DiXIE «

—
Escalants

L]

S e

“"Grr,-

NATIONAL FOREST

@2

| L Boulder

] @ Riger

¥

Hrsy

g

GJBX-11(80)

=
VERNAL

GRAND JUNCTION

CORTEZ

UTAH ;| COLORADO

- -AR|ZONAT NEW MEXICO

NURE 1979

National Uranium Resource Evaluation

Annual Activity Report

|

|




This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor the United States Department of Energy, nor
any of their employees, nor any of their contractors, subcontractors, or their employees,

makes any warranty, express or implied, or assumes any legal liability or responsibility
forthe accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights.

On the Cover: The different types of acquisition methods used to obtain data for evaluating a
quadrangle are indicated by the photographs as: surface geologic investigation, stream water
sampling, aerial radiometric surveying, drilling, andlogging. So that the data may be used by the
principal investigator in his evaluation procedures; the acquired data is presented in the
quadrangle folio in reduced form, exemplified by: the plots; contour and density and the maps;
geologic and cultural.
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Foreword

Bendix Field Engineering Corporation (BFEC),
as prime operating contractor, provides man-
agement, technical, and facility support to the
United States Department of Energy (DOE),
Grand Junction (Colorado) Office (GJO).

This fourth annual activity report summarizes
technical activities undertaken during calendar
year 1979 to support DOE's National Uranium
Resource Evaluation (NURE) program.

Bendix operates under U.S. Contract DE-AC13-
76GJO1664 with all activities performed under
the supervision of DOE-GJO.

Bendix acknowledges the many individuals with-
in BFEC, DOE, and the other organizations par-
ticipating in NURE, who contributed to this
report.

The expanded Grand Junction calibration and standardization facility now includes the six fission
neutron borehole models {upper middfe of photo) and the large diameter fission neutron water
factor model {center of photo).



National Uranium Resource Evaluation

NURE is a DOE-directed program with the major
goal of establishing reliable and timely compre-
hensive estimates of the uranium resources of
the nation. To develop and compile geologic,
geophysical, and other information which will
contribute to assessing the distribution and
magnitude of uranium resources and o deter-
mine areas favorable for the occurrence of
uranium in the United States, NURE has been
organized into the following elements:

1. Quadrangle Evaluation

2. Aerial Radiometric Reconnaissance

3. Subsurface Investigations

4. Hydrogecchemical and Stream-Sediment
Reconnaissance

. Geologic Studies

6. Technology Applications

wh

7. Information Dissemination

The extensive effort now under way on each of
these NURE program elements will result in a
systematic collection and compilation of data
which will be culminating in a comprehensive
report covering certain priority areas of the
United States. These priority areas ceincide to a
high degree with those designated as having
potential and as being favorable in the June 1979
DOE report GJO-111(79) entitled National
Uramium Resource Evaluatlion, Interim Report.

It is planned that the resource data published
periodically by DOE--such as those found in
GJO-100(79), Statistical Data of the Uranium
Industry—during the time the NURE program is
being executed will reflect the latest NURE data,
along with the latest industry information.

The 1979 Mining and Petroleum Days in Grand Junction display used more than 40 color
photographs to highlight the NURE program major activities.



1979 Summary and Highlights

Thequadrangle evaluation program was initiated
in 1977 toorganize the NURE effortin athorough.
uniform, and systematic manner for examining
the uranium resources of the United States.

Early in 1978 a DOE task force was assigned to
review the program and to make recommen-
dations. This review resulted in establishing an
interim goal which was to evaluate 116 of the 272
so-called "A” priority quadrangles and to report
the results in 1980. Increased emphasis was
placed on examining and evaluating the most
favorable areas forintermediate-grade resources
and non-sandstone geologic settings identified
as "'world class” that, in other nations, have been
known to contain large uranium resources.

By early 1979 geologic investigations were
under way in all the 116 priority quadrangles.
The effort was divided among the many organi-
zations participating in the program which in-
cludes Bendix, U.S. Geological Survey, state
geclogic surveys, universities, and private firms.
By the end of 1979 investigation of 18 priority
guadrangles had been completed. To guide the
investigations and to provide a common base for
evaluating and classifying project areas, Bendix
provided each investigating group with specifi-

cations for preparing the quadrangle work plan
and the assessment folio. Geologic Character-
istics of Environments Favorable for Uranium
Deposits, GJBX-67(78), a major reference docu-
ment for classifying deposits, was published in
1978, and Preliminary Recognition Criteria for
Uranium Occurrences; A Field Guide, GJBX-
32(79), which gives a checklist of the types of
information essential to the description of favor-
able environments, was published in 1979. Both
documents have been supplied to all partic-
ipants. Bendix is working with DOE to deveiep
procedures and methods for the final step in the
assessment process and to estimate the amount
of ore in a given area.

In direct response to the 116 priority quadrangle
evaluation schedule, both the aerial radiometric
reconnaissance program and the hydrogeo-
chemical and stream-sediment (HSSR) program
were modified to make the data covering the 116
priority quadrangles available to investigators at
the earliest possible date.

During 1979, seven contractors used 10 airborne
gamma-ray spectrometer systems to perform
approximately 190,000 line miles (306,000
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kilomelers) of survey, bringing the total to
780,000 miles (1,255,000 kilometers), which
represents approximately two-thirds the total
reconnaissance surveys to be flown in the NURE
program. In addition to reconnaissance
surveying, 48,000 line miles (77,000 kilometers)
of detail surveying were flown in support of the
1980 goal, bringing the total detail flown to
70,000 line miles (113,000 kilometers).

Drilling activity on NURE increased substantially
during 1979 over 1978. This activity accelerated
the acquisition of subsurface data needed to
confirm, with improved confidence, the uranium
resource estimates in areas of known
occurrences. The acquisition of these data was
to aid in evaluating uranium resources in areas
of high potential, to provide subsurface
information in geologic study areas, and to help
define and locate halo-like zones around known
uranium deposits as a partofexploration
systems development.

Drilling, started in 1978, was completed for three
guadrangles and two exploration systems devel-
opment projects: Lemhi Pass in Montana (Dubois
Quadrangle, thorium investigation); San Rafael
Swell in Utah (Price and Salina Quadrangles);
Missoula/Bitterroot Basins in Montana (Wallace
and Hamilton Quadrangles); Copper Mountain
inWyoming (exploration systems development);
and Red Desert in Wyoming (exploration systems
development). Of the five new projects started in
1979, four were completed and one was
continued into 1980. Those completed were
Sand Wash Basin, Colorado (Craig and Vernal
Quadrangles); Sonora Pass, California {Walker
Lake Quadrangle); Southwest Prescott, Arizona
{Prescott and Williams Quadrangles); and San
Juan Basin, New Mexico (exploration systems
development). To be continued into 1980 is
Owens Lake, California (Death Valley
Quadrangle).

Geologic studies drilling in 1979 included two
world-class deposit projects: Northeast Black
Hills in South Dakota (Precambrian guartz-
pebble Estes conglomerate) and Southeast
Wyoming {(Precambrianquartz-pebble
conglomerate), and two intermediate-grade

Interior view of ground support vehicle #1 at
Dynamic Test Range !,
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deposit projects: Cedar Mountain, Utah (Brushy
Basin Member of Jurassic Morrisen Formation)
and Red Desert, Greal Divide Basin in Wyoming
(lacustrine paludal facies).

Increased emphasis was placed on the quad-
rangle logging program in 1979; first, by aug-
menting Bendix in-house logging capability with
two additional operational logging systems
bringing to five the total number of specialized
systems that have KUT gamma-ray spectrometer
capability, and second, by initiating projects
through subcontractors to obtain spectral and/or
gross gamma-ray calibrated logs in designated
regions from new and existing boreholes that
were not drilled for uranium. The in-house
logging effort resulted in 1,100,000 total feet
(335,280 meters) logged in holes, a number of
which were drilled specifically for the quad-
rangle evaluation program. The subcontracted
logging resulted in 363 holes aggregating
949,500 feet {289,410 meters) logged along the
eastern slope of Colorado, eastern Nevada, and
the San Joaquin Valley, California.

By the end of 1979 the DOE laboratories partici-
pating in the HSSR program had completed
samples for 328 gquadrangles. Open-fite reports
on the sample data were issued for 58 quad-
rangles which brought the total to date to 97. In
additiontorecoennaissance sampling, 27 de-
tailed sampling studies were initiated. One was
completed and the results were open filed in
support of the 1980 goal.

During 1979 Bendix continued to focus the
geologic studies program on two areas of the
1978 DOE task force concern, by increasing the
in-house and subcontracted study effort on
world-class deposits and intermediate-grade
resources. As elements in the 1980 world-class
goal forevaluating the Precambrian pebble-
conglomerate environment, drilling projects and
field work were conducted in the northeastern




Black Hilis of South Dakota and in southeast
Wyoming. In addition to Precambrian pebble
conglomerate, other geologic environments were
studied in the United States which may offer ura-
nium potential in a non-sandstone environment
including: unconformity, volcanic, plutonic-meta-
morphic, and regolith-related,

Work during 1979 on intermediate-grade re-
sources (0.01 to 0.05 percent U,QOq) was concen-
trated on sandstone environments located near
known producing areas. In addition to studying
the information available in the literature on four
areas, field investigation and drilling projects
were conducted in two: Cedar Mountain, Utah
where the Brushy Basin Member of the Jurassic
MorrisonFormationis the target, and Red Desert,
Great Divide Basin, Wyoming where lacustrine
paludal facies are being examined.

Three studies on low-grade resources (less than
100 ppm U;0,) were completed in 1979 which
included the release of final reports: Chat-
tanooga Shale, Phosphate, and Sea Water.
Commercialization of any of the processes
proposed for extracting uranium from these low-
grade resources would place the recovered U;0,
in the $200 to $3,600 per pound category. During
the year asphaltite was examined as a fourth
potential low-grade resource.

During the initial phase of the quadrangle eval-
uation program, it was determined that only 189
of the 621 National Topographic Map Series
(NTMS) quadrangles for the United States had
geologic maps scaled 1:250,000. To furnish the
remaining 432 geologic maps for use as data
bases to all NURE program elements, 232 map
compilations have been subcontracted, with 222
maps delivered by the end of 1979, This leaves
210 maps to be obtained.

Technology Applications during 1979 empha-
sized those projects which should meet near-
term technical requirements of the NURE pro-
gram in the areas of: exploration techniques
and systems integration, borehole logging sys-
tems, data reduction and calibration facilities,
airborne radiometric data quality control and
interpretation, and laboratory geochemical ana-
lytical techniques and systems.

Analysis of data taken in the three research test
areas of Red Desert, Copper Mountain, and
Spokane Mountain resulted in 2 better under-
standing of how data on such uranium indicators
as radon, helium, argon, as well as various trace
elements, may be integrated for effective use in
resource assessment and exploration. A fourth
research lesl area was established in the San

Juan Basin as a representative sandstone envi-
ronment to be studied and compared with the
Red Desert. Drilling programs were completed at
all four sites.

The delayed fission neutron (DFN) logging
system using ?°*Cf was introduced as a
commercial service for directly assaying uranium
ore in a borehole. A project was initiated to
develop a neutron activated gamma-ray
spectroanalysis borehole probe for determining
thepresence of trace element or"halo” indicators
for uranium exploration. The GJO-developed
gamma-ray spectrometer (KUT) borehole probe
system was added to the three computer-based
operational fogging systems introduced in late
1978 and early 1979.

The R&D logging vehicle was used effectively to
evaluate improvements in KUT and magnetic
susceptibility (MS) probe development. Using
the vehicle, testing of an operational prompt
fission neutron (PFN) logging system developed
by Sandia was under way at year's end.

During 1979 a fisston neutron water factor model
was installed and a 300-foot (91.44 meter) test
borehole was drilled at the Grand Junction
facility as important additions to DOE's cali-
bration and standardization program for urani-
um resource data. At the three calibration field
sites, two KUT models and one fission neutron
model were added to the two existing gross
gamma-ray models giving each site a totai of tive
models.

Statistical analysis computer programs using
principal component theory were made opera-
tional for the interpretation of airborne radio-
metric data. A 100-percent sampling quality
control program on contractor-supplied airborne
radiometric data magnetic tapes was initiated,
using a dedicated mini-computer system. The
phoswich detector development program has
resulted in a unit with approximately 50 percent
improved sensitivity, compared to a like-size/
weight sodium iodide detector.

Development and testing of instrumentation
equipment for field use continued, including the
introduction of the production ruggedized radon
emanometer and the delivery of the develop-
mental drilling-mud emanometer.

Instrumentation equipment added to the geo-
chemical laboratory included two gamma-ray
spectrometers for use in analyzing field samples
for radiometric potassium, uranium, and thorium.
Laboratory personnel developed a new ana-
Iytical procedure which is five times more cost
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effective than the previous method in deter-
mining arsenic and selenium content of samples.

Dissemination of information on the NURE
program resulted in the publication and open
filing of 176 project and program reports, some
13 other miscellaneous reports, as well as the
issuance of 157 news releases. The technical
program resulted in the presentation of 20
papers by the Bendix staff at professional
meetings and specialized symposiums. In March
1979 the CDC 8600 was installed as the new
central on-site computer, replacing the CDC
3100, which will be phased out during 1980.

DOE sponsored the 1979 Uranium Industry Seminar that was held at Grand Junction's
Two Rivers Plaza.
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Quadrangle Evaluation

The basic work units of the NURE program are
the 1:250,000-scale quadrangles of the National
Topographic Map Series. Quadrangle evaluation
is comprised of the data-coliection and analysis
activities that attemp! to classify geologic envir-
onments within a selected quadrangle as favor-
able or unfaveorable for the occurrence of
uranium deposits.

In this context, the term “favorable environment”
reters to an area or a geologic unit that, on the
basis of all available geologic evidence, could
contain at least 100 tons U;0; at an average
grade not less than 100 ppm. Designation of a
favorable environment is based on the similarity
of its geologic characteristics (recognition
criteria) to those found in close association with
known uranium deposits.

To implement quadrangle evaluation activities,
Bendix has established nine field offices, each
with the responsibility for a particular region. In
addition, organizations having specific know-
ledge of the geology in certain quadrangles have
been encouraged to participate in the evaluation
procedure. To this end, a joint working agree-
ment was made with the U.S. Geological Survey
(USGS), and subcontracts were let to state geo-
logical surveys, universities, and private firms,
All subcontracted investigations are directed
and monitored by Bendix.

Of the 118 priority quadrangles 0 be evaluated
before October 1980, 23 are assigned to the
USGS, 14 to state geological surveys, 36 to sub-
contraclors in the private secter, and 43 to
Bendix field offices. A total of 18 was completed
by the end of 1879 and folios are currently in
preparation.

LOCATION AND ASSESSMENT SCHEDULE OF 116 QUADRANGLES

116 quadrangles 1o be L
completed by the end
of F¥ 1980.

e

=y A
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Spokane Field Office

The area of responsibility for the Spokane field
office encompasses Washington, Oregon, much
of Idaho, western Montana, and extreme north-
western Wyoming. In 1979 Bendix geologists
submitted reports for the Spokane and Sand-
point Quadrangles and conducted field work in
four other quadrangles. Private subcontractors
continued work in nine guadrangles.

Quadrangle Evaluation (BFEC)
Sandpoint Quadrangle

e Start Date: 3 October 1977
e Completicn Date: 15 August 1979

The principal targets for investigation included
granitic plutons and associated veins of Cre-
taceous and Tertiary age, Tertiary fluvial sand-
stones that are similar to the host rocks of the
Sherwood Mine in the Ritzville Quadrangle to
the southwest, and Precambrian meta-argillites
near quartz monzonite intrusives. Field work,
delineation of favorable areas, report prepa-
ration, and resource evaluation were all com-
pleted this year.

Spokane Quadrangle

e Start Date: 1 November 1977
¢ Completion Date: 31 July 1979

Environments evaluated for uranium resources
included Precambrian metasedimentary rocks,
alaskite-bearing quartz monzonite plutons of
Cretaceous age, and Tertiary sedimentary rocks
that are interbedded with basalt fissure flows of
the Columbia River Plateaus. The investigation
was completed in late spring and a report of
results was submitted in July. Resource evalua-
tion was completed shortly thereafter.
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Okanogan Quadrangle

e Starl Date: 3 October 1977
¢ Compistion Date: 14 December 1979

Gneissic domes and associated metamorphic
rocks have been the main geclogic environments
under investigation. Uranium occurrences are
found in zones of probable cataclastic defor-
mation at contacts between major metamorphic
rock types. Secondary targels were Tertiary
fluvial and volcancgenic deposits. Field wark
was completed in August. Compilation and inter-
pretation of data have since been finished and
the report is in the final stage of preparation.

Ritzville Quadrangle

e Start Date: 15 Novemper 1978
® Completion Date: 30 April 1980

In the northeastern part of the guadrangle,
uranium is produced from the Midnite Mine,
where uraninite occurs in and near the contact
of metasedimentary rocks with granitic intrusive
rocks. Similar environments are found elsewhere
in the guadrangle. Sedimentary rocks inter-
bedded with Columbia River basalts alsc may be
favorable for the occurrence of uranium. Field
work was compieted in Gctober and preparation
of a final report is in progress.

Challis Quadrangle

® Start Date: 3 October 1977
® Completion Date: 29 February 1980

Uranium is known to occur in the ldaho
batholith, aswell asin Tertiary arkosic rocks
adjacent to the contact between the Challis
Volcanics and the batholith. These types of
occurrences are being sought elsewhere in the
guadrangle and the Challis Volcanics are being
investigated for uranium potential elsewhere in
the volcanic succession. Field work was
completed in October with analysis of data and
preparation of a tinal report now under way.

Klamath Falls Quadrangle

® Start Date: 15 November 1978
® Complelion Date: 30 May 1280

Near Lakeview, Oregonin the southwestern part
of this quadrangle, uranium occurs in Tertiary
lacustrine statathat are partly tuffaceous,
Targets forinvestigation are rhyolite intrusive
domes and plugs with which the mineralization
may be associated. Field investigalions were
completedin November; compilation and
anaiysis of data are in progress.



Quadrangle Evaluation (Subcontractors)
Pocateilo Quadrangle

Subcontractor: C. S. Roebinson & Associates, Inc.
Subcontract Value: $172,200

Start Date: 1 February 1978

Completion Date: 1 February 1980

In the Pocatello Quadrangle of southern Idaho,
uranium reportedly occurs in shales and lignites
of the Tertiary Salt Lake Formation. A granitic
piuton in the quadrangle may have been the
uranium source. In the Albion Range, where
vein-type sulfide deposits with anomalous radio-
activity have been reported, metamorphic rocks
are of further interest; and the uranium-bearing
Permian Phosphoria Formation may have
potential for uranium concentrations. Field work
and evaluation of results have been completed
and preparation of the final report is in progress.

Lewistown Quadrangle

Subcontractor: C. S. Robinson & Associates, Inc.
Subcontract Value: $172,200

Start Date: 1 February 1978

Completion Date: 1 February 1980C

Inthis north-central Montana quadrangle, favor-
able igneous and metamorphic environments,
where hydrothermal uranium deposits may
occur inveins or in contact-metamorphic zones,
include the Judith Mountains, southern Bearpaw
Mountains, and the Little Rocky Mountains. The
Judith River Formation and Eagle Sandstone of
Cretaceous age may be favorable for epigenetic
sandstone-type uranium deposits. Both surface
and subsurface investigations were completed
this year. Preparation of a final report is near
completion.

Elk City Quadrangle

Subcontractor: Salisbury & Dietz, Inc.
Subcontract Value: $277,500

Start Date: 1 February 1978
Completion Date: 1 February 1880

Hamillon Quadrangle

® Subcontractor: Salisbury & Dietz, Inc.
® Subcontract Value: $§252.200

® Start Date: 1 February 1978

® Completion Date: 1 February 1980

Butte Quadrangle

Subcontractor: Salisbury & Dietz, Inc.
Subcontract Value: $210,800

Start Date: 1 February 1978
Completion Date: 1 February 1980

These three contiguous quadrangles lie in parts
of Idaho and Montana. Portions of the ldaho
batholith are targets for evaluation in all three

quadrangles. Alsc potentially favorable are sedi-
mentary portions of the Challis Volcanics in the
Elk City Quadrangle; portions of the Precambrian
Belt Series adjacent to the Idaho batholith in the
Hamilton Quadrangle; Tertiary sediments that
occupy intermontane basins in the Hamilten and
Butte Quadrangles; and portions of the Boulder
batholith where uranium eccurrences are found
with quartz-sulfide veins. Field investigations
were completed this year for all three quadran-
gles. Compilation of results and preparation of
final reports are near completion.

Dillon Quadrangle

Subcontractor: GeoExplorers International, Inc.
Subcontract Value: $217.500

Start Date: 1 February 1978

Completion Date: 1 February 1880

Dubocis Quadrangle

Subcontractor: GeoExplorers International. Inc
Subcontract Value: $216,500

Start Date: 1 February 1978

Completion Date: 1 February 1980

Dillon and Dubois are contiguous quadrangles
in Montana and ldaho. Tertiary volcanogenic
deposits, as well as other Tertiary strata in inter-
montane basins, are important targets for inves-
tigation in both quadrangles. In addition, veins in
Mesozoic and Cenozoic plutons in the Dillen
Qluadrangle and the thrust-fault contact between
Precambrian granite gneiss and the Madison
Limestone in the Dubois Quadrangle may be
favorable targets. The subcontractor completed
field investigations in October and is in the
process of analyzing results and preparing final
reports.

Bozeman Quadrangle

® Subcontractors: University of Montana
Montana State University

® Subcontract Value: $175,500

® Start Date: 1 February 1978

¢ Completion Date: 1 February 1980

The primary targets foruraniumresource
evaluation in this quadrangle are calc-alkalic
intrusives in the Crazy Mountains, silicic intru-
sives and tuffs in the Independence mining
district, and Tertiary sedimentary rocks in the
Three Forks Basin. Selected portions of the
Yellowstone volcanics, intrusives in the Cooke
City area, and several Precambrian units may
also be favorable for uranium. Field investi-
gations and compilation of results were com-
pleted in Qctober. Preparation of a final report is
under way.
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A Bendix geologist samples an outcrop.

Ashton Quadrangle

Subcontractor: Meiiji Resource Consultants
Subcontract Value: $187,800

Start Date: 1 February 1978

Completion Date: 1 February 1980

Promising environmentsinthe Ashton
Quadrangle appear to be portions of the
Permian Phosphoria Formation, particularly the
Meade Peak and Retort Shale Members. Other
environments targeted for study include
channel-type sandstones enclosed by volcanic
flows and tuffs of the Yellowstone volcanics and
Tertiary strata in the Centennial and Madison
River Basins. The subcontractor completed final
fieldinvestigations and subsequent data
compilation and analysis this year and a final
report of results is near completion.
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Reno Field Office

The Reno field office is responsible for Nevada,
California, and extreme western Utah and Ari-
zona. In 1979 field examinations were conducted
in five gquadrangles by Bendix geologists, in
three quadrangles by the U.S. Geological Sur-
vey, in two quadrangles by state surveys, and in
two quadrangles by private subcontractors.



Bendix-Albugquerque geologists completed eval-
uation of the Kingman Quadrangle; their work is
discussed briefly in the Albuquergque section of
this report.

Quadrangle Evaluation (BFEC)
Death Valley Quadrangle

e Start Date: 3 January 1978
o Completion Date: 31 January 1980

Miilett Quadrangle

¢ Start Date: 3 October 1977
* Completion Date: 37 January 1980

Reno Quadrangle

® Slart Dale. 2 Oclober 1878
o Completion Date: 31 Miay 1980

Salton Sea Quadrangle

# Start Date: 2 October 1978
®» Completion Date: 30 May 1980

Wells Quadrangle

e Start Date: 2 October 1978
® Comgpletion Date: 30 May 1980

These quadrangles lie fargely in the Great Basin.
The principal geologic environments under
investigation are calderas and associated volca-
nogenic rock suites, granitic plutons and meta-
morphic complexes intruded by them, and
sedimentary deposits that fill intermontane
basins. Field work was completed this year on ail
five quadrangles. Data cornpilation and prepa-
ration of final reports are in progress.

Gravity Survey ofthe Wells Quadrangle,
Nevada

¢ Subcontractor: Nevada Bureau of Mines and Geology
8 Subconiract Value: $14,035
L ]
L ]

Start Date: 1 October 1978
Completion Date: 1 March 1980

This survey was performed to provide a gravity
map of the Wells Quadrangle which would be
useful for selecting drill-site locaticns and
estimating depths of basin fill.

Data from 500 gravity stations were collected
and incorporated with data from 1,074 gravity
stations previously collected by the Nevada
Bureau of Mines and Geology and 376 gravity
stations collected by the Department of Defense.
All data {1,950 gravity stations) were cross-tied,
terrain corrected, and contoured at a scale of
1:250,000.

Results are complete and will be open filed by
the Nevada Bureau of Mines and Geology in

1980.

Quadrangle Evaluation (Subcontractors)
Elko Quadrangle

Subcontractor: Uranium Services Co.
Suhcontracl Value: $157,900

Start Date. 1 March 1978
Completion Dale: 31 KMarch 1980

Loveiock Quadrangle

® Subcontraclor: Berge Exploration. Inc.
* Subcontract Value: $187.800

® Start Date: 1 March 1978

¢ Completion Dater 31 March 1980

McDermitt Quadrangle

Subcontractor: Nevada Bureau of Mines and Geology
Subcontract Value: $193,400

Start Date: 1 March 1978

Completion Date; 31 March 1980

These three quadrangles are in the northern
Nevada part of the Basin and Range Province
where the main targets for evaluation are felsic
volcanogenic deposits, tuffaceous sedimentary
rocks, and metamorphic complexes associated
with granitic intrusions. Basin-fill sedimentary
deposits adjacent to favorable source rocks in
fault-block mountains are also under investi-
gation. Field investigations were completed this
year and all three projects are now in the report
preparation phase,

Trona Quadrangle

e Subcontractor: Calitornia Division of Mines and Geclogy
e Subcontract Value: $170,100

® Start Date: 14 April 1978

» Completion Date: 2 May 1280

The Trona Quadrangle is located in the Mojave
Desert in southern California. Tertiary and Qua-
ternary strata in basins adjacent to volcanic and
plutcnic source rocks are the principal targets
being investigated. Field investigations were
completed at the close of 1979

Quadrangle Evaluation (USGS)
Delta Quadrangle

* Start Date: 23 January 1978
® Completion Date: 31 January 1980

Numerous uranium occurrences in the Spor
Mountain area are associated principally with
beryllium-bearing rhyolite flows and ash-flow
tuffs. The Yellow Chief uranium mine, in a
fluviai-sandstone host rock, is also in this quad-
rangle. USGS geologists completed field work
and data compilalion this year and are preparing
a final report.
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Richfield Quadrangle

® Start Date: 23 January 1978
e Completion Date: 29 February 1980

Uranium has been produced from silicic volcanic
rocks in the Marysvale area; similar rock units
are found throughout the quadrangie. Paleozoic
rocksin the Wah Wah Mountains and Needle
Range are also being investigated. Field investi-
gations were completed in 1979 and a final
report of results is near completion.

Walker Lake Quadrangle

® Start Date: 23 January 1978
® Completion Date: 31 January 1980

In the western part of this quadrangle, envi-
ronments being investigated for uranium favor-
ability are paleostream channels cut in granitic
rocks of the Sierra Nevada batholith and capped
by silicic volcanics. In the eastern section,
Tertiary and Quaternary sediments occur in
basins adjacent to favorable rock sources. Rock
sampling and other field investigations were
finished this year. Compilation and evaluation of
resulls are nearly complete and report prepa-
ration is in progress.

Geologists check a uranium occurrence in the
Rawlins Quadrangle.

Casper Field Office

The Casper field office is responsible for eval-
uating uranium favorability in an area encom-
passing Wyoming; North Dakota; most of
Montana, South Dakota, and Minnesota; and
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parts of ldaho, Nebraska, Wisconsin, and Michi-
gan. During 1979 Bendix geologists from the
Casper office were engaged in resource eval-
uation of five quadrangles. The U.S. Geological



Survey continued work on four guadrangles,
slate surveys on two, and private subcontractors
onseven. In addition. geologists from the Bendix
Atlanta and Pittsburgh offices were temporarily
assigned to investigate three high-priority quad-
rangles in North and South Dakota. Work on the
Hot Springs Quadrangle is briefly described in
the Pittsburgh field office section of this report;
work on the Dickinson and Lemmon Quad-
rangles is in the Atlanta section.

Quadrangle Evaluation (BFEC)
Casper Quadrangle

e Start Date: 3 October 1877
® Completion Date: 30 November 1879

Rawlins Quadrangle

e Start Date: 3 October 1977
# Completion Date: 29 February 1980

Arminto Quadrangle

e Start Date: 2 October 1878
® Completion Date: 31 March 1980

Thermopolis Quadrangle

e Start Date: 2 Qctober 1978
® Completion Date: 31 March 1980

Lander Quadrangle

e Start Date: 2 October 1978
® Completion Date: 31 March 1980

In these five Wyoming quadrangles, Laramide
uplifts with Precambrian cores and intermontane
basins with thick Tertiary sections form the
geclogic framework. inciuded are the Wind
River, Owl Creek, and Granite Mountains; parts
ot the Sierra Madre, Medicine Bow, Laramie, and
Big Horn Mountains; the Wind River and Hanna
Basins, and parts of the Shirley, Laramie,
Washakie, Great Divide, Big Horn, Powder River,
and Green River Basins. Uranium districts lying
within these quadrangles are Crooks Gap, Gas
Hills, Shirley Basin, and Copper Mountain,
Resource evaluation is being concentrated on
the sandstone environment, which contains most
of the reserves. Other promising environments
include quartz-pebble conglomerates and
unconformity-related vein deposits. Field work
consisted of geochemical sampling, radon sur-
veys, and study of known occurrences.

Quadrangle Evaluation (Subcontractors)
Ashland Quadrangle

Subcontractor: Derry, Michener & Booth
Subcontract Value: $181,700

Start Date: 1 February 1978

Completion Date: 1 February 1980

Rice Lake Quadrangle

® Subcontractor: Derry. Michener & Booth
® Subcontract Value: $189.200

® Start Date: 1 February 1978

®» Completion Date: 1 February 1880

Eau Claire Quadrangle

Subcontractor: Golder Associates, Inc.
Subcontract Value: $193.700

Start Date: 1 February 1978
Completion Date: 1 February 1980

Green Bay Quadrangle

Subcontractor: Golder Associates, Inc.
Subcontract Value: $194,700

Start Date: 1 March 1978

Completion Date: 1 March 1980

These four Wisconsin quadrangles lie in the
southern Canadian Shield. The investigation of
potentially favorable environments has been
concentrated primarily on Precambrian rocks
related to unconformities. Extensive Pleisto-
cene glacial deposits complicate evaluation of
the sequence of Precambrian and Cambrian
units in bedrock. Almost all the known outcrops
were visited and sampled during an intensive
field investigation. The field work was completed
in 1979 and final reports are in preparation.

St. Cloud Quadrangle

Subcontractor: Minnesola Geological Survey
Subcontract Value: $158,700

Start Date: 1 March 1878

Completion Date: 1 March 1980

New Ulm Quadrangle

® Subcontractor: Minnesota Geological Survey
® Subcontract Value: $162,700

® Start Date: 1 March 1978

® Completion Date: 1 March 1980

Lower and Middle Precambrian rocks, a south-
westward extension of the Canadian Shield, under-
lie a thin veneer of Cretaceous clastics in the St.
Cloud and New Ulm Quadrangles. Unconfor-
mities within the Precambrian section, between
the Precambrian and Cretaceous rocks, and, in
restricted areas, between the Precambrian and a
Cambriansandstone, may be similarto
environments in which unconformity-related
deposits occur in Canada and Australia. Soil-gas
surveys for helium and radon constituted a
major part of the tield program.

Billings Quadrangle

¢ Subcontractor: Morris & Warchola
® Subcontract Value: $171,900
e Start Date: 1 February 1978
* Completion Date: 1 February 1880
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Cody Quadrangle

Subcontractor: Garrand Corporation
Subcontract Value: $185,400

Start Date: 1 March 1978
Completion Date: 1 March 1980

In these two adjoining quadrangles in south-
central Montana and northwestern Wyoming,
fluvial sandstones of Jurassic, Cretaceous, and
Tertiary age appear to be favorable for uranium.
Inthe Pryor Mountain district of the Billings
Quadrangle, uranium has been produced from
paleokarst deposits developed in the
Mississippian Madison Limestone; similar
paleokarst zones in the Cody Quadrangle are
being investigated. Extensive studies of both
sandstone and limestone facies were carried out
using surface and subsurface information.

Rock Springs Quadrangle

® Subcontracter: Morris & Warchola
® Subcontract Value: $159,500
# Start Date: 1 February 1978
e Completion Date: 1 February 1980

This gquadrangle in southwestern Wyoming in-
cludes the Rock Springs uplift and parts of the
Green River and Washakie Basins. The poten-
tially favorable environments being evaluated
are Cretaceous and Tertiary fluvial sands.
During 1979 geochemical data, together with

stratigraphic information from outcrops and drill
holes, were analyzed.

Quadrangle Evaluation (USGS)

In 1979 the USGS, under an interagency agree-
ment with DOE., was engaged in uranium re-
source evaluation of four quadrangles in the
Casper field office region. These quadrangles—
Ekalaka, Gillette, Torrington, and Newcastle—
encompass the eastern part of the Powder River
Basin and the western flank of the Black Hills.
Investigations were being concentrated on fluvial
and estuarine sands of Cretaceous and Tertiary
age. Data from electric and gamma-ray logs
were used extensively to locale favorable envi-
ronments in the subsurface.

Ekalaka Quadrangle

¢ Start Date: 3 Janvary 1978
® Completion Date: 29 February 1980

Gillette Quadrangle

® Start Date: 23 January 1978
o Completion Date: 31 March 1980

Torrington Quadrangle

® Start Date: 30 January 1978
e Completion Date: 31 March 1980

Newcastle Quadrangle

@ Start Date: 1 February 1978
® Completion Date: 31 March 1980

Grand Junction Field Office

The Grand Junction field office is responsible
for uranium rescurce evaluations in Colorado,
Kansas, and towa; eastern Utah; most of Ne-
braska, Missouri, and lllinois; and parts of South
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Dakota, Minnesota, Wisconsin, and Kentucky. In
1979 Bendix geologists investigated five quad-
rangles in diverse geologic settings in Colorado,
work was completed on four of these, with the



fifth scheduled for completion early in 1980. In
addition, one quadrangle in this field region is
being evaluated by a state geological survey,
four by a subcontractor, and ten by the U.S. Geo-
logical Survey.

Quadrangle Evaluation (BFEC)
Durango Quadrangle
® Start Date: 3 October 1977
o Completion Date: 21 January 1980
Montrose Quadrangle

e Start Dale: 3 October 1877
e Completion Date: 21 December 1979

These quadrangles contain a variety of geologic
environments favorable for uranium deposits,
including caldera systems in the Tertiary vol-
canics of the San Juan Mountains, vein systems
related to faults and fractures in Precambrian
and Paleozoic sedimentary rocks, and sand-
stone. Field work consisted of outcrop studies,
examination of known occurrences, and geo-
chemical and radiometric surveys. Remote areas
were reached with the aid of helicopters. Field
investigations have been completed and folios
are being prepared for publication,

Lamar Quadrangle

e Start Date: 3 October 1977

s Completion Date: 30 May 1979
La Junta Quadrangle

® Start Date: 1 April 1978
e Completion Date: 16 March 1979

In these two quadrangles, both of which iie in the
Great Plains, continental sandstones in
Pennsylvanian-Permian, Triassic, and Jurassic
sediments are the principal favorable
environments evaluated. A major part of the
work on these quadrangles consisted of analyses
of subsurface information from drill holes. These
studies were completed in 1979 and the folios
are being prepared for publication.

Trinidad Quadrangle

@ Start Date: 2 Oclober 1978
® Completion Date: 31 March 1980

Several potentially favorable environments for
uranium are found in the Trinidad Quadrangle:
Tertiary fill in the San Luis Valley; Precambrian
crystalline and associated Pennsylvanian-
Permian arkoses of the Sangre de Cristo Range;
and Tertiary fluvial clastics of the Raton Basin
and Huerfano Park. Results of outcrop studies
and geochemical sampling were analyzed to de-
lineate favorable environments,

Quadrangle Evaluation (Subcontractors)
Leadville Quadrangle

¢ Subcontracior: Colorado Geological Survey
® Subcontract Value: $185,800
® Stari Date: 1 March 1878

e Comptetion Date: 1 March 1880

Within the Leadville Quadrangle many envi-
ronments favorable for uranium are represented,
including uplifts of the Colorado Rockies, part of
the Piceance Basin, and the Pennsylvanian
Belden Formation. Field work consisted of out-
crop studies, examination of occurrences, and
geochemical and radiometric sampling.

Hutchinson Quadrangle

Subcontractor: Wichita State University
Subcontract value: $149,400

Start Date: 16 March 1978

Completion Date: 1 March 1880

Manhattan Quadrangle

Subcontractor: Wichita State University
Subcontract Value: $114,600

Start Date: 1 March 1978

Completion Date: 1 March 1980

Pratt Quadrangle

* Subcontractor: Wichita Stale University
& Supconlract Value: $181,200

® Slart Date: ' March 1978

® Completion Date: 1 March 1980

Wichita Guadrangle

& Subcontractor: Wichita State University
* Subcontract Value: $195,800

® Start Date: 1 March 1978

® Completion Date: ! March 1980

These four quadrangles, all in Kansas, lie along
and to the west of the northern part of the
Nemaha Ridge. The north-trending Nemaha
Ridge, or anticline, is composed of Precambrian
granitic rocks that were the source of clastic sedi-
ments deposited during Paleozoic and Mesozoic
times. These sediments could contain deposits
of uranium derived trom granites along the
Ridge. Many water wells throughout the area
have a high radium content and well logs show
sections of anomalous radioactivity. Because
most favorable environments are expected to be
subsurface, evaluation of these quadrangles was
based largely on data from water wells and drili
holes.

Quadrangle Evaluation (USGS)
Greeley Quadrangle

® Start Date: 23 January 1978
¢ Completion Date: 29 February 1980
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Denver Quadrangle

¢ Start Date: 23 January 1978
s Compietion Dale 29 February 1930

Pueblo Quadrangle

» Start Date: 30 January 1978
= Completion Date: 29 February 1980

In the eastern part of these quadrangles, the
Denver Basin may offer favorable environments
for uranium resources in Cretaceous and Ter-
tiary fluvial and marine sandstones. In the
western part, the Colorado Front Range has
potentially favorable environments in vein de-
posits and in sandstone facies of Tertiary volca-
niclastic sediments,

Geochemical data, together with stratigraphic
and radiometric information from outcrop and
drill hcles, were analyzed this year and final
reports are in preparation.

Vernal Quadrangle

« Start Oate: 23 January 1978
®» Complietion Date: 29 February 1980

Craig Quadrangle

s Start Date: 23 January 1978
® Complelicn Date: 28 February 1880

Located in these quadrangles are North Park
Basin, Sand Wash Basin, and parts of the
Piceance and Uinta Basins. Uplifts include part
of the Front Range, the Gore Range, and Uinta
Mountains. Geclogic environments being eval-
uated for uranium favorability are primarily Cre-
taceous and Tertiary sandstones. These
evaluations are based on geochemical studies
and facies analyses.

Moab Quadrangle

a Start Date: 23 January 1978
e Completion Date: 30 April 1980

Cortez Quadrangle

s Starr Date: 23 January 1978
s Completion Date. 30 Apnil 1980

Price Quadrangle

e Siant Date: 23 January 1978
o Completion Date: 30 April 1980

Salina Quadrangle

® Start Date: 23 January 1978
s Completion Qater 30 April 1980

Escalante Quadrangie

® Siart Date: 23 Januvary 1978
e Completion Date. 30 June 1980
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These quadrangles contain most of the historic
uraniumdistricts of the Colorado Plateau.
Continental sandstones of Permian, Triassic,
and Jurassic age are the principal targets of
investigations. The geochemical and
stratigraphic characteristics of these sandstones
are being comparedto uranium host rocks in the
known uranium districts.

+
! |
Albuquerque
|
|

Albuquerque Field Oftfice

The Bendix Albuquerque field office is responsi-
ble for uranium tavorability evaluations in New
Mexico, most of Arizona, west Texas, and the
Oklahoma Panhandle. During 1979 Bendix geo-
logists, state agencies, the U.S. Geological Sur-
vey, and private contractors investigated 20
quadrangles in this four-state area.

Personnel in the Albuquerque office were en-
gaged in resource evaluation of four Arizona
quadrangles, as well as the Kingman Quad-
rangle in the Reno field oftice region. In a joint
effort with the Texas Bureau of Economic
Geclogy, Bendix Albuquerque geologists con-
tinued studies of three Texas quadrangies. Six
guadrangles were investigated by the USGS, two
by a New Mexico state agency, and two by
subcontractors.

In addition, Bendix geologists from the Pitts-
burgh office were assigned to investigate two
high-priority quadrangles in Arizona. A brief
description of their work in the Grand Canyon
and Marble Canyon Quadrangles is contained in
the Pittsburgh office section of this report.



Quadrangle Evaluation (BFEC)
Kingman Quadrangle

e Start Date: 3 October 1977
® Completion Date: 1 June 1979

Williams Quadrangle

& Start Date: 3 October 1977
® Completion Date: 16 July 1979

Prescott Quadrangle

@ Start Date: 3 October 1977
® Completion Date: 16 July 1979

In these three quadrangles that lie within the
Basin and Range Province, Tertiary basins
alternate with fault-block mountains. Precam-
brian crystailines, Paleczoic sediments, Cre-
taceous granites, and Tertiary volcanics are
exposed in the mountains. Part of the Williams
Quadrangle also lies within the Colorado Plateau
Province, with broad exposures of gently dip-
ping Permian rocks. The prime focus of uranium
resource evaluation has been on the Tertiary
lake sediments in the basins, other possible
favorable environments investigated are vein
systems in the Precambrian, collapse structures
in Paleozoic limestones, and Quaternary cal-
cretes in the basins. Evaluation of the basins was
based primarily on the study of outcrops and of
available drill-hole data. Work was completed in
1979 and folios are being prepared for
publication.

Mesa Quadrangle

e Start Date: 2 October 1978
® Completion Date: 31 March 1980

In this quadrangle, which lies partly in the Basin
and Range Province and partly in the Colorado
Plateau Province, units being investigated for
uranium favorability include the Precambrian
Oripping Spring Quartzite, Pennsylvanian and
Permian sandstones, and Tertiary lake sed-
iments. In the 1950s some uranium was pro-
duced from the Dripping Spring Quartzite. Field
work this year consisted of geochemical sam-
pling and study of outcrops and known
occurrences.

St. Johns Quadrangle

@ Start Date: 2 October 1978
@ Completion Date: 1 March 1980

Investigation of uranium favorability in this
quadrangle concentrated on fluvial clastic
sediments in the Triassic Chinle Formation and
in the Tertiary Baca Formation, and on marine
and marginal-marine sandstones of the

Cretaceous Mesaverde Group. These units are
known to contain occurrences of uranium in
anomalous quantities, Evaluation of fiuvial and
marginal-marine sediments was based on facies
analyses of surface exposures and drill-hole
lithologic information.

Marfa Quadrangle
Presidio QGuadrangle
Emory Peak Quadrang'e

® Subcontractor: Texas Bureau of Economic Geology
® Subcontract Value: $171,000

® Start Date: 15 August 1878

® Completion Date: 15 February 1980

These quadrangles, along the Mexico-U.S.
border in the Big Bend region ot Texas, are
being investigated jointly by the Texas Bureau of
Economic Geology and the Bendix Albuguerque
field office. Geologists of the Bureau of Eco-
nomic Geology are studying Tertiary volcanic
and voicaniclastic rocks and Tertiary-Quaternary
bolson-fill deposits. Bendix geologists are eval-
uating the uranium favorability of Paleozoic,
Mesozoic, and Tertiary sediments and of Tertiary
igneous intrusives in Cretaceous sediments.
Geochemical, radiometric, and stratigraphic infor-
mation is being analyzed.

Quadrangle Evaluation (Subcontractors)
Raton Quadrangle

® Subcontractor: New Mexico Bureau of Mines and
Mineral Resources

® Subcontract Value: $191,000

® Start Date: 1 March 1978

e Completion Date: 1 March 1980

Santa Fe Quadrangle

® Subcontractor: New Mexico Bureau of Mines and
Mineral Resources

® Subcontract vValue: $191,000

® Start Date: 1 March 1978

® Completion Date: 31 January 1980

These quadrangles may contain environments
favorable for uranium deposits in the Precam-
brian crystalline and Permian arkosic rocks of
the Sangre de Cristo Range in the Southern
Rocky Mountains Province and in Mesozoic
sandstones of the Great Plains. Intensive field
studies inciuded radiometric and geochemical
sampling surveys.

Dalhari Quadrangle

® Subcontractor: Consulting Professionals, Inc.
® Subcontract Value: $146,700

@ Start Date: 1 February 1978

® Completion Date: 29 February 1980
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In this Great Piains guadrangle, geologic envi-
ronments that may be favorable for uranium
deposits are fluvial and marginal-marine sand-
stones of Triassic, Jurassic, and Cretaceous age.
Evaluation of these sandstones was based on
both subsurface and surface information.

Tularosa Quadrangle

® Subcontractor: Berge Exploration, inc.
* Subcontract Value: $187,000

®» Start Date: 1 March 1978

» Completion Date: 7 March 1980

This quadrangle in the Basin and Range Pro-
vince contains potentially favorable geologic
environments that include vein systems asso-
ciated with fault zones and fractures in
Precambrian rocks; sandstones of the Pennsyl-
vanian, Permian, and Cretaceous, and volcanics
of the Tertiary Datil Formation. Resuits of
outcrop studies and geochemical sampling were
used to evaluate these potentially favorable
environments.

Quadrangle Evaluation (USGS)
Albuquerque Quadrangle

® Start Date: 23 January 1978
= Completion Date: 31 March 1980

Aztec Quadrangle

® Start Date: 23 January 1978
®» Completion Date: 31 March 1980

Gallup Quadrangle

® Start Date: 23 January 1978
® Completion Date: 31 March 1980

Shiprock Quadrangle

® Start Date: 23 January 1978
o Completion Date: 31 March 1980

Almost all of the San Juan Basin lies within these
four quadrangles in the Colorado Plateau Pro-
vince. The major uranium deposits of the Grants
Mineral Belt occurin the Jurassic sandstones on
the south flank of the basin. The Jurassic units
are exposed in the Defiance, Zuni, and Naci-
miento uplifts that bound the basin. Strati-
graphic and geochemical information was used
to locate new favorable areas in this well-known
uranium-producing basin.

Flagstatf Quadrangle

® Start Date: 23 January 1978
» Completion Date. 31 January 1980

Part of the Black Mesa Basin, with broad
exposures of Triassic and Permian rocks on its
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southwest flank, is contained in this quadrangle
in the Colorado Plateau Province. Permian,
Triassic, Jurassic, and Cretaceous sedimentary
formations are the environments potentially
favorable for uranium deposits. Stratigraphic
information from drili holes and outcrops was
used to evaluate rocks in this guadrangle,

Socorro Quadrangle

@ Start Date: 23 July 1978
®» Completion Date: 31 January 1980

In this quadrangle, which is bisected by the Rio
Grande trench, sandstones of Permian, Triassic,
and Tertiary age are the principal favorable
environments. The gecchemical and strati-
graphic character of these sandstones was
intensively studied.

Austin

Austin Field Office

The Austin field office is responsible for uranium
favorability evaluations in a region that com-
prises Arkansas, Louisiana, and WMississippi:
central and eastern Texas; all of Oklahoma
except the Panhandle; western Tennessee; and
minor portions of southern Missouri and south-
western Kentucky. During 1979 Bendix geol-
ogists in the Austin office conducted studies in
eight quadrangles, completing the investigation



of three. The final report for one of these, the
Plainview Quadrangle, was placed on open file
in March. Designated GJQ-001(79), it is the first
folio to be published for the NURE program.
State surveys continued work on seven quad-
rangles and subcontractors worked on five.

Quadrangle Evaluation (BFEC)
Plainview Quadrangle

e Start Date: 3 October 1977
& Completion Date: 31 January 1979

in this High Plains quadrangle, units inves-
tigated for uranium favorability include the
Permo-Pennsylvanian granite wash and asso-
ciated clastics, whose source was the Wichita
Mountains to the northeast; the Triassic Dockum
Group, which is considered equivalent to the
Chinle Formation of the Colorado Plateau; the
Pliocene Ogallata Formation, which may contain
calcrete-type deposits; and the Pleistocene Tule
Formation. Uranium deposits are known in the
Dockum Group, and radicactive anomalies occur
in the Permo-Pennsylvanian units and in the
Ogallala Formation. Work has been compileted
on this quadrangle and the final report, GJQ-
001(79). was published in March 1979,

Seguin Quadrangle

® Start Date: 3 October 1977
® Completion Date: 29 June 1979
Crystal City Quadrangle

e Start Date: 1 November 1977
e Completion Date: 30 July 1979

Austin Quadrangle

e Start Date: 1 March 1978

s Completion Date: 31 January 1980
Laredo Quadrangle

e Start Date: 1 November 1978
e Completion Date: 30 May 19280

Beeville Quadrangle

® Start Date: 2 October 1978
® Completion Date: 30 April 1980

Beaumont Quadrangle

® Start Date: 1 November 1978
e Completion Date: 30 May 1980
San Antonio Quadrangle

e Start Date: 1 August 1979
® Completion Date: 31 May 1981

Sediments ranging from Cretaceous to Recent
undertie these seven quadrangles in the Texas
Coastal Plain. Older rocks are in the north and
west, younger rocks in the south and east along
the coast. Uranium deposits in the south Texas
uranium district occur in formations of Miocene

age. Eocene units in this area are also being
investigated for uranium favorability. Electric
logs are being examined to determine the
lithotogic characteristics of the various rock
units. Samples have been collected from out-
crops of known uranium producing units. Work
was completed on the Seguin and Crystal City
Quadrangles. Field work was completed on all
other quadrangles except San Antonio, which
was started late in the year.

An open-file report on the Catahoula Formation,
GJBX-131(79), was released in October 1979. It
describes detailed geochemical and hydrologic
characteristics of uranium deposits in this
formation.

Quadrangle Evaluation (Subcontractors)
Palestine Quadrangle

Subcentractor: Texas Bureau of Economic Geclogy
Subcontract Value: $185,300

Start Date: 31 March 1978

Completion Date: 31 March 1980

This quadrangle in the Texas Coastal Plain is
underltain by sediments ranging in age from Cre-
taceous to Recent. Faulting may be significant to
the localization of urantum deposits. Lithology
of the various rock units was investigated using
both electric-log studies and field examinations.
Field work was completed in December.

Amarillo Quadrangle

Subcontractor: Texas Bureau of Economic Geology
Subcontract Value: $176,700

Start Date: 31 March 1978

Completion Date: 31 March 1980

Lubbock Quadrangle

Subcontractor: Texas Bureau of Economic Geclogy
Subconiract Value: £172,600

Start Date: 31 March 1978

Completion Date: 31 March 1980

These two quadrangles in the Texas High Plains
are underlain by sedimentary rocks of Pennsyl-
vanian to Pleistocene age. As in the Plainview
Quadrangle, targets for uranium favorability
investigations are the Permo-
Pennsylvanian granite wash and associated
clastics, the Triassic Dockum Group, the
Pliocene QOgallala Formation, and the Pleis-
tocene Tule Formation. Bureau personnel ex-
amined electric logs and did field work during
the year. Field work was completed in December.

Wichita Falls Quadrangle

® Subcontractor: Texas Bureau of Economic Geology
@ Subcontract Value: $177,000

& Start Date: 31 March 1978

® Completion Date: 31 March 1980

25



Sherman Quadrangle

Subcontractor: Texas Bureau of Economic Geology
Subcontract Value: $175.300

Start Date: 31 March 1978

Completion Date: 31 March 1980

Pennsylvanian and Permian sediments, includ-
ing granite wash from the Wichita-Arbuckle
Mountains, are targets for uranium resource eval-
uation in both these quadrangles. Granites in the
Wichita-Arbuckle structure constitute an ade-
quate source of uranium and the coarser clastics
may form a suitable host for uranium deposits.
Both field work and subsurface geologic studies
were reguired in these quadrangles. Data
gathering was completed in December.

Lawion Quadrangle

* Subcontractor: Oklahoma State University
¢ Sybcontract Value: $166.000
® Start Date: 1 March 1978

® Completion Date: 1 March 1980

Oklahoma City Quadrangle

¢ Subconiractor: Geological Services of Tulsa
& Sybcontract Value: $169.00¢
¢ Start Date: 16 March 1978

® Completion Date: 16 March 1980

These two quadrangles in Oklahoma and Texas
lie on the north flank of the Wichita-Arbuckle
Mountain structure and in the Anadarko Basin.
The units being investigated for uranium favor-
ability are sediments, including granite wash,
from the Wichita-Arbuckle positive area. Gran-
ites in the structure constitute an adequate
source of uranium, and granite wash in the sedi-
ments may be favorable for uranium deposits.
The Lawton Quadrangle includes the Wichita
Mountains, which contain several radicaclive
occurrences that may be related to uranium
deposits. Qutcrops were examined and samples
were collected and analyzed during the year.

Clinton QGuadrangle

®» Subcontractor. Okiahoma Geological Survey
¢ Subcontract Value: $169.000

® Start Date: 1 March 1978

o Completion Date: 1 March 1980

Enid Quadrangle

& Subcontractor: Oklahoma Geological Survey
8 Subcontract Value: $169,000
« Start Date: 1 March 1978

s Completion Date: 1 March 1980
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Joplin Quadrangle

Subcontractor: Geological Services of Tulsa
Subcontract Value: $169.400

Start Date: 16 March 1978

Completion Date: 16 March 1980

The Clinton and Enid Quadrangles lie across the
southern end of the north-trending Nemaha
Ridge; the Joplin Quadrangle overlies partof the
eastern flank of the Ridge. The Nemaha Ridge,
or anticline, consists of Precambrian granitic
rocks that were the source for sediments de-
posited during Paleozoic and Mesozoic time.
These sediments may contain uranium derived
from the Nemaha granites. Many water wells in
the area contain high amounts of radium and
some well logs show anomalous radioactivity.
Well logs were studied during the year and field
work was conducted.

Dyersburg Quadrangie

¢ Subcontractor. Geochemex

s Subcontract Value: $121.800

» Start Date: 1 March 1978

®» Completion Date: 1 March 1980

Poplar Bluff Quadrangle

Subcontractor: Geochemex
Subcontract Value: $121.800
Starl Date: 1 March 1978
Completion Date: 1 March 1980

These quadrangles, which include parts of
Missouri, Tennessee, and Kentucky, are under-
lain by the Ozark Uplift, Nashville Dome, and
Mississippi Embayment. Primary targets for
uranium resource evaluation are carbonatites
andthe granites and pegmatites of the basement.
Base metals have been mined for many years
from the basement rocks and the overlying
Paleozoic limestones and dolomites. Secondary
targets for uranium investigation are the
Cretaceous and younger sediments of the
Mississippi Embayment, which may have favor-
able environments similar to those of the Texas
Coastal Piain. Geologic cross sections, which
will be important on these projects, were con-
structed during the year. Field work included
logging of a number of water wells.



Atlanta Field Office

The Bendix Atlanta field office is responsible for
uranium favorability evaluations in North Caro-
lina, South Carolina, Georgia, Alabama, and
Flovida; central and eastern Tennessee; and the
southern parts of Kentucky, Virginia, and West
Virginia. In 1979 Bendix geologists completed
their investigations of three quadrangles and
began literature search on a fourth, prior to full-
scale field work during the 1980 field season. In
addition, several Bendix Atlanta geologists were
assigned to investigate the high-priority Dickin-
son and Lemmon Quadrangles in the Casper
field office region. Subcontracted work con-
tinued on one quadrangle.

Quadrangle Evaluation (BFEC)
Athens Quadrangle

« Start Date: 18 November 1977
s Complelion Date: 1 January 1979

Spartanburg Quadrangle

e Start Date: 3 October 1977
®» Completion Date: 31 May 1979

Greensboro Quadrangle

» Start Date: 19 Qctober 1977
¢ Complelion Dale: 1 August 1979

The Piedmont Province, which includes the
greater part of these quadrangles, is composed
of Precambrian and Lower Paleozoic metased-
iments intruded by various granitic plutons.
These plutons are the major targets for uranium
resource investigations. Other potentially favor-
able environments for uranium deposits are the
Danville, Durham, and Sanford Triassic basins,
which underlie parts of the Greensboro and
Spartanburg Quadrangles. Field work consisted
of data gathering and sample collection. One
radon emission survey was performed. Work on
these quadrangles was completed in 1979 and
folios are now in preparation.

Raleigh Quadrangle

s Start Date: 1 Novemnber 1979
o Completion Date: 31 October 1981

Triassic rocks in the Wadesboro Basin constitute
the predominant target for uranium resource
evaluation in this quadrangle. Other targets
include Paleozoic granites and possible roll-type
deposits in the Coastal Plain. Work in 1979 con-
sisted of a literature survey in preparation for the
1980 field season.

Dickinson Quadrangle

# Start Date: 2 October 1978
o Completion Date: 31 May 1980

Lemmon Quadrangle

8 Siart Date: 2 October 1978
» Completion Date: 31 May 1980

Uranium resource evaluation of these two quad-
rangles in North and South Dakota was con-
ducted by geologists of the Bendix Atlanta field
office. Both quadrangles are undertain by Cre-
taceous and Paleocene sillstones, sandstones,
and lignites. Uranium deposits are known in
sandstones and lignites; uranium has been
produced commercially from lignites in the
vicinity of Belfield, North Dakota. Field investi-
gations consisted of outcrop examination and
sample collection and included 2,500 miles
(4.023 kilometers) of car-borne scintillometer
traverses. Field work was completed during 1979
and electric log study and folio compilation have
begun.

Quadrangle Evaluation (Subcontractor)
Augusta Quadrangle

Subcontractor: Carolina Geosciences Corp.
Subcontract Value: $168,600

Start Date: 20 March 1978

Completion Date: 31 March 1980
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Ninety-five percent of this quadrangle lies in the
Coastal Plain, with the northwestern five percent
in the Piedmont Province. In the Coastal Plain,
roll-front uranium deposits may occur in Cre-
taceous sediments; in the Piedmont, Paleozoic
fault zones and associated crystalline rocks are
being investigated for uranium favorability. Field
work consisting of outcrop examination, sample
collection, and emanometry surveys was com-
pleted in 1979.

Pittsburgh Field Office

Uranium resource evaluations in the entire north-
eastern section of the United States are the
responsibility of the Pittsburgh field office. In
1979 Bendix geologists completed the investi-
gation of three quadrangles in the Pennsylvania-
New York-New Jersey area and a subcontractor
continued work on two quadrangles in New
England. In addition, geologists from the Pitts-
burgh office conducted uranium favorability
studies in three high-priority quadrangles in the
western United States; Pittsburgh personnel
worked on the Hot Springs Quadrangle in the
Casper field region, and on the Marble Canyon
and Grand Canyon Quadrangles in the Atbu-
querque region.
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Quadrangle Evaluation (BFEC)
Harrisburg Quadrangle

e Start Date: 1 November 1977
® Completion Date: 1 November 1979

Scranton Quadrangle

® Start Date: 1 November 1977
® Completion Date: 30 April 1979

Willliamsport Quadrangle

® Start Date: 1 November 1977
® Completion Date: 31 December 1879

Targets for uranium investigation in these three
quadrangles are the Catskill Formation and the
Mauch Chunk Farmation, which have long peen



Working in the Hot Springs Quadrangle near
Pringle, South Dakota Bendix geologists
examine an outcrop at & radiometric anomaly
found by detailed aerial survey.

known to contain significant uranium deposits,
and Precambrian metamorphics of the Reading
Prong. All geologic units were investigated,
outcrops examined, and samples collected for
petrologic and chemical analysis. Electric logs
were used for interpretation of geologic con-
ditions in the Williamsport Quadrangle. Field
studies were completed during 1979 and folio
compilation has begun.

Hot Springs Quadrangle

¢ Start Date: 20 November 1978
®* Completion Date: 31 May 1980

Upper Cretaceous and Lower Tertiary sediments
underlie most of this Dakota Badlands quad-
rangie. The Black Hills—intrusive crystallines
surrounded by Paleozoic and Mesozoic sedi-
ments—are in the northwest quarter. The Edge-
mont,South Dakota uranium district, which was
active in the 1950s, is also in this quadrangle.
Resource evaluation has been assigned to geol-
ogists from the Bendix Pittsburgh office who
examined outcrops in all parts of the project area

and collected samples for petrologic and chemi-
cal analysis. A helicopter was used for a radio-
metric reconnaissance of the intrusive rocks.
Field work was completed during 1979 and folio
compilation has begun.

Grand Canyon Quadrangle

® Start Date: 1 November 1978
® Completion Date: 29 February 1980

Marble Canyon Quadrangle

e Start Date: 1 November 1978
® Completion Date: 29 February 1980

In these two high-priority quadrangles in Ari-
zona, environments being assessed by Bendix
Pittsburgh geologists are primarily in Paleozoic
and Mesozoic sediments that are known host
rocks for a number of deposits, some of which
have had major production. Field investigations
consisted of outcrop examination and sample
collection for petrologic and chemical analysis.
A helicopter was used for radiometric survey of
areas thought to be favorable for the occurrence
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of uranium deposits and for access to remote
areas. Field work was completed during 1979
and folio compilation has begun.

Quadrangle Evaluation (Subcontractors)
Glens Falls Quadrangle

Subcontractor: Chiasma Consultants, Inc.
Subcontract Value: $143.700

Start Date: 9 February 1978

Completion Date: 9 February 1980

e« & 8 ¢

Portland Quadrangle

* Subcontractor: Chiasma Consultants, inc.
s Subcontract Value: $§143,700

® Start Date: 9 February 1978

® Completion Date: 9 February 1980

4
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Anchorage Field Office

The area of responsibility of the Anchorage field
office is the entire state of Alaska. During 1979
Bendix geologists conducted uranium favor-
ability investigations of two quadrangles and
served as monitors for subcontracted investi-
gations of eight additional quadrangles.

Quadrangle Evaluation (BFEC)
Dixon Entrance Quadrangle

@ Start Date: 1 March 1978
s Completion Date: 31 March 1980

In this quadrangle, uranium has been mined at
Bokan Mountain on Prince of Wales Island.
Similar geologic environments are being sought
and the Precambrian Wales Group metamorphic
complex is being investigated for possible vein-
type uranium occurrences. Field investigations
were finished in the summer. Data were com-
piled and evaluated by year's end and the final
report of results is near completion,

Kenai Quadrangle

® Start Date: 1 December 1978
& Completion Date: 31 December 1980
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in lhese two quadrangles, which include por-
tions of New York, Vermont, New Hampshire,
and Maine, the underlying rocks range from the
Adirondack structural front on the west to the
various piutons of Maine on the eas!. Uranium
concentrations have been reported in basement
rocks of the Adirondack Mountains and the
Green Mountains anticlinorium. Plutons in New
Hampshire and Maine are known to contain
radioactive dikes and areas of radioactive coun-
try rock. Other possibie favorable environments
being investigated are Lower Paleozoic sed-
iments, where the uranium source may have
been fluids from the underlying plutons. The
subcontractor's field crews examined outcrops
and collected samples for petrologic and chemi-
cal analysis.

Land areas in the Kenai Quadrangle lie on
opposite sides of Cook Inlet. The focus of the
investigation is on Mesozoic plutonic and volca-
nogenic rocks in the Alaska-Ateutian Range and
on continental sedimentary deposits that make
up the Tertiary Kenai Group. Preliminary field
investigations were completed during the sum-
mer and followup work will begin early in 1980.

Quadrangle Evaluation (Subcontractors)
Mt. McKinley Quadrangle

Subcontractor: C. C. Hawley & Associates, Inc
Subcontract Value: $179,900

Start Date: 11 April 1978

Completion Date: 31 July 1979

Talkeeltna Quadrangle

e Subcontracior: C. C. Hawley & Associates, inc.
¢ Subcontract Value: $179,900

@ Start Date: 11 April 1978

e Completion Date: 31 July 1979

Tyonek Quadrangle

e Subcontractor: C. C. Hawley & Associates. Inc.
® Subcontract Value: $179,900

e Start Date: 11 April 1978

¢ Completion Date: 31 July 1979



Lime Hills Quadrangle

® Subcontractor: C. C. Hawley & Associates. Inc.
® Subcontract vValue: $180,000
* Start Date: 11 April 1978

® Completion Date: 31 July 1979

These quadrangles encompass part of the south-
ern Alaska Range and adjoining lowlands, includ-
ing the northern part of Cook inlet. Targets that
appear to be favorable for uranium are granitic
plutons, felsic volcanogenic rocks, fluvial sand-
stones, and schists. Final folios and resource
evaluation were completed by mid 1979 on these
four quadrangles.

Circle Quadrangle

Subcontractor: C. C. Hawley & Associates. 'nc.
Subcontract Value: $219.624

Start Date: 14 May 1879

Completion Date: 31 May 1980

Charley River Quadrangle

Subcontractor: C. C. Hawley & Associates, Inc.
Subcontract Value: $219.624

Start Date: 14 May 1979

Completicn Date: 31 May 1980

Black River Quadrangle

Subcontractor: C. C. Hawley & Associates, Inc.
Subcontract Value: $218,624

Start Date: 14 May 1979

Completion Date: 31 May 1980

Coleen Quadrangle

® Subcontractor: C. C. Hawley & Associates. Inc.
® Subcontract Value: $219.624
® Start Date: 14 May 1979

® Completion Date: 31 May 1980

These four quadrangles are in the upper Yukon
area of Alaska near the Canadian Border.
Granitic plutons of Tertiary age, which are best
exposed in the Circle Quadrangle and with
which an important uranium deposit is asso-
ciated in the adjacent Livengood Quadrangle,
are the principal rocks under investigation. Addi-
tional targets include granitic plutons of Pre-
cambrian and Paleozoic ages, sedimentary rocks
ot Paleozoic and Cenozoic ages, and unconfor-
mities found in the Paleozoic-Cenozoic
sedimentary sequence, Field investigations were
completed in September, compilation and inter-
pretation of results were finished at the end of
the year, and report preparation is in progress.

Quadrangle Assessment

Quadrangle assessment uses the results of
geologic evaluation to determine the potential
uranium resources of each favorable area in

terms of estimated tons and average grade of
U;0. The NURE program imposes two assess-
ment requirements:; estimation of the uranium
endowment and estimation of the potential
uranium resources of a favorable area. The
endowment is the total quantity of uranium pos-
tulated to exist in concentrations exceeding 100
ppm U;0, Potential uranium resources are
those portions of the endowment estimated to be
recoverable al selected forward costs, presently
established at $30, $50, and $100 per pound of
U30a.

The resource assessment methodology em-
ployed by Bendix requires comparison of areas
o be assessed with control areas that have
known mineralization, usuaily producing
uranium districts. Estimation of endowment is
accomplished by analogy: the favorable area is
assumed to contain the same quantity of uran-
ium per unit area, volume, or length as does the
control area, subject to modification by factors
provided by the field geologist. The potential
resources are determined by assuming that the
favorable area has the same grade-tonnage dis-
tribution as the controf area.

A classification of uranium deposits provides the
framework for selecting control areas and mak-
ing comparisons. Consistency and uniformity in
geologic interpretation are essential. Preliminary
report GJBX-32(79), Preliminary Recognition
Criteria for Uranium Qccurrences; A Field Guide
was issued in 1979. This document is a consoli-
dation of GJBX-63(78) and GJBX-867(78). It
provides a checklist of the types of information
essenlial to the complete description of favorable
environments, and is intended to help the field
geologists make standardized classification
assignments by comparing the characteristics
of favorable areas with those of known uranium-
producing areas.

Bendix pertorms the guadrangle assessments,
except for those areas involving company-
confidential information; these are assessed by
DOE geologists. Final products of the assess-
ments will be released in future NURE reports.

During 1979 assessments were completed for 26
quadrangles. Of these, 18 were part of the 116
quadrangles designated as high priority. These
18 are Athens, Crystal City, Greensboro, King-
man, La Junta, Lamar, Lime Hills, Mt. McKinley,
Piainview, Prescott, Sandpeint, Scranton, Se-
guin, Spartanburg, Spokane, Taikeetna, Tyonek,
and Williams. Eight guadrangles from the Seward-
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Selawik Peninsula of Alaska were also assessed:
Bendeleben, Candle, Kotzebue, Nome, Selawik,
Shishmaref, Solomon. and Teller.

NURE Geostatistical
Evatuation Study

8 Subcontractor: Terradata

8 Subcontract Value: $70.633

& Start Date: 1B July 1979

8 Completion Date: 4 January 1980
This geostatistical consulting firm is examining
the current assessment methodology from a sta-
tistical viewpoint and has made recommen-
dations for minor modifications. An in-depth
study of control-area parameters is in progress
to provide a population data set for control
areas.

Improved Appraisal System for
U:0s Endowment

& Subcontracter: Universily of Arizona

# Subcontract Value: $288.813

& Start Date: 18 January 1977

e Completion Date: 29 Februrary 1980
The purpose of this project is to develop an
improved methodology for the appraisal of U0,
endowment as a function of the information level
and geologic variables of a given area. Experts
will exchange information and hypothesis via
interactive computer terminals. The computer is
programmed to force an appraisal using a
decision-tree process.

The appraisal system is in the final stages of
development and is currently undergoing
testing.

Work Statement for Preparation of
Uranium Deposit Occurrence Models

# Subcontractor: Samuel S, Adams & Associates

e Subcontract Value: $354,700

e Start Date: 2 April 1979

# Completion Date: 30 September 1980
The objective of this project is to develop des-
criptive models of six major types of uranium
deposits and to provide professional geologic
services related to occurrence models and re-
source assessment methodology.

Tne subcontractor will develop geologic models
for each of the following types of uranium
deposits: (1) sandstone—epigenetic carbona-
ceous material exemplified by the “primary”
deposits of the Morrison Formation, San Juan
Basin, New Mexico; (2} sandstone—roll front
exemplified by the deposits of the Gas Hills,
Shirley Basin, and Powder River Basin districts;
(3) sandstone--—detrital carbonaceous material
exemplified by deposits in the Salt Wash
Member of the Morrison Formation and in the
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Date Creek district, western Arizona; (4)
sandstone—gaseous reductants exemplified by
the deposits of the Texas Coastal Plain; (5)
guartz-pebble conglomerates exemplified by the
Blind River, Canada, and the Witwatersrand,
South Africa districts; and (6) unconformity-
related vein deposits exemplified by the
Athabaska, Saskatchewan, and Alligator Rivers,
Australia districts.

Related to the prime objective of providing
models of six types of uranium occurrences is an
additional requirement for professional geologi-
cal services by the principal investigator. These
additional services will serve to fully coordinate
the modeling concepts with the USGS (Denver,
Colorado and Reston, Virginia), DOE-Bendix
(Grand Junction, Cotorado}, and with Dr.
DeVerle Harris, University of Arizona {Tucson,
Arizona) for validation work on the San Juan
Basin model.

Potential Supply Systems

@ Subcontracior: University of Arizona

& Subcontract Value: $317,106

e Start Date: 18 September 1978

¢ Completion Date: October 1980
The objective of this study is development of a
model foruranium resource assessment that
integrates geclogic favorability data with mining
and processing factors. This economic and
engineering analysis of uranium exploration and
exploitation should provide the capability of
examining the effects of cost fluctuations and
technological advances on potential supply.

Supply Analysis System

@ Subcontractor: Dames & Moore

@ Subcontract Value: $783,770

e Starl Date: 20 February 1979

¢ Completion Dale: 13 May 1980
Under this contract, Dames and Moore, along
with its subcontractors International Energy
Associates and Colorado School of Mines, will
develop an integrated computerized system for
long-term analysis of domestic U.O, supply.
This system will be used by DOE to rapidly eval-
uate thousands of mineral properties, to allocate
resources to more and larger production centers
than presently exist, to schedule mulitilevel pro-
duction plans, and to perform functional eco-
nomic analyses.

The system is needed to {acilitate frequent and
reliable responses to new U.0. demand projec-
tions as impacled by updated ore reserve and
potential resource estimates. changes inthe
economic climate, and evolving environmental
and institutional constraints.



Aerial Radiometric Reconnaissance and Detail Surveys

The Aerial Radiometric Reconnaissance program
has two principal objectives in support of NURE:
{1) 1o acquire surface gamma radiation data for
the DOE-directed uranium resource evaluation
effort, and (2} to rapidly identify broad source
regions of highest uranium favorability 1o help
indusiry's U.S. exploration effort.

In accomplishing these objectives, the aerial
reconnaissance program will survey all states
except Hawaii and fly about 1.24 miliion flight-
line miles (2 million flight-line kilometers) with
line spacing ranging from 1 to 12 miles (1.6 to
19.3 kilometers).

The Aerial Radiometric Reconnaissance program
was initiated in 1974 and funded in 1975 at a level
of $1 million. In 1979 the reconnaissance and
detail program expanded to an $8-million effort.

At the end of 1979 more than 780,000 line miles
(1,255,000 kilometers) of reconnaissance survey
and 70,000 line miles {112,700 kilometers) of
detail survey have been completed; this repre-
sents nearly two-thirds of the flying portion of

the aerial reconnaissance program. The map
presented below shows the areas completed and
in progress.

In 1979 contracts were signed for 11 projects
and 58 GJBX reports on 112 quadrangles were
open filed. Approximately 190,000 line miles
(306,000 kilometers) were flown during 1979 in
reconnaissance surveys.

A program, 1o perform detail surveys with line
spacing as close as 1/4 mile {0.40 kilometer} that
beganin 1978, was continued. Detail surveys
werecarriedoutinnine areaswhich were
selected on the basis of favorable geology,
known occurrences, or other selective criteria.
Approximately 48,000 line miles (77,000 kilo-
meters) of detail surveys were completed. One
detail survey, the Gillette project, was open filed
as GJBX-112(79).

During 1979 seven rotary-wing and three fixed-
wing systems, belonging to seven different sub-
contractors, were used in the aerial radiometric
surveys. To ensure that each airborne system

STATUS OF THE AERIAL RADIOMETRIC RECONNAISSANCE SURVEYS

=3 Flying in progréss
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data open filed
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Allthe detail survey llying completed during 1979 used helicopters.

and resulting reduced data met surveying speci-
fications, a system qualification program that
began in 1977 continued. This evaluation
program has resulted in improvements in
establishing system parameters and better re-
duced data. A long-term goal is a common data
reduction scheme for all subcontractors.

A program of magnetic data tape quality control
began in 1979. This program requires all subcon-
tractors to submit data tapes which contain radio-
metric and magnetic data in a common format
and toanalyze the tapes for correctness and
completeness.

Northeast Washington/McDermitt
Rotary-Wing/Detail Survey

® Subcontractor: LKB Resources, Inc.
® Subcontract Value: $1,098,000

® Start Date: 25 July 1979

@ Completion Date: 19 July 1980

* Line Miles: 21,127 {33,994 kilometers)
® Aircraft: Sikorsky S-58T

On September 1, 1979 flying began on a 9,105
line-mile {14,650 kilomeéter) detail survey cover-
ing eight areas near Spokane, Washington; fly-
ing was completed on November 14, 1979. On
November 16, 1979 flying began on the McDer-
mitt/Steens Mountain 13,170-mile (21,191 kilo-
meter) survey in Nevada and QOregon and is
scheduled to be completed early in 1980.
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Northeast Washington
Rotary-Wing Survey

@ Subcontractor: LKB Resources, Inc.
Subcontract Value: $652,731

Start Date: 10 August 1977
Completion Date; 31 January 1979
Line Miles: 14,754 {23,739 kilometers)
Aircraft: Sikorsky S-58T

Flying on this survey was conducted between
August 10, 1977 and October 3, 1977. An open-
tite report for the Spokane Quadrangle was
released in 1978. The Okanogan and Sandpoint
reports were released as GJBX-142(79).

Sweetgrass Rotary-Wing/
Fixed-Wing Survey

® Subcontractor: Texas Instruments, Inc.
® Subcontract Value: $945,054

e Start Date: 20 June 1978

e Completicn Date: 3 October 1979

@ Line Miles: 29,210 {46,999 kilometers)
e Aircraft: Sikorsky S-58T and DC-3

The Sweetgrass survey was described in last
year's report. Flying on this survey was con-
ducted between July 31, 1978 and September 28,
1978. Areas covered by this survey are Shelby,
Great Falls, Lewistown, Butte, Choteau, Havre,
and Cut Bank Quadrangles in Montana; Twin
Falls and Pocatellc Quadrangles in Idaho;
Ritzville Quadrangle in Washington; Hot Springs



Quadrangle in South Dakota; and St. Johns
Quadrangle in Arizona and New Mexico. Open-
file reports for these guadrangies were released
as GJBX-126(79).

ldaho Rotary-Wing Airborne Survey

® Subcontractor. geoMetrics, Inc.

® Subcontract Value: $581,000

® Start Date: 13 June 1879

Completion Date: 8 April 1980

Line Miles: 20,325 {32,723 kilometers)
Aircrafl: Lama

Flying began on July 4, 1979 and was completed
QOctober 8, 1979.

Areas covered by this survey were the Boise,
Hailey, ldaho Falls, Rapid City, Elk City, Salt
Lake City, and Ogden Quadrangles.

The Boise, Hailey, ldaho Falls, and Eik City
Quadrangles will be open filed early in 1980, and
open filing of the Rapid City, Salt Lake City, and
Ogden Quadrangles wiil follow later in 1980.

Reno/Snake River Basin
Rotary-Wing Survey

Subcontractor. Geo-Life, Inc.
DOE/SBA Contract

Start Date: 11 March 1977
Completion Date: 30 Jure 1979

Line Miies: 84 629 (136.168 kilometers)
Aircraft Sikorsky S-58T and Lama

The subcontractor for this survey was a joint
venture between High Life Helicopters, Inc., and
Geodata International, Inc. The subcontract was
handled by DOE/Small Business Administration
{SBA). with technical monitoring by Bendix.

Twenty-seven guadranglies were flown; four
open filed in 1978, twenty in 1979, and the
remaining three will be open filed in 1980. The 20
quadrangles open filed in 1979 were: Winne-
mucca as GJBX-21(79); Goldfield as
GJBX-B66(79); Tularosa as GJBX-67(72); Tono-
pah as GJBX-104{79}; Needles as GJBX-114(79});
Little Rock as GJBX-115(79); Price as
GJBX-117(79); Tooele as GJBX-118(79);
Brigham City as GJBX-124(79);, Vya as
GJBX-136(79); Wells as GJBX-137{79); Millett
as GJBX-154(79); Challis as GJBX-156(79); Elko
as GJBX-159(79). Richfield as GJBX-161(79);
Socorro as GJBX-163(79), Death Valley as
GJBX-164(79); Vernal as GJBX-187(79);
McDermitt as GJBX-168(79); and McAlester as
GJBX-174(79).

High Life/SBA Rotary-Wing Survey

* Subcontractor: High Life Helicopters. Inc.
® DOE/SBA Contract

* Start Date: 1 October 1978

* Completion Date: 28 February 1980

® Line Miles: 66,069 {106,306 kilometers)

® Ajrcraft Lama

This project is in the fourth year of a DOE/SBA
contract with technical monitoring by Bendix.

The areas assigned in 1979 are for recon-
naissance surveys on the Gadsden, Birmingham,
Ely, Lund, Mariposa, Fresno, Bakersfield, San
Jose, San Francisco, Santa Cruz, San Luis
Obispo, San Bernardino. Los Angeles, Santa
Maria, Santa Ana, and San Diego Quadrangles,
totaling 38.666 miles (62,226 kilometers) of
reconnaissance flying. Detailed surveys were
assigned for parts of the Prescott, Marfa,
Presidio, Fort Stockton, Sonora, Del Rio, Marble
Canyon, Escalante, Flagstaff, Durango, and
Rawlins Quadrangles, totaling 27,403 line miles
(44,100 kilometers).

Data for Gadsden and Birmingham will be open
fited in early 1980 and data for the remaining
areas will be open fited at intervals during 1980.

Marysvale Rotary-Wing Survey

¢ Subcontractor: Geo-Life, Inc.

» DOE/SBA Contract

® Start Date: 31 May 1978

e Compiletion Date: 31 December 1979
® Line Miles: 3.882 (6,246 kilomelers)
& Aircraflt; Lama

Flying on the Marysvale detail survey in the
Richfield Quadrangle, Utah began in October
1978, terminated in November 1978 due to snow
in the survey area, and was completed in Sep-
tember 1979, Results of the survey will be open
filed in 1980.

Powder River || Rotary-Wing/
Fixed-Wing Survey

® Subcontractor: geoMetrics, Inc.

® Subcontract Value: $339,000

@& Start Date: 28 June 1978

8 Completion Date: 1 October 1979

8 Line Miles: 17,466 (28.103 kilometers)
# Aircraft: Lama and Grumman S-2

This survey covers the Ekalaka, Gillette, New-
castle, Torrington, and Casper Quadrangles in
Wyoming and Montana. Flying on this survey
was conducted between August 12, 1978 and
September 28, 1978. Data on the Casper Quad-
rangle were integrated with eartier data covering
a portion of the quadrangle that were acquired by
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Texas Instruments in 1975 and reported under
GJO-1631-1.

Reports for Ekalaka, Gillette, and Newcastle
were released as GJBX-82(79). The Casper and
Torrington Quadrangles were open filed as
GJBX-158(79).

Gillette Detail Airborne Survey

Subcontractor: geoMetrics, Inc.
Subcontract Value: $21,287

Start Date: 28 June 1278
Completion Date: 14 May 1879
Line Miles: 810 (1,303 kilometers)
Aircraff: Lama

This survey was described in the 1978 report and
covers the Bear Lodge Mountains over portions
of the Devil's Tower, Alva, Nefsy, and Sundance
15-minute Quadrangles in northeastern Wyo-
ming. A 1/4-mile {0.40 kilometer) grid, both
north-south and east-west, was flown between
August 12, 1978 and August 22, 1978. This report
was released as GJBX-112(79).

Minnesota Fixed-Wing Survey

® Subcontractor: geoMetrics, Inc.
Subcontract Value: $283,000

Start Date: 7 May 1979

Completion Date: 3 March 1980

Line Miles: 14,922 (24,024 kilometers)
Aircraft: B-65 Queenaire

Flying began August 1, 1979 and was completed
on September 22, 1979,

This survey includes the St. Cloud, New Ulm,
Watertown, Sault Sainte Marie, Blind River,

Escanaba, Cheboygan, Alpena, Milbank, Fargo,
Grand Forks, and Thief River Falls Quadrangles
in Minnesota and Michigan. The quadrangles in
Minnesota are scheduled for a group release
early in 1980 and the quadrangles in Michigan
soon afterward.

Northern Rockies Rotary-Wing Survey

Subcontractor; High Life Helicopters, Inc.
Subcontract value: $336,500

Start Date: 23 June 1878

Completion Date: 22 August 1979

Line Miles; 13,370 {21,512 kilometers}
Aircraft: Lama

This survey covers the Hamilton, Dillon, Boze-
man, White Sulphur Springs, and Billings Quad-
rangles located in Montana and ldaho. Flying
was completed for this contract in October 1978.
The Bozeman Quadrangle was released as
GJBX-81(79); Billings Quadrangle as
GJBX-87(79); White Sulphur Springs Quad-
rangle as GJBX-96(79); Dillon Quadrangle as
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GJBX-107(79}): and the Hamilton Quadrangle as
GJBX-119(79). Previous coverage of this survey
appeared in the 1978 report.

Yellowstone Rotary-Wing Survey

Subcontractor: Litton Aero Service Corp.
Subcontract Value: $667,931

Start Date: 23 June 1978

Completion Date: 5 March 1979

Line Miles: 15,433 (24,832 kilometers)
Aircraft: Sikorsky S-58T

Flying was completed on the Yellowstone project
in November 1978 and it was reported in the
1978 report. The Cody Quadrangle was open
filed as GJBX-105(79); the Ashton Quadrangle
as GJBX-106(79); the Durango Quadrangle as
GJBX-143(79); and the Dubois Quadrangle as
GJBX-155(79).

Uncompahgre Rotary-Wing Survey

Subcontractor: geoMetrics, Inc.
Subcontract Value: $473,921

Start Date: 28 June 1978

Completion Date: 12 February 1979
Line Miles: 13,369 {21,511 kilometers)
Aircraft: Lama

The Uncompahgre survey was flown during the
summer of 1978 and covered the Leadville,
Montrose, Moab, and Salina Quadrangles as was
reported in the 18978 report. The results of this
survey were open filed as GJBX-95(79).

Montrose Detail Rotary-Wing Survey

Subcontractor: geoMetrics, Inc.
Subcontract Value: $150,753

Start Date: 28 June 1978
Completion Date: 8 May 1979

Line Miles: 4,231 (6,808 kilometers)
Aircraft: Lama

The Montrose detail survey consists of five
separate areas in the Montrose Quadrangle. Fly-
ing was completed in the summer of 1978 and
final reports are scheduled for open filing in
1980.

Trinidad Project

* Subcontractor: Texas Instruments, Inc.

® Subcontract Value: $155.915

s Start Date: 19 October 1978

o Completion Date: 15 December 1979

® Line Miles: 3,212 {5,168 kilometers)

e Aircraft: Sikorsky S-58T

This survey, reported on last year, covers the
Trinidad Quadrangle in Colorado. Flying on this
quadrangle began on October 21, 1978 and was
tempoerarily halted due to weather on November

30, 1978 after completing 80 percent of the area.



Flying was resumed on August 27, 1979 and
completed on August 30, 1979. An open-file
report for this quadrangle will be released in
1980.

Brushy Basin Rotary-Wing Survey

* Subcontractor: High Life Helicopters, Inc.
Subcontract Value: $115.523

Start Dale: 7 September 1978
Completion Date: 30 March 1979

Line Miles: 3.310 (5.326 kilometers)
Ajrgraft: Lama

As reported in 1978 this detail survey was flown
at 1/4-mile (0.40 kilometer) spacing over an area
of numerous outcrops of the Brushy Basin
Member of the Morrison Formation. The areas
flown were near Green River, Utah and the San
Rafael Swell in the Price and Salina Quadrangles
in Utah. Flying was completed in October 1978;
however, due to changes in the contract it wili
not be open filed until 1980.

Durango Detail Rotary-Wing Survey

Subcontractor: Litton Aero Service Corp.
Subcontract Value: 528,000

Start Date: 23 June 1978

Completion Date: 9 May 1979

Line Mites: 703 (1,125 kilometers)
Aircraft: Sikorsky S5-58T

This survey was reported in the 1978 report. It
ariginally consisted of four areas in the Durango
Quadrangleto be flawn at 1/4-mile (0.40 kilo-
meter) line spacing; only one area was flown in
1978 before snow forced termination of the sur-
vey. Results of the survey for the one area com-
pleted will be open filed in early 1980. {(The
remaining three areas were flown in 1979 by
High Life Helicopters, Inc. under contract "High
Life/SBA Rolary-Wing Survey” [see p. 35].)

Rocky Mountains Rotary-Wing Survey

Subcontractor: Geodata International, Inc.
Subcontract Value: $577.627

Start Date: 13 June 1979

Completion Date: 8 May 1980

Line Miles: 19,983 {32,153 kilometers)
Aircraft: Lama

The Rocky Mountains rotary-wing survey con-
sists of Aztec, Cedar City, Jordan Valley, Adel,
Thermopolis, Lander, and Arminto Quadrangles.
Flying was completed in 1979 and the final
reports are scheduled to be open filed in 1980.

Raton Basin Rotary-Wing/
Fixed-Wing Survey

+* Subcontractor: geoMetrics, inc.
Subcontract Value: $485 000

Start Date: 28 June 1978

Completion Date: 18 January 1980
Line Miles: 15,995 (25.736 kilometers)
Aircraft: Lama and Grumman S-2

This survey covers the Albuquerque, Shiprock,
Gallup, Raton, Santa Fe, and Flagstaff Quadran-
gles in New Mexico and Arizona. Flying was con-
ducted between October 18, 1978 and December
1, 1979,

The Albuquerque, Shiprock, and Gallup reports
were released as GJBX-116(79) and Flagstaff as
GJBX-157{79). Raton and Santa Fe will be open
filed in 1980.

Utah/Arizona Rotary-Wing/
Fixed-Wing Survey
Subcontractor: Texas Instruments, Inc
Subcontract value: $664.900

Start Date: 13 Oclober 1977
Completion Date: 20 February 1979
Line Miles: 13.284 {21.374 kilometers)
Aircrafl: Bell-212 and DC-3

This survey completes the coverage of guad-
rangles partialty flown with fixed-wing surveys in
1975 and 1976 over portions of the Tucson,
Nogales, Mesa, Douglas, Sitver City, and Clifton
Quadrangles in Arizona and New Mexico and the
Delta Quadrangle in Utah and was reported in
the 1978 reporl. The new data were integrated
with the previous fixed-wing data and are
presented on a complete quadrangle basis.
Open-file reports for the Utah/Arizona survey
were released as GJBX-23(79) and GJBX-24(79).

Colorado/Arizona Rotary-Wing Survey

Subcontractor: LKB Resources. Inc
Subcontract Value: $764,199

Start Date. 6 September 1978
Completion Date: 3 June 1979

Line Miles: 18,911 (30,428 kilometers)
Aircraft: Sikorsky S-58T

As described in last year's report, flying on this
subcontract began in October 1978 and con-
tinued through the winter in southern quad-
rangles. The quadrangles included in the survey
are Craig, Grand Canyon, Marble Canyon, Salton
Sea, Ajo, Phoenix, Lukeville, and El Centro.
Craig was open filed as GJBX-153(79); the
remaining quadrangles are scheduled for open
fiing in 1980.

Llano Uplift Fixed-Wing Survey

Subcontractor: Geodata International. Inc.
Subcontract Value: $249,500

Start Date: 28 June 1978

Completion Date: 13 February 1979

Line Miles: 11,658 (18.758 kilometers)
Aircraft DC-3

As reported in 1978 the Llano Uplift project
consists of the Llano, Brownwood, Lemmaon, and
Dickinson Quadrangles. Flying was completed
in October 1978. The Brownwood Quadrangle
was open filed as GJBX-68(79); Lemmon as
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GJBX-138(79); and Dickinson as GJBX-139(79).
Llano will be open filed in 1980.

Texas/Kentucky Fixed-Wing Survey

Subcontraclor: Texas Instruments, Inc.
Subcontract Value: $350.467

Start Date: 1 March 1979

Completion Date: 14 February 1980
Line Miles: 17,618 (28,348 kilometers)
Aircraft. DC-3

Dalhart, Poplar Btuff, Dyersburg, Palestine,
Beaumont, Rolla, Paducah, and Atlanta Quad-
rangles are covered in the Texas-Kentucky
survey. Flying was completed July 30, 1979 and
the final reports are scheduled for release in
1980.

Texas/Nebraska Fixed-Wing Survey

Subcontractor: geoMetrics. Inc.
Subcontract value: $226.000

Start Date: 9 July 1972

Completion Date: 4 May 1980

Line Miles: 12,022 {19,355 kilometers)
Aircraft. Queenair

This survey includes the Tyler, Texarkana, Waco,
Alliance, and Scottsblutf Quadrangles in Texas
and Nebraska.

Flying began on September 24, 1979 and was
completed in November 1979. The report is
scheduled to be open filed in 1980.

Texas Gulf Coast Il Fixed-Wing Survey

s Subcontracter: Geodata International, Inc.
Subcontracl Value: $445 362

Start Date: 11 January 1977

Completion Date: 31 March 1979

Line Miles: 18,155 (29,211 Kilometers)
Aircraft: DC-3

This survey completed coverage of 10 quad-
rangles which had been partially covered in a
previous survey, the results of which were open
filed in 1975 as report GJO-1632. Results of the
present survey, which include data from the
earlier surveys, were cpen filed for Houston,
Brownsville, and McAllen Quadrangles in 1978;
the Seguin Quadrangle as GJBX-37(79); Beeville
and Bay City Quadrangles as GJBX-69(79);

Helicopters are used in ground follow-up investigations of aerial survey data.
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Crystal City Quadrangle as GJBX-98(79);
Corpus Christi and Laredo Quadrangles as
GJBX-99(79); and the Austin Quadrangle as
GJBX-148(79).

Southeast United States
Fixed-Wing Survey

¢ Subcontractor: Geodala Internaticnal, Inc.
Subcontract Value: $454,000

Start Date: 13 June 1979

Completion Date: 8 May 1980

Line Miles: 21,120 {34,003 kilometers)
Aircrait: DC-3

Flying began on this survey on June 23, 1979
and was completed on September 18, 1979.

Quadrangies in this survey are Montgomery,
Phenix City, Macon, Evansville, Winchester,
Raleigh, Norfo!k, Beaufort, Wilmington,
Salisbury, Eastville, Manteo, and Rocky Mount.
Open-file reports are scheduled for release in
mid 1980,

Appalachian Basin Rotary-Wing Survey

® Subcontractor: Carson Helicopters, Inc.
® Subcontract Value: $555.000

e Slart Date: 1 June 1979

e Completion Date: 27 March 1980

e Line Mies: 19,180 (30,880 kiiometers)

e Aircraft: Sikorsky S-58T

This survey consists of the Canton, Clarksburg,
Cumberland, Charlottesville, Charleston,
Jenkins, Roanoke, Bluefield, Corbin, Chatta-
nooga, and Rome Quadrangles.

Flying began on September 5, 1979 and was
completed on December 1, 1979. QOpen-file
reports are scheduled for mid 1980.

Thorpe/Big Bend Rotary-Wing Survey

Subcontractor: LKB Rescurces. Inc.
Subceontract Value: $641.207

Start Date: 28 Octcber 1976
Comeletion Date: 20 July 1979

Line Miles: 19.000 (20,571 Kilomelers)
Aircraft: Sikorsky S-58 and 5-58T

The Thorpe porticn of this study covered the Wil-
liamsport, Harrisburg, Scranton, and Newark
Quadrangles in Pennsylvania, New Jersey, and
New York. Flying on the Thorpe survey was con-
ducted between November 8, 1976 and April 11,
1977.

In the Big Bend area, the survey covers the Fort
Stockton, Marfa, Presidio, and Emory Peak
Quadrangles 1n Texas. Flying on the Big Bend
survey was conducted between January 13, 1978
and February 13, 1978. The Marfa, Presidio, Fort
Stockton, and Emory Peak Quadrangles were
open filed as GJBX-88(79).

Reading Prong Detail
Rotary-Wing Survey

e Subceontractor: LKB Resources, Inc.
¢ Subcontract Value: $217.054

s Start Date: 6 September 1978

e Completion Date: 3 June 1979

e Line Miles: 5,935 {9.551 kilometers)
® Aircraft: Sikorsky S-58T

The Reading Prong detail survey, reported in the
1978 report. was flown during September and
October 1978, with 1/4-mile {0.40 kilometer) line
spacing. The final report was scheduled for open
filing in 1979 but additional data processing
requirements have delayed the report until 1980.
The detail survey area lies in the Newark and
Scranton Quadrangles.

Central Alaska Rotary-Wing Survey

¢ Subcontractor: Litton Aero Service Corp.

® Subcontract Value: $954.000

e Start Date: 1 June 1979

e Compgletion Date: 26 March 1980

e Line Miles: 13.273 (21.370 kilometers) reconnaissance
and 688({1.107 kilometers) detail,
total 13.961 (22,477 Kilometers)

e Aircraft: Sikorsky S-58T

Flying began in early July 1979 and was com-
pleted by the end of September 1979. Ten quad-
rangles, Sleetmute, Iditarod, McGrath,
Unalakleel, Ophir, Medfra, Norton Bay, Nulato,
Ruby. and Kantishna River were flown in the
reconnaissance survey; an area in the southeast
corner of the Ruby Quadrangle and extending
into adjacent quadrangles, called the Four
Corners survey, was flown in detail with 1-mile
{1.6 kilometer) line spacing.

Results of these surveys will be open filed in
1980.

Interior of a helicopter used in ':-mile line spac-
ing surveys.
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Subsurface Investigations

Subsurface geologic investigations in support of
NURE are conducted throughout the United
States under the direction of DOE. These inves-
tigations obtain subsurface data to reduce the
uncertainty of uranium resource estimates in
areas of known occurrences, or to help evaluate
favorability in areas of suspected occurrences
and in areas containing potentially uraniferous
host rocks. Subsurface data are generated by
drilling, coring, and logging formations with
potential for uranium mineralization. Additional
subsurface data are obtained by logging holes
drilled by industry or other governmental agen-
cies for nonuranium purposes.

Each proposed subsurface project undergoes a
geologic study to determine its applicability to
NURE objectives. Upon acceptance of the pro-
ject a detailed drilling plan is prepared that
defines all drilling and data acquisition require-
ments. Drilling operations are subcontracted
and are directed by Bendix engineers and geol-
ogists. In-house logging operations to provide
specialized downhole log data are supplemented
by commercial logging. After completion of
drilling operations, two reports are written, (1)
the engineering report, containing a description
of technical aspects of the drilling project, is
submitted approximately 2 months after drilling
completion, and (2) a geologic report, con-
taining basic geological data and a preliminary
evaluation of the results relative to project
objectives, is completed about 3 months after
the dritling is completed.

During 1979 drilling operations were undertaken
for 14 projects. Five of the projects were initiated
during 1978 and completed in 1979; seven
projects were both initiated and completed
during 1979; and drilling of two projects began in
1979 and continued in 1980. A total of 167 holes,
having an aggregate total depth of 229,355
feet (69,907 meters), was drilled during 1979.
Cores, having a cumulative total length of 42,042
feet (12,814 meters), were cut. Geophysical and
lithological togs were obtained from all drill
holes.

At the start of 1979 two downhole logging units
and one surface survey unit (owned by DOE and
operated by BFEC) were operational. During the
year, three additional downhole logging units
(all with on-board computers) were acquired
and equipped with KUT (spectral gamma-ray)
probes to support the varicus NURE projects. A
total of 197 holes were logged in 1979; 88 holes
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Bendix subcontracted to experienced drillers
with proven equipment,

were BFEC drilled and 1092 were industry drilted
holes located in the various project areas. Just
under 1,000,000 feet (304,800 meters} of conven-
tional suite log data and more than 100,000 feet
(30,480 meters) of select KUT sampling were
performed for projects located in Texas, New
Mexico, Arizona, California, Utah, Wyoming,
North Dakota, South Dakota, Montana, and
Washington. In addition to the in-house logging
effort, a new NURE program element called the
Quadrangie Logging Program was initiated in
1979 to obtain subsurface information from



holes drilled by industry for purposes other than
uranium exploration. The resulting subcon-
tracted logging aggregated 949,500 feet (289,410
meters) logged along the eastern slope of
Colorado, eastern Nevada, and the San Joaguin
Valley, California. Throughout the year Bendix
togging personnel also provided technical support
and advice to industry and other government
agencies on a routine basis.

During 1979 engineering and geological reports
were prepared for drilling projects completed
during 1978. These inciuded geological report
GJBX-3(79) on the Red River Project in North
Dakota and Minnesotla; engineering report
GJBX-50{79) and geological report GJBX-
182{79) for the Michigan Basins Project; engi-
neering report GJBX-103(79) on the Spor Moun-
tain Project in Utah; and engineering report
GJBX-101(79) on the East Chaco Canyon Project
in New Mexico.

1979 Drilling Projects

Drilling projects completed during 1979 and the
Owens Lake, Calitornia Project, still in progress,
are summarized below. Further discussions of
data obtained by projects are included in the
Geologic Studies and Technology Applications
sections of this report.

Lemhi Pass (Thorium)

® Quadrangle: Dubois
®» State: Montana
Subcontractors: Udy Core Drilling Co
Wild Cat Drilling Service. Inc.
® Total Subcontract Value; $115,647
® Start Date: 3 August 1978
® Completion Date: 14 September 1979
L ]
.

Number of Holes: 4
Total Feet Drilled: 2,378 (725 meters)

This project was performed in conjunction with
USGS which will issue the geologic report.
Project holes were 100 percent cored to examine
thorium occurrences in veins cutting the Belt
Series strata.

Sand Wash Basin

& Quadrangles: Craig, Vernal

® State: Colorado

® Subcontractors; American Drilling Co.
Camp Drilling Co.
Exploration Services, Inc.
Adventures, Inc.

Total Subcontract Value: $632,698

Start Date: 14 May 1979

Campletion Date: 4 November 1878

Number of Holes: 27

Total Feet Drilled: 26,084 (7,950 metlers)

This project examined the Browns Park sand-
stone—a Miocene formation with broad surface
exposure in northwestern Colorado, south-
central Wyoming, and northeastern Utah— which
is the host for economic uranium deposits. Some
zones of weak uranium mineralization were
encountered by project driliing.

Sonora Pass

» Quadrangle: Walker Lake

® State: California

® Subcontractors: Salisbury & Dietz, Inc.
California Division of Mines & Geology
Hosking Exploration Helicopters

Total Subcontract Value: $319.174

Start Date: 4 June 1979

Completion Date: 19 September 1979

Number of Holes: 19

Total Feet Drilled: 6577 (2,005 meters)

This drilling project was conducted 1n coopera-
tion with the California Division of Mines and
Geology. It examined buried Tertiary stream
channels in the central High Sierras of Califor-
nia. The objective was to obtain subsurface data
from sediments, thought to be analogous to
those of the Juniper channel, which contain
moderate uranium reserves,

The data obtained indicate that several channels
within the project area have potential for
uranium mineratization. Project engineering and
geological reports are in preparation.

San Rafael Swell

® Quadrangles: Price, Salina

®» State: Utah

® Subcontractors: Chesney Drifling Inc.
Himes Crilling Company. Inc.
Baroid Engineering Division
Exploration Services, inc.
Century Geophysical Corp.
Adventures, Inc.

Total Subcontract Value: $1,083.000

Start Date: 24 September 1978

Completion Date: Estimated December 1979

Number of Holes: 22

Total Feet Drilled: 39,230 {11,957 meters)

The San Rafael Swell area of southeast Utah
contains known uranium occurrences. This pro-
ject examined the Brushy Basin and Salt Wash
Members of the Morrison Formation and the
Moss Back and Monitor Butte Members of the
Chinle Formation. Some zones of weak uranium
mineralization were encountered and substantial
new geological information was obtained in
areas of limited exploration.
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A portable down hole gross gamma-ray probe is used in one of the southeast Wyoming boreholes.

Southwest Prescott

®» Quadrangles: Prescott, williams

e State: Arizona

® Subcontractors: Stewart Brothers Drilling Co.
Century Geophysical Corp.
Exploration Services. Inc.
Adventures. Inc.

Total Subcontract Value: $1,557,234

Start Date: 9 June 1979

Completion Date: 30 October 1979

Number of Holes: 18

Total Feet Drilled: 63,558 (19,372 melers)

This project examined the stratigraphy and
uranium favorability of Tertiary sediments in por-
tions of the Date Creek, Big Sandy, Congress,
McMullan, Butler, and Sacramento Basins. Some
zones of weak uranium mineralization were
encountered. The data obtained will greatly
increase the geological knowledge and reduce
the uncertainty of NURE uranium resource
estimates for these areas.
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Owens Lake

= Quadrangle: Death Valley

®» State: California

®» Subcontractors: X-L Drilling Co.
Expleration Services, Inc.
Adventures, Inc.

Total Subcontract Value: $1,253,055

Start Date: 24 June 1979

Completion Date: Estimated January 1980

Numkbker of Holes: 5

Total Feet Drilled: 16,703 {5.091 meters)

The Coso Formation of Tertiary age in Inyo
County, California is a complex of coarse con-
tinental clastic sediments, volcaniclastic rocks,
and lacustrine sediments which contains known
uranium deposits. This project is examining the
uranium potential and stratigraphy of these sed-
iments in areas and to depths which previously
have not been explored.



Missoula/Bitterroot Basins

Quadrangles: Wallace, Hamilton

State: Montana

Subcontractors: X-L Drilling Company, Inc.
Goodwell Inc.
Monaco Engineering Co.
Moentana Bureau of Mines and
Geology

Total Subcontract Value: $802.500

Start Date: 10 May 1978

Completion Date: 15 April 1879

Number of Holes: 7

Total Feet Drilled: 14,448 {4 404 meters)

This project was conducted in conjunction with
the USGS and the Montana Bureau of Mines and
Geology. 1ts purpose was to obtain subsurface
data to help assess the uranium potential of
southwestern Montana Tertiary basins. Drilling
was restricted to the Missoula and Bitterroot val-
leys. The engineering report, GJBX-127{79)}, has
been open filed. A detailed study of the samples
obtained is being made by the University of Mon-
tana and the project geological report has been
completed.

Black Hills Drilling Project

Subcontractor: Longyear Company
Subcontract Value: $65,146

Start Date: 3 August 1979
Completion Date: 7 September 1979

Uranium-bearing Precambrian quartz-pebble
Estes conglomerate in the northeastern Black
Hills, South Dakota was core drilled to evaluate
its uranium content and to solve stratigraphic-
structural problems in the area.

Five drill holes totaling 2,211 feet (674 meters)
were cored. Engineering information regarding
the drilling operation will be open filed in 1980.
Geologic information obtained from study of the
recovered core will also be open filed in 1980.

Southeast Wyoming Drilling

® Subcontractor: Earth Exploration Drilling of Utah
® Subcontract Value: $1,030,834

e Start Date: 13 June 1979

e Completion Date: 2 January 1980

This project was a follow-up phase of previous
geologic investigations conducted by University
of Wyoming researchers. Anomalous amounts of
radioactivity had been found in outcrops of
Precambrian quartz-pebble conglomerates in
numerous localities within the Medicine Bow
and Sierra Madre Mountains of southeastern
Wyoming. Eighteen core holes totaling 13,037
feet (3,974 meters) were drilled in 1979 to test the

subsurface below weathered outcrops. Addi-
tional holes are planned for next year. Data from
this coring program will be utilized in substan-
tiating DOE resource estimates and the resource
base of this region.

R&D Drilling Program—
Red Desert, Wyoming

e DQE Contractor: Hol-Han Drilling
R&R Drilling Co.

® Subcontract Value: $230,101

¢ Start Date: September 1978

s Completion Date: Qctober 1979

Twelve holes (5% inches/13 centimeters
diameter) were driiled in support of the Tech-
nology Integration project; seven were core and
five were rotary holes. The rotary holes averaged
600 feet (183 meters) TD and the fully cored
holes averaged about 750 feet (229 meters) to
TD. The core recovery ranged between 50-100
percent, averaging about 75 percent. The sam-
ples were lithologged and the holes were logged
for KUT, total gamma, self potential, resistivity,
and density. Borehole water samples were also
collected for helium and uranium isotopic stu-
dies. The results from this drilling will be inte-
grated with other geophysical, geochemical, and
geological studies of the area to meet the Tech-
nology Integration objectives described in the
Technology Applications section of this report.

R&D Drilling Program—
Copper Mountain, Wyoming

e Subcontraclor: Longyear Company
® Subcontract Vaiue: $276,940

» Start Date: September 1978

® Completion Date: October 1978

Seven core holes were drilled in support of the
Technology Integration project. Six holes aver-
aged a depth of 800 feet (183 meters) and the
seventh hole reached a depth of 2,785 feet (849
meters), providing a total project footage of
6,350 feet (1,935 meters). The core recovery
averaged about 98 percent. Samples were litho-
logged, borehole gecphysical logging was com-
pleted, and water samples were collected for
raden, helium, and uranium isotopic studies.
The results from this drilling will be combined
with the other geophysical, geochemical, and
geological studies to meet the Technology Inte-
gration objectiives described in the Technology
Applications section of this report.
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R&D Drilling Program—
San Juan Basin, New Mexico

® Subcontractors: Stewart Brothers Drilling Co.
Birdwell Division, Seismagraph Service
Corpaoration
Century Geophysical Corp.
® Subcontract Vatue: Stewart Brothers $670,000
Birdwell $27,463
® Start Date; June 1979
® Completion Dale: October 1979

Fourteen holes (4% to 5% inches/11,7 to 13 cen-
timeters diameter) were drilled, each with an
average TD of 2,400 feet (732 meters). In every
hole, the first 1,900 feet (579 meters) or so were
rotary drilled and the remaining footage was
cored to TD. The core recovery averaged about 90
percent. Subsequent to the drilling, the samptes
were lithologged, borehole geophysical logging
was completed, and ground water samples were
collected for radon, helium, and lead isotopic
studies. The results from this drilling will be
integrated with other geophysical, geochemical,
and geological studies of the area to meet the

Technology Integration objectives described in
the Technclogy Applications section of this
report.

1979 Quadrangle
Logging Program

A quadrangle logging program was conceived
andinitiated during FY79. Its purpose is to obtain
calibrated geophysical logs in designated
regions from new and existing holes not drilled
for uranium. The areas designated by DOE for
assignment to subcontractors are 1° x 2° NTMS
quadrangles (see map). The preferred logs are
(spectral gamma-ray) KUT, gross gamma-ray,
neutron, electrical, and caliper. A maximum
density of one hole logged per 9 square miles
{23.3 square kilometers) and a maximum depth
of 5,000 feet {1,524 meters) have been estab-
lished as requirements. All acquisition of permits
and logging activities are performed by BFEC
subcontractors.

QUADRANGLE LOGGING PROGRAM
Areas Being Surveyed FY 1979
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During 1979 the first year of this new NURE
program element, 363 holes were logged, gen-
erating 949,500 feet (289,410 meters) of gamma-
ray log data. The following subcontracts were in
eftect:

Planning Study

® Subcontractor: Fugro, Inc.

® Total Subcontract Value: §84,207

e Start Date: 24 October 1978

®» Completion Date: 11 February 1979

This study led to the initiation of the guadrangle
logging program.

South Texas and
Central Wyoming Logging

Subcontractor: Fugro. Inc.

Total Subcontract Value: $796.180 (ceiling)
Start Date: 30 April 1978

Completion Date: Continuing into FYB0

These were the first areas to be surveyed under
the quadrangle logging program. As of December
31,1979 production of logs was;
® South Texas. 166 holes, 552.821 feet (168.500 meters) of
hole logged
¢ Central Wyoming: 58 holes, 194,040 feet (592,143 meters)
of hole logged

Denver-Julesburg and
Williston Basins Logging

Subcontractor: High Life Helicopters, Inc.
Total Subcontract Value: $423,000 (ceiling)
Start Date: 31 May 1979

Completion Date: Continuing into FY80

The Failing CF1250 drill rig is typical of the type
used by subcontractors.

As of December 31, 1979 production of logs was:

e Denver-Julesburg Basin 45 noles, 68,948 feet {21.015
meters} of hole logged

® Williston Basin® 40 holes. 71.104 feet {21.672 meters) of
hoie logged

San Joaquin Valley and
Eastern Nevada Logging

Subcontractor: J. H. Kleinfelder and Associates. inc.
Total Subcontract Value: $240.000

Start Date: 14 September 1979

Completion Date: Continuing into FY80

As of December 31, 1979 production of logs was:
o Nevada: 22 holes, 18,911 feet (5.764 meters} of hole
logged
® Calitornia: 32 noles. 43.674 feet {13,312 meters) of hole
logged
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Hydrogeochemical and Stream-Sediment
Reconnaissance and Detailed Geochemical Surveys

The Hydrogeochemical and Stream-Sediment
Reconnaissance (HSSR) and Detailed Geochem-
ical Surveys are directed by the Grand Junction
Qffice of DOE. These surveys are carried out hy
three DOE national laboratories. The eastern
and far western areas are the responsibility of
the Savannah River Laboratory at Aiken, South
Carolina; the central and plains areas are the
responsibility of the Oak Ridge Gaseous Dif-
fusion Plant at Oak Ridge, Tennessee; and the
Rocky Mountain area and Alaska are the respon-
sibility of the Los Alamos Scientific Laboratory
at Los Alamos, New Mexico. A quality assurance
effort is the responsibility of the Ames Labora-
tory located on the campus of lowa State
University at Ames, lowa.

The field reconnaissance program consists of
the collection of samples of ground water,
stream water, and streamhbhed sediments at-a

sample site density of one site per 5 to 10 square
miles (13 to 26 square kilometers). The detailed
geochemical program involves the coliection of
selected rock, soil, and vegetation samples as
well as those sample types mentioned above.
The reconnaissance surveys are reported on the
basis of 1:250,000-scale 1° x 2° NTMS quad-
rangles while the detailed survey areas are
selected to meet special needs of the NURE
resource assessment.

Bendix conducts the necessary coordination
and liaison among the national laboratories and
DOE and Bendix resource assessment groups.

During 1979, 100 guadrangles had sampling
completed, totaling 328 to date; 58 quadrangle
reports were open filed, totaling 97; and 27
detailed studies were initiated, 1 of which was
open filed.

STATUS OF THE HYDROGEOCHEMICAL RECONNAISSANCE SURVEYS
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In addition to the coordination of reconnais-
sance and detailed geochemical surveys being
conducted by DOE laboratories, Bendix admin-
isters subcontracts that support the geochemical
surveys. The subcontracts are described in
greater detail in the Geologic Studies section,
They include studies on the distribution of ura-
nium and related elements in sedimentary and
igneous rocks and ground water as well as stu-
dies designed to improve data presentation,
interpretation, and the direct application of geo-
chemical data to resource assessment.

Lawrence Livermore Laboratory (LLL) published
reports on Millet, Williams, Sandpoint, Tonopah,
and Lovelock—five high-priority quadrangles of
the LLL program; oné quadrangle reconnais-
sance report; and two special reports. These
publications completed the LLL responsibility to
the NURE program.

Los Alamos Scientific Laboratory

The Los Alamos Scientific Laboratory (LASL) is
responsible for the HSSR program throughout
79 gquadrangles in the Rocky Mountain region
and 136 quadrangles in Alaska. During 1979 nine
Rocky Mountain region quadrangles—Driggs,

Preston, Ogden, Clifton, Silver City, Douglas, El
Paso, Brownfield, and Hobbs—were added to
LASL's region of responsibitity while 17 quad-
rangles, encompassing much of the Aleutian
Islands area of Alaska, were dropped by DOE.
Altogether the LASL region includes about
1,122,000 square miles (2,906,000 square kilo-
meters) or approximately 30 percent of the total
U.S. land area.

Among LASL's noteworthy accomplishments
during 1979 were the collection of water and
sediment samples from 32,000 1ocations, approx-
imately half of which were in Alaska, the
analyses of some 35,000 water and 35,000
sediment samples, and the publication of recon-
naissance reports for 20 quadrangles, including
17 in the 116-quadrangle program. Through 1979
LASL has collected reconnaissance samples
from 70 quadrangles in the Rocky mMountain
region and 102 quadrangles in Alaska, leaving
only parts of the nine newly added Rocky
Mountain region gquadrangles and 34 Alaska
quadrangles to be sampled in 1980 and beyond.,

LASL routinely analyzes water samples for 13
elements using fluorometry, plasma-source
emission spectrography, and delayed-neutron

The HSSR program requires that many samples

be collected in remote areas.
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counting at a rate of 400 samples per day.
Sediment samples are anatyzed for 43 elements
using a combination of short- and long-time
delay neutron activation analysis (NAA), x-ray
fluorescence, and arc-source emission spectro-
graphy. The addition of a second complete NAA
system at the reactor site during 1979 has
doubled the throughput to 400 samples per day.,
With the increased NAA capability, as many as
80,000 water and 80,000 sediment analyses can
now be made each year by LASL.

LASL isresponsible for reporting on 48 quad-
rangles in the 116-quadrangle program. Through
1979 reports covering 25 of the quadrangles
have been published and 8 others are near com-
pletion. Computer tapes of the field and analyti-
cal dala contained in these gquadrangle reports
(as well as all other open-file LASL HSSR reports})
are made available to the public from: GJOIS
Project, Union Carbide Corporation Nuclear Div-
ision (UCCND), Computer Applications Depart-
ment, 4500 North Building, Oak Ridge National
Laboratory, P.Q. Box X, Oak Ridge, TN 37830.

LASL has undertaken 10 HSSR detailed geo-
chemica!l surveys (at the request of the DOE)
{see map): NW Pueblo (LA-1}; Pie Town (LA-2);

Spring Creek(LA-3); Oscura Mountains-San
Andres Mountains {LA-4);Southern Powder
River Basin{LA-5); Sawatch Range (LA-B6);
Grants (LA-7); Bozeman (LA-8); Needle Moun-
tains-Vallecito Creek (LA-9); and Red Creek
Quartzite (LA-10). The NW Pueblo Survey was
open filed as GJBX-42(79); sampling tor the
other nine surveys was completed in 1979 and
resulted in the collection of water and/or sed-
iment samples from 12,250 locations. Reports of
these surveys are scheduled to be open filed in
1980.

Since the beginning of the HSSR program in
1975 LASL has collected water and sediment
samples from approximately 155,000 locations in
the Rocky Mountain region and 66,000 locations
in Alaska. Analyses have been performed on
85,000 water samples and 96,000 sediment
samples. Reconnaissance and special study
reports containing the field data and analytical
results for water and sediment samples from
82,000 locations in a combined area equivalent
to 50 quadrangles have been open filed through
the DOE Grand Junction Qffice. [n addition, four
topical and progress reports related to LASL
HSSR activities were released this year,

DETAILED GEOCHEMICAL SURVEYS CONDUCTED DURING 1979

e e

SURVEY CONDUCTED BY

OR —Oak Ridge Gazeous Qitfusion Plant
SR — Savannah River Laboratory
LA - Los Alamos Scientific Laboratory
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Oak Ridge Gaseous
Diffusion Plant

The OCak Ridge Gaseous Diffusion Plant
(ORGDP) is conducting the Hydrogeochemical
and Stream-Sediment Reconnaissance {HSSR)
program in an area of more than 970,000 square
miles (2,512,000 square kilometers) in the cen-
tral United States (see map). Major accom-
plisnments by ORGDP during 1979 included the
collection of 32,455 samples, the analysis of
32,527 samples, and the release of 18 quad-
rangle reconnaissance reports.

Samples collected for the HSSR studies include
surface and ground water and stream sediments.
The samples are collected by ORGDP field geo!-
ogists, state geological surveys, and subcon-
tractors.

Uranium in water samples is determined by fluo-
rometry and isotope-dilution mass-spectrometry
methods, and in sediments by fluorometry and
neutron activation {delayed neutron counting
techniques). Atomic absorption plasma-source
emission spectrophotometry, and mass spec-
trometry are used for analysis of 33 additional
variables in sediment and water samples.

During 1979 HSSR reports for the following
guadrangles of the 116 program were open filed:
Enid, Austin, Lawton, Wichita, St. Cloud,
Ashland, Clinton, Pratt, Joplin, Palestine,
Wichita Falls, Amarillo, New Ulm, Hutchinson,
Manhattan, and Lubbock.

Reports were also issued in 1979 for two priority
qguadrangles, Emory Peak and Presidio, A pilot
geochemical survey report in Oklahoma was
also issued in 1979. Pilot surveys were planned
to sample small but regionally and geologically
representative locations as a basis for
understanding data from the HSSR program.

Reports for Laredo, Hot Springs, Lemmon,
Beaumont, Dickinson, Marquette, Iron River,
Corpus Christi, Grand Island, Lincoln, Rapid
City, Alliance, Watertown, Scottsbluff, Miibank,
Thief River Falls, Brownsville, and Broken Bow
Quadrangles are scheduled for release during
1980.

Thirteen detailed geochemical surveys were
actively in progress by ORGDP {see map). These
include Trans-Pecos (OR-1), South Texas
Coastal Plain (OR-2}, Lakeview (OR-4), Sonora
Pass (OR-3}, Laramie Mountains (OR-5),
Wichita Uplift (OR-9), Date Creek Basin (OR-6},
Duluth-Stillwater Precambrian {OR-7), Edge-
mont {(OR-10), Buffalo Lignite (OR-11), Trans-
Pecos Addition (OR-8), Marysvale (OR-12), and

Thomas Range-Wasatch (OR-13). Approxi-
mately 10,600 samples were collected and 10,200
samples were analyzed. The reports for Trans-
Pecos, South Texas Coastal Plain, Wichita Uplift,
Date Creek Basin, Duluth-Stillwater Precam-
brian, Laramie Mountains, and Thomas Range-
Wasatch are scheduled for release during 1980.
Three semiannual progress reports were issued
during 1979,

Two topical reports were issued during 1979,
These included Fitting a Three-Parameter Log-
normal Distribution With Applications to Hydro-
geochemical Data From the National Uranium
Resource Evaluation Program, GJBX-175(79)
and Application of Discriminam Analysis and
Generalized Distance Measures to Uranium Ex-
ploration, GJBX-176(79).

Several papers were presented by the ORGDP
Uranium Resource Evaluation Project staff. Two
papers were given at the Association of Explo-
ration Geochemists/U.S. Department of Energy
Symposium, Geochemical Expiloration for
Uranium at San Diego, California on November
4, 1979: Managemen! and Analysis of Regional
Geochemical Data and Uranium Exploration—
Ground and Surface Water. One paper was
presented at the 1979 Department of Energy Sta-
tistical Symposium at Gatlinburg, Tennessee on
October 24-26, 1979: Application of Discrimin-
ant Analysis and Generalized Distance Measures
to Uranium Exploration. A paper was given at the
Classification Society Annual Meeting in
Gainesville, Georgia on April 8-10, 1979: Results
Using an Improved Probabilistic Method for
Grouping Data. Also, a paper was given at the
American Statistical Association Annual Meeting
in Washington, D.C. on August 13-16, 1979:
Fitting a Three-Parameter Lognormal Distribu-
tion With Applications to Hydrogeochemical
Data From the Nationaf Uranium Resource Eval-
uation Program.

Savannah River Laboratory

The Savannah River Laboratory (SRL) is respon-
sible tfor conducting the HSSR program over an
area of more than 1,500,000 square miles (3,885,000
square kilometers), covering 220 guadrangles in
all or part of 30 eastern states and 7 western
states. Major accomplishments in 1979 included
the collection of over 65,000 samples, analysis of
over 40,000 samples, and conducting the sam-
pling and analysis of samples from seven western
states in support of the 116-priority-quadrangle
program.
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During 1979 samples collected included ground
water, stream water, stream sediment, and vege-
tation in support of the reconnaissance program.
Ground water, stream water, stream sediment,
and vegetation samples were collected for de-
tailed studies in four areas. The samples were
collected primarily by SRL-trained and super-
vised contractors.

Thirty-two high-priority quadrangles were
assigned to SRL to be included in the NURE
resource assessment report for 1980. By the end
ot 1979 reports were issued for 11 of these quad-
rangles. HSSK data reports were issued for Spar-
tanburg, Scranton, Athens, Portland, Harrisburg,
Glens Falls, Augusta. Dyersburg, and Poplar
Blutf in the east. The 23 high-priority quad-
rangles in the west have been sampled, and of
these, Richfield and Delta have been open filed.

Other reports issued in 1979 include data reports
for Charlotte, Greenville, Knoxville, Hartford,
Atlanta, Albany, and Williamsport Quadrangles.
Special reports included the Wolcott, Vermont
Orientation Study, a report on uraniterous gor-
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ceixite occurrences in Aiken County, South
Carolina, three semi-annual reports, and a pilot
study on the geology of Birmingham, Gadsden,
and Montgomery Quadrangles,

Four detailed geochemical studies were per-
formed in 1979. Thereports will be open filed by
late 1980 (see map for location of detailed geo-
chemical studies). The studies included two
areas in Washington, the Midnite Mine area of
the Ritzville Quadrangle (SR-2) and the Kettle
Falls Dome area of the Okanogan Quadrangle
(SR-3), and a study in the Glen Wild, New York
area of the Scranton Quadrangle (SR-1). Of
special interest is the detailed study of gorceixite
in Aiken County, South Carolina in the Augusta
Quadrangle (SR-4). In addition to standard ana-
Iytical procedures, limited drilling was performed
with natural gamma and electric logging. Gor-
ceixite is a barium-aluminum phosphate that
contains significant concentrations of uranium.
It is arare mineral in the United States; however,
it occurs as a major uraniferous material in Brazil
and Africa.



Geologic Studies

The NURE program for 1979 emphasized special
projects in the areas of World-Class and Inter-
mediate-Grade uranium studies. Both areas are
being considered in the search for additional
potential uranium resources which may become
economic in the foreseeable future. The World-
Class studies emphasized the Quartz-Pebble
Conglomerates as an environmental target. The
Intermediate-Grade Studies concentrated on
extending known deposits to include large
resources in the 100 to 500 ppm uranium cate-
gory. Three studies on low-grade resources (less
than 100 ppm uranium were completed and a
fourth study {asphaltite) was initiated.

The Geologic Studies initiated during the fiscal
year emphasized World-Class environments and
Intermediate-Grade resources.

World-Class Deposit Studies

The World-Class Deposit Studies program was
established in 1978 to provide complete analyses
of geologic environments of uranium deposits
that are important producers throughout the
world and have the highest probability of occur-
ring in the United States. Occurrence models
based on results of these studies will guide the
evaluation of analogous U.S. geologic envi-
ronments to broaden the resource base.

Goals of the program are: {1) complete, by
October 1980, an evaluation of the Precambrian
pebble-conglomerate environment, (2) assess
the unceonformity-vein and volcanic environ-
ments by October 1981, (3) evaluate the plutonic-
metamorphic environment by October 1983, and
(4) appraise regolith-related environments by
October 1984.

POSSIBLE WORLD-CLASS DEPOSIT STUDY AREAS

N\
) A
fﬁeme Dome p - : \
!f 171 \ ] ! \ \
1 / Rocky Boy-p r_ \ of D.smc\—-FC. U V \
A | Lake Supert A j
. 2 ' ¥Southwe E 3 ) l \ L
‘_ '\ est Montana- B S 5 2 |
3 o S i 1 !
[ [ * Bljack Hills-PC :
Rup - : — - . h
' Mounl'afns P Raft ‘Ri\jer—PC ’_‘ﬂ . | /’
-Plg i 1 l ‘ 1
Ui 1?-‘#’ Medicine Bow-Sierra Madre Mountains-PC l .
‘\ infa Arch_pC i
- —ru E
N
N x . Powderharn-p - A
‘"Q\Sr?n Poas P—(-:-. 4 ® Needle Mourtaing -Pg 3 1 .
) . r AN PC gt -
/ 2\ ) Norahwesa A:'izona_p sy i 5
' . - cove-P
®Centra) Arizolna Archl_p'c - i i ‘ -
j i .
el Southwest New Mexico-V
Van Horn-U"_* " =
R B j’

PC-Pebble Conglomerate
U-Unconformity
V-Volcanic

P-Piutanic

® ‘World.class study areas

51



Program strategy for each environment is to
develop occurrence models and then identify
areas in the United States fitting the models.
Specific areas are then selected for favorability
and evaluation studies and the most promising
sites are chosen for detailed geclogic studies
and drilling.

Uranium in Precambrian
Quartz-Pebble
Conglomerates

Subcontractor: University of wWyoming
Subcontract Value: $£217,540

Start Date: 16 July 1978

Completion Date: 15 September 1980

Previous NURE-sponsored research by Dr. R. S.
Houston and Mr. Karl E. Karlstrom of the Uni-
versity of Wyoming resulted in a considerable
compilation of geologic data on uranium-bearing
Precambrian quartz-pebble conglomerates through-
out the world. These data were used to formulate
a general exploration model for uraniferous
conglomerate, which was subsequently applied
to the Late Archean and Early Proterozoic
terrains of the United States to define areas most
favorable for this type of uranium mineralization.

In support of the World-Class Studies program,
the subcontract to the University of Wyoming
was extended to provide direct geclogic support
to the World-Class driiling project for ura-
niferous pebble conglomerate in the Medicine
Bow and Sierra Madre Mountains. The work
revolves around seven major tasks; (1) core
logging, (2) detailed geologic mapping, (3) rock-
chip sampling, (4) surface radiometrics, (5)
mineralogy-petrology studies, (6) geostatistical
studies, and (7) consultation services. The end
result of the work and research will be a com-
prehensive geologic report on the surface and
subsurface characteristics of uranium-bearing
Late Archean and Early Proterozoic pebble-
conglomerate and quarizite units in the Sierra
Madre and the Medicine Bow Mountains. The
report will also provide a preliminary geosta-
tistical evaluation of uranium resources in the
project area.

The drilling aspects of these projects are report-
ed in the Subsurface Investigation section of this
report.

Geology of the Northeast Black Hills

® Subcontractor: South Dakota School of Mines and
Technology

® Subcontract Value: $53 486

® Start Date: 15 May 1979

®» Completion Date: 31 December 1878
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The Precambrian Estes conglomerate, exposed
in the Nemo district on the northeastern flank of
the Black Hills, South Dakota is known to contain
uranium and was selected as atarget for surface
and subsurface geologic investigation to deter-
mine its potential as a World-Class-type uranium
source.

Detailed field mapping, radiometric and mag-
netic surveys, logging of cores from five holes in
the area, plus chemical analyses of represent-
ative samples were carried out under the direc-
tion of Dr. J. Redden, South Da%ota School of
Mines and Technology. Results ot the study will
be published in an open-file report in 1980.

Tertiary Volcanic Rocks in
Southwestern New Mexico

® Subcontractor: University of Kansas
8 Subcontract Value: $34.500

o Start Date: 1 June 1979

® Compietion Date: 31 December 1979

The Tertiary volcanics and Cretaceous lime-
stones in southwestern New Mexico were select-
ed for examination and evaluation of their
uranium potential because of their similarity with
respect torock types and age to the World-Class
type Pena Blanca uranium district in Chihuahua,
Mexico. The study, under the direction of Dr. A.
Walton, included field mapping, radiometric
surveys, and sample collection. A total of 350
samples was collected for chemical and petro-
graphic-mineralogical examinations. The results
of the study will be pubiished in 1280.

Proterozoic Unconformity,
Van Horn, Texas

® Subcontractor: University of Texas at El Paso
® Subcontract Value: $37.318

® Start Date: 10 May 1979

® Completion Date: 30 November 1979

Proterozoic rocks in the Van Horn area, Texas
show lithologic and structural characteristics
favorable tor World-Class unconformity-type
uranium deposits.

The area, under the direction of Drs. D. Davidson
and P. Goodall, was mapped, surveyed radio-
metricalty, and sampled for chemical analyses.
Results of the study will be published in an open-
file report in 1980.

Geologic Evaluation of Precambrian
Metasedimentary Rocks,
Uinta Arch, Utah and Colorado

e Subcontractor: Research Associates of Wyoming
®» Subcontract Value: $93,489

e Start Date: 15 June 1879

¢ Completion Date: 15 March 1980



The prime objective of the project, directed by
Dr. Paul J. Graff of Research Associates of
Wyoming, is to evaluate selected areas along the
flanks of the Uinta Arch in Colorado and Utah for
the occurrence of Precambrian metasedimen-
tary rock sequences that could potentially host
uranium deposits of the pebble-conglomerate or
unconformity-related types. The target meta-
sedimentary rock units chosen for the recon-
naissance study are the Red Creek Quartzite,
which crops out in the northeastern Uinta
Mountains; the Little Willow Series of the west-
central Wasatch Mountains; and selected quart-
zite intervals of the Farmington Canyon Complex
in the northern Wasatch Mountains.

The study is field oriented and revolves around
literature compilation, reconnaissance mapping,
and rock-chip sampling. Attempts will be made
to correlate the target metasedimentary rock
units with known uranium-bearing Late Archean
and Early Proterozoic sequences in sgutheast
Wyoming and elsewhere in the Wyoming Pre-
cambrian province. The results of the project will
be released in an open-file report.

Geologic-Geochemical Evaluation
of Raft River Mountains, Utah and Idaho

® Subconitractor: Meiiji Resource Consultants
® Subcontract Value: $92,104
® Start Date: 9 July 1979

® Completion Date: 15 April 1980

A variety of metasedimentary rocks of probable
Precambrian age crop out in the Raft River
Mountains, Grouse Creek Mountains, and Albion
Range of northwestern Utah and southern Idaho.
Some of these units, especially tne Elba quart-
zite, have characteristics that meet the general
favorability criteria for the occurrence of uranium-
bearing quartz-pebble conglomerate. The pro-
ject area is of interest because it is the location
of a recently recognized metamorphic core
complex.

The study, directed by Dr. Alan Black of Meiiji
Resource Consultants, will concentrate on the
basal metasedimentary quartzite, schist, and
conglomerate horizons and involves four major
tasks: {1) regional mapping and stratigraphic
correlation, {2) rock-chip sampling, (3) stream-
sediment and water sampling, and (4) sedimen-
tologic studies. The goal of the work is to
identily those locations within the project area
most favorable for uranium mineralization and
most deserving of the follow-up work. All data
and results of the work will be released in an
open-file report.

Precambrian Plutonic Rocks
of Northwest Arizona

® Subcontractor: Loghry-Heinrichs
® Subcontract Value: $61,000
® Start Date: 5 July 1979

s Completion Date: 16 July 1980

Proterozoic quartz monzonites are being studied
in the Hualapai, Cerbat, Peacock, and Aquarius
Mountains of northwestern Arizona. Represent-
ative geologic and geochzmical data are being
collected and evaluated on a best-fit basis with
previcusly developed recognition and favor-
ability criteria.

The final report will note the distribution of
uranium, thorium, and associated elements in
these plutonic rocks as well as discuss the host
and source rocks potential of each pluton.

Uranium in Precambrian
Conglomerates, Southwest Montana

Subcontractor: Robert E. Cohenour & Associates
Subcontract Value: $113,000

Start Date: 2 July 1979

Compiletion Date: 2 March 1980

In southwestern Montana, older Precambrian
rocks generally referred to as pre-Bellian show
evidence of a period of sedimentation followed
by high temperature metamorphism. Rapid ero-
sion of the topographically high Pony and
Cherry Creek series rocks has given rise to the
coarse clastics of the Beltian LaHood Formation
conglomerate.

Both the older and younger Precambrian rock
units exhibit similarities to Precambrian quartz-
pebble conglomerates of the Medicine Bow-
Sierra Madre type and are included in this
regional reconnaissance study.

Geologic Study of Precambrian
Pebble Conglomerates,
Needle Mountains, Colorado

Subcontractor: Colorado State University
Subcontract Value: §73,705

Start Date: 7 May 1979

Completion Date: 1 February 1280

Precambrian quartz-pebble conglomerates with
characteristics similar to those of the Witwa-
tersrand and Medicine Bow Mountains have
been noted in the Needle Mountains of south-
western Colorado. This study was undertaken to
test the uranium favorability of this thick rock
(5,000 feet/1,524 meters) sequence and to com-
pare the resultant data with the general quartz-
pebble conglomerate model on a best-fit basis.
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Detailed stratigraphic sections have been meas-
ured and sampled both geochemically and
radiometrically.

Geologic Study of Kettle Dome,
Northeast Washington

® Subcentractor: Crusen and Pansze, Geologists
* Subcontract Value: 360,000

e Start Date: 1 June 1979

* Completion Date: 15 February 1980

The goal of this geclogic study is lo evaluate the
uranium potential of the plutonic and meta-
morphic rocks of Kettle Dome in northeastern
Washington. Chemical and radiomeltric analy-
ses of samples, local detailed mapping, studies
of mineral paragenesis, and uranium mineral-
ization modeling will assist in evaluating the
uranium potential of Kettle Dome and will
provide a comparison of this geologic envi-
ronment with similar World-Class environments
and uranium deposits. There are numerous
small uranium-bearing simple pegmatites in
amphibolitic rocks on the margins of the dome.
Many of the pegmatites show both metasomatic
and injection features.

Geologic Study of Kingston Peak
Formation, Southeast California

® Subcontractor: University of California at Los Angeles
e Supcontract Value: $91,221

* Start Date: 4 May 1979

* Completion Date: 31 March 1880

Late Precambrian quartz-pebble conglomerates
of the Kingston Peak Formation are exposed
along the west side of the Panamint Range and
in nearby ranges of southeastern California. The
conglomerates are locally radioactive and are
peing Studied to determine the amount and
extent of uranium mineralization and to deter-
mine if the geologic conditions associated with
Precambrian uranium-bearing conglomerates else-
where in the world are present in the Kingston
Peak Formation. Three field crews under the
direction of Dr. Don Carlisle are doing sampling
and detailed stratigraphic studies of the con-
glomerates. The final report will evaluate the
uranium potential of the Kingston Peak For-
mation and recommend additional studies and
drilling if warranted.

Precambrian Conglomerates of the
Central Arizona Arch

s Subcontractor. Wallaby Enterprises
s Subcontracl Vdlue: 883,985

® Start Date: 1 August 1978

» Completion Date: 1 April 1280
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This project includes the evaluation of the
uranium potential of the Precambrian conglo-
merates ot the central Arizona Arch in Gila
County and parts of adjacent counties. Extensive
rock sampling and locally detailed stream and
sediment sampling are being conducted to evalu-
ate areas which have uranium potential. There
are several stratigraphic intervals which have
quartz-pebble conglomerates and the congto-
merates are being studied in terms of envir-
onments of deposition to compare them with
Precambrian rocks known to produce uranium.
Uranium has been mined in this area in noncon-
glomeratic rocks and the current study also
seeks to determine if Precambrian conglomerates
may have been source rocks.

Uranium in Metamorphic
Core Complexes

Subcontractor: University of Arizona
Subcentract value: $109,000

Start Date: 19 July 1872
Completion Date: 19 August 1980

The goal of this project is to determine how
uranium is mobilized, partitioned, and deposited
in and around metamorphic core complexes.
This modeling study entails literature review,
study of uranium occurrences in core com-
plexes, regional map compilations, and detailed
sampling and field study of two core complexes.
Geologists under the direction of Dr. Peter
Coney have been studying uranium in core
complexes in the Ruby Mountains of Nevada and
the Rincon Mountains of Arizona. A genetic
model and uranium recognition criteria plus
recommendations for detailed study and drilling
at selected sites will be the final product.

Uranium in Carbonatites
in the United States

Subcontractor. Powell ang Associates
Subcontract value: $93,405

Start Date: 2 July 1979

Completion Date: 2 July 1980

The objective of the project is to prepare genetic
models for uranium in carbonatites using world-
wide geologic, geochemical, and geophysical
data from carbonatites and associated alkaline
rocks and to use these models in evaluating the
uranium potential of selected carbonatitesin the
United States. Carbonatites at Rocky Boy,
Montana; Powderhorn, Colorado; and Magnet
Cove. Arkansas have been studied in the field
and sampled. Genetic models have been com-
pleted, and evaluation of the models is in
process.
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Intermediate-Grade Studies

The intermediate-Grade Resource Studies be-
gan in 1978 to develop, evaluate, and expand
that category of uranium resources between 0.01
and 0.05 percent U0 which normally are not
recoverable at costs under $50/per pound.

The targets chosen for detailed study in 1979
were largely in sandstone environments, geo-
graphically centered in producing areas. Facies
previously considered marginal were given spe-
cial attention.

Other environments are being considered and
priorities for their test and evaluation will be set
by DOE.

Work progressed on four areas, two of which
reached the preliminary report stage in 1979,
Additional potential locations have been sub-
jected to preliminary analysis to develop prior-
ities for 1980.

Copper Mountain
Drilling Project

® Subcontractor: Bendix plus drilling contractor not yet
determined

* Subconiract Value: Not Yet Determined

® Start Date: 1 August 1979

® Completion Date: 1 August 1980

Subsurface and surface studies are being con-

Lacation

. Great Divide Busin, Wya.
. San Ralagl Swell, Ulah

. Sand Wash Basin, Colo.

|
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Owens Valloy, Calif.

5. Demmg, N, Max.

8 S Carohna, Gagrasa

7. N. & 8. Carclina. idsho

8. Date Creek Basin, Anr.

9. Big Sandy Waih, Arua.
Detrital Wash, Anz,

. Red Basin, N. Mox,

. Copper Maountain. Wyo.

ducted at Copper Mountain, Wyoming by Bendix
personnel in order to outhine a drilling program

intended to determine intermediate-grade ura-
nium resources oulside the area of current
industry exploration. Selected boreholes are
being logged for KUT data, and use is being
made of extensive geophysical and geochemical
studies at Copper Mountain completed by Bendix.

Cedar Mountain Drilling,
San Rafael Swell

Subcontractor: Himes Drilling Company, Inc.
Subcontract Value: $78.100

Start Date: 15 June 1979

Completion Date: 28 Juty 1979

The drilling project examined the Brushy Basin
Member of the Morrison Formation in the area of
Cedar Mountain, Utah.

The data obtained from the drilling program
increased subsurface knowledge of the Brushy
Basin Member. The known reserves of the Cedar
Mountain area were confirmed. These are con-
fined to the Mountain itself and have no lateral
continuity due to the faulting, leaching, and
erosion of the region. There were no additional
resources identitied in the Brushy Basin Member.
Results of this project will be publisied in an
open-file report in 1980.
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Red Desert, Great Divide Basin

s In-house project - Intermediate Grade
e Start Date: July 1979
e Completion Date: September 1980

The Great Divide Basin of Wyoming has several
depositional environments grading from pied-
mont stope through floed plain to lacustrine and
swamp facies The lacustrine paludal facies
exhibit what appear to be large volume. low-
grade uraniferous potential with possible rela-
tively uniform continuity. The objective of the
project is to define and quantify that area con-
taining mineral reserve potential in the 0.01-0.05
percent U.0; category.

Six rotary holes were completed during FY79 for
4 697 feet (1.432 meters) of driiling.

Sand Wash Basin

e Start Date July 1979
& Completion Date. September 1980
¢ In-house project —lnlermediale Graas

Uranium mineralization in the sandstones of the
Browns Park Formation of Miocene age has
been widely recognized. The formation consists
of a basal fluvial conglomerate and lacustrine-
eolian tuffaceous sands. The host rock is wide-
spread in the basin and is potentially a viable
uranium resource.

The cbjective of this project is to evaluate and
assess the formation for its potential as an
intermediate-grade (0.01-0.05 percent U_Q,} ura-
nium resource. Data compilation and evaluation
coordinated with geologic. geochemical, and
geophysical surveys have been conducted. Re-
cently. a detailed aerial resistivity and VLF-EM
survey was performed for the purpose of delin-
eating favorab'e structural features. A rotary and
core drilling program is scheduted for the spring
of 1980.

Topical Geologic Studies

Topical Geolegic Studies thal were part of the
NURE program through 1979 have been winding
down. These specialized studies inthe future will
be directed toward broadening the target base
for World-Class and Intermediate-Grade Studies.

Geochemical Exploration for
Sandstone-type Uranium Deposits

Subcontractor Pennsylvania State University
Subcantract Value $58.475

Start Date' 2 January 1978

Completion Date 31 December 1979
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The investigation included the Devonian Catskill
Formation in eastern Pennsylvania and the
Uravan mineral belt in western Colorado. The
objectives were: (1) to find if sandstone-type
uranium deposits are accompanied oy regional
uranium anomalies in the host rocks. (2) to find
the relations of uranium to thorium and other
major and trace elements, and how these rela-
tions can be used in exploration. (3} to see if the
ground-water conduits through which uranium
was transported to form crepodies are enriched
or depieted in uranium, and i{4) 'o find if U and
Th contents of zircon are useful lo explore for
uranium deposits in sedimentary rocks.

Results in Pennsylvania indicate regional anom-
alies in uranium and thorium probably arose
during sedimentation. During diagenesis. ura-
nium was apparently mobiiized inle aquifers.
Palecaguifers through which uranium was trans-
ported are enriched in U and Fe O ..

Detailed discussion of this project will be open
filed in 1980,

Development ot Data Enhancement
and Display Techniques

e Suocentractor University of Georgia
® Subcontract Value $55000

& Start Date 1 August 1978

e Completior Date 1 December 19792

Significant amounts of highly reliable geo-
chemical data, consisting of mulli-element
analyses of waters and sediments from many
sites in each quadrangle, are being generated in
the I 1IS5R portion of the NURE program. {n order
to extract the maximum benefit from this mass of
information. most specifically in the identifi-
cation of areas faverable for uranium exploration,
Dr. George 5. Koch. Jr. of the University of
Georgia with the assistance ol Dr. Richard J.
Howarth (impenal Coiiege, Londen}. Dr. John
Schuenemeyer (University oi Delaware). ang Dr
Robert H. Carpenter (Unwversity of Georgia) are
studying appropriate statistical methods for
enhancing HSSR data and bringing out
anomalous signals from the background noise.
Geochemical mapping and graphic dispiay tech-
nigues are being developed to optimize portrayal
of the statistically treated parameters for visual
interpretation of uranium favorability.

The group selected stream-sediment data from
three geologically. geographically. chimatolog-
ically, and hydrologically distinct areas—the
Pueblo, Colorado Quadrangle: the Seguin. Texas
Quadrangle; and a four-quadrangle (Winston-
Salem. Charlotte. Spartanburg. and Greenviile)



region in the southeastern United States—for
analysis by statistical and graphic methods.

A major portion of the research was devoted to
identification and resolution of genuinely sig-
nificant uranium anomalies by initially grouping
samples according to source-rock type and then
using mineralogical models to remove the
uranium associated with heavy minerals, leaving
residual uranium values thought to represent
mobile uranium,

Results of this project will be open filed in 1980.

Involvement of HSSR Data in Uranium
Resource Assessment and ldentification
of Areas Favorable for Uranium Deposits

& Subcontractor: University of Georgia Research
Foundation, Inc.

Subcontract Vaiue: $139,973

& Start Date: 1 August 1879

& Completion Date: 1 August 7980

Dr. George S. Koch, Jr. {University of Georgia),
in association with Dr. Richard J. Howarth
(!mperial College, London) and Dr. Robert H.
Carpenter (University of Georgia), has under-
taken this study. The team has chosen the four-
quadrangle block comprising the Pueblo,
Montrose, Durango, and Trinidad Quadrangles
in Colorado as the training and test areas.

The HSSR data from those four quadrangles will
be combined with published grade-tonnage-
production data to generate and test mathe-
matical models for estimation of uranium
resources. Results will be compared with re-
source estimates derived by other methods and
conclusions will be drawn concerning whether
the HS5R data-based estimate can be combined
with the other estimates to establish a more
reliable final number for the uranium endow-
ment of an area.

Results of this project will be published in an
open-file report in 1980.

Geochemical Interpretation of Ground-
Water Data in the NURE Program

e Subcontractor: Colorado School of Mines
® Subcontract Value: $93,850

® Start Date: 1 May 1979

® Completion Date: 1 October 1980

Bendix geologists use ascintitlometer to study a
mineralized outcrop in the Copper Mountain area.

Dr. Donald Langmuir of the Colorado School of
Mines will study in detail the chemistry and radio-
chemistry of ground waters from two known
uranium districts in the western and south-
western United States. The chemical data, along
with measurements of physico-chemical parame-
ters such as Eh, pH, and temperature, will be fed
into a computer program to determine what
solution-mineral equilibria may be controlling
transport and deposition of uranium in each area
and the extent to which the waters are saturated
with respect to uranium minerals. This thermo-
dynamic approach may lead to markedly im-
proved detection of blind uranium deposits from
ground-water data.

Results of this project are to be published in an
open-file report in 1980.

Uranium Distribution in Fluorine-
Enriched Volcanic Rock

Subcontractor: Arizona State University
Subcontract Value: $78.786

Start Date: 1 January 1979

Completion Dale: 29 February 1979

Fluorine-enriched silicic volcanic environments
in the western Uniled States generally show
uranium enrichment when compared to other
volcanic terrains. As such, fluorine-enriched
volcanic environments provide excellent source
rocks for secondary uranium mobilization into




peripheral volcaniclastic and sedimentary envi-
ronments. With primary petrochemical enrich-
ment, various depositional facies of the volcanic
terrain may achieve sufficient uranium minerali-
zation for consideration as an intermediate-
grade uranium resource in themselves.

The objectives of the project are to study the
dynamics of the uranium-fiuorine relationship
during magmatic differentiation; eruption, weld-
ing, secondary cryslallization, and diagenesis of
tuff sheets, and hydrothermal fiuid migration.
The primary study area is the Spor Mountain-
Thomas Range area of western Utah. Secondary
sites have been studied where there are known
occurrences of fluorine-enriched volcanics and
{or} topaz-bhearing rhyolite.

At Spor Mountain, the principal investigators,
Drs. D. M. Burt and M. F. Sheridan, will integrate
pre-existing geologic and geochemical infor-
mation from government, industry, and Bendix
sources with their own field and laboratory data
to formulate a geologic-geochemical occur-
rence model(s) for the various types of uranium
mineralization that might be found in fluorine-
enriched volcanic rocks. Recognition and favor-
ability criteria will be generated from the model.
The final report will also identify areas in the
United States where the model{s) might be
applied for uranium exploration purposes.

Uranium in Proterozoic
Metamorphic Rocks

Subcontractor: Michigan Technological University
Subcontract Value: $100,892

Start Date: 29 March 1977

Completion Date: 30 April 1879

Sedimentation of the basal Komboigie Formation
{Upper Precambrian-Carpentarian), Northern
Territory, Australia has possible significance in
the genesis of the underlying Alligator Rivers
unconformity-type uranium deposits.

Dr. R. W. Ojakangas of the University of Min-
nesota (Duluth) synthesized current data col-
lected in Australia during field studies for the
original contract.

The controversy surrounding the genesis of the
major Australian deposits in the Northern Terri-
tory made these dataimportant. A detinitive posi-
tion on their genesis cannot yet be made. Dr.
Ojakangas has determined that paleocurrents, as
indicated by sedimentary structures, Lower Kom-
bolgie sandstone, and conglomerate, flowed
down a paleoslope from west and northwest to
east and southeast. The sediments reflect the tec-
tonics to which the Kombolgie was subjected.
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These facts are related by Ojakangas to the
genetic theories.

Uranium in Accessory Minerals

¢ Subcontractor: Colorado School of Mines
Research Institute

® Subcontract Value: $82,296 (Amended: $55,100)

# Stari Date: 27 September 1978

# Completion Date: 31 January 1980

The analytical work on whole rock samples
relating to known uranium occurrences has
been completed and the Colorado School of
Mines Research Institute has eniered into the
interpretive phase.

The study is part of the U.S. effort in collabo-
ration with |AEA to answer in part the hypothesis
that certain trace elements other than thorium
may be reliable indicators of uranium districts.

CSMRI will conduct additional sampling and
analyses when synthesis of the existing material
indicates these efforts are warranted.

Preparation and Publication of
Chronometric-Geologic Correlation
Charts for the Precambrian of the
United States and Mexico

Subcontractor: University of Wyoming
Subcontract Value: $15.000

Start Date: 1 November 1977
Completion Date: 31 March 1980

Precambrian metamorphic, ignecus, and sedi-
mentary rocks are recognized by geologists to
be tavorable hosts for many types of base-metal
and precious-metal mineralization. Recent dis-
coveries of uranium and thorium mineralization
in Precambrian host rocks provide the need to
further understand the chronometric relation-
ships of Precambrian rocks on a "continent-
wide" basis.

T'his project will provide funds for Dr. R. S.
Houston, University of Wyoming, and various team
members of the Structural Union of Geophysical
Societies Working Group on the Precambrian for
tne United States and Mexico to complete the
work on chronometric relationships of Precam-
brian rocks started by the USGS.

The correlation charts, with companion manu-
scripts, will be released jointly by a GJO open-
file report and by a special issue of Economic
Geology in mid 1980.

Uranium Favorability of Calcretes

® Subcontractor: University of California at Los Angeles
® Subcontract value: $111,300

# Starl Bate: 21 June 1976

& Completion Date: 31 January 1980



The ariginal model study was open filed as
GJBX-29(79). Further work has been done in
South Africa to update the model, and this will
be open filed in 1980,

Lacustrine Uranium Distribution

e Subcontractor: Lamar-Merrifield
s Subcontract Value: 320,600

e Start Date: 18 October 1978

® Completion Date: 18 October 1979

The Kern Lake, California study produced a
number of surprising results inregard to uranium
and therium deposition in the lacustrine envir-
onment. Contrary to expectations, therium highs
were encountered in mid lake. Uranium dissemi-
nation does not follow expected patlerns with
relation te solutions entering the lake via the
Kern River with its relatively rich scurce rocks,
such as those found at the Miracle Mine.

The report, to be open filed in 1980, will give the
results of a detailed geochemical survey of the
lake andits environs. The investigators were able
to utilize trenches opened up by the USGS in the
course of its Microseismic Studies.

Uranium in Red Muds

Subcontractor. Zellars-Williams
Subcontract Value: $44,500
Start Date: 12 September 1978
Completion Date: 12 April 1980

The Red Mud residues from aluminum pro-
duction have been analyzed for uranium and
thorium content.

Theresults of this program indicate, by reasen of
the tremendous volumes of material and a
possible 30 ppm uranium content, that these
residues are a potential low- to intermediate-
grade uranium resource. The study indicates
that there is a by-preduct potential with alu-
minum production net unlike that of phosphates.
The study, to be open-filed in 1980, will assess
the by-product potential and indicate the re-
sources contained in the muds.

Regional Geology and Uranium
Favorability in Alaska

e Subcontractor: Geophysical Institute,
Universily of Alaska

s Subcontract Value: $74,677

s Start Date: 3 August 1978

» Compietion Date: 3 February 1380

Metamorphic terrains in the Seward Peninsula
are included in a study of the tectonic evolution
of Alaska. A total of 14 areas are being tested to
ascertain if variations in uranium and thorium
content have a correlative relationship between
tectonic events.

Enriched and/or depleted uranium/therium prov-
inces, therefore, can be identified and rank
ordered on the basis of developed uranium
favorability criteria.

Study of Uranium- and
Thorium-Bearing Pegmatites

* Subcontractor: Derry, Michener & Booth

® Subcontract Value: $83.000

® Start Date: 1 October 1978

® Completion Date: 30 April 1980
In order te assess the uranium/thorium potential
of individual pegmatites within the several peg-
matite provinces in the U.S., a minimum of eight
radicactive pegmatite localities are being sam-
pled and studied in detail. From these studies
tavorability criteria are being developed which
may be utilized in future econemic studies of
additional pegmatite lcocalities within the U.S.
and Canada.

Radioactive Mineral Deposits
in Arizona
Subcontractor: University of Anizana
Subgontract Value: $59.270

L ]
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e Start Date: 1 September 1979

8 Completion Date: 30 November 1980

The Arizona Bureau of Geclogy and Mineral
Technolegy, a division of the University, is con-
ducting a detailed inventery of the radioactive
mineral occurrences in Arizona. The geal i1s to
provide a complete synthesis of ail available data
and to locate and describe all known radioactive
occurrences in Arizona. A complete report, lo be
published by the Bureau in late 1980, will sum-
marize the present widely scatiered dala so that
they will be more useful in the exploration fer,
and the development of, the radioactive minerals
in Arizona.

Uranium in Granites of Southwestern

North America

Subcontracter: Cahforma Institute of Technology
Subcontract Value. $108.180

Start Date. 20 August 1979

Campletion Date: 192 August 1980

Dr. Leon T. Silver of California Institute of Tech-
nology, is studying the systematics of the distri-
bution of uranium, thorium, and radiogenic lead
among the major, minor, and trace minerals of
uraniferous and nonuraniferous plutonic suites
of ignecus rocks in southwestern North America.
These studies will include petrogenic, tectonic,
and chemical characterization of and compari-
sons between high uranium (greater than 8 ppm)
and low uranium (less than 4 ppm) plutens of
similar geologic provenance. Representative
plutonic rock suites will be identified from
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middle Protlerozoic and Cretaceous-Tertiary
assemblages.

The final report will specifically nighlight the
geochemical behavior ¢f uranium in both the
primary and secondary portions of the geo-
chemical cycle. The emphasis will be on those
characteristics of plutonic rocks that indicate
favorabie uranium source- and host-rocks.

Low-Grade Studies

Low-grade resources are defined as those con-
taining less than 100 ppm uranium. They include
such materials as seawater, marine shales,
lignite, and granite. The purpose of the low-
grade resource program is to confirm the loca-
tion and apparent extent of such deposits and o
develop basic information required to estimate
their general magnitude and economics or prac-
ticability of uranium recovery.

Three studies were completed in FY79; all were
related to the Chattanooga Shale, phosphates,
and sea water.

Chattanooga Shale

e Subcontractor. Mountain States Mineral Enterprises, Inc.
* Subcontract Value: $270.732
e Start Date: September 1977
e Completion Date: June 1979

As a follow-up to the work open filed as
GJBX-4(79). a conference was held at QOak
Ridge, Tennessee in order to discuss the ref-
erenced Mountain States report and to solicit
recommendations relative to additional work.
Proceedings of this conference were open filed
as GJBX-170(79).

As afinal phase of the Chattanocga Shale study,
Mountain States identified immediate, short- and
long-range programs, and/or strategies for the
development and commercialization of the
resource.

Phosphate Studies

e Subcontractor: Earth Sciences, Inc.
¢ Subcontract Value: $504.454

e Start Date: June 1978

¢ Completion Date: June 1979

Phosphates and phosphate rocks have been of
continuing interest as a source of uranium and
particularly in recent years with improvements in
the technology for extraction. A resource eval-
uation of the uranium contained in these
phosphate units in the United States and in the
free world was completed and open filed as
GJBX-110(79).
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Seawater Project

& Subcantractor: EXXON Nuclear Ca. Inc.

® Subcantract Value: $309,307

¢ Start Date: § Seplember 1978

s Completion Dale 10 March 197¢
The Seawater project was conducted by EXXON
Nuclear Co., Inc. It was completed in March 1979
and was reported in the NURE 1978 Annual
Activity Report.

Asphaltite Project

A review of the USGS Professional Paper §454-G,
Uranium and Helium in the Panhandle Gas Field,
Texas and Adjacent Areas. published in 1964,

has created renewed interest in aspnaltite as a
potential low-grade uranium resource. Late in
1979 DOE directed Bendix, using both Bendix
geologists and subcontractor specialists, to make
apreliminary evaluation of asphaltite in the Pan-
handle gas field.

The Texas Bureau of Economic Geology, wark-
ing under an amendment to an existing
subcontract from Bendix, has provided a report
on stratigraphic accurrences of the asphaltite in
the Texas Panhandle.

Geologic Map
Compilation Program

+ Subcontraclors: approximately 20
* Subcontract Value: $1,509.000

¢ Start Date: October 1977

¢ Completion Dale: Seplember 1981

The Geologic Map Compilation Program is
designed to provide 1:250,000-scale geologic
maps, not available from the USGS or state
surveys, for use as data bases for ali NURE
program elements; 189 of the 621 NTMS NURE
quadrang'es were covered by acceptable pub-
lished surface geologic maps with a scale of
1:250,000. The remaining 432 quadrangle maps
are being compiled.

Through 1979, 232 maps have been delivered via
NURE subcontractors. Of these, 101 were de-
livered during 1979, and 22 additional maps
remain with subcontractors.

The major sources for the production of new
1:250,000-scale maps are previously published
maps of various scales. These are checked for
specification compiiance, reduced or enlarged
to 1:250.000 scale, and compiled. Geology is
generated by aerial photography interpretation
where gaps occur in the published sources.
Field studies have not been used to produce or
supplement map generation because of the tight
schedule required by NURE.



Technology Applications

The Technology Applications element of NURE
provides technical development evaluation,
andintegration of new and improved techniques,
methodologies and instrumentation for uranium
exploration and resource assessment. Tech-
nology Applications encompasses the disciplines
of geophysics, geology, physics, geochemistry,
computer science, and electrical engineering.
Bendix pursues this program with in-house pro-
fessional specialists and subcontractor back-up
services and experience. Continuing develop-
ment and improvement in testing and evaluation
of geophysical andiogging instrumentation used
inuranium exploration is one of the key program
objectives. Technology integration, anoiner key
objective, is achieved by geophysicists, geol-
0gists, physicists, and gecchemists combining to
produce research and developmental data con-
cerning: exploration and resource assessment
strategies; ore genesis models; and definition and
identification of uranium-associated halgs. This
research is carried out using evaluations of iden-
tified deposits in known geclicgical environments
having a variety of geclogical conditions,

In addition, technical support is furnished in
electronics and geochemical analyses for the
entire NURE program. Technical products of the
program are transferred to the public via open-
fite reports, professional journals, and presen-
tations at professional meetings and forums.
The resultant program and budgetary categories
for Technology Applications are identified as
Technology Development and Evaluation, Tech-
nology Integration, and Technology Support.

Technology Development
and Evaluation

Bendix is involved in a number of projects with
the potential to improve instrumentation and
methodology in uranium exploration and re-
source assessment,

Areas of broad interest in Technology Devel-
opment and Evaluation include prompt and
delayed fission neutron logging, gamma-ray
spectral logging, radon and helium emanometry,
and aerial radiometrics.

Technology resulting from these projects is
made available to industry, other government
agencies, and the general public via oper--ile
reports, seminars, professional forums, and
journal publications.

Uranium Borehole Logging with PFN

o DOE Contractor: Sandia Laboratories
* Subcontract Value: $56Q.000

» Start Date: September 1978

s Completion Dale: September 1979

Activity continued in two major areas: commer-
cialization ¢f the neutron generating tube
technology and prompt fission neutron system
refinement along with field work.

A subcontract issued by Sandia to Kaman
Sciences Corperation, Colorade Springs, Colo-
rado in mid 1978 continued with the objective of
transferring Sandia’s tube technology to the
commercial sector. Phases | and |l required the
construction of 10 Controlatron tubes and five
transformers with three tube transformer assem-
blies (TTA}, respectively, and were successfully
concluded. Phases lll and IV, which are tied to the
Zetatrontube (animproved version of the Contro-
latron) development, were deferred pending stu-
dies by Sandia and General Electric Neutron
Devices on the system handling procedures for
preloaded reservairs. It is planned that Phase ||
work by Kaman to build 20 of the high output
Zetatron tubes will resume in January 1980.

improved prompt fission neutron {(PFN) probes
were completed and successfully tested. Of par-
ticular note was the elimination of a troublesome
noise problem and the increase in epithermal
neutron sensitivity. Late in the year, life testing
of the neutron generating tube was intiated. Re-
sults of the testing will be available in early 1980.

Field work during the year using the PFN system
was conducted in Texas, New Mexico, and
Washington. The latter was by special arrange-
ment with DOE's Hanford facility contractor
Rockwell for PFN logging (for plutonium) at a
waste disposal site near Richland. Also of note
from the year's field work was the logging of mill
settling ponds by dragging the PFN probe along
the bottom of the ponds.

»2C{-Based Direct Uranium
Logging System '
¢ Subcontractor: IRT Corporation
® Subcontract Value: $240,464 (Phase'l)
$531.329 {Phase II)

® Start Date: 1 June 1977 (Phase |)
® Completion Date: December 1979

Efforts during the year were directed at bringing
the prototype development and field testing to
an end. Costs incurred during the year amounted
to $32,342.
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In summary the activities for the year included
the completion of reduction/anatysis of all re-
maining unanalyzed data and the delivery of the
equipment and final report to Grand Junction.

During the latter part of 1878, field work was
conducted in Texas and Wyoming and by
special arrangement on DOE's Hanford facility
located near Richland, Washington. These data
were reduced, analyzed, and disseminated to the
principals involved.,

The first draft of the tinal report was received in
late September and after some revision is
scheduled for open filing in 1980. The system
drawings were accepted in an "“as is” condition
and are available for inspection at GJO.

Based on this work, IRT designed and built a
system for use in mineral exploration and
announced the availability of a commercial
"Delayed Neutron Logging" service late in 1979.
The photo on page 65 shows the commercial
system at the time it was calibrated in the fission
neutron models in Grand Junctior

Borehole Neutron Activation Analysis
(NAA) for Uranium Associated Elements

¢ DOE Contractor: Sandia Laboratories
s Contract Value: $220,000

= Start Date: 1 January 1979

® Completion Date: February 1983

The goal of this work is to develop a gamma-ray
spectroanalysis probe that assays for elements
which are associated with uranium deposits. Itis
envisaged that this probe, when developed, will
be used in concert with other prospecting
techniques in a systems approach for the identi-
fication of locations favorable to uranium
mineralization. The principles involved in the
probe concept include the generation of 14 MeV
neutrons, the resulting propagation and sub-
sequent capture of these neutrons by formation
elements, the time and spectrally resolved detec-
tion of both capture and delayed gamma-rays
emitted by the capturing atoms, and a reduction
of the data culminating in an elemental analysis
of the formation.

Chemist inserting boat in LECQO sulphur analyzer at the Grand Junction laboratory.
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After consulting with experts from the U.S. Geo-
logical Survey and the National Aeronautics and
Space Administration, a specification was put
together and a request for proposal (RFP) was
issued. The basis of the RFP was a cooled high
purity germanium detector with a preamplifier,
amplifier, and high voltage circuits, all to be
housed in a 2.5-inch (83.5 millimeter) outer
diameter probe. Subcontract award was made to
Ortec Inc. in Oak Ridge, Tennessee.

Borehole Neutron Experiments

® Subcontractor: Science Applications. Inc.
® Subcontract Value: $44 350

* Start Date: December 1977

e Comoletion Date: Cctober 1979

The measurement program for this project, a
joint effort with Science Applications and BFEC
personnel, is now complete and the report,
GJBX-165(79), was open filed in December
1979.

The first phase was an experimental evaiuation
of a fast fissien source monitor that measures
the pulsed 14 MeV neutron output from direct
uranium borehole logging probes. The 2*¢U-lined
proportional counters used as the monitor detect
only neutrons with energies above the fast
fission threshold at about 1.5 MeV. Results
indicate that the fast fission counter functions
well as a 14 MeV neutron monitor and is reta-
tively insensitive to variations in borehole con-
ditions and to other variations in the surrounding
neutron scattering medium. Additional tests are
required to further evaluate this source monitor
concept.

The second phase of the project required a
series of benchmark neutron flux measurements
to verify results of a previous calculative study
on the performance of fission neutron direct
uranium logging probes. Absolute neutron Hux
measurements for both #?Cf and 14 MeV sources
are in agreement with the caiculative results re-
ported previously in GJBX-44(77) and GJBX-52(79).

Borehole Neutron Correlation, Phase 1l

Subcontractor: Consolidated Controls Corporation
Subcontract Value: $53,350

Start Date: 17 May 1979

Completion Date: 17 August 1980

Experiments are being conducted to test the
associated particle technique for uranium explo-
ration with probes containing neutron gener-
ators. Utilizing this technique, the alpha particle,
emitted as a result of the reaction in the gen-
erator, is monitored to provide information on

the time and direction of neutron emission.
Gamma rays and neutrons from the neutron-
induced reactions in the formation are subse-
quently detected and correlated with the initial
neutron emission.

The experiments are being conducted in a
laboratory using simulated sandstone forma-
tions containing known amounts of uranium.
The results will be used to test theoretical calcu-
lations from Phase | of the project and to
determine the feasibility of the technique for
uranium expioration,

Gamma-Gamma Transport Calculations

® Subcontractor: Science Applications, Inc
® Subcontract Value: $69,833

e Start Date: April 1979

o Completion Date: May 1980

This calculative study by Science Applications
employs state-of-the-art Monte Carlo radiation
transport techniques to investigate the gamma-
ray backscatter principle as a direct uranium
logging method. With this technique the study
will also determine the sensitivity of formation
density measurements to variations in borehole
diameter, fluid, rugosity, and mud cake con-
ditions and will determine probe design para-
meters.

Four of the eight Monte Carlo calculations are
complete. Each calcuiation models the probe
and borehole geometry in great detail and
predicts the probe signal as a function of source-
detector spacing, uranium ore grade, detected
gamma-ray energy, source emission angle, de-
tector incident angle, and formation sampling
depth.

When compiete, the data base of results wili be
implemented on the GJO CDC 8600 computer
system. A user's program will permit the use of
this data base in solving catibration and design
problems for gamma-ray backscatter borehole
probes,

A final report for this project witl be open filed in
1980.

Spectral Gamma Evaluation/Refinement

e (ngoing in-house project

Bendix has a continuing project to improve data-
reduction and correction procedures for spectral
gamma-ray logs. This project also seeks to
improve hardware used for collecting borehole
data.

The Grand Junction calibration models are used
in conjunction with borehole probes to provide
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data for the studies. Results have helped to
better characterize these models and to provide
understanding of data collected in the field by
the Bendix logging personnel.

The work this year was concentrated in the
following areas: energy stabilization methods,
tests of commercial portable spectrometers, log
deconvolution with the inverse digital filters, and
interpretations of high resolution gamma-ray
transport calculations.

A gamma-ray logging workshop is planned for
1980 to discuss the results of the investigations
and to confer with industry representatives. After
the workshop a report on the studies will be
open filed.

Intrinsic Germanium Probe Evaluation

®» Ongeing in-house project in cooperalion with the
USBM, Princeton Gamma-Tech, and CONCCO

This project to evaluate high resolution intrinsic
germanium probes for direct uranium logging
began in 1978 as a cooperative effort between
the DOE/GJO and the USBM/Denver. The ger-
manium probe fielded by Princeton Gamma-
Tech and the fission neutron probes developed
by IRT, Sandia, and Century Geophysical logged
a set of 30 test holes in south Texas.

The test holes exhibited a wide range of uranium
grades and uranium/radium disequilibrium con-
ditions. Extensive core analyses were performed
by BFEC to characterize the composition and
physical properties of the test holes. All core and
logging results have been written to a compu-
terized data base. The data base was then
exercised to produce various comparison plots
and other forms of data evaluation for the several
direct uranium probes.

Calculation of the grade-thickness product for
each ore zone and sonde type shows that the
logging results are widely dispersed about the
values obtained from the core assays. Results for
the IRT sonde are systematically lower than core
results, the Century sonde severely overesti-
mates the grade thickness product for very low
grade zones, and the PGT sonde exhibits a sys-
tematic trend toward underestimating grade
thickness for higher grade (>1,000 ppm) ore
zones. The Sandia sonde shows no such sys-
tematic trends but seems to agree better with
core results at the higher grades (1,000 to 2,500
ppm range). Neglecting the very large discre-
pancies observed, for example, with Century’s
sonde at low grades, or with IRT's sonde when
malfunction was suspected, the four direct
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uranium logging sondes exhibited similar dis-
persions about the core results.

Approximately 50 percent of the time the logging
sondes are within £30 percent of the core results
while about 75 percent of the time they are
within £50 percent. A certain amount of this dis-
persion is due to the unfavorable borehole con-
ditions and to the variety of host environments
sampled.

Complete project results will appear in an open-
file report to be published early in 1980.

Intrinsic Germanium Probe

® Subcontractor: Princeton Garnma-Tech
& Subcontract Value: $44,374

& Start Date: 13 June 1979

#® Completion Date: 15 December 1979

A borehole probe for use in the DOE calibration
models was built by the subcontractor for use by
Bendix. The probe contains an intrinsic ger-
manium detector which is cryogenically cooled
during operation and warmed to room tempera-
ture during storage.

The germanium detector provides high reso-
lution gamma-ray spectra from the calibration
models. The spectra are superior to those col-
lected by scintillation detectors such as sodium
iodide because there is much less overlapping of
gamma-ray signals from the various radioactive
elements in the models. Data from this probe will
be used to obtain correlations of the grades in
the calibration models.

Computation and Nondestructive
Assay Methods

Subcaontractor: Los Alamos Scientific Laboratory
Subcontract Value: $200,000

Start Date: October 1976

Completion Date: December 1880

In 1879 the Los Alamos Scientific Laboratory
(LASL) completed a program of theoretical
spectral gamma-ray flux calculations for three
distributions of rock with gamma-ray source
material: (1) an infinite, homogeneous rock
medium, (2) two “semi-infinite,” homogeneous
media, air and rock, separated by a plane
interface (airborne model), and (3) an infinite,
homogeneous rock medium which is penetrated
by a borehole (borehole model). In each case,
the simulated gamma-ray fluxes were generated
in the rock by uniform concentrations of po-
tassium-40, uranium-235, uranium-238, thorium-
232, and radioactive elements in the decay
chains. Secular equilibrium was assumed for all
decay series.



Previously developed scdium iodide detector
response calculations were refined and convo-
lution methods were formulated to enfold the
calculated detector responses with the cal-
culated gamma-ray flux spectra, With these
results, pulse-height spectra can be calculated
for simulated airborne surveys or logging runs.
The borehole model calculations allow for vari-
ations in borehole diameter, borehole fluid (air
or water), borehole casing composition and
thickness, sonde wall thickness, and rock bulk
density, porosity, and saturation. The calcu-
lations can therefore be used to predict the
effects of these parameter variations on gamma-
ray logs. In the airborne model, the effect of
aircraft height on the survey can be investigated.

Comparisons between calculated results and
experimental data demonstrated the accuracy of
the borehole calculational methods, Flux calcu-
lations, detector response calculations, and en-
folding calculations were performed for po-
tassium, uranium, and thorium source materijal
surrounding a 1.5-inch by 9.0-inch (3.8 cen-
timeter by 22.9 centimeter) sodium iodide de-
tector in a borehole. The calculations utilized
source and borehole parameters from the DOE
K, U, and T borehole calibration models at
Grand Junction. The calculated pulse-height
spectra were in excellent agreement with data
collected by BFEC with a 1.5-inch by 9.0-inch
{3.8 centimeter by 22.9 centimeter) sodidm
iodide detector in the K, U, and T borehole cali-
bration models.

LASL completed a series of gamma-ray trans-
port calculations for a gamma-gamma-type
sondein a borehole. This sonde was designed to
obtain accurate uranium assays in formations
characterized by uranium/radium disequil-
ibrium. The calculations imply that the uranium
K-sheli x-ray fluorescence signal can be utilized

Commercial version of IRT delayed neutron
logging system.

to detect disequilibrium and obtain the desired
uranium assay.

A sonde that employs a photoneutron source
has been designed and is being evaluated for
direct uranium detection through fission neutron
logging. Photoneutrons will be generated in the
sonde by gamma-ray bombardment of beryl-
lium. This is accomplished through the mechan-
ical coupling of an antimony-124 gamma-ray
source with a beryllium target. Neutron radiation
safety problems are alleviated by the fact that
neutron generation terminates upon separation
of the gamma-ray source from the target. A
prototype sonde is now undergoing horehole
tests.

In 1979 a report entitled Nondestructive Assay
Technology for Uranium Resource Evaluation:
Infinite Medium Calculations Final Report,
GJBX-85(79), was placed on open file. It de-
scribes gamma-ray flux calculations for infinite,
homogeneous rock media.

R&D Logging Vehicle

® Start Date: August 1977
® Completion Date: December 1979

The purpose of this project is the construction of
an R&D logging vehicle, Fabrication of the
vehicle's logging cabin, draw works, and hoom
was completed by Energy Products, Ltd., of Fort
Worth, Texas. The installation and checkout o
electronics systems, including a Data General
Nova 3/12 minicomputer, was completed by
Bendix personnel. The vehicle will suppor
Bendix R&D work in borehole logging tech-
niqgues and geophysics. Major projects that
make use of the vehicle are gamma-ray spectral
logging (including KUT), prompt tission neutron
(PFN) logging, and magnetic susceplibility (MS)
logging. It also provides caliper, total gamma-
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ray, neutron-neutron, resistivity, self potential,
and gamma-gamma density measurements for
ancillary information.

With the on-board minicomputer, the vehicle will
support borehole instrumentation R&D with ex-
ceptional data taking and processing capabili-
ties. It has supported gamma-ray spectral studies
and MS work in Colorado, Wyoming, and Utah.
PFN demonstrations began in December 1979,

Fiber-Optic Logging
Cable Development
Subcontractor: Optelecom Inc.
Subcontract Value: $91,306

Start: October 1978
Completion Date: 1 March 198¢

A fiber-optic borehole logging cable will in-
crease lhe data-transmission capabilities of log-
ging systems many times over the industry
standard, four-conductor, logging cable. The
objective of this project is to develop a fiber-
optic logging cable system that includes a 1,000-
foot {305 meter) length of fiber-optic cable
containing three optical fibers, three copper
conductors, and two armored layers, having the
same mechanical characteristics as a standard
four-conductor logging cable. Cable termination
assemblies and interface electronics are provid-
ed to: transmit digital data through the optical
fibers from borehole electronics to the surface,
transmit control data from the surface to bore-
hole electronics via an optical fiber, and power
the probe using the copper conductors.

Construction of a 400-foot (122 meter) prototype
fiber-optic logging cable has been completed.
This prototype cable was tested and proved to
be feasible for borehole logging. A draft report
has been scheduled for open filing.

Borehole Data Transmission and
Acquisition System (BDATS)

Subcontractor: Science Applications, Inc.
Subcontract value: $100,000

Start Date: 17 December, 1979
Completion Date: November 1980

Digital data transmission of borehole probe
signals will provide a much needed improvement
over analog dala transmission techniques. This
is especially true when pulse-type signals and
large quantities of data are to be transmitted
across long lengths of standard logging cable.

This subcontract provides for construction of a
prototype BDATS that utilizes digital data trans-
mission and acquisition techniques.
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The system will include a downhole electronics
package that contains a 168-channel analog-to-
digital converter, six pulse counters (scalers),
two multichannel scalers (MCS), a four-bit
digital I/0 interface, a high speed serial interface
{for a pulse height analyzer), and a high speed
modem to transmit data from the above men-
tioned acquisition components to the surface. At
the surface, a mating modem and minicom-
puter interface will be provided and placed in the
Bendix/DOE R&D logging vehicle.

A report and documentation will be provided by
the subcontractor.

Phoswich Airborne Detector

Subcontractor: Grumman Aerospace Corporation
Subcontract Value: $253,492

Start Date: 27 April 1976

Completion Date: February 1980

Based on a study of possible Phoswich detector
configurations, Grumman Aerospace has fab-
ricated a hybrid Phoswich detector that is
expected to have a greater sensitivity for uranium
than a sodium iodide detector by about 50
percent for equal volume or weight systems. The
configuration selected should also provide infor-
mation concerning atmospheric radon and topo-
graphic changes. The hybrid detector has a
scdium icdide main crystal, a cesium iodide
back crystal, and a sodium iodide annulus.
Testing of the detector in the laboratory and in
flight has been accomplished. The flight pro-
gram consisted of collecting data on: the Walker
Field Pads, the Dynamic Test Range, and a
portion of the Lubbock Quadrangle, Preliminary
results indicate that each of the two Phoswich
detectors tested have a spectrum with a reduced
background level in the region of the uranium
peak that gives an effective sensitivity improve-
ment of approximately 50 percent. The testing
also established the directionality of the detector
system since a nonuniform radiation field can
readily be ascertained by the ratio of the total
counts from the annulus crystal to the total
counts from the central crystal. The results of
this project are scheduled for open filing in 1980.

Spectrum Enhancement (Phase Il)

® Subconiractor; Science Applications, Inc.

® Subcontract Value: $141,148

®» Stari Date: 1 February 1977

®» Completion Date: 31 May 1979
This is the second phase of a study to demon-
strate the applicability of the spectrum-enhance-
ment technique (MAZE) to data acquired with
sodium iodide detector systems currently used



in aerial radiometric surveys. The technique
treats spectral data mathematically to extract
more accurate information on the potassium,
uranium, and therium signature gamma-ray
intensities. Also, the technigue is capable of
revealing previously hidden spectral features
which will be helpful in making corrections for
the presence of airborne bismuth-214, vege-
tation, and overburden.

As announced in the NURE 1978 Annual Activity
Report, results of the study were published in
report GJBX-189(79) whichincludes: (1) aneval-
uation of thetechnique, as afunction of counting
statistics, {2) an investigation of the ground mois-
ture and ground cover effects on the aerial
gamma-ray spectrum, (3) an analysis of cor-
rections for nonlinearities in sodium iodide
{thallium drifted) data, (4) a fast running version
of the computer code, (5} the conceptual design
of a new data-filtering technique for aerjal data,
and (6) a comparison of MAZE techniques to
conventional processing methods.

Subcontractor's MAZE Code

® DOE Contractor: Science Applications, Inc.
® Subconiract Value: $212,398

e Start Date: 4 June 1979

® Completion Date: June 1980

With the successful conclusion of the Spectrum
Enhancement Phase I Project, this eftort was
begun in order to prepare for implementation of
the spectrum enhancement (MAZE) technique,
The study is organized into two tasks. Firstis the
final development and demonstration of a tem-
poral filtering technigue conceptually developed
under the Phase H project. Secend is to assem-
ble computer codes for determining detector
response functions of typical aerial radiometric
detectors into a user oriented package.

Both tasks are required to transfer all codes to a
minicemputer. The HP 1000/45 has been chosen
as the representative minicompuler since one is
availableto BFEC. Converting codes of tasks one
andtwotothe HP 1000/45is still in progress. The
planned code performance tests and demonstra-
tions toward code evaluations and processing of
radiometric data should begin in early 1980.

Vertical Radon Propagation

¢ Subcontractor: Radiation Research Associates, Inc.
Subcontract Value: $168,488

Start Date: 31 January 1978

Completion Date: 30 November 1979

Data acquisition under this subcontract has
been completed. A relative cost advantage was
realized by locating the radon detectors at

various levels on a commercial 1,500 foot (457
meter) tall RF transmission tower and using local
labor to maintain the instrumentation over the
3-month emplacement pericd.

When open filed in early 1280,the final report will
provide knowledge of the near-earth distribution
of radon during seasonal variations as well as
the effect of microscale weather patterns on its
concentration and stay time,

in addition, the report will promulgate much
needed infoermation for developing more accu-
rate techniques to account for radon daughters
and further improve subseguent model calcu-
lations. A data summary from current literature
has been prepared and will be included in the
final report.

Eftect of Vegetation

e Subconiractor: Radiation Research Associates, [nc.
® Subcontract Value: $25,657

» Start Date: 29 September 1878

» Completion Date: 30 November 1979

This effort examined the magnitude of the vege-
tation effect on natural gamma transport. Ground
cover biomass and tree/tree-root biomass were
modeled using both one and three dimensional
analyses. Their effect on the angular distribution
of ground emanating gamma-rays was also
quantified. Preliminary results verify that vege-
tation reduced the field of view of aerial spec-
trometers and that the sensitivity can be reduced
by a factor of two. Complete results of this study
will be open filed in 1980.

Statistical Techniques Applied to Aerial
Radiometric Surveys (STAARS)

® Ongoing in-house project

STAARS is an in-house project designed to
develop independent computational tools for the
interpretation of NURE aerial radiometric survey
data. Techniques such as principal components
analysis, discriminant analysis,trend surface gen-
eration, robust outlier evaiuaticns, and maxi-
mum sequential variance analysis are some of
those now in operation. Additional technigues
including regression analysis, nonparametric
analysis, and various forms of spatial filtering are
neing evaluated. Both binary and dynamic clus-
tering algorithms are also under development.
Publications of software developed under this
project will be produced as each method com-
pletes test and evaluation; also, publications
illustrating each technique applied to geological
interpretation will be prepared.
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Training Area Studies
® Ongoing in-house project

The Training Area Studies project is designed to
provide a case study vehicle by which interpreta-
tion methods developed under the STAARS pro-
ject will be applied to specific uranium deposi-
tional environments. Training area sites now
inciude Copper Mountain, Wyoming, the Bear
Lodge Mountains area of Wyoming, the central
portion of the Powder River Basin, Wyoming, and
the southeast Texas Gulif Coast area. Additional
training area sites will include the Big Bend
region, Texas, the McDermitt Caldera area of
Nevada, and the Date Creek area of Arizona. The
first of several reports on this work is scheduled
to be completed late in the summer of 1880.

Airborne Data Evaluation

® Subcontractor: G-Cubed, Inc.

® Subcontract value: $156,000

® Start Date: 1 August 1978

® Completion Date: 15 October 1979

The intent of this program is to acquire an inde-
pendent assessment of the exploration utility of
NURE aerial survey data. The Lubbock, Texas
NTMS Quadrangle was selected as the study
area. Three tasks were undertaken to determine
the practical exploration applications of the
NURE aerial radiometric reconnaissance survey
as evaluated for the Lubbock Quadrangle. The
tasks include: (1) evaluation and interpretation
of the aerial survey data for exploration targets,
(2) determination of ground truth for specitic
areas chosen and/or eliminated as exploration
targets, and {(3) evaluation of the available NURE
hydrochemical and stream-sediment reconnais-
sance data for the guadrangle and correlation of
the results with the survey interpretation. QOpen-
file report GUBX-135(79) is a result of this study.

Two exploration models are proposed. The first
and most obvious involves the basal Dockum
{Triassic) sandstone while a second more spec-
ulative model was derived from the NURE data
by integrating NURE aerial radiometric, NURE
HSSR, subsurface geologic, and ground geolo-
gic and geochemical data.

The report concludes that the NURE data sets,
when coupled with that normally integrated into
exploration programs, can be used in this area to
generate exploration models,

Crystal City/Beeville Geochemical
Analysis Models

= Subcontractor: Rice University
@ Subcontract Value: $70,341

« Start Date: 1 June 1979

= Completion Date: 31 March 1980
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The objective of this project is to: (1) obtain an
independent expert assessment of the utility of
the NURE aerial survey open-file report, {2)
obtain an independent expert assessment of the
utility of the NURE aerial survey data, and (3)
investigate various techniques by which NURE
aerial reconnaissance survey data may be used
to characterize the radioelement distribution of
six formations from the study area.

Completion of this project will lead to an open-
file report in 1980 that will include a map
showing relative uranium favorability in the
Crystal City and Beeville, Texas NTMS Quad-
rangles. This favorability may be expressed in
terms of dollars per square kilometer of explo-
ration costs and will be based on aerial radio-
metric data, hydrogeochemical data, formation
characterization, and drilling depths involved.
Also in the report will be a geochemical model
which fits the radiometric characterizations devel-
oped. This mode! will be validated through
“ground truth.” Hydrogeochemical, stream-
sediment, and aerial reconnaissance data wilt be
included in the model and any inconsistencies
between the model and the aerial radiometric
data will be addressed.

Preliminary results indicate that the data in the
open-file reports have identified, on a relative
basis, the granitic provenance factor in the Qua-
ternary alluvium and barrier island part of the
Beaumont Formation and even in the Beaumont
proper, assuming that almost all of the Beau-
mont in the study quadrangles is radiometrically
dominated by clastics from the Precambrian of
central Texas.

Geophysical Interpretation,
Big Bend Area, Texas

@ Subcontractors: University of Texas at El Paso
Purdue University
University of Texas at Dallas
® Subcontract Value: $111,161
= Start Date: 12 September 1978
# Completion Date: 19 September 1980

The major objective of this study is to prepare a
geological interpretation of geophysical data in
the area of the Marta, Emory Peak, Presidio, and
Fort Stockton Quadrangles in west Texas for
controls on the distribution of observed uranium
and thorium resources. A secondary objective of
this study is to evaluate and illustrate the use of
geophysical data derived from the NURE aerial
radiometric and magnetic surveys. Special em-
phasis is placed on the utility of analytical
methods to derive magnetic maps from the
original magnetic anomaly data by computer
processing.



A major product of this study will be regional
gravity and magnetic maps of the area as well as
an integrated analysis of geochemical sampling
from NURE HSSR surveys and other ground
truth sampling. This study will provide a regional
geophysical and geochemical interpretation as
background for detailed aerial radiometric and
HSSR surveys now being conducted in the Big
Bend area of Texas. A report will be open filed in
late 1980.

Reconnaissance Magnetics
Interpretation

Subcaontractor: QEB, Inc.
Subcontract Value: $54,849

Start Date: 23 October 1978
Completion Date: 15 November 1979

The aerial gamma-ray spectrometer surveys
subcontracted under the Aerial Radiometric
Reconnaissance element of the NURE program
include a collection of aeromagnetic data. The
surveys are designed for the collection of high
guality radiometric data and are not limited by
some of the normal constraints of magnetic data
collection. This project is designed to examine
the usefuiness of combining magnetic data from
the NURE surveys with available gravimetric
data to provide a more complete regional sub-
surface interpretation for possible use in eval-
uating uranium resource potential. As part of the
study the quality of NURE-collected aeromag-
netic data will be assessed and calibration
procedures and checks recommended.

An open-file report on this study is planned for
1980.

Video Image Enhancement

Subcontractor: University of wyoming
Subcontract Value: $119,925

Start Date: 1 April 1975

Completion Date: 15 December 1979

As reported in the 1977 Annual NURE Report,
tt e original contract with the University of
Wyoming was twice modified to: {1) allow varied
denonstrations of the capabilities of the video
enhancement system, and (2) establish ground
truth correlation with proposed uranium-asso-
ciated alteration evident in video-processed
LANDSAT and aerial false-color infrared
imagery.

As a result of the first modification, LANDSAT
imagery was analyzed and interpreted for nine
areas in the southern and western United States,
selected by Bendix and DOE geologists. Dif-
ferent procedures were used in each area,
depending on specific problems and objectives.

Lithotogic distinctions and detection of al-
lered zones were accomplished with spectral
processing; edge enhancement and contrast
stretching were used as aids for structural inter-
pretation. A detailed presentation of this work is
available in open-tile report GJBX-137(78).

As aresult of the second modification, LANDSAT
imagery and aerial photography were shown to
be useful for mapping areas of altered sandstone
associated with roll-front uranium deposits.
Image data must be enhanced so that spectral
contrasis related 1o alteration can be seen
through masking contrasts of soil moisture and
vegetation. For LANDSAT data, the ratio of band
7 1o band 4 produces the best enhancement of
altered sandstone. The ratio of 6 to 4 is most
effective for color infrared aerial photography.

Sampies collected at the Pumpkin Buttes
uranium district show thatiron, in the form of an
oxide stain on sand grains, is the primary
coloring agent which makes alteration visually
delectable. Statistical analyses show that the
detectability of geochemical and color zonation
in host sands is weakened by soil-forming pro-
cesses. When alteration can be mapped in areas
of thin soil cover and moderale to sparse vegela-
tive cover, it oftenis a good indicator for roll-front
uranium deposits. These results are presented in
GJIBX-171(79).

Imagery Pattern Recognition

» Subcontractor; Earth Satellite Corporation
®» Subcontract Value: $108,700
® Start Date: July 1978
*« Completion Date: December 1979
The purpose of this subcontract was to inves-
tigate the application of texture measures and
displays to uranium exploration, using data from
the LANDSAT series of spacecraft as the primary
information source.

Six training sites were selected, consisting of
Copper Mountain (Wyoming); Pumpkin Buttes/
Kaycee {Wyoming); Grants {New Mexico);
Réssing (Namibia); Marysvale (Utah); and
Beaverlodge (Saskatchewan). For each of these
sites, texture measures and/or texture displays
were generated, and where possible, discrimi-
nation functions were developed to separate
known uraniferous areas from areas of unknown
uranium content.

The analysis was applied to the original
LANDSAT spectral bands, to all eigenbands
(linear combinations of the original bands), and
to band ratios {visual inspection only). The basic
data sources for all analyses were the LANDSAT
Computer Compatible Tapes.

69



Of all data and all texture measures, the most
successful resuits were obtained by plotting
measure pair, Inverse Difference Momen! against
Angular Second Moment applied to the third
eigenband of the LANDSAT data. Use of this
measure pair permitted separation of uranium
from nonuranium in certain geological settings
(particularly Pumpkin Buttes/Kaycee) but was
unsuccessful in others.

Attempts to develop general discriminants by
extending calculated discrimination curves
across LANDSAT frame boundaries were unsuc-
cessful. This lack of success in jumping bound-
aries is attributed to variations in LANDSAT
images caused by changes in sun angle, atmo-
sphere, and season from one frame to another.

The use of texture displays as a tool for analysis
showed hints of correlation with uranium occur-
rences but the resolution of available data
limited the strength of this inference. Generally
speaking, texture and enhanced lineament dis-
plays are still too crude to enable any real corre-
lation with uranium to be demonstrated or
denied.

Although the results cannot be described as
providing a new tool for uranium exploration, it
is evident that computed texture measures are
describing some element of the LANDSAT data
source that cannot be readily observed or ana-
lyzed by visual interpretation. The success of
eigenband-3 is less surprising, since other evi-
dence exists suggesting that such a band should
be relevant to image textures.

It is concluded that the experiments would be
worth pursuing further only in areas with selected
geological settings, such as that of Pumpkin
Buttes. in addition, portions of this work should
definitely be repeated as soon as the higher reso-
lution data of LANDSAT-D becomes available.
There were sufficient data to indicate that
texture cannot be discounted as a basis for
classifying terrain in terms of uranium-bearing
patential.

A detailed presentation of this work, including
LANDSAT imagery in microfiche format, is
scheduled for open filing in 1980,

Emanometry

s Ongoing in-house project

Emanometry is defined as the measurement of
the gases, radon and helium, which are pro-
duced by uranium. It is expected that radon and
helium gases can migrate from their source to
provide broader exploration or assessment tar-
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gets than uranium itself. Bendix is conducting a
program to determine the relationship between
these gases and mineralization. The influence of
geologic controls, environmental conditions, and
migration processes on the emanometric pat-
terns measured will also be determined.

Detailed surface sampling programs at three
known uranium occurrences (Red Desert and
Copper Mountain in Wyoming and Spokane
Mountain in Washington as covered in detail in
the Technology Integration section) indicated
that both radon and helium ceoncentrations in
soil correlated with the known mineralization at
depth, and that these gases may be used to
locate drilling targets. Subregional sampling
programs at the three sites demonstrated that a
major component of a radon or helium signal is
reiated to lithology and/or structure. Due to
physical differences between radon and hetium,
these gases are affected difterently by the same
geologic environment and exhibit different spa-
tial patterns. Areas of overlap between anom-
alous radan and helium signals may be a more
successful approach to indicating areas for
detailed follow up than either single gas
measurement.

Ground water samples coltected from boreholes
at the same three sites indicated that radon can
provide a strong indication of mineralization,
both vertically and horizontaily, sufficient to dis-
tinguish a near-miss drill-hole condition. The
helium concentration in the ground water sam-
ples was more subltly indicative of near minerali-
zation. An elevated helium concentration was
usually found in ground water downdip from an
accumulation. Thus, the helium concentration in
ground water may provide information con-
cerning updip mineralization. Further sampling
at these sites has been performed to confirm
these observations. Also, ground water samples
have been collected for radon and helium
analysis from boreholes near a known deep
deposit in the Grants Mineral Belt, New Mexico.

Reports on the results of this project will be
submitted for open filing during 1980.

Helium Surveying

s Subcontractor: Helium Surveys, Inc.
® Subcontract Value: $80,010

¢ Start Date: August 1977

® Caompletion Date: December 1979

Helium surveys have been performed over three
areas of known uranium mineralization. The
geotogic sites inciude a sandstone environment



at the Red Desert in Wyoming, a granitic envi-
ronment at Copper Mountain in Wyoming, and a
metamorphic environment at Spokane Mountain
in Washington. (These test sites are also dis-
cussed in the Technology Integration section.)
Sampling was repeated over the Red Desert site
during the winter months of 1978 and early
spring of 1979 to determine the seasonal effects
on the helium surveys.

Results of the two Red Desert surveys indicate
that the helium in soil values obtained from
samples collected during early spring were
much [ower than the identical survey completed
during the previous summers. Correcting the
soil helium for biogenic effects and residual soil
gases indicated results of both surveys corre-
lated to the known uranium occurrence.

The helium anomalies found in soil samples
reflected the presence of the known deposits at
both the Red Desert and Copper Mountain sites.
At Spokane Mountain,the pattern of soil helium
values was ambiguous although the presence of
a fault that transects the mineralization was high-
lighted by the helium values.

Helium contained in soil samples proved to be
the best method for surveying. The helium
anomalies measured in soil gas were found to be
weaker than the helium in soil. Helium signalsin
water showed higher anomaly contrast except at
Spokane Mountain but sources of water sam-
ples are not as readily available as the soil
samples along a systematic grid pattern.

Copies of the open-file report will be available in
1980.

Helium-4/Argon-36 Ratio and
Radon-222 Measurements

s Subcontractor: Teledyne Isotopes
® Subceontract Value: $141,000

®» Start Date: 19 August 1977

e Completion Date: March 1980

Radon and helium gases are produced via the
decay of uranium. Presumably these gases,
created by an orebody at depth, migrate to the
surtace where they can be detected, and when
combined with a knowledge of favorable geo-
logic characteristics, will aid in locating the
orebody. The primordial gas argon-36 is as-
sumed to be stable in abundance throughout the
earth. Thus, the concentrations of argon should
reflect the local variations in soil gas and the
ratio helium-4/argon-36 should not be sensitive
to meteorological conditions or changes.

This project includes sampling three different
areas of known mineralization. They include a

sandstone environment at the Red Desert in
Wyoming, a granitic environment at Copper
Mountain, Wyoming, and a metamorphic envi-
ronment at Spokane Mountain in Washington.
(These testsites arediscussedinthe Technotogy
Integration section.)

Results indicated the helium-4/argon-36 ratio
did eliminate local variations in the soil-gas
values,

At the Red Desert site radon showed minimal
excess in surface gas samples but excess ?'“Pb
was present and correlated with ore location. In
vertical profiles most of the gas and water sam-
ples were deficient in 22Rn but excess was found
46 feet {14 meters) above the cre zone at a level
230 times that expected from in-situ emanation.

Dissolved ?22Rninground water was mobilized by
induced pumping of fluids in a drill hole, thus
suggesting a technigque for enhancing the effec-
tive sampling radius at chosen depth.

The presence of excess ?'9Pb in surface samples
and in vertical profiles suggests that it may be an
ore indicator although statistical variation at low
concentrations and absence of measurements in
true background locations limit a conclusive
interpretation. The ¥°Pbvalues from soil samples
correlate well with near surface uranium
concentrations at all the sites.

Complete results of this study are scheduled for
open filing early in 1980.

Numerical Modeling of Radon and
Helium Migration

Subcontracter: Teledyne isotopes

Subcontract Value: $95,750

Start Date: 26 September 1976
Completion Date: January 1980

Phase | of this project was reported in the 1978
NURE Annual Activity Reportandin GJBX-67(79).
Phase |l started in late 1978 and will be com-
pleted in FY80 with an open-file report. The pro-
ject involves the development of one-
dimensional mathematical models to simulate
the transport of the radon and helium gases
away from uranium mineralization. The resulting
concentrations of indicater nuclides in the soil
are used to infer the detectability of buried
daranium deposits by emanation methaods.

in the case where there is a nonradioactive over-
lying formation, radon and some of its daughter
products are calculated to be detectable at dis-
tances of several tens of meters from a planar
uranium deposit. When the overlying rock-
sediment column is assumed tc contain 4 ppm
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uranium, the masking effect of locally produced
radon reduces the detection range to less than
33 feet (10 meters). Models of helium diffusion in
rock yield highly uncertain results because meas-
urements of diffusion coefficients in actual rock
types are lacking and because the flux of helium
from deep within the earth is generally unknown,

Inhomogeneity in a rock-sediment column is
simulated by multiple-layer models. Each hori-
zon may be assigned uranium and thorium con-
centrations as well as a diffusion coefficient and
physical properties. Results are in reasonable
agreement with the subsurface distribution of
radon and some of its daughter products at a site
of known mineralization in central Wyoming.

Barometric influences on gas transport are sim-
utated by time-dependent numerical models.
Sinusoidal variations in atmospheric pressure
cause sinuscidal changes in gas concentrations
which are attenuated with increasing depth. The
effect is less than 15 percent near the s0il
surface for radon while helium exhibits a maxi-
mum variation ot 0.4 percent.

This new emission spectrometer is capable of analyzing up to 64 elements per analysis.
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Radon Emanation Studies

¢ DOE Contractor: Generail Electric Co.
® Subcontract value: $159,840

® Start Date: 1 April 1977

® Completion Date: July 1879

In order to determine the nature of radon
signals, field and laboratory experiments were
performed by General Electric. The field work
was carried out at a known occurrence at a
depth of 328 feet (100 meters) in New Mexico.
Extensive monthly near-surface integrated radon
measurements were made. These measure-
ments, which were made insensitive to thoron,
moisture, and heat, can be reproduced within 22
percent. The median radon value was remark-
ably constant and no seasonal effect was per-
ceivable. Monthly variations of the high and low
radon values do not correlate with large-scale
weather variations. An interpretation of these
temporal variations acknowledges that they are
produced by upflows and downflows of gas from
unknown depths. The observations are com-
patible with vertical velocities in the range of 1 to
2 x 107% centimeters/second, which would be suf-
ficient to transport significant radon signals from
ore at 98 to 164 feet (30 to 50 meters) below the
surface. Downhole radon and permeability meas-
urements were made at the field site. Oneregion
near the orebody was found to have very high
permeability, such that if the orientation and
extent of the region were favorable, flow from
the ore to the surtace might be possible.

Results of this study were open filed in report
GJBX-97(79).

Uranium and Radon Daughters
by Nuclear Emuisions

® Subcontractor: Stielf Research and
Development Co., Inc.

® Subcontract Value: §51.227

® Start Date: May 1979

¢ Campletion Date: April 1980

The interpretation of 22Rn concentration data in
soil gas has generally proceeded from the
assumption that the processes of emanation and
diffusion are responsible for the presence of
radon at the mineral grain boundaries and inter-
stitial pore spaces near the uranium source area.
It is also assumed that the radon migrated to the
surface under the influence of various transport
mechanisms, and that the diffusion process is
not significant at long distances. Therefore, the
relatively short half-life of 3.8 days for 22Rn has
placed an uncertainty on the geologic processes
which could account for the observed surface
data. In order to evaluate the radon gradient

data, the radon concentration measurements
should be directly correlated not only with quan-
titative measurements for uranium and radium in
related soil or core samples but also with the
longer lived daughter products such as *'°Pb.

The major objective of this investigation is to
obtain data on the syslematic distribution and
concentration of uranium (**¢U) and its daughter
products (?**Ra, ?'°Pb, and **U) from drill-hole
and geochemical samples collected over or near
known uranium orebodies via nuclear emulsion
techniques. Also, it will be determined whether
leachable 2'°Pb values represent an enhanced
222Rn signal.

This project may determine the feasibility of the
nuclear emulsion as a uranium exploration tool
and obtain information concerning the vertical
migration and the subsurface distribution of
radon and its precursors.

A report on this project is scheduled for open
filing in 1980.

Ruggedized Radon Emanometer

® Subcontractor: TSA Systems, Inc.
Subcantract Value: $58,120

Start Date: 1 December 1977
Completion Date: December 1979

Sixteen ruggedized radon emanometers were
procured and distributed to Bendix field per-
sonnel for evaluation of radon in near-surface
soil gas and ground waters.

These units are being tested side by side with
other commercially available emanometers and
the test results then compared to the data from
alpha-track integration surveys of the same
sites.

An evaluation report on these instruments is
expected to be open filed in FYB8O.

Drilling Mud Emanometer

¢ Subcontractor: Overhoff and Associates, inc.
® Subcontract Value: $19,800

e Start Date: 18 August 1978

® Completicn Date; December 1979

Radon gas emanating from deeply buried ura-
nium orebodies may not be readily detected at
the surface using current emanometric tech-
niques. If, however, some of the migrating gas is
intersected by a borehole, some of the gas may
be rapidly carried to the surface in the circu-
lating mud used to clean and lubricate the drill bit,

Overhoft and Associates has developed and built
a prototype instrument which separates the
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trapped gases from the drill mud and provides a
real-time record of radon concentration which
can be correlated with drilling depth. This
prototype instrument is currently undergoing
laboratory testing by Bendix at Grand Junction
and will be evaluated in the field during FY80.

Thermoluminescence Techniques for
Uranium Ore Exploration

& DOE Contractor: Brookhaven National Laboratory
¢ Subcontract value: DOE/Brookhaven
interagency agreement
¢ Start Date: October 1978
¢ Completion Date: September 1979

The use of the thermoluminescence properties
of the quartz component of sandstone is being
siudied for its ability lo “remember” past expo-
sures to radiation. This exposure could indicate
the flow of uranium-bearing solutions through a
sandstone bed or the flow of radon through a
rock column. Core and near-surface soil sam-
ples from areas with known deposits are being
analyzed for their thermoluminescence re-
sponse. The results from this study are sched-
uled for open filing in 1980.

Geochemical Relationship of Organic
Matter and Uranium Deposits

® Subcontractar: Denver Research Institute
e Subcontract Vatue: $63,201
[ ]

Start Date: 30 September 1876
Completion Date; 10 September 1979

The association of uranium with organic matter
in several major mining districts is well known
and studies of this association have demon-
strated that uranium concentration resulted from
organic chemical interactions. Denver Research
Institute undertook a study to develop further
understanding of the association of uranium
deposition with the presence of organic matter
in host rocks.

A final report, GUBX-130(79), open filed in Sep-
tember 1979, presents the results of a detailed
literature search and preliminary experimental
results on the possible interactions of uranium
with humic and fulvic acids.

Ge(Li) Spectrometer Calibration
and Software

® Subcontractor: Science Applications, Inc.
® Subcontract Value: $15.000

® Slart Date: November 1978

e Completion Date: February 1280

A project to develop new and improved data
reduction techniques for the radiometric survey
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assay of buik uranium samples was successfully
completed in October 1978 and is documented
in open-file report GJBX-124(78). The tech-
nigues were developed for the GJO high resolu-
tion Ge{lLi) gamma-ray spectrometer. They cor-
rect for the effects of sample self absorption and
permit radiometric bulk sample assays for potas-
sium, direct uranium, equivalent uranium, radium,
and thorium,

On the current project, Science Applications is
developing the compuler software necessary to
perform these radiometric assays with the
GJO Ge(Li) system and associated DEC 11/20
computer.

Technology Integration

Technology Inlegration projects have the fol-
lowing major objectives: (1) establishment of
integrated approaches for uranium exploration
and resource assessment, (2) characterization of
uranium occurrences by suites of geochemical,
geological, and geophysical parameters, and (3)
development of ore genesis models. These objec-
tives are being pursued with state-of-the-art and
developing technologies in varying geclogic en-
vironments favorable for uranium accumulation.

Results of this work will enhance the NURE
resource assessment data and should assist in
exploration for new deposits. Such studies may
be most important in development of inter-
mediate- or low-grade resources.

Bendix personnel are in the process of inte-
grating data sets from four research siles, each
having a specific uranium development envi-
ronment: Spokane Mountain, Washington;
Copper Mountain, Wyoming; Red Desert,
Wyoming; and San Juan Basin, New Mexico,

Spokane Mountain Technology
Integration Site

= 0Ongoing in-house project

The Spokane Mountain, Washington research
site was chosen as a part of the Technology
Integration project to identify and characterize
primary and secondary geological, geochemical,
and geophysical halos associated with uranium
mineraiization along a contact between igneous
and metasedimentary rocks.

The research area is located northwest of
Spokane and is within the Deer Trail anticline.



The area is made up of pelitic and calc-silicate
Precambrian rocks underlying the Tertiary
quartz menzenite, dacite, and dacitic flows.

Regional and detailed geochemical, radiometric,
emanometric, and geophysical surveys were
conducted in the area.

Analyses of various samples and data and their
interpretation and compilation are in progress.
Preliminary results of the geochemical and ema-
nometric surveys indicate anomalies in close
proximity to the known mineralized zones.
VLF-EM and magnetic surveys indicate north-
east-trending regional structures and reflect the
different lithological units in the area. Magnetic
survey data were particularly useful in the
recognition of remanent magnetism that might
indicate the time of intrusion and perhaps
mineralization.

A detailed presentation of the results of work at
this site will be open filed in 1980,

Red Desert Technology Integration Site

® Ongoing in-house project

The Red Desert, Wyoming research site was
chosen to identify and characterize primary
and/or secondary geological, geochemical, and
geophysical halos associated with uranium min-
eralization in a Tertiary sandstone-type sedi-
mentary environment.

The research area, within the Great Divide Basin
of south central Wyoming, is made up of Tertiary
sediments that were derived from the erosion of
surrounding Precambrian granitic rocks. The
uranium deposits are found in fluviatile arkosic
sedimentary rocks. The scurce for uranium is
either the granitic rocks, the volcanic ash, or
both.

Regional and detailed geophysical, geochemi-
cal, radiometric, and emanometric surveys were
conducted in and around the main orebody
being studied. Altogether 12 holes (7 core and 5
re.tary) were drilled and borehole geophysical
trgging was completed. The drilled samples are
being composited for various geochemical and
geophysical analyses. In support of the study,
aerial EM evaluation, complex resistivity surveys,
and uranium isotopic study subcontracts were
awarded; each of these projecis is described
elsewhere in the Technology Integration section
of this report.

Analyses of various samples and data and their
interpretation and compilation are in progress.
Preliminary results of regional geochemical sur-

veys indicate helium, radon, and soil trace-
element anomalies in and around the deposit,
These anomalies have also indicated new local
targets of interest. The 22¢U/238 ratios and total
uranium in ground water were found to be good
indicators of uranium deposits,

A detailed presentation of the results of work at
this site wil! be open filed during 1981.

Copper Mountain Technology
Integration Site

» Ongoing in-house project

The Copper Mountain, Wyoming research site
was chosen because of its recent emergence as
an important type of granitic uranium occur-
rence, It is located along the southeastern edge
of the Owl Creek Mountains in north-central
Wyoming. The area is made up of a Precambrian
interbedded sequence of metasedimentary rocks
and amphibolitized extrusive and intrusive rocks.
Subsequent felsic granitic rocks and late-slage
complex pegmatites are also present. Uranium is
found within the granitic rocks and is spatially
related to the complex structure developed
during Laramide tectonism,

Aerial and surface radiometrics, magnetics, elec-
tromagnetics, and geochemical surveys were
conducted. Seven core holes were drilled and
borehole geophysical logging was completed.
Borehole samples are being composited for
geochemical and geophysical analyses. In sup-
port of the study, subcontracts for aerial EM
application and aerial geochemical evaluation
were awarded and are described elsewhere in
this section.

Preliminary results of regional geochemical sur-
veys indicate trace-element and radionuclide
halos associated with the principal economic
deposits. Subregional magnetics, VLF-EM, and
complex resistivity data are used to map favor-
able fracture zones and local targets of interest.

A detailed presentation of the results of work at
this site will be open filed during 1981.

San Juan Basin Technology
Integration Site
* Ongoing in-house praject

The San Juan Basin, New Mexico researcn site
was chosen because of its prominence as the
most important sandstone-type sedimentary en-
vironment uranium district in the United States
and because it is significantly different from that
of the Red Desert, Wyoming site.
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The research area, located in the southern part
of the San Juan Basin, is made up of Triassic to
Cretaceous sedimentary rocks where the urani-
um deposits are associated with the Jurassic
sandstones.

Altogether 14 holes (rotary and core) were
drilled. Drilling samples were lithologged, bore-
hole geophysical logging was completed. and
borehote ground water samples were collected
for helium. radon. iead, uranium isotopi¢c. and
trace-element studies. The drilling sampies are
being composited for gecchemical and geophys-
ical analyses. Subcontractor-conducted studies
of lead isotopes in ground water. uranium iso-
topes. and selective exiraction evaluation are
described elsewhere in this section.

Furiher geophvsicat surveys are planned for the
area during the summer of 1980 and the inte-
grated study findings will be presented in an
open-file report during 1982,

Aerial EM Evaluation

Subceontractor Geoterrex Limited
Subcontract Value 566170

Start Date: 13 Nover~ber 1978
Completion Date 30 November 1979

[t has become increasingly evident that the
proper utilization of nonradiometric geophysical
methods 18 a cost effective tool in uranium
exploration. For certain conceptual modeis used
in exploration. measurements of various elec-
trical parameters will yvield such information as
porosity. fracturino. alteration. and ciay and
metallic mineral content. Such information may
result in defining sedimentary channels oy using
a low-frequency airoorne EM system

A study was undertaken to evaluate the effec-
tiveness of the Barringer INPUT system to map
resistivity of the sedimentary environments of
the Red Desert Technology Integration site and
the Powder River Basin study area. To make the
airborne survey program as complete as pos-
sible. spectrometer and magnetic surveys were
included. Such a combined survey may permit
more detailed evaluation of an exploration
target.

Prefiminary results from poth study areas indi-
cate that the INPUT system was abie to map
gross wvariations of the subsurface resistivity
structure but was not sufficiently detailed to map
stream channels. Survey results will pe inte-
grated with other data in an open-file report in
early 1981.
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Aerial EM Application

Subcentractor Dighem Limited
Subcortract Yalue: $42.800

Start Date 1 November 1979
Comp.etion Date: 1 February 1980

Ceongceptual models of particular exploration
targets of interest should indicate which geo-
physical tools are likely 1o be most effective. For
the Copper Mountain research site in Wyoming.
the favorable geological conditiors assogiated
with major fracture systems are considered an
essential part of the conceptual modet for explo-
ration. The environment appears to be a favor-
able target for utilizing a combined airborne
EM/resistivity/magnetic/VLF-EM survey to map
near-surface lithology c¢hanges and fractures.
Boreheole studies. in conjunction with other geo-
logical and geochemical data, are aimed at halo
identification tasks around the known orebody.
Survey results will be integrated with other geo-
logical and geochemical data in an open-tile
report on the Copper Mountain uraniferous
deposit in 1981,

Compiex Resistivity Survey

e S.pconvvalior Proermix Geaptys.cs Ing
s Subcontract Value: $26.500

® Start Date 6 September 1978

® Completion Date 31 March 1379

Uranium deposits are known 10 contain certam
unigue soatial distributions of pyrite. molyb-
denum. selenium., and calcite. The distribution of
these provides an exploration target in drilling
programs

Complex resistivity, the measurement of phase
and magnitude of a received veltage signal
across a wide frequency range. is a technique
that has previously met with success in explo-
ration for base metals and their associated minerals.
Such a survey was conducted over the Red
Desert and Copper Mountain research sites in
Wyoming 1o determine how this sysiem might be
used in uranium exploration.

Results from the Bed Desert {sandstone)
research site indicate that a small amount of
polarization s produced by the pyrite and
carbonaceous matter associaled with the ura-
nium deposit. The Copper Mountain {(granitic}
research site. on the other hand. did not produce
any appreciabie polarization. The resistivity por-
tion of the survey resulted in delineating areas of
tavorable geological conditions. Survey results
will be integrated with other data in an open-file
report on both sites in the early part of 1981.



Stable Isotopes and Geochemical Halos

Subcontractor: Global Gecchemistry Corporation
Subcontract Value; $85,000

Start Date: October 1979

Completion Date: June 1980

NURE drill core cobtained from the San Juan

Basin, New Mexico research site will be selected .

for sulfur and carbon isotope determinations
and for neutron activation analysis on whole
rock samples and leachates for a large suite of
elements. Both isotopic and trace-element stud-
ies on the core samples in and around the known
ore deposit are underway. These studies are
aimed at delineating the halos around a known
deposit and at developing an exploration model.
The genesis of the trend ore deposit being inves-
tigated will be considered and the isotopic and
trace-element halos around the deposit will be
mapped. The data will be interpreted and incor-
porated into the case study report for this site. A
report of the complete case study will be open
filed in early 1982.

Lead Isotopes in Ground Water

® Subcontractor: California State University at Los Angeles
® Subcontract Value: $56,764

e Start Date: September 1979

® Completion Date: September 1980

This project was initiated for the San Juan Basin
research site to study the U/Pb variations in and
around the known mineralization for halo identi-
fication study. Ground water was collected at
different levels from seven BFEC/DOE holes and
additional samples will be collected from leach-
ing the core samples collected from the same
site. Initially, the investigations of the subcon-
tractor have attempted to sample enough levels
within boreholes to identify U/Pb variations
in the various geologic formations. Samples of
all known contaminants were acquired in order
to place constraints on their contribution, if any,
to the U/Pb analyses associated with the aquifer.
This study will be completed with an open-file
report in 1980,

Selective Extraction Evaluation

Subcontractor: Uranium-West Labs.
Subcontract Value: $42,000

Start Date: September 1979
Completion Date: June 1980

This project is acombined in-house and subcon-
tracted effort. Rock, core, sediment, and soil
samples with anomalous and background con-
centrations of uranium were obtained from the
Technology Integration research sites. Bendix
geoscientists and the subcontractor will leach

these samples with various weak leaching solu-
tions. The leachates will be analyzed for a large
suite of elements by both neutron activation and
atomic absorption techniques.

The data obtained will be used in a detailed
evaluation of the ability of each wet digestion
technique to improve the contrast of anomalous
samples to background. Both petrography and
electron microscopy will be used to study the
specificminerals being dissolved by each
leaching agent. The final results will be
incorporated into the Technology Integration
case study open-file reports,

Uranium Isotope Studies

& DOE Contractor: Florida State University
Subcontract Value: $122,000

Start Date: 1 April 1978

Completion Date: June 1980

Phase | of the project involved an evaluation of
the 24U/238) activity ratio as a prospecting tool in
three uranium districts: (1) Red Desert, Wyo-
ming; (2) Copper Mountain, Wyoming; and (3)
south Texas Guif Coast. Activity ratios and accu-
rate uranium concentration determinations were
evaluated on borehole ground water samples
collected around known uranium occurrences in
each district. Phase | noted high activity ratios
for samples collected downdip from several
accumulations. The activity ratio is considered
an effective ground water indicator for updip
accumulations,

Along with the data for the first three districts
investigated, the basic methods and principles of
the technique are discussed in the final report
for Phase |, scheduled for open filing early in
1980. Phase I} of the project, which is now
underway, involves an in-depth evaluation of the
technigque with ground water samples from deep
holes in the Grants Mineral Belt, New Mexico.

Aerial Geochemical Evaluation

e Subcontractor: Barringer Research, Inc.
® Subcontract Value: $164,000

® Start Date: August 1977

® Completion Date; December 1979

The aerial geochemical sampling technigues
developed by Barringer Research include
AIRTRACE and SURTRACE. The SURTRACE
survey over the Copper Mountain, Wyoming site
revealed meaningful multielement patterns re-
lated to residual soil anomalies adjacent to a
major deposit but the AIRTRACE data are. as
yet, inconclusive. A correlative study between
SURTRACE, AIRTRACE, and residual soii-ele-
ment anomalies is underway. A complete evalua-
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Drilling and logging of boreholes in areas of southeast Wyoming were accomplished by transport-
ing equipment with helicopters.

tion of the data from these systems will be open
filed with the case study report on Copper
Mountain in 1981.

High-Resolution Seismic Reflection

® Subcontractor: Boise State University
& Subcontract Value: $78,218

& Start Date: 12 August 1977

® Completion Date: 1 July 1979

A study was undertaken to evaluate the effec-
tiveness of the high-resclution seismic tech-
nigue for mapping of stratigraphic and structural
controls in the Gas Hills uranium district in
Wyoming. The test area contains uranium depos-
its in Tertiary sediments overlying a Mesozoic/
Paleozoic section. Paleochannels on the uncon-
formity between the Tertiary and Mesozoic
appear to have significant control over locali-
zation of the uranium deposits. Extensive drilling
in the area allows an evaluation of the effec-
tiveness of the study. The objective of the
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research was o use sonic and density logs and
computed synthetic seismograms to evaluate
the feasibility of preaqicting success of the
seismic reflection technique and to test this pre-
diction using surtace seismic data.

The field study was undertaken utilizing pri-
marily two energy sources—a high-frequency
vibrator (40-350 hz) and 1-pound (0.45 kilogram)
dynamite charges shot in 10-foot (3 meter) hales.
A limited amount of data was acquired utilizing
detonating cord on the surface. Some 3-D retlec-
tion and passive seismic data were also acquired.

As reported in the NURE 1978 Annual Activity
Report, the 2-D seismic reflection data were
clearly successful not only in delineating the
unconformable surface and mapping paleodrain-
ages on the unconformity but alsc in defining
channel deposils within the Tertiary section.
Correlation with the well logs clearly shows the
success of the study. Several areas were delin-



eated where tight drilling patterns might be
undertaken and other areas were delineated in
which drilling might be minimized or eliminated.
The synthetic seismograms could have pre-
dicted success of the seismic work.

The passive seismic data appeared to show the
approximate top of the Wind River Formation but
failed to give any indication of the existence of
the unconformity. The 3-D reflection data, al-
though very limited in spatial extent and multi-
plicity of stack, demonstrated a capability for
detailed mapping of both the Tertiary section
and the unconformable surface.

In conclusion, the study indicates that, in a
geologic environment such as the Gas Hills
uranium district, the high-resolution seismic
reflection technique offers a cost-effective ap-
proach to minimizing the total number of drill
holes and favorably locating those that are
drilled. A detailed presentation of this work is
available as open-file report GJBX-100(79).

Technology Support

Technology support to the NURE program is
provided through ongoing in-house activities,
in-house projects, and subcontracted projects.

Ongoing in-house activities include geochemi-
cal analysis of samples for Bendix and DOE
geoscientists; reduction of borehole and surface
geophysical data; calibration of borehole, sur-
face, and aerial data systems for NURE and the
uranium industry; maintenance and improve-
ment of borehole calibration and airborne radio-
metric standardization facilities at GJO and
remote sites; continued evaluation, upgrading,
and maintenance of geophysical and geochemi-
cal instrumentation systems for Bendix and DOE
technical divisions; and aerial survey data stand-
ardization and quality assurance.

In-house projects include the developmeant and
evaluation of new geophysical and geochemical
instrumentation systems such as borehoie log-
ging systems and probes.

Subcontractors are developing new instrument
systems and facilities needed to enhancein-
house support capabilities.
Geochemical Analysis Support

® COngoing in-house project

The geochemical analysis laboratory continues
to provide timely and effective analytical support

of field programs by meeting analysis require-
ment schedules and constantly improving and
expanding analytical capabilities. During this
past year a new analytical procedure was devel-
oped for two important uranium pathfinders,
arsenic and selenium. These elements are ana-
lyzed by carbon furnace atomic absorption after
using a block digestor for sample dissolution.
This procedure permits up to five times more
arsenic and selenium determinations than was
previousiy possible while actually decreasing
the personnel required. Similarly, an ion setec-
tive electrode procedure for fluoride analysis has
been streamlined to yield twice as many analyses
without additicnal manpower or equipment.

Analytical capabilities have been expanded in
several areas. Some significant examples in-
clude the addition of analytical procedures for
elements such as antimony and tellurium whose
determination was not previously possible. Also
developed was an analytical procedure for the
analysis of silver and gold at concentrations as
low as five parts per billion. The laboratory has
given direct support to Bendix field offices by
evaluating the Scintrex UA-3 uranium analyzer
and presenting a training course on its use,
Other such projects are expected to further
reduce costs and increase the efficiency of
operation in the next year.

In addition to providing in-house determination,
the geochemical analysis laboratory supported
quadrangle evaluation by monitoring the quality
control of the outside laboratories used by
Bendix field offices.

Emission Spectrophotometer
Implementation

® In-house project
® Start Date: 1 January 1678
® Routine production started September 1979

A direct-reading emission spectrophotometer
with d.c. arc sample excitation was installed at
GJO. This instrument combined present tech-
nology of direct readers and a standard geologic
survey technique using powdered samples di-
luted with graphiie for semi-quantitative deter-
mination of 35 elements. Bendix developed
computer techniques for the standardizing,
multi-elementinterference correcting, and
polynomial analyzing to adapt the
instrumentation to the analysis of geologic
samples. The system was implemented into
routine analysis in September 1979.
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XRF Laboratory Development

® Ongoing in-house project
® Start Date: 1 April 1875
® Routine production started October 1979

An energy dispersive x-ray fluorescence {EDX)
system is being developed by Bendix for muiti-
element analysis of geologic samples. Various
sample preparation and data reduction methods
have been evaluated. A modified Compton-
backscatter matrix-correction routine looks prom-
ising for most elements in geologic matrices.

A Compton-backscatter method with a loose-
powder sample-preparation technique for rou-
tine quantitative analysis of rubidium, strontium,
yltrium, and zirconium has been developed and
implemented on the EDX. This procedure should
be applicable for elements with atomic numbers
greater than 26. Currently of interest to the
project are arsenic, selenium, niobium, molyb-
denum, tin, lanthanum, hafnium, tungsten,
mercury, the rare earths, and thorium. Methods
of analysis for these elements are being invest-
igated. For example, an existing wavelength dis-
persive (WDX) x-ray ftuorescence system was
incorporated into the XRF lab development
project early in 1979 for routine analysis of low
levels of thorium. The WDX uses a modification
of the Compton-backscatter matrix-correction
method.

Gamma Spectrometer Implementation

¢ In-house project
¢ Start Date: January 1978
¢ Completion Date: April 1980

The gamma analysis laboratory at GJO is being
expanded to meet the increased demand for
radiometric, potassium, uranium, and thorium
analyses by gamma spectroscopy. At present,
one sodium iodide (Nal} spectrometer and one lithium
drifted germanium [Ge{Li)] spectrometer are in
routine operation. The new facility inciudes a
room to be used exclusively for gamma spec-
troscopy that will house three Nal spectrometers
and one Ge(Li) spectrometer together with con-
veyor sysiems, sample changers, and lead caves
to shield the detectors.

The conveyor system is designed to handle
samples for up to 4 days continuous analysis.
Total automation of the sample changers and
the use of an uninterrupted power supply allow
unattended, continuous operation. The facility is
designed so that the Nal deteclors can be
upgraded to Ge(Li) detectors at any future time.

Presently two new lead caves, sample changers,
and conveyor systems have been built and
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installed. One of these systems has all electronic
apparatus installed and is operational. After both
new systems are operating routinely, the present
Nal system and Ge(Li) system will be moved and
incorporated in the new facility.

Electronics Support Activities

® Ongoing in-house project

The electronics taboratory provides technical
support to the NURE program in resource eval-
uation and technical gevelopment. Primary func-
tions are the design, fabrication, testing, and
maintenance of geophysical and geochemical
instrumentation systems. Electronic engineers
also provide technical consullation, system spec-
ification, and performance evaluation services to
DOE and Bendix divisions.

Some 1979 activities included testing and eval-
uation of 16 newly developed radon emano-
meters procured from TSA Systems, Inc. Ten
dual crystal KUT probes and four new KUT log-
ging systems were designed, fabricated, and
tested. Electronics and mechanical subsystems
for the new Nal gamma-ray spectroscopy system
in the geochemical analysis laboratory were
designed, fabricated, and installed by electron-
ics laboratory personnel.

Existing Calibration
Facilities and Services

Through Bendix, DOE provides to participants in
the NURE program and makes available to the
uranium industry facilities for calibrating and
certifying borehole probes, portable scintillo-
meters, portable spectromelers, and airborne
spectrometers. Based on measurements made in
the model wilth the instrument to be calibrated,
Bendix personnel in Grand Junction calculate
the calibration factors for the particular instru-
menl. These factors are then supplied to the
owners in the form of a certificate. In addition,
these factors are stored in Grand Junction for
use in the DOE ore-reserve calculations and ore-
potential estimates.

Facilities for calibration of borehole probes and
porlable instruments are located in Grand
Junction, Colorado, Casper, Wyoming; Grants,
New Mexico; and George West, Texas. Including
the models instalied during 1979 each facility
outside Grand Junction has four borehole
models for calibration of borehole probes and
two models (blocks) for calibration of portable
scintillometers and spectrometers. All four bore-
hole models have a run tube extending 13 feet
{3.9 melers) below the model bottom to accom-



modate the newer long probes; two models are
for gross count gamma ray, one is for KUT (pot-
assium, uranium, and thorium) spectrometer
gamma ray (1979 installation), and one is for
fission-neutron (1979 installation) borehole
probes.

Grand Junction facilities far routine calibration of
gross count gamma-ray probes consist of tour
models featuring ore grades from 0.24 percent to
2.0 percent eU,0s, and one model featuring four
holes ranging in size from 2% inches (6 centime-
ters} to 8% inches (21.9 centimeters). There are
four models for routine calibration of KUT (spec-
trometer gamma ray) probes: three, each with
one element high relative to the other two ele-
ments. The fourth is a water factor model for cali-
brating and testing hole size/fluid effects in KUT
logging systems. The model features a single ore
zone containing approximately 5.2 percent po-
tassium, 370 ppm eguivalent uranium, and 275
ppm equivalent thorium; there are five boreholes
ranging in size from 3 inches (7.6 centimeters) to
12 inches {30 centimeters).

Six borehole models, installed during 1978 at the
Grand Junction facility, are now available for use
in calibrating and testing fission neutron logging
systems. These models are 6 feet (1.8 meters) in
diameter and 15 feet (4.6 meters) deep, each with
a 15-foot (4.6 meter) run tube. They feature eight
ore zones having characteristics needed to study
tool responses versus ore grade (four values),
density (lwo values), porosity or moisture (three
values), and thermal neutron ¢ross section (two
values). A seventh borehole model (water factor)
for calibration and testing of fission neutron log-
ging systems in different size holes was ¢om-
pleted in 1979. The model features a single ore
zone penetrated by seven boreholes, ranging in
size from 3 inches (7.6 centimeters) to 13 inches
{33 centimeters). A 300-foot (91 meter) test
borehole was another important addition to the
Grand Junction complex in 1979. Several other
torehcle models are avaitable for
specialized calibration or research measure-
ments including those related to thin dipping
beds, granite (block), and magnetic (suscep-
tibility) materials.

A set of five surface models for calibration and
testing of partable gamma-ray spectrometers is
available. The models are cylindrical blocks, 4
feet (1.2 meters) in diameter by 1.5 feet (0.46
meters) in length, featuring radicelement con-
centrations of potassium, uranium, thorium, a
mixture, and one with nominal natural radioele-
ment materials (barren).

All standardization and calibration effort under-
taken by industry using these government-
supplied facilities is done voluntarily in order to
obtain a consistent, reliable data base for estab-
lishing the uranium resources of the nation.

Field Calibration Sites—
Construction and Up-grade

® Ongoing in-house project

The field calibration facilities at Casper,
Wyoming; Grants, New Mexico; and George West,
Texas were all upgraded so that spectral gamma
ray and fission neutron logging equipment can be
calibrated.

At each site, two calibration models were in-
stalled for use with spectral gamma-ray logging
probes. Each of these spectral gamma-ray cali-
bration models has two ore zones. Together they
provide zones of potassium, uranium, thorium,
and a mixed zone making it possible lo compute
the elemental response of logging probes, from
which logs of the potassium, uranium, and tho-
rium (KUT) concentration can be derived.

At each site, one calibration model was installed
forthe use of fission neutron logging probes. The
model has two ore zones with different grades of
uranium, making it pessible to calculate both the
K-factor and the 'dead time” for fission neutron
logging probes.

New calibration facilities, which will be compara-
ble to these up-graded field facilities,
have been approved for installation at Spokane,
Washington; Pittsburgh, Pennsylvania; and Reno,
Nevada. Plans call for the completion of these
new facilities in 1980.

Fission Neutron Water Factor Model

® [n-house project
® Start Date: September 1977
o Comptetion Date; December 1879

In 1979 a fission neutron water factor model was
constructed, under BFEC supervision, and made
available for NURE and industry use at the DOE
Grand Junction facility. This model is a right
circular concrete cylinder having a 16-foot (4.88
meter} diameter and a depth of 15 feet (4.57
meters). There are three zones of uniform thick-
ness and composition: 5-foot (1.52 meter) thick
upper barrenzone, a 6-foot (1.83 meter) thick ore
zone with a uranium grade of 0.0797 percent
U:Oe, and a 4-fool (1.22 meter) thick lower barren
zone. Sevenuncased, water-filled boreholes, with
diameters of 3inches (7.6 centimeters), 42inches
{(11.43 centimeters), 6 inches {15.24 centimeters),
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7%/ s inches (19.21 centimeters), 9 inches (22.86
centimeters), 11 inches (27.94 centimeters), and
13 inches (33 centimeters) penetrate the zones.
Each borehole has a 14-foot {4.27 meter) run
tube below the lower barren zone. The boreholes
are oriented approximately 2 degrees from the
vertical to ensure that probes will be sidewalied
during logging runs.

Because of the ability ot water to moderate neu-
trons, the response of a fission neutron-based
logging probe in a water-filled borehole will in
general be strongly dependent on the diameter
of the borehole. The determination of borehole
size-dependent correction factors, or water
factors, is an essential part of the calibration
procedure for any fission neutron-based logging
probe. Since the seven fission neutron water
factor model boreholes differ only in borehole
size, water factor corrections can be calculated
from logs run in each of the model boreholes.

300-Foot Borehole

® Subcontractor: Himes Crilling Company. Inc.
® Subcontract Value; $28,364

® Start Date: 1 May 1979

® Completion Date: 21 November 1979

The 300-foot {91 meter) borehole was con-
structed as part of the Grand Junction facitity
primarily to provide for testing the draw works of
logging trucks, their instrumentation, and the
hydraulic seals of logging probes under ciose to
normal field conditions.

The hole is cased to the bottom with 4-inch {(10.1
centimeter) [.D. schedule 40 ABS plastic pipe.
The pipe intersects coarse aggregate for the first
20 feet (6.1 meters) and then penetrates the
Morrison Formation. The water level in the pipeis
18 inches (45.7 centimeters) from the top.

Grade Assignment Studies

® Ongoing in-house project

Bendix and DOE provide calibration models that
are used by industry as standards. Because
these models are standards, the values assigned
to them are fundamental.

The purpose of this project is to devise and
improve methods used for calibration of bore-
hole logging systems. Present efforts have fo-
cused on improving grade assignments for
models used for calibration of total-count
gamma-ray logging systems. There are four total
count gamma-ray calibration models at Grand
Junction and two at each of the field sites:
Casper, Wyoming;, George West, Texas;, and
Grants, New Mexico.
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Calibration Facilities Monitoring System

e Start Date: 1 March 1378
® Comptletion Date: February 1380

A special system has been deveicned to moni-
tor and better characterize models at Grand
Junction and field locations. The system con-
tains three spectral gamma-ray probes: one
gamma-gamma density probe and two neutron-
neutron probes. It is automated to allow col-
lection of long-term, statistically precise data.

A novel problem in design of the system was that
of insuring stability. Because the calibration
models are standards, it is difficult to determine
whether the model or the monitoring system has
changed between two sets of measurements. To
define limits of stability, precision (highly stable)
references are being used before, during, and
after measurements in calibration models. Pre-~
liminary data are now being collected with the
system and show the system to be performing
according to design specifications.

Radon Calibration Unit and
Instrument Evaluation

® Ongeing in-house project

The use of radon to remotely detect the presence
of buried uranium deposits has brought about
the development of a number of radon mea-
surement instruments. These newly developed
instruments are being tested both in the labora-
tory and in the field to determine their sensitivity,
variability, integrity, and accuracy.

The testing in the laboratory includes the use of
the calibration unit which was delivered by a
subcontractor in December 1978. The radon
concentration in the unit is variable and can be
set automatically. The radon concentration,
humidity, temperature, and operating conditions
are continuously monitored and automatically
adjusted to remain constant. The unit is also
used to standardize, in absolute radon units, any
radon measurement instruments, making it pos-
sible to compare radon measurements obtained
using different instruments.

Reports on these evaluations will be placed on
open file as they are completed. A report on the
field testing of several instruments is scheduled
for open filing early in 1980, A report on the
radon calibration unit is also scheduled for open
filing in 1980.

Dynamic Test Range | Follow-on

® Subcontractor: LKB Resources, Inc.
Subcontract Value: $130,822
Start Date: 6 September 1978
Completion Date: 29 February 1980



Detailed radiometric and aeromagnetic data of
DTR-I was obtained and the project is complete
except for acceptance and publication of the
final report.

The immediate benefit to NURE aerial radio-
metric subcontractors is the concentration-con-
tour maps which will allow these range users, for
the first time since the range became operationai
in 1977, to find both altitude and location-
dependent concentration variations and apply
this information to improve their airborne calibra-
tion coefticients.

Dynamic Test Range il

s Subcontractor: Go'der Associates, Inc.
® Subcontract Value: $196,287

® Start Date: 1 December 1978

® Completion Date: 1 April 1979

The search for a candidate test site having dif-
ferent radiometric characteristics from already
operational DTR-I, is in process.

DTR-Il will complement the effectiveness of the
original calibration facility {DTR-I} by providing

a second aerial radiometric calibration data set
with which to cross check established NURE
aerial radiometric subcontractors' system cali-
bration coefficients. This cross check, not poss-
ible with DTR-I atone, will greatly increase the
numerical confidence in the ultimate accuracy of
NURE aerial radiometric data.

DTR-IlI Ground Support Vehicle

Subcontractor: Radiation Management Corporation
Subcontract Value: $64,836

Start Date: 5 July 1979

Completion Date: 5 January 1980

The possibility of normalizing aerial system cali-
bration data using a mobile radiometric sur-
veillance system, correlating realtime ground
and weather conditions with calibration over
flights, was established during the past 2 years
since DTR-I became operational. With the estab-
lishment of asecond dynamictest range, asimilar
dedicated mobile system is being acquired.

Drawing on the practical experience gained from
tfield operations with the DTR-I system, minor
designimprovements are being incorporatedinto

By usr‘hg an auxiliary boom truck, an industry logging vehicle was able to use the Grand Junction
KUT models to calibrate a petroleum spectral logging probe.
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this new vehicle. The major radiometric electron-
ics and meteorological components have been
duplicated to take advantage of the dual opera-
tional reliability afforded by redundant systems.

Aerial Product Quality Assurance

® Ongoing in-house project

This project is a continuation and expansion of
the "Support for Operational Aerial Surveys”
program. Activities are designed to assure the
quality of survey data acquired by the subcon-
tractors on the Aerial Radiometric Reconnais-
sance program.

Quality checks are made at two critical points in
an aerial survey. First, prior to a survey, the cali-
bration of each aircraft is carefully evaluated to
insure compliance with BFEC specifications
1200-C and 1250-A, which set minimum
standards for hardware and data reduction.
Second, prior to accepting data acquired by a
subcontractor, all survey data (raw and reduced}
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digitally recorded on magnetic tape, are played
back to assure proper format and completeness.
Data records from each tape are then randomly
sampled and analyzed for reasonable physical
meaning.

Aerial Data Reduction Standardization

® Ongoing in-house project

A standardized magnetic data tape format for
aerial survey data was completed in February
1979 and incorporated in specification BFEC
1200-C, to eliminate intra-subcontractor tormat
differences and greatly enhance computer usage
of aerial survey data.

Work continues to develop a standardized cali-
bration and data reduction specification for the
aerial survey program which will eliminate intra-
subcontractor processing biases and will ensure
usage of state-of-the-art calibration analysis tech-
niques. Completion is expected in early 1980 for
use in the 1980 surveys.



Information Dissemination

Information generated from NURE-related activ-
ities is published as technical papers, reports,
and maps, and is released to the public as soon
as it is open filed by DOE. Other sources of
information for the public and the uranium
industry are DOE-sponsored technical meetings,
tours of the GJO facilities, demonstrations of
new hardware, release of annually updated sta-
tistical data of the uranium industry, and the
NURE data bank.

Activity highlights in 1979 were the annual
Uranium Industry Seminar, the issuance of 157
press releases, the open fiing of 176 NURE-
related technical reports, 213 other miscellane-
ous reports and 253 technical memoranda, and
the participation in community affairs.

Technical Meetings

Technical meetings provide a forum for the dis-
persal and exchange of information. In addition
to the DOE-sponsored annual Uranium Industry
Seminar in Qctober, DOE and Bendix personnel
participated in other technical discussions at
meetings of national and international profes-
sional societies, and at specialized symposiums
and workshops. These opportunities reduce the
lead time associated with publication of printed
material and provide face-to-face exchange of
ideas among industry, other government agen-
cies, and DOE/BFEC representatives concerning
key technical issues in areas of interest to NURE.

The following bibliography lists papers on
NURE-related topics presented by Bendix and
subcontractor personnel at various national and
international meetings.

National Uranium Resource Evaluation (NURE)
Program in Alaska; J. R. Anderson, Bendix;
Alaska Geological Society, Anchorage, Alaska;
April 23-25, 1979.

Total Sulfur Content and Morphology of Iron-
disulfide Minerals in the Parachute Creek
Member of Green River Formation, Piceance
Creek Basin, Colorado; R. D. Cole, Bendix; Geo-
logical Society of America (GSA), Rocky Moun-
tain Section, Fort Collins, Colurado; May 25-26,
1979.

A Borehole Spectrometer for Uranium Explo-
ration; D. C. George, Bendix; Society of Profes-
sional Well Log Analysts (SPWLA), Tulsa,
Oklahoma; June 3-6, 1979.

Spectral Gamma-ray Logging I: Energy Stabili-
zation Maethods, D. C. Stromswold, Bendix;
SPWLA, Tulsa, Oklahoma; June 3-6, 1979.

Advance registration for the 1979 DOE Uranium
Industry Seminar exceeded 900.

Dr. Donald Everhart, Manager, DOE/GJO, wel-
comed participants to the seminar held in Grand
Junction’s Two Rivers Plaza.




Spectral Gamma-Ray Logging Ii: Borehole Cor-
rection Factors; D. C. Stromswold, Bendix;
SPWLA, Tulsa, Oklahoma; June 3-6, 1979.

Spectral Gamma-Ray Logging 11l Formation and
Thin Bed Effects; D. C. Stromswold, Bendix;
SPWLA, Tulsa, Oklahoma; June 3-6, 1979.

Evaluation Models for Uranium Exploration by
Active Neutron Logging, W. Woolson and M.
Gritzner, Science Applications Inc.; SPWLA,
Tulsa, Qklahoma; June 3-8, 1979.

Nonmarine Depositional Environments and
Uranium Exploration in the Lower Cretaceous
Antlers Formation, North Texas, D. Hobday,
University of Texas at Austin; American Asso-
ciation of Petroleum Geologists (AAPG), Casper,
Wyoming; June 3-6, 1979.

Definition of Depositional Facies of the Par-
achute Creek Member of Green River Formation,
Colorado: Evidence from Sulfur Isotopes and
Whole-Rock Mineralogical Data; R. D. Cole,
Bendix; AAPG, Society of Economic Petroleum
Geologists (SEPG), Casper, Wyoming; June 3-8,
1979.

Petrology of Tertiary Sandstones of the Southern
Piceance Creek Basin, Colorado: Impiications
for Provenance and Depositional Processes, R.
D. Cole, Bendix; AAPG, Society of Economic
Paleontologists and Mineralogists (SEPM),
Casper, Wyoming; June 3-8, 1979.

Execution of the National Uranium Resource
Evaluation Program; R. C. Horton, Bendix; Inter-
national Atomic Energy Agency, Nuclear Energy
Agency. International Symposium on Uranium
Evaluation and Mining Techniques; Buenos
Aires, Argentina; October 1-3, 1979.

Uranium Geophysics, Copper Mountain,
Wyoming, D. A. Emilia, Bendix; American Insti-
tute of Mining, Metallurgical and Petroleum
Engineers (AIME), Tucson, Arizona; October
17-19, 1979.

World Class Program of Department of Energy.
R. G. Young, Bendix; Wyoming Geological
Association, Casper, Wyoming; October 26,
1979.

Geochemical Exploration. Technique Integra-
tion in the Red Desert, Wyoming, L. Bramlett,
Bendix; Association of Exploration Geologists
(AEG), San Diego, California; November 5, 1979.

Radon and Helium Surveys at Three Known
Uranium Occurrences; J. C. Pacer, Bendix;
Society of Exploration Geologists, (SEG), New
Orleans, Louisiana; November 5-9, 1979.
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Characteristics of Radon Techniques for
Uranium Exploration; J. C. Pacer, Bendix; SEG,
New Orleans, Louisiana; November 5-9, 1979.

Calibration Facility Monitoring System; M. Dale,
Bendix; SEG, New Orleans, Louisiana; November
5-9, 1979,

Geochemical Characterization of Stream Sed-
iment and Soif in the Midnite Uranium District,
Eastern Washington; L. Bramlett, Bendix; GSA,
San Diego, California; November 5-9, 1979,

Stream Sediment in Regional Uranium Recon-
naissance, V. Price, SRL; GSA Annuai Con-
terence, San Diego, Califoernia; November 5,
1879,

Production, Control and Retrieval of Well Log
Microfilm Records, R. W. Smith, Bendix; Depart-
ment of Energy Contractors Micrographics Asso-
ciation, Las Vegas, Nevada; November 7-9, 1979.

Uranium Industry Seminar

This annual seminar was held in Grand Junction
on October 16-17, 1979. DOE and BFEC staff
members from GJO and DOE staff from head-
quarters in Washington, D.C., presented 14
papers on the current and probable future status
and activities of the uranium industry. Two addi-
tional papers were presented, the first of which
dealt with the International Nuclear Fuel Cycle
Evaluation (INFCE) program, presented by a
DOE coordinator tor INFCE; and the second
paper, presented by a member of the Branch of
Uranium and Thorium Resources, USGS, Denver,
deait with the status of the USGS uranium and
thorium resource assessment and exploration
research program.

DOE's 1979 seminar was attended by 830 peopie
representing various organizations, inciuding
energy-related companies; electric utilities; pri-
vate consultants; state and federal governments;
universities; foreign companies; and service,
manufacturing, and construction companies.
The proceedings of the seminar have been pub-
lished as GJO-108(79) released in January 1980.
The agenda included:

Uranium Enrichment Policies, W. R. Voigt, Jr.

Uranium Enrichment Plans, BR. H. Smith

Uranium Issues and Policies: An Overview,
J. A. Patterson

The U.8. Uranium Market 1978-1979,
G, F. Combs

Uranium Market Forecast, R. G. Clark and
A. W. Reynolds

Overview of NURE Progress, Fiscal Year
1979, C. H. Roach



USGS Uranium and Thorium Resource Assess-
ment and Exploration Research Program,
Fiscal Year 1980, T. W. Oftield

NURE Quadrangle Evaluation and Assessment,
R. C. Horton

Foreign Exploration and Uranium Supply,

R. J. Wright and R. K. Pitman

INFCE Nearing Conclusion, E. S. Beckjord

Uranium Reserves, R. J. Meehan

Potential Uranium Resources, D. L. Hetland

Industry Exploration Activities, W, L. Chenoweth

Results of Low-Grade Uranium Studies,

F. E. McGinley

Uranium Production, J. F. Facer, Jr.

Uranium Production Capabifity in the United
States, J. Klemenic

Computerized Information

The large gquantities of data that must be pro-
cessed and analyzed in the course of the NURE
program require processing by computer. The
facilities currently available for processing these
data at Grand Junction include an on-site CDC
3100 computer,aCDC 6600 computer, and a

remote access link to the Oak Ridge National
Laboratory. During 1879 the CDC 6600 com-
puter was installed to replace the CDC 3100
computer system in order 10 provide adequate
capacity for satisfying the needs of the program.
This large-scale computer system was received
in December 1978 and became operational in
March 1979, The CDC 3100 will be phased out
during 1980.

The CDC 6600 computer provides on-site batch
as well as local and remote interactive oper-
ations. Development of a system for handling the
large quantities of ore reserves data on the CDC
6600 began in 1978 using the data base man-
agement system DMS-170. Parts of this system
are now in use and much of the data editing for
ore reserves is being performed interactively.
Systems design for quadrangle analysis and
laboratory bookkeeping for samples, which have
been temporarily implemented al Oak Ridge, has
begun in order to provide a permanent and
adequate capability in Grand Junction for han-
dling these data. In addition to applications di-
rectly related to the technical aspects of the

The recently installed CDC 6600 computer provides support for local and remote interactive
as well as batch operations.
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NURE program, Grand Junction accounting
applications for both Bendix and DOE are being
implemented on this system, with DOE ac-
counting in operation during 1979.

The remote access link to the computer center at
Oak Ridge National Laboratory includes aremote
batch terminal, a multiplexer, and two |eased
lines. In addition to providing access to interim
computer capability for analyzing and processing
NURE data, the link provides access to a bank of
technical data collected under the NURE pro-
gram. Currently data from aerial radiometric
reconnaissance and hydrogeochemical surveys
on approximately 180 quadrangles are archived
at Oak Ridge; additional data will be included in
this data bank as they become available.

Copies of these technical data sets are available
from DOE on a cost-to-copy basis. Compu-
terized evaluation models used in support of the
NURE program assessment rely heavily on these
data sets.

Since May the Oak Ridge link has been housed
with the CDC 6600 system and in December the
remote batch portion was modified to allow use

for communication with the Bendix Data Center
in Ann Arbor, Michiganandtoallow
simultaneous operation as a key disk system for
the purpose of interactive entry of laboratory
analysis data. An interactive digitizer system has
beeninstailed to provide better and faster
processing. The output of all computing systems
can be displayed on sophisticated color and line
plotting equipment located in the CDC 6600
facility.

Technical Library Services

The DOE Technical Library, now iocated in the
new library facility at the Grand Junction Office,
maintains a collection of more than 100,000
volumes of uranium-retated books, periodicals,
legal references, maps, and drilling information,
which is used daily by industry, the public, and
Grand Junction personnel. Reference services
include answering written and telephone inquir-
ies and assisting library visitors. The technical
libraryis also the local open-file report repository
and houses almost 600 current NURE-related
open-file reports and several thousand reports
dating back to 1948, which deal with uranium
exploration, mining, and milling activities,

The new library at the GJO facility houses more than 100,000 volumes of material

related to uranium.
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The library has microfiche copies of GJO open-
file reports available for sale to the public at a
nominal charge. At present, more than 1,550
reports are available on microfiche. In 1979, more
than 9,600 microfiche copies of reports were sold,
an increase of 50 percent over 1978 microfiche
sales of 6,223 copies, and nearly three times the
combined 1976 and 1977 sales of 3,283 copies.

Microfiche copies of reports are at a 24:1
reduction; accompanying maps and oversize
charts are on 35mm film. Any individual or
organization wishing to automatically receive all
future GJO open-file publications on microfiche
may do so by establishing a deposit account
with the library in Grand Junction.

Bibliography of GJO Reports

Subcontractor: Mesa College
Start Date: Qctober 1978
Completion Date: January 1980
Subcontract Value: §38.000

The bibliography will include all GJO reports
open filed through December 1978. It is intended
that this subcontract will be extended for annual
updates to include reports open filed each year.
This bibliography will be available on magnetic
tape with access to the data base by report
numger, title, author, subject, and 1° x 2° quad-
rangle name.

Technical Reports

Technical reports, maps, and raw data generated
by DOE, Bendix, and subcontractors about
NURE activities are released to the public via
open filing. This open-filing system requires the
distribution of printed materials to selected
open-file repositories throughout the United
States. At present there are 16 open-file locations
which receive all reports except aerial radio-
metri¢ reconnaissance volumes, and 18 open-
file locations which receive technical reports on
a case-by-case exception basis. (See map.)

1979 Open-File Reports

In the listing that follows, a GJBX prefix desig-
nates reports of current projects by DOE,
Bendix, or subcontractors; a GJC prefix desig-
nates reports developed by DOE staff members;
a GJQ prefix designates NURE quadrangle
assessment folios; and a DAQO, DBO, DEB, RME,
or TM-D prefix designates reports on uranium
investigations carried out in the 1950s and
1960s. The section listing 13 miscellaneous
reports contains three reports produced annu-
ally by DOE at GJO, two of which deal with
statistical data and exploration expenditures of
the urapjum industry; the third is the Uranium
Industry Seminar Proceedings.

The prices in the following list refer to microfiche
unless otherwise noted and are to be prepaid.

OPEN-FILE REPORT REPOSITORIES
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GJBX-1(79)

GJBX-2(79)

GJBX-3(79)

GJBX-4(79)

GJBX-5(79)

GJBX-6(79)

GJBX-7(79}

GJBX-8(79)

GJBX-9(79)
GJBX-10(79)

GJBX-11(79)
GJBX-12(79)

GJBX-13(79)

GJBX-14(79)

GJBX-15(79)

GJBX-16(79}

GJBX-17{79)

GJBX-18(79)

GJBX-19(79)

GJBX-20(79)

GJBX-21(79)

GJBX-22{79)

GJBX-23(79)

GJBX-24(79)

GJBX-25(79)
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Reports Issued in 1979

"Uranium Distribution in Mined Deposits and in the Earth's Crust,” K. Deifeyes and |. MacGregor, Princeton
University Department of Geological and Geophysical Sciences, August 1378, 480 p., $3.00.

“Scranton 1° x 2° NTMS Area, New Jersey, New York, and Pennsylvania, Preliminary Basic Data Report,
NURE Hydrogeochemical and Stream Sediment Reconnaissance,” R. B. Ferguson, P. L. Jones, Savannah
River Laboratory, November 1878, 226 p., 10 illus., 3 fiche, $5.00.

"A Preliminary Report an the Uranium Gealogy of the Red River Valley Drifling Project, Eastern North Dakota
and Northwestern Minnesota,” Waiter L. Moore, University of North Dakota. August 1878, 301 p., $3.00.

"Engineering Assessment and Feasibility Study of Chattancoga Shale as a Future Source ol Uranium,”
Mountain States Research and Development and PRC Toups Corp., June 1978, 851 p.. $9.00.

“Radioactive Mineral Occurrences of Colorado and Bibliography,” J. L. Nelson-Mocre, et al., Colorado
Geological Survey, 1978, 1,061 p., 12 illus., $5.00.

"Hydrogeochemical and Stream Sediment Reconnaissance Basic Data for Emary Peak NTMS Quadrangle,
Texas,” Oak Ridge Gaseous Diffusion Plant, December 1878, 195 p., 7 iltus., 1 fiche, $5.00.

"Hydrogeochemical and Stream Sediment Reconnaissance Basic Data for Enid NTMS Quadrangle,
Oklahoma,” Oak Ridge Gaseous Oiffusion Plant, December 1978, 130 p., 7 illus., 2 fiche, $5.00.

“Uranium Hydrogeochemical and Stream Sediment Reconnaissance of the Bozeman NTMS Quadrangle,
Montana.” S. L. Bolivar, Los Alamos Scientific Labcratory, November 1978, 103 p., 4 illus., $4.00.

“Flight Path Recovery System (FPRS) Design Study.” SysTech Inc.. September 1978, 253 p., $3.00.

“Uranium Hydrogeochemical and Stream Sediment Reconnaissance of the Durango NTMS Quadrangle,
Colorado.” H. E. Dawson, T. A. Weaver, Los Alamos Scientific Laboratory, January 1979, 111 p., 3ilius., $4.00.

"NURE. 1978, Annual Activity Reporl.” Bendix Field Engineering Corporation, May 1979, 112 p.. Free.

“"Hydrogeochemical and Stream Sediment Reconnaissance Basic Data for Presidio NTMS Quadrangle,
Texas.” Oak Ridge Gaseous Diffusion Plant, December 1978, 88 p., 7 illus., 1 fiche, $5.00.

“"Hydrogeochemical and Stream Sediment Reconnaissance, Semi-Annual Report, Eastern United States,
April-September 1978." Savarinah River Laboratory, 57 p., $3.00.

“"Uranium Hydrogeochemical and Stream Sediment Reconnaissance of the Pueblo NTMS Quadrangle,
Colorada, Including Concentrations of Forty-Three Additional Elements,” S. S. Shannan, Jr., Los Alamos
Scientific Laboratory, December 1978, 144 p.. 3 illus., $4.0Q.

“Modes of Uranium Occurrences in lne Colorado Front Range.” Dr. Robert H. Carpenter. et al.. July 1978,
294 p.. 4 fiche. $20.00.

"NURE Aerial Gamma-Ray and Magnetic Reconnaissance Survey, Blue Ridge Area. Greenshoro NJ 17-12,
Winston-Salem NJ 17-11, Johnson City NJ 17-10 Quadrangles.” LKB Resources Inc., December 1978, 643 p..
50 fiche, $15.00.

“Aerial Gamma Ray and Magnetic Survey, Rock Springs, Rawlins, and Cheyenne Quadrangles, Wyoming, and
the Greeley Quadrangle, Colorado,” geoMetrics, December 1978, 843 p., 93 fiche. $20.00.

“"Hydrogeochemica! and Stream Sediment Reconnaissance Basic Data for Austin NTMS Quadrangle, Texas.”
Oak Ridge Gaseous Ditfusion Plant, December 1978, 140 p., 7 illus.. 2 fiche, $5.00.

“Helicopter-Assisted Radiomelric Survey of the Dixon Entrance Quadrangle, Alaska.” W. A Burgett, K. J.
Krause, Bendix Field Engineering Corporation, February 1879, 11 p., 2 fiche, $5.00.

"Athens 17 x 2° NTMS Area Georgia and South Carotina, Preliminary Basic Data Report, Hydrogeochemical
and Stream Sediment Reconnaissance.” R. B. Ferguson, Savannah River Laboratory, December 1978, 169 p.,
8 illus., 3 fiche, $5.00.

“Aerial Radiometric and Magnetic Survey. Winnemucca National Topagraphic Map, Nevada,” Geo-Life,
September 1978, 339 p., 62 fiche, $10.00.

“"Formation of Uranium QOres by Diagenesis of Valcanic Sediments, Final Repeort,” C. D. Henry, A. W. Walton,
University of Texas Bureau of Economic Geology, 1978, 443 p.. $3.00.

“Aerial Radiometric and Magnetic Reconnaissance Survey of Portions of Arizona—New Mexico, Mesa,
Clifton, Tucson, Sitver City. Nogales, and Douglas Quadrangles.” Texas Instruments, inc., November 1978,
1,167 p.. 99 fiche, $3G.00.

"Aerial Radiometric and Magnetic Reconnaissance Survey of the Delta Quadrangle, Utah,” Texas
Instruments, Inc.. Novemnber 1978, 576 p.. 28 fiche, $10.00.

"Study to Integrate NURE Data,” K. Golabi, A. Lamont. Woodward-Clyde Consultants. September 1978, 92 p.,
$3.00.



GJBX-26(79)
GJBX-27(79)
GJBX-28(79)
GJBX-29(79)
GJBX-30(79)

GJBX-31(79)
GJBX-32(79)
GJBX-33(79)
GJBX-34(79)
GJBX-35(79)
GJBX-38(79)
GJBX-37(79)

GJBX-38(79)

GJBX-39(79)
GJBX-40(79)

GJBX-41(79)

GJBX-42(79)

GJ\BX—43(79)
GJBX-44(79)
G BX-45(79)
GJBX-46(79)
(GJBX-47(79)

GJBX-48(79)

"Results ot Elemental Analyses of Water and Waterborne Sediment Samples from Areas of Alaska Proposed
for the Chukchi Imuruk Naticnal Reserve, Selawik National Wildlife Refuge, and Cape Krusenstern National
Monument.” R. R. Sharp, Jr., Los Alamos Scientific Laboratory, October 1978, 151 p., 3 illus., $4.00.

“Hydrogeochemical and Stream Sediment Reconnaissance Basic Data For Lawton NTMS Quadrangle,
Oktahoma; Texas, Uranium Resource Evaluation Project,” Oak Ridge Gaseous Diffusion Plant, December
1978, 128 p., 7 illus., 2 fiche, $5.00. :

“Portland 1° x 2° NTMS Area, Maine and New Hampshire, Data Release, Hydrogecchemical and Stream
Sediment Reconnaissance,” G. R. Koller, Savannah River Laboratory, February 1979, 214 p,, 10illus., 3 fiche;
$5.00. ) '

“Uranium Hydrogecchemical and Stream Sedimenl Reconnaissance of the Lime Hills and Tyonek NTMS
Quadrangles, Alaska, Including Concentrations of Forty-Three Additional Elements,” 5. |. Jacobsen, et al.,
Los Alamos Scientific Laboratory, January 1979, 227 p., 12 illus., $5.00. ‘

“Uranium Hydrogeochemical and Stream Sediment Reconnaissance of the Medfra and Mt. McKinley NTMS
Quadrangles, Alaska, Inciuding Concentraticns of Forly-Three Additional Elements,” E. M. Van Eeckhout,
et al., Los Alamos Scientific Laboratory, February 1979, 211 p., 11 illus., $5.00.

"Harrisburg 1° x 2° NTMS Area, Pennsylvania, Data Release, Hydrogeochemical and Stream Sediment
Reconnaissance,” J. D. Heffner, Savannah River Laboratory, February 1979, 227 p.. 11 illus., 3 fiche, $5.00.

“Preliminary Recognition Criteria for Uranium Occurrences; A Field Guide,” G. Mathews, C. Jones, R. C.
Pilcher, R. D'Andrea, Jr., Bendix Field Engineering Corporation, February 1979, 47 p., $3.00.

“Uranium Potential and Geology of the Cnallis Volcanics of the Basin Creek-Yankee Fork Area, Custer
County, Idaho,” P. L. Siems, et al., University of Idaho, June 1978, 205 p., 1 fiche, $4.00.

“Geostatistics Project of the National Uranium Resource Evaluation Program,” T. R. Bemenl, D. E. Whiteman,
Los Alamos Scientific Laboratory, July-September 1978, 13 p., $3.00.

“Extraction of Uranium from Seawater: Evaluation of Uranium Resources and Plant Siting,” 5. E. Binney,
et al., Exxon Nuclear Company, February 1979, Vol. I, 157 p., Vol. !l, 276 p., $6.00.

“Extraction of Uranium from Seawater: Chemical Process and Plant Design Feasibility Study,” S. E. Binney,
et al., Exxon Nuclear Company, February 1979, Vol. |, 172 p., Vol. il, 322 p., $6.00.

“Aerial Radiometric and Magnetic Survey, Seguin National Topographic Map, Texas Gulf Coast,” Geodata
International, Inc., 226 p., 144 liche, $5.00.

“Uranium Hydrogeochemical and Stream Sediment Reconnaissance of the Dillon NTMS Quadrangle,
Montana/ldaho, Including Concentrations of Forty-Three Additional Elements,” D. E. Broxton, Los Alamos
Scientific Laboratory, March 1978, 232 p,, 8 illus., $4.00.

“Hydrogecchemical and Stream Sediment Reconnaissance Basic Data Report for Millett NTMS Quadrangle,
Nevada,” J. L. Wagoner, Lawrence Livermore Laboratory, December 1978, 84 p., 7 illus., 4 fiche, $5.00.

“Study of Airborne Gamma-Ray Spectrometer Data Procedures, Wind River Basin, Wyoming, Casper
Quadrangle,” Texas Instruments, inc., January 1979, 473 p., $30.00.

"Uranium Hydrogeochemical and Stream Sediment Reconnaissance of the La Junta NTMS Quadrangle,
Colorado, Including Concentrations of Forty-Three Additional Elements,” J. D. Purson, R. G. Warren, Los
Alamos Scientific Laboratory, February 1979, 146 p., 5 illus., $4.00.

“Detailed Uranium Hydrogeochemical and Siream Sediment Reconnaissance of the Tallahassee Creek,
Badger Creek, Castle Rock Gulch, and Buffalo Gulch Areas in the Northwestern Part of the Pueblo NTMS
Quadrangle, Celorado,” S. 5. Shannon, Jr., Los Alamos Scienlific Laboratory, February 1979, 108 p., 6 illus.,
£4.00.

"Orientation Study Data Release VII, Wolcott, Vermont, Area,” P. L. Jones, V. Price, Savannah River
Laboratory, February 1979, 30 p., 1illus., $3.00.

“Glens Falls 1° x 2° NTMS Area, New Hampshire, New York, and Vermcnt; Data Release,” G. R. Koller,
Savannah River Labaoratory, March 1979, 226 p., 10 illus., 3 fiche, $5.00.

“"Augusta 1° x 2° NTMS Area, Georgia and South Carolina, Dala Release,” P. L. Jones, Savannah River
Laboratery, March 1979, 174 p., 8 illus., 3 fiche, $5.00.

"“"Oklahoma F‘ilot Geochemical Survey,” C. S, Bard, et al., Oak Ridge Gaseous Diflusion Plant, February 1979,
237 p., 12illus., 1 fiche, §5.00.

“Uraniferous Goreeixite Occurrences in Aiken County, South Carolina,” R. B. Ferguson, V. Price, W. C.
Mosley, Jr., Savannah River Laboratery, March 1979, 22 p., 1illus., $3.00.

"NURE Aerial Gamma-Ray ana Magnetic Reconnaissance Survey, Southeastern Area—Alaska, Skagway,
Atlin, Mt. Fairweather, Juneau, Taku River, Sitka, Sumdum, Port Alexander, Petersburg, Bradfield Canal,
Craig, Ketchikan, Dixon Entrance, and Prince Rupert Quadrangles,” LKB Resources, Inc., January 1979,
1,094 p., 40 fiche, $70.00.
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GJBX-49(79)

GJBX-50(79)

GJBX-51(79)

GJBX-52(79)

GJBX-53(79)

GJBX-54(79)

GJBX-55(79)

GJBX-56(79)

GJBX-57(79)

GJBX-58(72)

GJBX-59{79

GJBX-60(79)

(3JBX-61(79)

GJBX-62(79)

GJBX-63(79)

GJBX-64(79)

GJBX-65(79)

GJBX-66(79)

GJBX-67(79)

GJBX-68(79)

GJBX-69(79)

GJBX-70(79)

GJBX-71{79)
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“Aerial Gamma Ray and Magnetic Survey. Rockies/Laramie Range Project, Denver and Pueblo Quadrangles,
Colorado.” geoMetrics, March 1979, 718 p.. 39 fiche, $10.00.

“Engineering Report on the Drilling in the Upper Michigan Precambrian Basins,” J. Trow, Michigan
Department of Natural Resources, Geological Survey Division, April 1979, 84 p., 13 fiche, $3.00.

"Survey of Lands Held for Uranium Exploration. Development, and Production in Fourteen Western States in
the Six Month Period Ending December 31, 1978." Bendix Field Engineering Corporation, May 1979. 22 p..
$3.00.

"Evaluation Models of Active Neutron Logging Tools for Direct Uranium Measurement,” W. A, Woolson and
M. L. Gritzner. Science Applications, Inc.. September 1978, 220 p., $3.00.

“Hydrogeochemical and Strearmn Sediment Reconnaissance Program in the Central United States, Semiannual
Progress Report, April 1 through September 30, 1978." J. W. Arendt. Oak Ridge Gaseous Diffusion Plant.
Qctober 1978, 9 p., $3.00

"Hydrogeochemical and Siream Sediment Reconnaissance Basic Data for Wichita NTMS Quadrangle,
Kansas,” Oak Ridge Gasecus Diffusion Plart. March 1979, 119 p.. 7 illus., 3 fiche. $5.00.

"Hydrogeochemical and Stream Sediment Reconnaissance Basic Data for St. Cloud NTMS Quadrangle.
Minnesota,” Qak Ridge Gaseous Diffusion Plant, March 1979, 119 p., 9illus.. 3 fiche, $5.00.

“"Uranium in Coal.” J. Fred Facer, Jr., .S. Department of Energy/Grand Junction Qffice. May 1979, 73 p..
$3.00.

"NURE Aerial Gamma-Ray and Magnetic Reconnaissance Survey, Blue Ridge Area, Knoxville and Charlotie
Quadrangles.” LKB Rescurces. Inc., March 1979, 366 p.. 30 fiche. $10.00.

"Dyersburg 1° x 2° NTMS Area Kentucky, Missouri, Tennessee, and lllinois—Data Release.” P. L. Jones,
Savannah River Latoratory. April 1979, 205 p.. 10 illus., 3 fiche, $5.00.

“Airborne Gamma-Ray Spectromeler and Magnetometer Survey, Las Vegas Quadrangle {Arizona, California.
Nevada). Williams Cuadrangle (Arizona). Prescoti Quadrangle (Arizona). and Kingman Quadrangle {Arizona.
California, Nevada). Final Report” Aero Service Division, Western Geophysical Company of America,
February 1979, 993 p.. 148 tiche, $20.00.

“"Hydrogeochemical and Stream Sediment Reconnaissance Program in Central United Stales, Semiannual
Progress Report, October 1. 1978 through March 31, 1979." J. W. Arendt. Qak Ridge Gaseous Diffusion Plant,
April 197%, 22 p.. $3.00.

"Hydrogecchemical and Stream Sediment Recconnaissance Basic Dala for Ashland NTMS Cuadrangle,
Wisconsin: Michigan: Minnesota.” J. W. Arend!. Qak Ridge Gaseocus Diffusion Plant. March 1979, 130 p..
8 illus.. 2 fiche, $5.00.

"Hydrogeochemical and Stream Sediment Reconnaissance Basic Data for Clinton NTMS Quadrangle.
Cklahoma.” J. W. Arendt, Cak Ridge Gaseous Diffusion Plant, March 1979, 147 p . 7 illus., 2 fiche. $5.00.

“Poplar Bluff 1¢ x 2° NTMS Area, Missouri and Arkansas, Data Release, NURE Program Hydrogeochemical
and Stream Sediment Reconnaissance.” J. D. Heffner, Savannah River Laboratory. April 1979, 210 p.. 10 iflus..
$5.00.

“Uranium Hydrogeochemical and Stream Sediment Reconnaissance of the Lamar NTMS Quadrangle.
Coleorade, Including Concentrations of Forty-Three Additional Elements,” 5. §. Shannon, Jr., Los Alamos
Scientific Laboratory, Apri! 1979, 155 p., 5illus_. $4 00

“Aerial Radiometric and Magnetic Survey, Trona National Topographic Map. California,” Geo-Life, Inc..
December 1978, 204 p.. 126 fiche, $5.00.

“Aerial Radiometric and Magnetic Survey, Goldfield National Topographic Map, Califormia and Nevada.”
Geo-Life, Inc., December 1978. 339 p.. 116 fiche. 35 00

“Aerial Radiometric and Magnetic Survey. Tularosa National Topographic Map. New Mexico.” Geo-Life, Inc.,
December 1978, 184 p.. 66 fiche, $5.00.

“Aerial Radiometric and Magnetic Survey. Brownwood National Topographic Map, Texas.” Geodata
international, Inc.. February 1979, 293 p.. 62 fiche. $10.00.

“Aerial Radiometric and Magnetic Survey Beeville/Bay City National Topographic Map, Texas Gulf Coast,”
Geodata International, Inc., January 1979, 256 p.. 114 {iche, $15.00.

“Hydrogeochemical and Stream Sediment Reconnaissance Raw Data Report for Sandpoint NTMS
Quadrangle, Washington. Idaho. and Montana,” F. J Ciminesi, Lawrence Livermore Laboratory. February
1979, 122 p.. 6 illus.. 8 fiche. 34.00

“"Hydrogeochemical and Stream Sediment Reconnaissance Basic Data Report for Williams NTMS
Quadrangle. Arizona.” J. L. Wagoner. Lawrence Livermore Laboratory, February 1979, 77 p., 6 illus.. 5 fiche,
$4.00.



GJBX-72(79)

GJBX-73{79)

GJBX-74(79)

GJBX-75{79)

GJBX-76(79)

GJBX-T7(79)

GJBX-78(79)

GJBX-79(79)

GJBX-80(79)

GJBX-81(79)

GJBX-82(79)

GJBX-83(79)

GJBX-84(79)

GJBX-85(79)

GJBX-86(79)

GJBX-87(79)

GJBX-88(79)

GJBX-89(79)

GJBX-90(79)

GJBX-91(79)

GJBX-92(79)

GJBX-93(79)

GJBX-94(79)

GJBX-95(79)

GJBX-96(79)

“Artillery Peak Orientation Study, Mohave County, Arizona,” K. P. Puchlik, et al., Lawrence Livermore
Laboratory, March 1979, 28 p., 3 illus., 1 fiche, $4.00.

“Athens, Charlotte, Greenville, and Spartanburg NTMS 1° x 2° Quadrangle Areas, Supplemenial Data
Release,” R. B. Ferguson, Savannah River Laboratory, March 1979, 126 p., $3.00.

"Aesults of Elemental Analyses of Water and Waterborne Sediment Samples from the Fairbanks NTMS
Quadrangle, Alaska,” R. R. Sharp. Jr., et al., Los Alamos Scientific Laboratory, April 1879, 211 p., Sillus., $4.00.

“Knoxvilie 1° x 2° NTMS Area North Carolina, South Carolina and Tennessee, Data Release,” E. |. Baucom
and R. B. Ferguson, Savannah River Laboratory, May 1979, 136 p., 8 illus., 3 fiche, $3.00.

“"Uranium Hydrogeochemical and Stream Sediment Reconnaissance of the Craig NTMS Quadrangle,
Colorado, Including Concentrations of Forty-Three Additional Elements,” S. L. Bolivar and D. E. Hill, Los
Alamos Scientific Laboratory, May 1979, 238 p., 5 illus., $4.00.

“Uranium Hydrogecchemical and Stream Sediment Reconnaissance of the Cortez NTMS Quadrangle,
Colorado/Utah, Including Concentrations ol Forty-Three Additional Elements,” R. G. Warren, Los Alamaos
Scientific Laboratory, May 1979, 201 p., 5illus., $4.00.

“Geology of the Birmingham, Gadsden, and Montgomery 1° x 2° NTMS Quadrangles, Alabama,” C. W.
Copeland and M. A, Beg, Savannah River Labaratory, April 1979, 88 p., 10 illus., $5.00.

“Automated Data Handling of Uranium Analyses for the NURE Program,” S. T. Kosiewicz, Los Alamos
Scientific Laboratory, February 1979, 16 p., $3.00.

"Calculated Time-Correlated Neutron-Induced Radiations in a Sandstone Formation,” C. W. Peters and E. I.
Karaogtan, Consolidated Controls Corporation, March 1979, 98 p., $3.00.

“Aerial Radiometric and Magnetic Survey, Bozeman National Topographic Map, Montana™ High Life
Helicopters, Inc., and Geodata International, tnc., April 1979, 300 p., 128 fiche, $5.00.

“Aerial Gamma Ray and Magnetic Survey, Powder River [l Project, Newcastle, Gillette, Wyoming and South
Dakota, Ekalaka, Montana, South and North Dakota Quadrangles,” geoMetrics, April 1979, 472 p., 54 fiche,
$15.00.

"Hydrogeochemical and Stream Sediment Reconnaissance Basic Data for Pratt NTMS Quadrangle, Kansas,"”
J. W. Arendl, Qak Ridge Gaseous Diffusion Plant, April 1979, 111 p., 7 illus., 2 fiche, $5.00.

"Hydragecchemical and Stream Sediment Reconnaissance Basic Data for Joplin NTMS Quadrangle, Kansas,
Missouri,” Oak Ridge Gaseous Diffusion Plant, April 1979, 137 p., 7 illus., 3 fiche, $5.00.

"Nendestructive Assay Technology for Uranium Resource Evatuation, Intinite Medium Calculations, Final
Report.” M, Jain, et al., Los Alamos Scientific Laboratory, March 1979, 74 p., $3.00.

“Savannah River Laboratory Semi-Annual Report, Hydrogeochemical and Stream Sediment Reconnaissance,
National Uranium Resource Evaluation Program, October 1978-March 1979, Savannah River Laboratory,
May 1974, 51 p., $3.00.

“Aerial Radiometric and Magnetic Survey. Billings Naticnal Topographic Map, Montana,” High Life
Helicopters, Inc., and Geodata International, Inc., April 1979, 237 p., 6 illus., 127 fiche, $5.00.

"NURE Aerial Gamma-Ray and Magnetic Reconnaissance Survey. Big Bend area, Marfa MH 13-5, Fort
Stockton MH 13-6, Presidic MH 13-8, and Emery Peak MH 13-9 Quadrangles,” LKB Rescurces, Inc., February
1979, 578 p.. 39 fiche, $20.00.

“"Hydrogeochemical and Stream Sediment Reconnaissance Report for the Tonopah NTMS Quadrangle,
Nevada.” B. Qualheim, Lawrence Livermore Laboratory, March 1979, 58 p., 6 illus.. 3 fiche, $4.00.

"Hydrogeochemical and Stream Sediment Reconnaissance Report for the Lovelock NTMS Quadrangle,
Nevada,” B. Qualheim, Lawrence Livermore Laboratory, March 1979, 58 p., & illus., 3 tiche, $4.00.

“Mining and Processing Methods and Cost Models for the Recovery of Thorium from Domestic Occurrences,”
J. F. Lemons, Jr., and L. V. Coppa, U.S. Bureau of Mines, May 1979, 75 p., $5.00.

"Hydrogeochemical and Stream Sediment Reconnaissance Basic Data for Palestine NTMS Quadrangle,
Texas,” Oak Ridge Gaseous Diffusion Plant, May 1878, 123 p.. 7 illus., 3 fiche, $5.00.

“Hydrogeochemical and Stream Sediment Reconnaissance Basic Data for the Wichita Falls NTMS
Quadrangle, Texas,” Oak Ridge Gaseous Diffusion Plant, May 1879, 144 p., 7 illus,, 2 fiche, §5.00.

"Hartford 1° x 2° NTMS Area, Connecticut, New Jersey and New York, Data Release, Hydrogecchemical and
Stream Sedimen! Reconnaissance,” P. L. Jones, Savannah River Laboratory, May 1979, 226 p., 10 illus,,
3 fiche, $5.00.

“Aerial Gamma Ray and Magnetic Survey, Uncompahgre Uplift Project, the Salina, Utah; Moab, Utah and
Colorado; Montrose and Leadville, Colorado Quadrangles,” geoMetrics, April 1879, 826 p.. 128 liche, $20.00.

“Aerial Radiometric and Magnetic Survey, White Sulphur Springs, National Topographic Map, Montana,”
High Life Helicopters, Inc., and Geodata International, Inc., May 1979, Vol. |: 224 p., Vol. 1I: 72 p., 124 fiche,
$5.00.
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“Anomalies in Concentrations of Radon in the Earth,” A. L. Fieischer, et al., General Eleciric Rasearch and
Develepment Center, Cctober 1978, 127 p., $3.00.

"Aerial Radiometric and Magnetic Survey, Crystal City National Tepographic Map, Texas Gulf Coeast”
Geodata International. Inc., May 1979, Veol. I: 147 p.. Vol. {l: 78 p., 104 fiche, $5.00.

“Aerial Radiometric and Magnetic Survey, Corpus Christi/Laredo National Topographic Map, Texas Gulf
Coast,” Geodata International. Inc., January 18979, Vol. |: 154 p., Vol. 1I: 104 p., 140 fiche, 5§5.00.

“High Resolution Seismic Study in the Gas Hills Uranium District, Wyoming.” J. K. Applegate, et al., Boise
State University Department of Geology and Geophysics, 104 p., 1illus., $3.00.

"Engineering Report on the Drilling in the East Chaco Canyon of New Mexico,"” Bendix Field Engineering
Corporation, July 1879, 47 p.. $3.00.

“Papago Indian Reservation Water Sample Analyses,” G. H. Higgins, Lawrence Livermore Laboratory, May
1979. 21 p., $3.00.

“Engineering Report on the Drilling in the Spor Mcuntain Area of Utah,” Bendix Field Engineering
Corporation, July 1979, 108 p.. $3.00.

“Aerial Radiometric and Magnetic Survey, Tonopah, National Topographic Map, Nevada,” Geo-Lite, Inc..
April 1979, Vol. I: 171 p.. Vol. 11: 79 p., 214 fiche, £5.00.

“Airberne Gamma-Ray Spectrometer and Magnetometer Survey, Cody Quadrangle, (Wyoming),” Aero
Service Division, Western Geophysical Company of America, May 1979, Vol. 1: 102 p., Vol. [1: 119 p., 22 fiche.
$5.00.

“Airborne Gamma-Ray Spectrometer and Magnetometer Survey, Ashton Quadrangle, (ldahe, Montana,
Wyoming),” Aero Service Division, Western Geophysical Company of America, May 1979, Vol. I 114 p.,
Vol. II: 129 p., 16 fiche. $5.00.

“Aerial Radiometric and Magnetic Survey, Dillon National Topographic Map, Montana,” High Life Helicopters
and Geodala International, Inc.. May 1979, Vol. |: 188 p.. Vel. II; 75 p.. 82 fiche, $5.00.

“Selected References on Uramum Geology and Potential Resources of Uranium,” W. L. Chenoweth and
E. A Learned. U.S. Department of Energy/Grand Junction Office. April 1979, 18 p., $3.00.

"Hydrogeochemical and Stream Sediment Reconnaissance of the NURE Program, Semiannual Progress
Report, April-September 1978; Primariiy for the Rocky Mountain States of New Mexico. Colorado, Wyoming,
and Montana and the State of Alaska.” P. L. Aameodt, et al.. Los Alamos Scientific Laboratory, June 1879, 24 p.,
£3.00.

“Uranifercus Phosphate Resources and Technology and Economics of Uranium Recovery from Phosphate
Resources, United States and Free World,” edited by R. H. De Veolo and D. N. Stevens, Earth Sciences, Inc.,
June 1979, vol. |: 686 p., Vol. |A: 29 illus., Vol. Il: 606 p., $20.00.

“Hydrogeochemical and Stream Sediment Reconnaissance Basic Data for Amarillo NTMS OCuadrangle,
Texas,” Cak Ridge Gaseous Diffusien Plant, May 1979, 145 p., 7 illus., 3 tiche, $5.00.

“Aerial Gamma Ray and Magnetic Survey, Gillette Detail Project, Wyoming.” geoMetrics, Inc., June 1979,
Yol I: 71 p.. Vol 1 227 p., 10 ilus., 12 fiche, $5.00.

“Aerial Gamma Ray and Magnetic Survey. Powder River R&D Project, Portions of the: Forsyth, Hardin,
Montana; Sheridan, Arminto, Newcastle, and Gilleltte. Wyoming. Quadrangles,” geoMetrics, Inc., May 1979,
527 p.. 9illus., 24 fiche. $10.00.

“Aeriai Radiometric and Magnetic Survey, Needles National Topographic Map, California and Nevada,”
Geo-Lite. Inc., Vol. 1: 189 p, Vol. II: 88 p.. 138 fiche, $5.00.

“Aerial Ragiomelric and Magnetic Survey, Little Rock National Topographic Map. Arkansas,” Geo-Life, Inc.,
May 1979, Vol. 1. 175 p., Vol. 111 98 p., 172 fiche, $§5.00.

“Aerial Gamma Ray and Magnetic Survey., Raton Basin Project, Shiprock and Gallup Quadrangles,
Arizona/New Mexico and Albuquergue Quadrangle, New Mexico.” geoMetrics, June 1879, Vol. |. 84 p..
Vol{s). II: 517 p., 78 fiche, $15.00.

“Aerial Radiometric and Magnetic Survey, Price National Topographic Map, Utah.” Geo-Life, Inc., May 1979,
Vol. I: 228 p.. Vol. Il: 74 p.. 124 fiche. $5.00.

“Aerial Radiometric and Magnetic Survey, Tooele National Toepographic Map, Utah,” Geo-Lite, Inc., May 1979,
Vol. 1: 202 p.. Vol. II: 82 p.. 110 fiche, $5.00.

“Aerial Radiometric and Magnetic Survey. Hamilton National Topographic Map. idaho and Montana,”
Geo-Lite, Inc., May 1979, Vol. I: 163 p.. Vol. II: 68 p., 78 fiche, $5.00.

“Hydrogeochemical and Stream Sediment Reconnaissance Basic Data for New Uim NTMS Quadrangle,
Minnesota,” Cak Ridge Gaseous Ditfusion Plant, June 1979, 134 p,, 9illus., 3 fiche, $5.00.

"Geological and Geochemical Aspects of Uranium Deposits, A Selected. Annotated Bibliography —Vol. 2,
Rev. 1." J. M. Thomas. et al., Cak Ridge National Lahoratory, July 1979, 280 p., $3.00.
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“Hydrogeochemical and Stream Sedimenlt Reconnaissance Basic Data Report for the Prescott NTMS
Quadrangle, Arizona,” R J. Clark, Lawrence Livermore Laboratory, May 1879, 96 p.. 6 illus., 7 fiche, $4.00

“Uranium Hydrogeochemical and Stream Sediment Reconnaissance ot the McGrath and Talkeetna NTMS
Quadrangles. Aiaska. Including Cencentrations of Forty-Three Additional Elements,” P. L. Aamodt. et al..
Los Alamos Scientific Laboratory, April 1979, 223 p.. 12 illus., $5.00.

“Aernal Radiometric and Magnetic Survey. Brigham City National Topographic Map. Utah,” Geo-Life, Inc..
August 1878, Vol. 1. 199 p., Vol. II: 84 p., 98 fiche, $5.00.

“Uranium Hydrogeochemical and Siream Sediment Reconnaissance of the Montrose NTMS Quadrangle.
Colorado. Including Concentrations of Forty-Three Additional Elements,” D. E. Broxton. et al.. Los Alamos
Scientific Laboratory, July 1979, 256 p.. 5illus., $4.00.

“Aerial Radiometric and tagnetic Reconnaissance Survey of Portions of Arizona. Idaho, Montana, New
Mexico, South Dakota and Washington,” Texas Instruments. Inc., March 1979, Vol. I: 67 p., Vol. l1A through
Vol.llL: 1,860 p.. 1 fiche. $75.00. (This 13-volume report contains evaluations for these quadrangles: Cut Bank.
Shelpy. Havre, Choteau. Great Falls. Lewistown. Bulte. Twin Falls, Pocatello. Ritzville, Hot Springs, and
St Johns)

"Engineering Regort on the Drilling in the Missoula/Bitierroot Basins of Montana.” Bendix Field Engineering
Corporation, August 1979, 39 p.. 10 fiche, $3.00.

“Geostalistics Project of the Nalional Uranium Resource Evaluation Program, Qctober 1978-March 16797
R.J. Beckman, el al., Los Alamos Scientific Laboratory. March 1979. 29 p., $3.00.

vAtlanta 17 x 2° NTMS Area. Alabama and Georgia. NURE Data Report,” P. L Jones, Savannah River
Laboratory. August 1979, 176 p., 8 illus., 5 fiche. §5.00.

“Investigation of the Relationship Belween Organic Matter and Uranium Deposits,” J. J. Schmidt-Collerus.
University of Denver, Denver Research Inslilute, June 1978, 295 p., $3.00.

“GCatahoula Formation of the Texas Coastal Plain. Qrigin. Geochemica! Evolution, and Characteristics of
Uranium Deposits.” W. E. Gallcway and W. R. Kaiser, University of Texas Bureau of Economic Geoclogy,
148 p.. $3.00.

"Demonstration and Evaluauon of "Seolid State’ Photomultiplier Tube for Uranium Exploration
Instrumentation, Final Report.” R. M. Palichar, Science Applications, Inc.. April 1979, 84 p., §3.00.

"Hydrogeochemical and Stream Sediment Reconnaissance Basic Data for Hutchinson NTMS Quadrangle.
Kansas,” Oak Ridge Gaseous Diffusion Plant, July 1979, 142 p.. 7 illus., 2 fiche. §5.00.

"Hydrogeochemical and Siream Sediment Reconnaissance Basic Data for Manhattan NTMS Quadrangle.,
Kansas.” Oak Ridge Gaseous Dilfusion Plart. July 1979, 150 p., 7 illus., 2 fiche., $5.00.

“Integration of NURE and Other Data Sets with Emphasis on their Utilization in Generating Exploration
Modeis in the Lubbock. TX., 17 »x 2° Quadrangle.” Marion and Robert Lankston. G-CUBED, Inc., May 1979,
332 p.. V14 illus.. 15 fiche, $4 00

“Aerial Radiometric and Magnetic Survey, Vya National Topographic Map. Nevada.” Geo-Life, Inc., Vol I
150 p.. 110 fiche, Vol Il 73 tllus.. $5.00.

“Aerial Radiometric and Magnetic Survey, Wells Nationat Topographic Map. Nevada,” Geo-Life. Inc.. Vol. I:
145 p., Vol. II: 73 illus.. 96 fiche. $5.00.

“Aerial Radiometric and dMagnetic Survey, Lemmon National Topegraphic Map, South Dakota,” Geodata
International, Inc.. Vol. I: 110 p.. Vol. II: 66 illus., 101 fiche. $5.Q0.

“Aerial Radiometric and Magnetic Survey, Dickinson National Topographic Map. South Dakota.” Geodata
International. Inc.. Vol. I: 09 p.. Vol. Il: 68 p., 62 fiche, $5.00.

“Albany 1° x 2° NTMS Area, Connecticut. Massachusetts, New Hampshire, New York and Vermont,” G. R.
Koller. Savannah River Laboratory, August 1979, 195 p.. 10 illus., 6 fiche, $3.00.

“Uranium Deposits of the Grants, New Mexico, Mineral Belt {I1),” D. G. Brookins. Universily of New Mexico
Department of Geology. July 1979, 434 p., 1 illus.. $4.00.

"MURE Aerial Gamma-Ray and Magnetic Reconnaissance Survey, NE Washinglon Area, Qkanogan NM
11-10, Sandpoint NM 11-11 Quadrangles.” LKB Resources. Inc, August 1979, Vol . 144 p., Vol Il
{Sandpoint): 235 p., 29 fiche. Vol. [l {Qkanogan). 247 p.. 25 fiche, $10.00.

"Airborne Gamma-Ray Spectrometer and Magnetometer Survey, Durange Quadrangle (Colorado),” Aero
Service Division. Weslern Geophysical Company of America, July 1978, Vol. 1: 22 p., Vol. 1. 193 p., 37 tiche,
$5.00.

"Airborne Gammea-Ray Spectrometer and Magnetometer Survey, Cortez Quadrangle (Colorado, Utah},” Aero
Service Division. Western Geophysical Company of America, July 1979, vol. |1 123 p., Vol. I 137 p..
26 fiche, $5.00
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“Uranium Hydrogeachemical and Stream Sediment Reconnaissance of the Alouquergue NTMS Quadrangle,
New Mexico, Including Concentrations of Forty-Three Additional Elements,” L. W, Maassen and S. L. Botivar,
Los Alamos Scientific Labeoratory, 197 p., 5illus., $4.00.

“Uranium Hydrogeochemical and Stream Sediment Reconnaissance of the Moab NTMS Quadrangle,
Utah/Celorado, Including Concentrations of Forty-Three Additional Elements,” Sue Jacobsen Golf and
Richard G. Warren, Los Alamos Scientific Laboratory, September 1979, 207 p., 5 illus., $4.00.

“Uranium Hydrogeochemical and Stream Sediment Reconnaissance of the Lander NTMS Quadrangle,
Wyoming, Including Concentrations of Forty-Three Additional Elements,"” Spencer S. Shannon, Jr,, Los
Alamos Scientific Labeoratory, September 1979, 173 p., 5illus., $4.00.

“Aerial Radiometric and Magnetic Survey, Austin National Topographic Map, Texas Gulf Coast,” Geodata
International, Inc., August 1979, Vol. |: 171 p., Vol. II: 91 p., 82 fiche, §5.00.

"Hydrogeochemical and Stream Sediment Reconnaissance of the National Uranium Resource Evaluation
Program, Semiannual Progress Report, October 1978-March 1979,” P. L. Aamodt, et al., Los Alamos Scientific
Laboratory, July 1979, 21 p., $3.00.

“Uranium Hydrogeochemical and Stream Sediment Reconnaissance Data Release for the Billings NTMS
Quadrangle, Montana, Including Concentrations of Farty-Three Additiona! Elements,” D. E. Broxton, et al.,
Los Alamos Scientitic Laboratory, August 1979, 203 p., 6 illus., $4.00.

“National Uranium Resource Evaluation Program, Hydrogeochemical and Stream Sediment Re¢onnaissance
Basic Dataior Lubbock NTMS Quadrangle, Texas,” Oak Ridge Gaseous Diffusion Plant, August 1979, 148 p.,
7 illus., 3 liche, $5.00.

“"Williamsport 1° x 2° NTMS Area, Pennsylvania, Data Report, National Uranium Resource Evaluation
Program, Hydrogeochemical and Stream Sedimant Reconnaissance,” J. D. Heffner, Savannah River
Labaratory, September 1979, 219 p., 10 illus., 3 fiche, $5.00.

“"NURE Aerial Gamma-Ray and Magnelic Reconnaissance Survey, Colorado—Arizona Area, Craig NK 13-10°
Quadrangie," LKB Resources, Inc., September 1979, Vol. I: 131 p., Vol. II: 131 p., 21 fiche, $5.00.

“Aerial Radiometric and Magnetic Survey, Millett, National Topographic Map, Nevada,” Geo-Life, Inc., 220 p.,
80 fiche, $5.00.

"Airborne Gamma-Ray Spectrometer and Magnetometer Survey, Dubcis Quadrangle, (Idaho and Montana),”
Final Report, Aero Service Division, Western Geophysical Company of America, July 1979, Vol. |: 108 p.,
23 tiche, Vol. 11: 134 p., $5.00.

"Aerial Radiometric and Magnsti¢ Survey, Challis National Topographic Map, idaho," Geo-Life, Inc., Vol |
216 p., Vol. I1; 219 p., $5.00.

"Aerial Gamma Ray and Magnetic Survey, Raton Basin Project, Flagstaff Quadrangle, Arizona," geoMetrics,
August 1979, Vol. I: 78 p., Vol. I: 170 p., 27 fiche, $5.00.

“Aerial Gamma Ray and Magnetic Survey, Powder River || Project, Torrington and Casper Quadrangies,
Wyoming and Nebraska,” geoMetrics, August 1979, Vol. |: 84 p., Vol. 12 178 p., Vol. lI: 142 p., $10.00.

“Aerial Radiometric and Magnetic Survey, Elko National Topographic Map, Nevada/Utah," Geo-Life, Inc,,
135 p., 122 fiche, $5.00.

"Savannah River Laboratory Semi-Annual Report, Hydrogeochemical and Stream Sediment Reconnaissance,
National Uranium Resource Evaluation Program, April 1979-September 1979," Savannah River Laboratory,
October 1979, 38 p., $3.00.

"Delta and Richfield 1° x 2° NTMS Areas, Utah, Data Report. NURE Program, Hydrogeochemical and Stream
Reconnaissance,” P. L. Jones, Savannah River Laboratory, September 1979, 60 p., 6 illus., 4 fiche, $4.00.

"NURE Final Report: Diamond Drilling for Geelogic Information in the Middle Precambrian Basins in the
Western Portion of Northern Michigan,” James Trow, Michigan Department of Naturai Resources, October
1979, 129 p., $3.00.

"Aerial Radiometric and Magnetic Survey, Socorro National Topographic Map, New Mexico,” Geo-Life, In¢.,
215 p., 114 fiche, $5.00.

"Aerial Radiometric and Magnetic Survey, Death Valley National Topographic Map, Nevada, California,”
Geo-Lile, Inc., 465 p., 298 fiche, $5.00.

"Neutron Transport Measurements and Source Monitor Development For Uranium Borehole Logging Sonde,”
V. Verbinski, et al., Science Applications, Inc., December 1978, 74 p., $3.00.

“NURE Program, Hydrogeochemical and Stream Sediment Reccnnaissance Program in Central United
States,” Semiannual Progress Report, April-September 1979, J. W. Arendt, Oak Ridge Gaseous Diffusion
Plant, Octlober 1979, 23 p.. $3.00.

“Aerial Radiometric and Magnetic Survey, Vernal National Topegraphic Map, Colorado/Utah," Geo-Life, Inc,,
230 p., 134 fiche, $5.00.
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“Aerial Radiometric and Magnetic Survey, Mc Dermitt National Topographic Map, Nevada, Oregon and
Idaho,” Geo-Life, Inc., 168 p., 171 tiche, §5.00.

“Analysis of Airborne Radiometric Data,"” Science Applications, Inc., December 1978, Vol. |; Evaluation of the
DELPHI/MAZAS Computer Code, 122 p., Vol. II: Description, Listing and Operating Instructions for the Code
DELPHI/MAZAS, 182 p., Vol. IlIl: Topical Reports, 100 p., Vol. IV: MAZNAI Code for Gamma-Ray Spectral
Enhancement, 67 p.. $12.00/4 volumes.

“Chattanooga Shale Conference, November 14-15, 1978, Oak Ridge, Tennessee," Bendix Field Engineering
Corporation, November 1978, 184 p., $3.00.

“Video Processing of Remote Sensor Data Applied to Uranium Exploration in Wyoming,” R. A Levinson, et al,,
University of Wyoming Department of Geology, June 1979, 223 p., 2 illus., $10.00.

"Aerial Radiometric and Magnetic Survey, Richtield National Topographic Map. Utah,” Geo-Life, Inc., 184 p.,
$5.00.

"Sedimentation of the Basal Kombolgie Formation (Upper Precambrian-Carpentarian) Northern Territory,
Australia: Possible Significance in the Genesis of the Underlying Alligator Rivers Unconrormi;y-Type
Uranium Deposits," R. W. Ojaxangas, University of Minnesota Department of Geology. October 1979, 43 p.,
$3.00.

“Aerial Radiometric and Magnetic Survey, McAlester National Topographic Map, Oklahoma, Arkansas,”
Geo-Llife, Inc., 117 p,, £5.00.

“Fitting a Three-Parameter Lognormal Distribution with Applications to Hydrogeochemical Data from the
National Uranium Resource Evaluation Program,” V. E. Kane, Oak Ridge Gaseous Ditfusion Plant, October
1979, 52 p., £3.00.

“Application of Discriminant Analysis and Generalized Distance Measures to Uranium Exploration,” J. J.
Beauchamp, et al., Oax Ridge Gaseous Diffusion Plant, November 1979, 70 p, $3.00.

Miscellaneous Reports

“Uranium Mine Operations Data.” Production Evaluation Division, U.S. Atomlc Energy Commission, January
1. 1959, 363 p., $3.00..

“Survey of U.S. Uranium Marketing Activity,” U.S. Department of Energy, Otfice of Uranium Resources and
Enrichment, August 1979, 33 p.. Free paper.

"Pilot Study in Eight Areas of Montana and Idah; Multi-element Analyses for 733 Pilot Study Samples from
Western Montana and East-Central [daho,” Los Alamos Scientific Laboratory, 66 p., $3.00.

“*Hydrogeochemical.and Stream Sediment Reconnaissance Basic Data Release for Austin NTMS Quadrangle,

Texas,” Oak Ridge Gaseous Diffusion Plant, 2 p., Free paper.

“Statistical Data of-the Uranium Industiry,” U.S. Department of Energy/Grand Junction Office, May 1979,
100 p., $3.00, paper or fiche.

"Uranium Exploration Expenditures in 1978 and Plans for 1979-1980," U.S. Department of Energy/Grand
Junction Office, April 1979, 12 p., $3.00 fiche, Free paper.

“Uranium Industry Seminar Proceedings, October 17-18, 1978, U.S. Department of Energy/Grand Junction
Office, October 1978, 254 p., $10.00, paper or fiche.

“Interim NURE Report,” U.S. Department of Energy/Grand Junction Operations, April 1979, 184 p., $§3.00
tiche, $4.00 paper.

“National Uranium Resource Evaluation, Plainview Ouadrangle, Texas," E. J. Amaral, Bendix Field
Engineering Corporation, March 1979, 36 p., 26 illus., $3.00 fiche, $10.00 paper.

"Environment of Uranium Deposition in the Bull Canyon Area, Southwestern Colorado,” J. W. Dairymple, A.
C. Dickinson, N. B. Young, U.S. Atomic Energy Commission, December 1957, 38 p., 18 illus., $3.00.

“Uranium Deposits of Duval Gounty, Texas,” J. C. Barnes, U.S. Atomic Energy Commission, February 1959,
45 p.. 10 illus., $3.00.

“Uranium Occurrences, Michigan, Wisconsin, and Minnesota,” L. P. Barrett, U.S. Atomic Energy Commission,
February 1958, 18 p., $3.00.

"General Geology of the Western Dakota Plains and References Related to Uranilerous Lignites,”
H. B. Wood, U.S. Atomic Energy Commission, July 1967, 1 sheet, $1.50, paper; $3.00 fiche.
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Technical Memoranda

(Prepared for U.S. Atomic Energy Commission)”

“Interim Report. Schwartzwalder Mine, Ralston Creek Area. Jelferson County, Colorado,” J. D. Schlottmann
and A. V. Green. April 1957, 15 p., 7 illlus., $3.00

“Thorium Occurrences in the Capiian Mouniains Area. Lincoln Counly. New Mexico.” G. E. Collins, August
1956. 11 p.. 2 illus.. 83.00

“Uranium Occurrences on the Empire Claims, Iron Mountain Mining District, Sierra County, New Mexico,”
F S. Boyd, Jr., November 1957. 13 p.. 3 1llus.. $3.00.

“A Report on Auger Drilling Project Conducled on the Harte-Mansfield Ranch. Oldham County, Texas.”
J W Allison, December 1956, 23 p.. 2 illus.. $3.00

“An Occurrence of Uramum at the Palangana Salt Dome, Duval County, Texas.” S. R. Steinhauser, March 1957,
17 p.. 7 illus.. $3.00.

“Prehminary Reconnaissance for Uranium n the Cornudas Mounlains. Otero County. New Mexico, and
Hudspeth County. Texas.” G. E Collins, February 1958. 16 p.. 2 illus.. $3.00.

“Uranium Occurrences in the Daul Mcuntain Area, Catren and Socorro Counties. New Mexico,” G. E. Collins.
February 1958. 11 p.. 2.1llus.. $3.00.

"Geology of the Bushielg Coffinite Deposit in Northwestern Crook County, Wyoming,” B. A. MacPherson,
February 1956. 12 g . 4 1llus . §3.00

"Geolegic Evaluation Report on Morrison Uramum Company near Marnison, Jefferson County, Cclorado,”
E. L Grossman. July 1955. 2 p.. $§3.00.

"Geologic Evatuation ¢f Stone Placer. Holy Terror and Hiroshina Claims (Water Board Properly) Jetferson
County. Colorado for Fringe Area Contracl.” E. L Grossman. July 1955, 3 p.. 1 1llus. §3.00.

“Geologic Evaluation of Red Gate Ranch. Custer County. Colorado. V. D. Maulin Lease,” L. Frankel, August
1955. 1 p.. $3.00.

‘Geologic Evaluation of Allan Emory {Orphan Boy) Mine. Summit Counly. Cclorado.” E. L. Grossman, August
1955. 2 p.. $3.00

“Geologic Evaluation of the Eagle and Mary Alice Claims. Lake City. Hinsdale County. Colgrado. fer 'Fringe
Area’ Contract.” R. C Malan. H W Ranspot. August 1955, 2 p.. §3.00.

“Geclogic Evaluation of the Pallacro Lease. near Marnson. Jefferson County. Colorado for 'Fringe Area’
Contract,” E. L Grossman. September 1955, 3 p.. ! dlus.. $3.00.

‘Geclogic Evaluation Report on the Viclory Lode Lulu B Lode, and Gold Leaf Lode. Jamestown. Boulder
County, Colorado.” E L Grossman. September 1955, 3 p.. 1 1llus., $3.00.

“Geologic Evaluation of Lady Suth Claim an Stratton Cripple Creek Mining and Cevelopment Company
Property. Cripple Creek Drstrict. Teller County. Colorado.” E. L. Newcomb. September 1955, 3p.. 1 ilius.. 33.00.

“Geologic Fualuation of the Do Rado Claims. Eagie County. Colorado.” E. L. Grossman. September 1855.3p..
i rilus - $3.00

“Geologic Evaluation of Grinstead Property. Fremont County, Colorado.” E. L Grossman. August 1955, 2 p.,
$3 00

"Geologic Evaluation of the Whale Mine, Bonanza Mining District, Bonanza, Saguache County, Coiorado.”
H W Ranspol, August 1855 7 p . §3.00

“Geologic Evaluation of Maur Stryk Claims. Gunmison County. Cclorado,” H. W. Ranspot. September 1955,
2p.S300

“Geologic Evaiuation of the Denver-Golden Oii and Uramum Company's Prospect. Jefferson Ccounty.
Colorado.” R. C. Malan. October 1955. 3 p.. $3 00

“Geologic Evaluation of New Hope Group on Storm Mountain. Larimer County, Colorado.” E. L. Newccmb.
September 1955, 2 p . S3 00

“Geologic Evaluation Report. {or ‘Fringe Area’ Contract. of the Bonita #1 Claim. Bonanza Mining District,
Saguache County. Colorado.” H W Ranspot. October 1955, 2 p., 1 illus.. $3.00

"Geologic Evaluation for ‘Fringe Area’ Contract of the C D. Sisk Ranch near Lyons. Boulder County.
Colorado” E L Grossman, QOctober 1855 2 p.. 3 .00

“Geologic Evaluation for ‘Fringe Area’ Contract. on the La Rue #1 Claim. Saguache County, Colorado,”
H W Ranspot. Octcber 1955, 2 p.. §3.00.

“Geologic Evaluation on the Curmac Mining Company Lease. Fremont County. Colorado.” R. Malan and
M R Simon, October 1935 2 p . §300.

“Geoiogic Evaiualion for Fringe Area’ Contract onthe Fan Dyke No. 1 Claim. Las Ammas County, Colorade.”
R Malan, October 1855 3 p . 8300
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“Geologic Evaluation of the Coltex Uranium Company's High No. | Claim for ‘Fringe Area’ Contract.”
R. C. Malan. November 1955, 3 p., $3.00.

"Geologic Evaluation Report for ‘Fringe Area’ Contract onthe Leyden CoalMine, Jefferson County, Colorado,”
E. L. Grossman, November 1855, 4 p.. 1 illus.. $3.00.

"Geologic Evaluation Report for ‘Fringe Area’ Contract onthe lzabel Group. Sec. 5, T. 255, R.70W., Huertano
County, Colorado,” R. C. Malan, M. B. Simon, November 1855, 3 p.. 1 illus., $§3.00.

“Geologic Evaluation Report for *Fringe Area’ Contract on the D A.C. Uranium Property, Fremont County.
Colorado and Supplement.” R. C. Malan and M. R, Simgn. December 1955, 6 p., 12 illus., $3.00.

“Geclogic Evaluation Reporl for 'Fringe Area” Contract on the Wright Lease. ldledale. Jefferson County.
Colarado.” J. D. Schlettmann, January 1956, 4 p., 1 illus.. §3.00.

“Geologic Evaluaticn. for ‘Fringe Area’ Contract. of the Parco Claims, Park County, Colorado,” M. R. Simon,
January 1956, 3 p., $3.00.

“Geologic Evaluation Report for 'Fringe Area’ Contract on the Vanadium Queen Prospect near Morrison,
Jefferson County, Colorado.” J. D. Schlottmann and B. Scoll, March 1956, 4 p., 1 illus., $3.00.

“Geologic Evaluation for ‘Fringe Area’ Contract on the Stumbling Stud Prospect. Huerfano County, Colorado,”
M. R. Simon. April 1956, 3 p., $§3.00.

“Geologic Evaluation Report for ‘Fringe Area' Coniract on Eureka Group, near Loveland. Larimer County,
Colorado,” J. D. Schlottmann and B. Scott. April 1856, 3 p.. 2 illus., $§3.00.

“Geologic Evaluation for 'Fringe Area’ Contract on the Whitecliff Group., Huerfano County, Colorado.”
M. R. Simon, April 1956, 2 p.. $3.00.

"Geologic Evaluation Report for ‘Fringe Area’ Contract on the Lady Bug Group, Jamestown, Boulder County.
Colorado.” J. D. Schlottmann and B. Scott, April 1956, 4 p., 2 illus.. $3.00.

"Fan Pattern Drilling,” G. E. Morehouse, February 1952, 7 p.. 4 iltus., $3.00.

“Preliminary Report eanthe J R. Simplot Claims in Happy and Hatch Canyons, Wayne and Garfield Counties.
Utah,” R. F. Shirley and G. L. Brooke, February 1952, 2 p., 1 illus., $3.00.

“Investigation of Shinarump Channels on Oljetoh Mesa, Arizona-Utah,”R. C. Cutter, January 1952, 2 p., 1illus.,
$3.00.

“Shinarump Benches Northeast and Southwest of Temple Mountain, Utah,” H. N. Jensen and R. K. Pitman,
February 1952, 5 p.. 3 illus., $3.00.

"Trip 10 Richfield, Utah. Regarding Circle Cliffs Area,” H. N. Jensen, March 1952, 2 p., $3.00.

“Progress Report on Geclogic Investigation of Happy and Hatch Canyons, Utah.” R. F. Shirley and
G. L. Brooke, March 1952, 9 p., 2 illus., $§3.00

"Geological Reconnaissance of the Hosteen Nez Ctaims, Tuba City, Arizona,” P. C. Ellsworth, March 1952, 5p.,
5tllus., $3.00.

“Preliminary Report on the Green River Desert Area, Utah,” G. E. Morehouse, April 1952, 4 p.. 1 illus.. $3.00.
“Report on Trip to Circle Cliffs, Utah Area, April 14-24, 1952, H. N. Jensen, April 1952, 4 p., $3.00.
“Investigational Drilling—Cold and Sheep Mesas.” J. W. Chester, May 1952, 1 p., $3.00.

“"Bulldozing Rim, Chilchinbelo Area.” J. W. Chester, May 1952, 1 p.. $3.00.

“Investigational Drilling. Blue Lake Claim,” J. W, Chester. May 1952, 1 p., $3.00.

“Investigational Drilling, Hoskinnini Mesa,” J. W. Chester and H. K. Pitman, May 1952, 2 p., 2 illus., $3.00.
“McEImo Drilling Project, Mentezuma County, Celorado,” J. B. Hopkins, June 1852, 9 p., 3 illus., 53"00.

“"Reconnaissance of Uranium-Bearing Deposits, Yampa River Region, Colorado,” R, P. Darnell, July 1852. 9 p..
1 illus., $3.00.

“Inequilibrium, a Guide 1o Uranium Ore Deposits on the Colorado Plateau,” P. H. Dodd, August 1952, 18 p.,
$3.00.

“Diamond Drilling Recommendations for the Four Aces Prospect, White Canyon, Utah,” F. J. Frankovich,
August 1952, 7 p.. 4 illus., $3.00.

“lavestigation and Ore Reserve Estimation of Barlow Creek Roscoelite Depasits with Ore Reserve Data from
Graysill and Lightner Creek Areas. Colorado.” G. E. Morehouse and R. J. Pursley, 6 p.. 7 illus., $3.00.

"Reconnaissance of Wilson Mesa and Upper Brumley Ridge. San Juan County. Utah,” R. F. Droullard. August
1952, 5 p.. 1illus., $§3.00.

"Geology of Horse Mesa, Arizona-New Mexico. with Recommendations for Wagon Crilling.” J. W. King,
September 1952. 6 p.. 1illus., $3.00.
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“Some Observations on the Chinie Formation of Arizona.” J. H. Leonard. November 1952, 3 p.. $3.00.

“Uranium Mine Operated by F. O. Manoal onthe SW' Sec. 30. T 13N..R @W.." F. R.Fincher, February 1953.
3 p., 1illus. §3.00.

“Geology of the Poison Canyon Mine. Valencia County. Sec. 19. T 13 N.. R. 9W., near Grants. New Mexico.”
D E Mathewson, March 1853, 7 p., 6illus.. $3.00.

“QOre Reserves of Polar Mesa.” L. Garbrecht. April 1853, 7 p.. $3.00

“Report on Phase | Drilling on the King Tut Mesa Experimental Program.” P. H. Dodd. March 1952. 9 p..
12 Mus., $3.00.

“Report on Phase Il Drilling on the King Tut Mesa Experimental Program.” P. H. Dodd. March 1852, 6 p..
14 llus | $3.00

“The Salt Wash-Bluff Contact at King Tut Mesa and Its Importance to Contract Mapping.” J. A. Masters and
N. J. Clinten. April 1952 4 p. 61llus . 8§3.00.

“Under-reamer Sampling Experiment.” J. A Tavelli, May 1952, 3 p . 1 lius.. §3.00.

“Megascopic Examination of Temple Mountain ‘Tongue. Dritt Core DDH 2-31." R. C. Gerhard. January 1953,
8 p.. 4llus. $3.00.

“Studies of Diamond Drilling at the Lukachukai No. 2 Project.” L. Roberts, September 1952, 8 p. (Engineering
Report), $3.00.

~An Operational Report on Wagon Drilling.” R. J. Gargia. September 1852, 6 p., $3.00.

"Resulis of Preliminary Drilling, Red Rock. Arizona,” A. H. Anderson. J. R. Foster, D. B. Hurley, Cctober 1952,
4 p.. 2illus.. $3.00.

“Wagon Drill Sampling,” J. W. Chester, March 1953, 2 p., 2 illus.. §3.00.

“Uranium Occurrences on Secs. 4. 8. and 9. T. 12 N.. R. W, McKinley County, New Mexico.” F. R. Fincher,
April 1953. 7 p., 2illus., $3.00.

“Analysis of Submarginal Cre, Fawn Springs Area, Bull Canyon Disiricl, San Miguel and Montrose Counties,
Colorade.” L. Garbrecht, June 1953, 3 p.. 1 illus.. $3.00.

“Urantum Occurrences in the Alamosa Creek Area, Catron County. New Mexico.” P. E. Melancon, December
1653, 5 p.. 3illus., $3.00.

"Regional Reconnarssance and Prospecting in Northeast Grants District. New Mexico.” A Mirsky, July 1953,
16 p., 1illus.. 83.00.

“Estimates of Cre Reserves of the Bull Canyon Districl. Montrose County. Celorado.” L. Garbrecht, August
1953, 6 p., $3.00.

“Exploration Thinking,” T. W. Mitcham. August 1953, 1 5., §3.00.
“"Approach to Reconnaissance.” Y. W. Isachsen. November 1953, 1 p.. §3.00.
“New Ore-Guide Concepts, Grants District,” T.W._Mitcham, January 1854, 2 p., $3.00

"Effects of Mining Methods on the Qutcome of Small Mines. Begay Claim No. 1, King Tut Mesa, East Carrizo
Area, Arizona,” L. Garbrecht, February 1954. 3 p., $3.00

“A Study of Ore Controls on Club Mesa, Montrose County, Coleorado,” E. V. Reinhardt, October 1953, 18 p.,
Sillus., $3.00.

"QOre Controls in the Northwest Carrizo Area,” E. V. Reinhardt, December 1953, 8 p.. 2 illus.. $3.00

“Comparative Report on What Might Have Been Done on Cove Mesa, Arizona, with Diamond Drills,”
D. B. Hurley, November 1951, 8 p.. $3.00.

“Definition of Exploration.” T. W. Mitcham. March 1954, 1 p.. $3 00

“Differenual Strain Charactenstics—A Possible Guide to Shinarump Channels.” T. W, Mitcham and
C G. Evensen. Apnil 1854 1 p.. 83 00.

“Tentative Evaluanon of Critenia of Favorability Maps.” L Garbrecht May 1954 7 p . 8300

‘Preliminary Reconnaissance for Uranium near the Rio Puerco. East of Mount Taylor in New Mexico.”
D E Mathewson, May 1954, 5. 2 1llus . 82 00

“Intrusives ol the Jackptle Area, Valencia Countly. New Mexico.” J W Allison. August 1854, 3p  11llus . 83 00
“"Reconnaissance of Red Rack Valley Apache County. Anzona "B B Hanshaw. July 1854 4 p . 1illus., $2.00

“"Reconnaissance of the Mornisor Formation Narth of Prewitt. McKinley County. New Mexico.” R. C. Gerhard.
August 1954 8 p.. dillus 300
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“Average Size of Uranium Qre Targets on the Colorado Plateau,” L. Garbrecht, July 1954, 7 p.. 2 illus.. $3.00.

“Locating Paleocchannels as OpposedtoLocating Urantum Orebodiesin Shinarump Exploration.” J. D. Lowell,
July 1954, 2 p., 2illus., $3.00

“Air-Ground Exploration Method for the Chinle Formation.” J. D. Lowell, August 1954, 2 p.. $3.00.

“"Reconnaissance of the De Beque Area, Mesa and Garfield Counties. Colorado.,” W. D. McDougald, August
1954, 5 p.. 3 illus.. $3.00.

"Review of Some Geclogic Features on Uranium Deposition on the Colorade Plateau,” L. Garbrecht,
November 1954, 17 p., $3.00.

“"Review of Drilling Methods and Praocedures with Results Obtained,” L. Garbrecht, October 1954, 33 p.,
15 illus.. $3.00.

"Reconnaissance for Uranium inthe Morrison Formation. Church Rock Area. McKinley County, New Mexico,”
J. V. A Sharp. September 1854, 8 p., 3 illus., $3.00.

“"Reccnnaissance for Uranium in the Chinle Formation In and Adjacent To Dinosaur National Monument.
Uintah County, Utah, and Moffat County. Colorado,” N. B. Young, January 1955, 4 p.. 2 illus., $3.00.

"Reconnaissance of the Salt Wash Deposils in Little Valley and South Lisbon Valley. San Juan County, Utah,
and San Miguel County, Colorado,” O. M. McRae, June 1955, 12 p.. 10 #lus.. $3.00.

“"Tentative Appraisal of Future Ore Possibilities of Northeast Utah and Northwest Colorade.” L. Garbrecht.
April 1955, 8 p.. $3.00

"Reconnaissance of the West Side ol the San Rafael Swell. Emery County, Utah,” R. G. Blair, December 1954,
10 p., 3 illus., $3.00.

“"Reconnaissance for Uranium and Vanadium Mineralizaticn in the Glenwood Springs-Rio Blanco Area, Ric
Bianco ang Garfield Counties, Celorado.” W, D. McDougald. January 1955, 13 p., 1 1lius., $3.00.

“Exploration Drilling. Dry Valley District. San Juan County. Utah. Contract No. AT(05-1)-225, April 3, 1953,
Contract No. AT(05-1)-236. July 7, 1953." R. A. Teichman, |. T. Fisk, and C. D. Thompsen, June 1955, 6 p.,
$3.00

“"Results of Gamma Ray Logging ¢f Climax Uramum Company Wagon Drili Heoles, Martin Mesa, Northwest
Carrizo Area, Apache County. Arizona.” W. L. Chenoweth. July 1955, 3 p., 3illus.. $3.00

“Investigation ¢f the Calyx No. 3 Mine. Temple Mountain Area. San Rafael Swell. Emery County, Utah,™~
L. Baumgardner and E. A. Noble. April 1957, 11 p.. 4 illus., $3.00.

“"Radicaclive Warm Springs on the San Rafael River. Emery County, Utah,” W. 8. Keys. November 1955, 4 p.,
2illus.. $3.00

“"Reccnnaissance of Uranium Cepcsits in the Castle Dale Region, Emery County, Utah" !. Million, December
1955. 5 p.. 3illus., $3.00.

“Drilling on Tenderfoot Mesa. Mesa County. Colorado.” W. T. Davis. January 1956, 16 p., 5 illus., $3.00.

“Preliminary Drilbng Report. Big Indian Wash District. San Juan County. Utah. Contract No. AT{05-1)-225."
R. A Teichman, Jr..I. T. Fisk. and J. |. McLelland. t1arch 1956, 14 p . B1llus.. $3 .00

"Drilling on the Ruth and Brigham Claims. Hclbrook Area, Navajo County, Arizona—Contracts AT(30-1)-1361
and AT(05-1)-247." C. C. Gregg and E. L. Moore. March 1856. 4 p.. 6 illus., $3.00.

“"Preliminary Report on the Uranium Possibilities of the Jemez Indian Reservation and Jemez Pueblo Grant,
Sandoval County, New Mexico.” J. C. Brassfield, May 1356, 8 p.. 4 illus., $3.00.

“A Reconnaissance for Uranium in Part of the Roan and Book Cliffs Area of East Central Utah,” N. B. Young.
revised by R. G. Young, May 1956. 8 p.. 3 tllus., $3.00.

"Radioactive Titaniferous Heavy Mineral Placers in the San Juan Basin. New Mexico and Colorado,”
W. L. Chenoweth, May 1956, 12 p., 11 illus., $3.00.

"Petrography of the Black Teodilto Limestone Area with Respect to Processing Properties.” R. A. Laverty.
August 1954, 19 p., 14 illus., $3.00.

“"Final Report on Lockhart Canycn Trail Project.” M. E. Howell. November 1954, 3 p., {(Engineering Report),
$3.00.

"Final Report on Cane Creek Trail Project,” M. E. Howell. November 1954, 3 p.. (Engineering Report}, $3.00.

“Summary of the Airborne Radiometric Survey of the Dark Canycn Project, Southeastern Utah,” W. B. Siapno,
May 1955, 9 p., 2 illus., §3.00.

“Airborne Radiometric Reconnaissance of the Inter-River Project, Southeastern Utah,” W. . Siapno, March
1956, 17 0. 2illus.. §3.00.
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“Summary of the Aircorne Radiometric Survey ¢f the Ouray Area. Utah.” W. D. Siapno. Octeber 1955, 8 p..
2 illus.. $3.00.

“Appraisal of Uranium Exploration in the Blanding District. San Juan County, Utah,” R. A. Teichman,
R. C Dickinson, revised by E. A. Anderson. May 1956, 10 p.. 8 illus.. $3.00.

“Application of the Dilthizone Heavy-Melals Test to Uranium Deposits of the Chinle Formation near Cameron.
Anzona. R F. Wright, January 12578 p.. 9illus.. $3.00

“A Brief Evaluation of the Practical Use of an Airplane and Pilot in Geologic Reconnaissance,” E. A. Noble, July
1956. 3 p . $3 00

“Geologic Logs of Dry Hole Oil Wells in Emery. Garlield. Grand and Kane Counties, Utah.” W. R. Kastslic,
August 1956. 2 p.. 8illus.. $3.00.

“Reconnaissance for Uranium Deposits in the Kaiparowits Plateau Region. Utah,” E. C. Annes, Jr., September
1956. 8 p.. 2illus., $3.00

"The Horseshoe and Other Diatremes of the Hopi Buttes Volcanic Field Northeast Arizona,” C, L. Fair. October
1956, 15 p., 20 ilivs.. $3.00.

“A Prefiminary Investigation of Trnassic Rocks in the Lukachukai Mountains, Arizona.” R. F. Kosatka.
December 18956. 10 p.. 4 illus.. $3.00.

“Preltminary Reconnaissance of the Central Zuni Uglift. New Mexico.” L. Baumgardner, November 1956, 21 p..
6 iflus, $3.00.

“Reconnaissance for Uranium in the Toadlena Area, San Juan County, New Mexico,” B. J. Archer, January
195715 p.. Sillus.. $3.00.

“Reconnaissance of the Red Canyon Area. San Juan County. Utah.” E. V. Mace, revised by E. W. Dertell.
January 1957, 8 p.. 6 illus., $3 00

"Geology and Uranium Deposits of Calf Mesa, Emery County, Utah.” R. L. Akright, February 1957, 11 p., 2illus..
$3.00.

“Investigative Drilling in the Bee Area. White Canyon, San Juan County, Utah, Contract AT{05-1)-221."
W D. Grundy. February 1957, 10 p.. 5 illus.. $3.00.

“Reconnaissance for Uramum in the Southern Carrizo Mountains, Apache Counlty. Arizona.” R. A. Labreque,
February 1957. 7 p., 2 1llus.. $3.00.

“Inveshigative Drilling on the Posey, Blue Lizard and Markey Localities, Red Canyon Area, San Juan County,
Utah.” E V Mace. revised by E. W. Qertell, March 1957. 17 p.. 9 illus.. $3.00.

“Final Drilling Report, Elk Ridge Area. San Juan County, Utah. Contract No. AT{05-1)-236." J. A, Richardson.
January 1956. 3 p.. 1 llus.. fEngineernng Report). $3.00.

“Final Dnilling Report. Elk Ridge Area. San Juan County, Utah. Contract No. AT(05-1)-236." A. Petrick. January
1956. 5 p . 11llus.. iEngineering Report). $3.00.

“Drilling 10 the Lukachukar Mountains, Norlh Chuska Mountain Area. Apache County. Arizona. Contract
ATI05-1)-234 J W Eppich January 1936 9 p 2 1llus. (Engineerning Report). 83 00

Final Griling Report, Uranium Peak Areda. Rio Bianco County. Colorado. Contract No AT{05-1}-236."
H R Hart January 1956. 5 p.. 11llus . (Engineering Report}. $3 00

Final Drilling Report. Cove Mesa Area. Apache County Arizona, ContractNos AT(05 1) 120 AT(30-1)-1364.
AT(05-1)-231 J F Brown. January 1956 11 p. 1lus., (Engineering Repcrt). $3 00

Dolling 10 the Lukachukar Mountain Area. Apache County. Arizona. Contract No AT(30-1)-1364."
J F.Brown February 1956 & p.. 11llus  (Engineering Report), $3 00

Drihing in the Red Canyon Area San Juan County, Utan Contract No AT(05-1) 2367 J K Hilleary. March
1956. 5 p . Villus . (Engineering Reporty. $2 00

Drill:ing in the Ratllesnake Area Apache County. Anizona. Contract No AT(05-1)-236." G T Brown.February
1956 4 p Villus . (Engineerning Report). $3 00

“Reconnaissance for Uranium in Parts of the San Juan Basin, New Mexico and Colorado.” W L. Chenoweth
and F T Stehle. March 1857 . 19 p.. 21llus.. $3 00

“Ore Occurrence Study Mesa 4-1/2 Mines. Lukachukai Mountains, Apache County, Arizona,” T. E. Beam,
March 1857, 7 p.. 10 illus.. $3 00

“Exploratory Driling in the Posey and Markey Localities. Red Canyon Area, San Juan County. Utah, Contract
No. AT(03-1)-236. W. W. Easton and E. W. Qertell. March 1957, 9 p.. 2 Mtus., $3.00.

‘Expicratory Drilling m the Nash Car Locality. White Canyon Area. San Juan County. Utah (Conlract No.
AT(05- 1) 2210, E W Oertelland D F Spencer. March 1957, 9 p . 3llus . 83.00
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"Reconnaissance of Uranium Deposits in the Capilol Reef Area. Wayne and Garfield Counties. Utah.”
L. H. Baumgardner. C. H. Warner, April 1957, 17 p.. 8 Mus . §3.00.

“Estimate of All Ore Reserves on Polar Mesa, Grand County, Utah,” L. Garbrecht, April 1957. 11 p_, 1 illus.,
$3.00.

“Radiometric Airborne Survey of the Southwest Zuni Mountains, New Mexico,” J. Ruzycki, April 1957, 7 p.,
1illus,, $3.00.

“"Report onthe Texas Company Radioactivity Survey and Evatuation by AEC Test Crilling in the Blanding Area.
July-QOctober 1951," P. E. Melancon and E. F, Dressner, April 1957, 13 p.. 2 illus., $3.00.

"Fractures of Circle Cliffs Area, Garfield County, Utah,” M. C. Hemminger, May 1957, 7 p.. 6 illus., $3.00.
"Fracturing in the S8an Rafael Swell. Emery County. Utah.” R. L. White, May 1957, 16 p., 12illus., $3.00.

"Airborne Radiometric Recorded Survey of the Marshall Pass and Tomichi Dome Areas, Colorado,” B, C. Smith
and C. W. Fickel. March 1957, 5 p.. 1 illus., $3.00.

“Exploratory Drilling on Frey Point Mesa, White Canyon Area, San Juan County. Utah, Conlracts
AT(30-1)-1361 and AT{05-1;-221." L. J. Milier. D. F. Spencerand E. W. Qertell, June 1957, 16 p.. 3illus.. $3 00.

“Drilling in the Flatirons Localty. Monumen! Valley. Arizona.” |. B. Gray. August 1957, 18 p.. 9illus.. $3.00.

“Reconnaissance of the Cretacecus and Tertiary Uranium Deposits in the Wasatch Plateau, Utah.”
W. R. Kastelic and K. E. Scott, August 1957, 10 p., 5illus., $3.00.

“Preliminary Fracture Study, Smith Lake Area, McKinley County, New Mexico,” B. B. Hanshaw and H. M. Dahl,
May 1960, 4 p.. 4 illus.. $3.00.

"Orphan Lode Uranium Mine, Grand Canyon, Arizona,” Dan N. Magleby. March 1967, 9 p., 8 illus., $3.00.

“Some Observations on the Stratigraphic Relationships in the Morrison Farmation in the Southern San Juan
Basin,” L. R. Kittleman, Jr., June 1957, 14 p., 3 illus., $3.00.

“Airborne Radiometric Recorded Survey of the Denver Basin, Colorado,” B. C. Smith and C. W. Fickel, May
1957, 4 p., 2illus., $3.00.

“Drilling in the Monument Valley Area, San Juan County, Utah and Navajo County, Arizona,” C. K. Presley,
June 1857, 6 p.. 1illus., (Engineering Report), $3.00.

“Airborne Radiomelric Survey ot Upper Michigan and Parts of Wisconsin,” B. C. Smith and C. W. Fickel.
Oclober 1957, 7 p., 4 illus., $3.00.

“Uranium in Northern Arizona, with Emphasis on the Deposits of the Cameron Area,” W. L. Chenoweth,
November 1958, 4 p., Tillus., $3.00.

“Drilling in the Sanastee District, San Juan County, New Mexico," J. B. Collyer, December 1957, 6 p., 1 illus.,
(Engineering Report), $3.00.

“Drilling in the Grants District, McKinley County, New Mexico," C. W. Foutz, December 1957, 7 p., 2 illus..
{(Engineering Report}, $3.00.

“Final Crilling Report, Radium Mountain, BullCanyon No. 3 Project,” A. Petrick, December 1957, 10 p., 1illus..
(Engineering Report), $3.00.

“Drilling in the Lukachukai Mountains, North Chuska Mountain Area, Apache County, Arizona,” J. W. Eppich.
December 1957, 7 p., Tillus., (Engineering Report). $3.00.

“Drilling in the Grants District, McKinley County, New Mexico," C. W. Foutz, December 1957, 6 p.. 1 illus.,
(Engineering Repart), $3.00.

“Drilling in the Sanastee Area. San Juan County, New Mexico,” J. B. Collyer, December 1957, ¢ p., 1 illus..
(Engineering Report), $3.00

“Drilling in the Big Indian Wash Area. San Juan County, Utah," J. K, Hilleary, December 1957, 6 p.. 1 illus..
(Engineering Report), $3.00.

“Ambrosia Lake—New Mexico's Newest Uranium Bonanza,” J. W. Gabelman, R. G. Young and G. K. Ealy.
February 1956, 12 p., $3.00.

“Drilling in the Inter-River Area, Grand and San Juan County, Utah." H. R. Hart, December 1957, 7 p.. 1 illus..
(Engineering Report), $3.00.

“Drilling in the Holbrock District, Navajo County, Arizona,” J. E. Gannon, December 1857, 5 p.. 1 illus..
(Engineering Report), $3.00.

“Crilling in the Calf Mesa Area, Emery County, Utah,” W. J. Potter, December 1957, 5 p., 1illus., (Engineering
Report), $3.00.

“Drilling in the Coal Greek Area, Rio Blanco County, Colorado,” J. E. Gannon, December 1957, 5 ., 1 illus.,
{(Engineering Report), $3.00.
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“Uranium Geclogy and Mineralogy as Related to Ore Types on the Colorade Piateau,” R. A. Laverty, August
1963, 6 p., 1illus., $3.00.

“Drilling in the Montezuma Canyon Area, San Juan County, Utah,” J. A. Littrell, December 1957, 7 p.. 1 illus.,
{Engineering Report), $3.00.

“Final Drilling Report Dry Valley Area, San Juan County, Utah,” J. K. Hilleary, December 1957, 8 p., 1iilus.,
{Engineering Reporl}, $3.00.

"Drilling in the Rattlesnake Area, Apache County, Arizona,” G. T. Brown, December 1957, 5§ p.. 1 illus.,
{Engineering Report), $3.00.

“Drilting in the Circle Cliffs Area, Garfield County, Utah,” J. K. Hilleary, December 1957, 7 p.. 1 illus.,
{Engineering Report), $3.00.

"Drilling in the White Canyon Area, San Juan County, Utah,"” J. A, Richardscn, December 1957, 8 p.. 1 illus.,
{Engineering Report), $3.00.

"Drilling in the White Canyon Area, San Juan County, Utah,” J. A. Richardson, December 1957, 4 p., 1illus.,
(Engineering Report), $3.00.

"Final Drilling Report Rattlesnake Area, Apache County, Arizona.” G. T. Brown, December 1957, 4 p., tillus.,
(Engineering Report), $3.00.

“Diamond and Wagon Drilling in the Northwest Carrizos Area, Apache County, Arizena.” J. F. Brown,
December 1957, 9 p., 1illus., (Engineering Report), $3.00.

"Drilling in the East Carrjzo Area, Apache County, Arizona, San Juan County, New Mexico,” J. F. Brown,
December 1957, 9 p., 1illus., (Engineering Report}, $3.00.

“Drilling in the Blanding District, Cottonwood Wash Area, San Juan County, Utah.” J. K. Hilleary, December
1957, 6 p., 1illus., (Engineering Report). $3.00.

"Drilling in the Rattlesnake Area, Apache County, Arizona,” G. T. Brown, December 1957, 6 p., 1 illus.,
{Engineering Report), $3.00.

“Drilling in the San Rafael Desert and Calf Mesa Areas—San Rafael No. 2and Calf Mesa No. 3 Projects, Emery
County, Utah," W. D. Mathews and T. E. Hopkins, December 1957, 7 p., 1illus., (Engineering Report), $3.00.

"The Applicability of Resistivity, Sell Potential and Radicmetric Logging Technigues to Stratigraphic and
Lithelegic Problems in the Ambrosia Lake Area, New Mexico,” J. B. Misz, July 1958, 63 p., $3.00.

"Processes of Uranium Deposition in Continental Sedimentary Rocks,” P. H. Dodd, August 1958, 17 p., $3.00.
"Use and Operation of Mobile Geochemical Laboratory,” R. L. Kinnaman, July 1959, 3 p.. Zillus., $3.00.
“"Operator's Instructions, TU-5A Gamma Ray Logging Unit,” R. L. Kinnaman, March 1960, 7 p., $3.00.
"Operator's instructions, TU-5A Gamma Ray Logging Unit,” R. L. Kinnaman, July 1961, 11 p., 2 illus., $3.00.

“Preliminary Petrographic Study ot Rocks from Nevada Test Site—Basalt Mesa,” E. E. Anderson, May 1960,
3 p., 2illus., $3.00.

“Uranium Depcsits of the Southern San Juan Mineral Belt, New Mexico.” R. G. Young, August 1960, 48 p..
7 illus., $3.00.

“llmenite, Magnetiie, and Feldspar Aiteration under Reducing Conditions,” S. R. Austin, August 1860. 4 p.,
$3.00.

"Quantitative Method for Gamma Assaying of Uranium Ores In Situ,” R. F. Droullard an¢ R. L. Kinnaman,
August 1960, 5 p.. Sillus.. §3.00.

“The Riverview Mine Caconine County. Arizona,” W L Chenoweth and P. P. Blakemore. October 1960, 3 p..
1illus.. $3.00.

“Field Evaluation of the Differential Mine Face Scanner.” M. E. Crew, December 1960. 11 p.. §3.00.
"Linear-Logarithmic Regression Analysis,” J. H. Scott, April 1961, 18 p., $3.00.

“Hydrogeochemica! Reconnaissance for Uranium in the Stanley Area, |daho,” C. T. liisley, July 1961, 21 p.,
3 illus., $3.00.

"Procedures for Determination of Density and Moisture Content.” S. R. Auslin. December 1961, 11 p., $3.00.
"Mineralogy of Thorium.” S R. Austin, February 1962, 16 p., $3.00.

"GAMLOG-—A Computer Program tor laterpreting Gamma-Ray Logs,” J. H. Scott, September 1962, 44 p.,
$3.00.

"DOLLAR, A Computer Program for Calculating Uranium Ore Reserves tor Underground Mines at Various
U.C, Prices,” J. H. Scott, July 1963, 28 p.. $3.00.
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"GRADE-—A Computer Program for Calculating Uranium Ore Reserves for Underground Mines at Selected
Cut-Off Grades.” J. H. Scott, July 1963, 23 p.. $3.00.

"Preparation of Gamma-Ray Log Data for IBM Card Punching,” H. B. Young. and P. C. deVergie. December
1963. 18 p., 8 illus.. $3.C0.

“Estimation of Uranium Ore Reserves by Stalisticai Methods and a Digital Computer (ORSAC2 Program).”
R. J Meehan and W. D. Grundy. February 1963. 27 p.. 18 1lius.. $3.00.

“Uranium Occurrences on the Goodner Lease. Sandoval County. New Mexico,” L. R. Kittleman, Jr. and
W. L. Chenoweth, July 1957, 12 p.. §illus.. $3.00

"Causesof Color Variations inthe Salt Wash and Recapture Members of the Merrison Formation on the South
Side Mesas, Lukachukai Mountains. Apache County. Arizona,” R. A. Laverty, January 1954, 13 p.. $3.00.

"Geologic Drilling in the Northwest Carrizo Area. Apache County, Arizona.” W. L. Chenoweth. March 1956,
1% p., 4illus., $3 00.

“Summary and Chronclogy of the Domestic Uranium Program,” Neilsen B. O'Rear, May 1966. 50 p.. $3.00.
“Mapping Cpen-Pit Mines with a Standard Film Camera.” L. Y. Marks. April 1960, 12 p., 4 illus.. $3.00.

“Uranium Occurrences of the Nacimiento Region, Sandoval and Rio Arriba Counties, New Mexico,”
W. L. Chenoweth, June 1972, 15 p.. Villus.. §3.00

“"Report on Airborne Radiocactivity Surveys and the Uranium Ceposits in the Red River Region of Texas and
Oklahoma.” R. G. Blair, F. T. Stehle and R. A. Levich. November 1973. 16 p.. 3 illus., $3.00.

“"The Uranium Deposits of Northeastern Anzona.” W. L. Chenowelh and R. C. Malan, June 1973. 23 p.. 7 illus.,
$3.00.

“Uranium Deposits of the Canyonlands Area.” W. L. Chenoweth, 1975, 39 p., 2 illus., $3.00.
“"Uranium Resources of New Mexico.” W. L. Chenoweth, May 1976. 23 p.. 3 ilius.. $3.00.

“"Uranmium Occurrences of the Nacimiento-Jemez Region. Sandoval and Rio Arriba Counties, New Mexico.”
W. L. Chenoweth, May 1974 16 p.. 2illus.. §3 00

"Status of the NURE Program.” E. W. Grutl. Jr.. August 1976, 16 p.. 26 iltus., $3.00.

"Report of Examination. Little Wolf Mining and Minerals. Inc.. Anklam Property, Big Falls. Waupaca County
Wisconsin,” J W. King, July 1960. 14 ¢, 10llus.. $3.00

TM-197 “Ground Water Conditions and the Relation o Uranium Deposilts in the Gas Hills Area. Fremont and Natrona
Counties, Wyoming.” L. Y. Marks, November 1958, 9 p., 3 illus., §3.00.

TM-198 “Uranium in the San Juan Basin—An Overview.” W, L. Chenoweth. May 1977, 6 p., $3.00.

TM-199 “Uranium in Western Colorado.” W. L. Chenoweth, September 1977, 9 p., 2 illus., §3.00.

TM-200 “The Estimation of Potential Uranium Resources,” D. L. Curry, September 1977, 16 p.. 4 illus., $3.00.

TM-201 “Some Remarks on Carborne Scintillometry,” L. L. Smith. Novemer 1969, $3.00.

TM-202 “Uranium Geology of the Gulf Ceoastal Area.” D. L. Norton, November 1969. 10 p.. $3.00.

TM-203 "Uravan Mineral Bell, General Description. Road Logs. Maps. Stratigrapnic Coiumns, Typical Rolls. Histerical
Notes.” U.8. Atomic Energy Commission, Grand Junction Office. August 1972, 11 p.. 4 illus., $3.00.

TM-204 “RoadLlogfrom Cortez. Coloradoto Gallup. New Mexico: Road Log from Gallup. New Mexicoto Albuguergue.
New Mexico: Road Log from Albuguergue, New Mexico to the Ojo del Espiritu Santo Granl, New Mexico:
Stratigraphic Relationships and Nomenclature Charl. Stratgraphic Sections, Comments on Points of
Interest.” U.S. Atomic Energy Commussion. Grand Junction Ctfice, August 1972, 26 p.. 15illus.. $3.00

TM-205 "Paradox Basin Tour; Grand Junclion. Colorado to Moab, Utah. via Dead Horse Point: Moab. Utah, to Grand
Junction, Colorado, via Lisbon Valley and Unaweep Canyon: Road Logs. Maps. Stratigraphic Column,
Comments on Points of Interest.” U.S. Energy Research and Development Administration. Grand Junction
Office. Resource Division, March 1975. 4 p., 9illus.. $3.00.

TM-D-1-19 "An Airborne Radiometric Survey of Parts of Moffat and Roult Counties, Colorado: Sweetwater and Carbon
Counties. Wyoming,” G. V. Holmquist and F. T. Stehle, May 1958. 26 p.. 3 illus.. $3.00.

TM-D-1-20 “An Airborne Radiometric Survey of the Rock Springs Uplift. Sweetwater County. Wyoming and Adjacent
Areas of Northwest Moffal County, Colorado,” E. E. Schneider and J. Ruzycki, August 1956, 17 p.. 11 illus.,
$3.C0.

TM-D-1-22 "An Aerial Radiometric Survey of the Seminoe Mountains. Shirley Mountains, Freezeout Mountains, Laramie
and Hanna Basins, Carbon and Albany Counties, Wyoming.” J. Ruzycki. October 1956, 9 p., 3 illus., §3.00.

‘Reports preparedior U S Atcmic Energy Commussion were wrilten in the 1850s and were based on inveshigalions carred out at that time  They have peen released Tor

pubdlic purchase and are avallable on microhiche only
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Bendix Field Engineering Corporation

Bendix Field Engineering Corporation was se-
lected by the Energy Research and Development
Administration, the predecessor of the U.S.
Department of Energy. in June 1975, as the on-
site contractor for the Grand Junction Office.
Under the contract, Bendix supports DOE in
carrying out a number of responsibilities, in-
cluding: conducting the National Uranium
Resource Evaluation program and managing the
program of leasing U.S. government lands for
the production of uranium and vanadium ores. In
addition to performing in these program areas,
Bendix handles all facility support required by
GJO.

During 1979 Bendix at Grand Junction grew
from 475 to 580 permanent employees, plus 64
special assignment and temporary employees.
Minor realignments in the Bendix organization
were effected including the addition of the staff
position, Executive Assistant to the Manager's
Office, and the integration into the Geology

Division of the World-Class and Intermediate-
Grade Studies group under a newly appointed
Assistant Director.

The high level of technical effert maintained by
Bendix is a reflection of the experience and
educational backgrounds ¢f the managerial and
professional personnel: of these 344 employees,
approximately 170 have bachelor’s degrees, 85
have master's degrees, and 40 have doctor's
degrees.

During 1979 Bendix made significant gains in its
efforts to provide both job opportunity and
upward mobility to all employees. Within the
managerial and professional categories at year’s
end, there were 2.6 percent minority and 17.1
percent female employees. Overall, Bendix has
8.3 percent minority and 35.4 percent female
personnel in its employment.

Bendix Field Engineering Corporation
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