D0INOS3I I93BM-PUNOID 1861
€L UI3ISTIng Aaaang e30o)ed Y3zaoN ‘Azunod

aTqelTeAY LE Teo1boTo9s BIOYRQ YIION butsney YSO3UID| JO S80IN0OSSI I33BM-PUNOID 1861
yL urlsTIng AsAaans ejoyea Y3zaoN ‘A3unoDd

aTqeTIRAY LY 1eotTboToa9 ®jO}EQ YIIAON yorpuey AIUSHOW 3JO S92INOSdA IJIBM=-PUNOID) 1861
ejoxeg YyiaoN ‘sertzuno)y adols
9/ urasTIng Aaaans pue ‘AsTTep uepioH ‘sburlltd

aTgeITRAY 9g 1eoThoTO® ®IONEQ YIIAON rUUY JO S9DINOSai I3FeM=-PpUNOID 1861
. utaesTIng Aaaans evijoyed YiaoN ‘Ajuno)

aTqeT IRAY 23747 TeoTboToss e3loyed Y3 AON yotpueyg AIUSHOW I03J BIEP IA2IEM-PUNOID) 1861

1861 Ixaqueidss
oTqelIIRAY 72 ~Ttady ‘utr3eTIngd UM butasyn UOT3BOIFTAJOSTS asnoysben 1861
A3t1IqelTRAR sabed jo eTpSUl uoT3iedTIqNnd aoyzny 97313 3aoday paystIqnd
3xoday JaqunN a3eq

114



LL uT3eTInd Aasang

ejoxed Y3aoN ‘Ajuno)d

91qeT IBAY 662 1eoTbOoTO9DH elONRQ YIAON bursney uebory 103 e3EP OISEq AIFEM-PUNOID 2861
'joyed Y3IAON ‘seT3unod
aabuT3zlely pue jueas ‘eaie
Teoo btzdieT meN @yl ul wo3sAs
aTqelTRAY \¥ 869-28 2113 uedp buoxy suay otboroapAy 2y3 jo uoljzenyesdm 2861
€€ °ON
S9TI98 UOTIBUWIOIUI
UOTSSTWWO) I23eM 2861 ‘®aoyeq
aTqeT TRAY 1 23e3s e3j0MEd Y3IAON PI®TIJeH pPue yojed Y3ION I03F I23BM JO BSN pajewrl sy Z861
BJ0SQUUTH-B3OXed YIIAON
‘utseq Y3AON 2U3} JO I2ATY Py
sTqelTeAayY 8g1 vLL-T8 @113 uado Jutag pue ISTTTW Y3 jo ssuodsai poolF utr sabueyd Zgol
sbutpeesoiad ‘eousatTos e30)2d Y3 AON ‘uriseq UO3STTTIM
aTgeTTRAY L jo Auispedoy ®3O0}ed Y3 AON uojybnoy sy3 103 utbtio oTtuozdez-azeld ¥ 2861t
e30)ed YIAON UuI23Se?d
-y3nos ‘abaeyosip pue ST24a97
I93em-punoib uo aye psapurty
psuuerd 92y3 Jo s3jo83jje JO
aTqeT ITRAY St 9y9-i8 o1ty uado buoajzsuay butTepou aatiroTpead o3 3Juawaiddns 1861
08-LL61 ‘®303ed Y3IAON
ux23SaM JO Sweails 103 elep
A31Tenb-1923eM puR MOTJWEDIS
aTqeTTRAY 8L 9901-18 @113 uado PT®T3JeH JO SSTIRUMNS TBOT3ISTILRS 1861
A3T11TqelTese | sebed joO eTpaw uoT3RDTIqNd I0y3INY 87313 3a0dey paystIqnd
aaodey Jaqump a3ed

115



sbutpeoeooid ‘edusTos

uotbsa Teoo uotun 3I0F SY3 UT
SUTSeq TIRWS UO 3 TSWMOUS WOIJ

a7aRTTRAY l Jo Auwepedy ®vjodeq Y3 aAON ucsIaug MmOTI ybTy JO stTsATeue oTboroapdH 2861
e3l0}eQ Y3ION UI93S8Mm pue
PURJUON UIa3sSes ‘page 3T1sodsp
sbutpesevoad ‘8oua1dog @3 TubT] yoeeg-Xneqrim oyl
sTqeT teay l JO Auspedy ejoxeqg Yl aIoN YeIoH 3o Aazstuwsyoosb pue AbopoeboaplH 2861
sbutpasanoag
‘uotjeUwe Oy
pue ‘AboTojusuipas ejoyed
+kboToaphH DUTUTH Y3ION ulegzsamyznos jo dnoan
soejyang uo unisoduls uoTtupn 3I0d ay3z ut bututw dragzs
aTgqeITRAY 8 TeuoT3eN 2861 uozybnoy Jo ssouenbesucd TeoTwsyo0sboipAy 2861
ej30)eq U3 IoN
uxo3semyanos ‘sudooses ‘autul
dta3s 93 TubIT] ssalaesd 8yl Jeau
sbuTpesodoad ‘sousTos dnoxs uotupn 3I0J SY3 WOIAI II3eM
sTqelTeAY l Jo Auspedy ej0jeQg Y3AON uojybnoy puncab molTeys Jo Aa3STWSYOOIPAH Z861L
ejoyed
69 UuT3lSTINg Aaaiang Y3ION ‘seT3uno) juabieg pue
aTqelTRAY LS Teo1boTo9n ev30)eQ Y3 IAON buocagzsuay Wwosury JO S90INOS8I I9JRM-PUNOID Z861
ejoyeq
g, ur3eTIng Asaang Y3 ION ‘SOT3uno) 833210y pue
aTqeT TeAyY L 1eo1boTOB8n BlOYNEQ Y3 AON UDTPURY pue JIeiuzny neauT330d I0J BIBP I83BM-PUNOID 2861
A3TTTqeTRAR | sebed 3O eTpow UOT3IRDOTIqNd Ioyzny 213713 33odey paystiqnd
3xodey Jaqunpn ajeq

116



l€ °*ON
S91195§ UOT3RWAOIUT
UOTSSTUIO) I23BM

0861 ‘el03Ed YIAON UT @SN Io93eM

oTqelTRAY i 93e3s ejoxeq Y3laonN SSOUXIPH pue Uyl 1ug 2861
3oeI3Sqy ‘93n3TIsul ej03eq Y3laoN
yoaeosay SOUTIH uirsjisamyinos jo dnois uotupn
JO Tooydg Opeaorod 3104 3Yy3x ut 93 Tubil jo butuTw
‘UOT3RZIT TOOW 3JIUSWSTH dia3s Yz M pojeIOOSSE SIdFeM
sTqeT TReAY L -20eva] uo untsoduwis uojzybnoy UT SJUSUWYDTIUS JFUSWSTa~-d0eL], Z861
ejoxeq Y3ION
ux9lsamyanos ‘suloosen aeau
uTseq UO3STITTM ®y3z 3Fo dnoin
sbuipesooig !eoU31osg uostaeqg UoTUn IA0J BUIDOSBTRd Y3} IO
aTqeI IRAY L 3o Awspeoy ejoyed Y3 aIOoN pue uojybnoH JusuuoatausoeTed pue Aydeabijzeaizs 286 L
vijoyeq
Y3IOoN Teajuad-yiaou ‘Ajunc)
aJ9umoJ, Ut saejinbe j33tap-TeIOoRIb
woiy x93em JO AJTTIgRIIRAR
popesaadng ! L9i-28 o113 uadpo Jetuzny pue yoIpuey butmoys dew Axeutwireid 2861
ejoyeq Y3l aoN
Teijuao-y3anos ‘Ljunoy uebor
ut sasgyinbe 3ytap-Teroelb woaz
I9o3em punoib jo A3TITIgelTeRAR
pepasaadng L §15-28 @113 u=ado buisnery butmoys dew Axeutwriaad 2861
A31119e] TRAE sabed 3J0 eIPSW UOTI3EDTTQNd aoyjny 97313 31o0dey paystTand
3axo0day JoquinN a3eqg

117



ZyZy—-£8 suoTiebiisaaut

B303Rd Y3 ION

4 A3Uuno) uedION uaslses ‘evaae
9T33ON o3eT 9Yy3z UT STIAST I93em
-30¥JaANS puk -—-punoib uo uognpny

oTURTIRAY R 7 $90IN0SI-A93BM puoazsway 93e] JO S3093J9 9Yy3x JO ucTIenTesd £861
861 Ttady ybnoayz 9.6l 1990300
‘eyo3ed Y3lzaoN ‘eaxe Apnis Y931D
adoTo3uy youeag ISOM ayy pue
‘eurjuon ‘eoae Apnas 901D Aey
bnt3zdssog pue 9y} Jo suorjebiissaur o1boTOoIapiy
9TqeI TRAY €Le 9¢l-g€8 o113 usdo ‘yo9qaoN ‘uosasuyg JI93em-30eIANS 3Yy3z wWoii ejed €861
) el03eq
sbutpasooag ‘80UlTOS Y3IoN ulajzsem ut uotrytsodep
aTqeTTeay L Jo KAwspeOoy e3o3eq Y3 ION uojzybnoy ot1asydsouwie jo uor3zTsodwod £861
€86l T1adv-z861 uos 12Uy sobeb uotzezrdivead
a[geT TRAY L zaquajzdas ‘ur3sTInd QuM pue yoeddemyos odAa-butybtom 103 saspaoosa dIyd £86 1L
sbuipssdoiad
‘ssoutaoad uelprUR)
uio3zssM Ul uley I93eMm aovIANS
sTqeTTRAY L PTOY uo wnisoduiAg uo3ybnoy ®l03BQ YIION JO UOTIBDTITPTIOV €861
sbuipessooag
‘stseusberq uo &S3UsuUad
doysyaom Asaansg eDT11S OoT38usbeTp 103 9vanos
sTqetTTeAY l Teotbot1oen °*s°n uojybnoy B~—-BTIODS TROD JO butasyjzesm 2861
A3TTTIqeTTRA® sobed 3JO eIpsW uoljzesITqnd Ioyany 91313 3x0day paystTand
3aoday JaqunpN 3ajeq

118



el03eq Y3zaonN
Texjuad-3som UT butuTw 83 TubIT

gCCZv-€8 suorzebrissaut Tetausjod Jo 831S e ‘eaae a3jng

oTgqeT IPAY €S S90IN0S3I-I93BM JeI0H 9)rUSaT313IRY °8U3l JO S9D0INOSOI I93BM €861
3ybraqry €861 Ieak TedsTd ‘eiroyed Y3IoN

oTgqeTTRPAY LS ozz-¢g8 o113 uadpo pue pIojzxue] uT SuoI31ebT3IS8AUT S82INOSDI~IA3EBM €861
e30)eg Y3lION UT Jususbeueu
uteld pPooTJ I0J UOTILWIOFUT

aTqeTTeAY 102 €60-¥8 o113 uado pPIeM pue uosxaug 3O sosiATeue pue ZXI03UaAUT €861
el03Rd Y3lAON UIS3SOM PUR BURFUOW
LSl¥-€8 suotiebrlssaut uzsjises ‘evele 31sodap @3 TUbT

oTqeT TRAY 68 $90IN0S8I-A33eM YeIOH yoeag-XneqIiM sy3z jo AbotoipiH €861
$90IN0OSal1 Iajem

oTgqeTTRAY o4 ggzz aoded A1ddns-ia3em uosTneg ~punoib s,ej0xeq Y3ION 03 SpPIND €861
LL uT3dTINng A9aiang eloyeq Y3zaoN ‘A3unod

aTqeT TRPAY A 2 Teo1boT099 ®IONRQ Y3IION butsner)y uebo] JO SI8OINOSBI IPIRM-PUNOID €861
6L ur3lSTINg Asaing elo¥eg Y3ION ‘A3unop

oTgqe] teay 08¢ Teo1boTO®H B30 YIIAON yoTpuky pue aeTtuzny I9UMOJ, I0F P3Ep IDFPM~-PUNOID €86 L
ejoxed
Y3 ION uxajsem Ul Sesaie TroO

oTqeTTRAY 6cc 612-€8 2113 uado }P8(qIOoN pue pTeM pa309Tas 103 e3¥ep JI23em-punoip €861

A3trTqerTeae | sebed jo eTpeuw uoT3E2TITqNd Ioy3ny 31313 3aodey paysTIqnd
3xodayg JaqunN 23ed

119



8L UT3IaTIng Asaang

©303BQ Y3 AON
1$3T3UNOD 2339TCY pue NeaUTIFOY

= TesY Ly TeoTboTo8ss BlOxRQ UIAON Jetuzny pue Yyorpuey 3O S82IN0Ssi I9IBM=PUNOID ¥861L
sbutpaaooad
‘puTIO] TUOW
asjeM-punoas pue
uc132a03s59y asjyTnby
uo uoTjIsodxy Ie3em punciab jo A31Tenb
pue unisodulks jusaedde uc spoyjzau buirdwes puw
oTqeITERAY L TeuoTleN Yzanog 18bisg pue ucjybnoy uot3ziscduco bursed-TIsm FO S3IO8IIHA ¥861L
3joex3lsqy ‘bBurlesy
9933 TWWOD TedTUYDdL ?30)ed Y3IAON UT STISBQ 3UaAd pue
wexboad uorjztsodag AT3oom uo paj3oeTIco TIeI 3IaMm
oTqeTIReAY Z o1asydsourly TRUCTIIeN uozybnoy 3o uoT3iTsodwod ul S°oUaA8IIIA 7861
e30S8UUTH-R3OYed YJAON
‘utrseq UYIAON 3yl 3JO IaATY Ppad
aTqeT TeAY €01 ¢pzz 1oded A1ddns-ao3eM NUutilg pue ISTTTIW 8yl jo 8suodsslx poolF Uul sabueyd 861
sTapoul
31qRT TRAY 62 zocl xaded TRUCTISS®I0Ad ISTTIN aAem-DOTj3RWAUTY O sjdedouoo oIseg v861
evj03eq
y3JI0N ul seTdues paseq-3uaAd
JO uoT3eZTI9}OERIRUD TEOTUSYD
ynyo3ng 103 saanpeoooxd TeoTzATeue
S0Zy-£8 suorzebrisaaur pue ‘aspueyz pue ‘sbexaciys ‘burTpuey
aTqeT IeAY A $90IN0SvI-~-I938M ‘zabaag ‘uoc3zybunol a1duegs :uorjTsodap oTasydsouzy 861
A3TTTIqRITRAR sobed JO eIpsw uocTjedoIIqnd aoyanyg 871313 3aodsy paystIqnd
3xoday JaquinN ajeq

120



¥861 I1eak TedsTd ‘vioxeq YjzIoN

aTgeT TRAY zs 6ch-¥8 o113 uadQ JeTuzmy pue TT®RH utr suoTjebllsoAul ssoaNOSDI-I93eM ¥861
I2TTIW pue
1Kqsoa) ‘uosasuyg ejoyed Y3l AON
*ayoIM ‘baegbum JO S8DINOS8I I93eM=-30BIJIANS
aTgRT TRAY Lzt ZeL-¥8 2113 uado ‘uyosuag ‘ISJUTIM pue x93em-punocib jo stsdouls v861L
pIomBua0In vjo)ed UYIAON ‘esae HutuTw
pue ‘asystd -dTI3s 93 TUbIT sukoosen aylz ut
fuosusjl saoyy dnoas uotun 3Ic0g OY3z jo aed
a1qeT TeAY ¥81 LEL-p8 ©1T3F uedp ‘uojzybnoy zaddn ay3 3o K13 sTwWeyd0sH0IPAH v861
e30YRQ
Y3ION UI93SoMm UT ssuTwm o3 Tubyl
Ul pue UOT3eBWIOJ UOTUN FIOL
sbuipaadoag butaeeq~-TeO0O 3Y3l UT SIUSNF TFSUOCD
‘unisodwig Teod ucsIspuy otuaboipex Jo AJTTTIqOow SY3
?1qeT TeAY sz uTej3unNoN Aood ¥861L pue ‘pieMm ‘uo3zybnoy Uo STOAZUOD TROTWIUDO3BLOIPAH y861L
ej03ed Y3AON UID3ISOMY]NOsS UT
sbuipesooiag yse 83 TubIT snoxsjiuean pue
4 sousxajuo) sTTOdS SUTW UT S3USN3T3ISUOCD
I93eM~-pPUnOInH uosaapuy otusborpea jo AFTITqOouW 3Um
aTqeI TRAY I utTejunoy Axood ¥861 pue ‘pieMm ‘uojybnoy uo STOIJUCO TROTWaYO0abOoIPAH ¥86 L
e3j03ed YlaoN
uxs3s9MUIN0S UT ssUuTwW a3 Tubty
snoxajIueIn 3® S3US8N]3TISUOD
sbuipessooig ‘9oua10§ uosaspuy o1usborpea jo A3TITIqOW 3Y3
aTqeyIRAY L JOo Auepedoy evjoxeg Y3 ION pue ‘pieMm ‘uojybnoy uo STOI3UOD TeDTWaIyYDd0aboxpil ¥861
A3TTTqeT TRAR ssbed jo eTpau uorjed1Tdnd aoyany 27313 3x0day paystIqnd
3xoday JaqunyN ajedq

121



san3aTnoTaby uetd Apnas :e3joxeq
I103 Jusuisbeuely mousg Y3ION UT STTOS Uuszoaj Af[euosesas
TQETTRAY L :untsodwis/doysyaom uosasuy I103 Topow 3xodsuea] aejem pur JesH G861
08 uI3leIIng Asaang eloyed Y3z aoN ‘A3uno) sTZuaxon
sTqeTTRAY 8G 1eoTbotoes ejoyed Yl aoN 33010 JO S®D0ANOS21 IA3IRM-PUNOID) 586 L
08 UI3ISTIng Asaang ejoyeq YyaaoN ‘Ajunon
9TqeTTRAY asy TedtbotToeD ev3l0}Rd YIAON 330ap STZUSYOW A0 ®IVP I33em-punoid G861
Bl03eq Y3zaoN
UI93 SOMU3IOU ‘UO3STTITIM Jaeau
vzopv-g8 suorjebiyseaur voae 3T1sodsp 83 TUBTT ED0AY Byl
ssexd ux €C $90IN0SDA-A83 M Aqsoa) pue HeAOH Jo @duessTRUUODD®A OTHOTOIpPAyO®D G861
e303ed Y3l aoN
‘ssT3umo) asbuTjlleH pue Haeis
uxslsem pue sdolg uae3zseo ‘evaae
S3TUDBTT UOSUTYOTQ =Yl uTl DBuTtuTw
y6LV-¥g suorzebiyssaur Jo s3o0933s Terjusjocd pur welsks
ssoad uIl \P S80INOSSI-~A93 M buoaz sway otboroapAy su3z Jo uorzenieAd G861
e3oyeq Y3laoN
ut weiboad burbeb-morywesils
sseoad ul 62 6vE~-s8 o113 u=dp uely syl Jo butpuny pue sesn eileq G861
sbutpesdoag
‘uorzexrdrosag
OIPTIOY U0 @2usaAsIuo) ejoxeq Y3laIoN Teana
ssoad ux L TeuoTleuIslul TeTag pue uojybnoy ut uotiextdioaad jo Aajzstweyd G861
Ay 1TTqeTTRAR | Sebed 3o eTpPSU UCTIROTTANG aoyany 513713 3x0do¥ paysTIqnd
3aodey JaquinN a3eq

122



9Z0v—-G8 suorjebiysaaut

uynddeas pue

ej0)eg Y3aoN Fo suteld uisyziou

ssaad ug t& 4 $901IN0SaI-I33BM {TT0a3R) ‘uUOsIdUY 3y} uo sia2AINs MOUS paip-TTRug 5861
sauTW TeOD
SUTeTd 3e9219H UXDY3IIOU Uuf IT2K0
910¥~S8 SUOT3ebTI3ISIAUT PIOMDUD01H angyTns °2y3 Jo Kajzstwayoosb
o1qeITRAY oL s9DINOSaI-A93eM pue ‘gooy ‘uozybnoy 2uy3 uo 3aodea ssaiaboag G861
s90anosax i9jem-punoib ejoyeq
o2Tqel Teay g9 6Lz xaded Apddns-aeojzem Aqsoad U3ION--F861 Aaeumung I93eM TRUOTIEN G861
elo03Req Y3ION
UI93SOMUINOS UT SUuTW 33 TubTT
P puUnoIe JUSW2A0W D3BIINS
Jo ordurex® ue Y3 TM ‘aajem
sbutpeaooad ‘90uUa1oS punoxb moTleys ur 3aodsueiiy
aTqeITERAY 1 Jo Auspedy ®B303Eq Y3 AON uojzybnoy o3nJos 3jo burTspow °oSaSAUT G861
PUBJUOK pue ‘ploxeq Y3nos
‘e30xeQ Y3zaoN ‘seoutaoad Teod
12Z—-€8 suorjebriseAur uTejunon A}00y puep SUTRTd 3IBOID
ssoad ug oSt S90INOSII~-193EM butsne) pue Aqsoxd uxsyizaou /.y eoae Jjo AboToapiH G861
ejoyeq U3aoN ‘seoutaocad Teoo
UTP3UNON AYOOY pue suleld 3219
ssaad ur GElL L9Y-¥8 o113 uado Kqsoan pue 33010 uisyjaou ‘gp vsae jo AborToapiH G861
ejoxed Y3lIoN ‘A3uno) sse)d
uiojlseo ‘welsdks xejyinbe obaeg
6LCV—-€8 SsuoTzebI3sSaAUT 3S9M ®y3 uo xs3eM puncab Jo
ssaad uxl o€ $90IN0SI~-I193BM buoajzsuay Temeapyjzm Jo s3os3yje OTboToapAH G861
A311TqerTRAR | Sobed joO eTpsu uot3edIIqnd Ioyzny 21313 310dey paystIand
3aodayg JaqunpN a3eqg

123



yoaads Lsouaaajuo)d

el03Rq
yzaoN utr jusudoranap Abisus o3
pejeTaa sa2T3TATIOR j30alfoad zajem

- — YoaIrasayg~-uo T3 RURTIdY 9100 -aoejans Kaaans Teotborosn °*s°n -
sayouT g| Spaasxe [IeIMOouUs
abeisae aaoyM Sajels pa3ztTun
SNOUTWIS3UOD 3Y3 UT SUOTRE3S
JIOMIBU MIeuw-youaq OTDHOTOIpPAY
Aq peaaojTuow SwWeaI}S O3} SUOTI
POLF—-S8 suoTzebiysaAaut 9WTYDS -NqTA3UOOD JTBUWMOUS UT SUOT3IRIJ
ssazd uz oz S$30INOS8I-I193BM pue uojybnoy ~U3DU0D jJUsulaa-adel3 STTILTCA G861
suoTjleIjualuocd zodea-Linozau
Z10v—-G8 suoriebrissAaut autwi239p AToAaTiejtiuenbiuss
afgqeI Teavy Gl §30IN0S3aI~IIFEM uoj3 ybnoy o3 siaded 3s93 TeOTWSUD JO °sn G861
ejoxed
y3xoN ‘Ajunc) suleITITIM ‘eaae
93 TUbT] S)UPH-}331D pues 3yl
6807—-G8 SuoTjlebrilseAuT ut butuTw jyo s3o93ze o1qeqoad
ssaixd ug 8¢ $30IN0S3I~I3FEM buoay suay pue waj3sks otboToapAyosb sayg G861
UOT3BTOOSSY pPTOMPUD0ID
aTqeT TeAY 6 1I®M I93€M TRUOTIEN pue ‘qooy ‘uo3zybnoH SOUTW TPOO UIS3S9M UT 304D anjIns G861
sbutpasosoag
‘uotiejztdroaad ejoyed Y3 AON TeIjzuso
OIPTIOY UO 8DU3I3FUOD jo sTt1os pue safoyzod atatead ut
ssaad ug L TeuoT3lruIIUL ssog pue uo3zybnol SIUSUYOD TIUS JUSUWSTo-20RI} 3JTSUWMOUS G861
A3T1TqRT TRAR sabed jo BTpauw uoljesITqnd aoyany 97313 3jxodey paystrqnd
3aodayg JaquaN 23ed

124



