





Table ¢ ( nte s

Minerals update .......coveeeeieiei e s e eserennne |

OVBIVIBW .ottt ittt ses st s s et ss s mm s sr e e e mrensseanssnnsesnnes |

Oil and gas update .. PP POUOPTOPUTU - |
Exploration and development aeresrrnrerseessaesversreseeineeseeeeres 11
Horizontal drilling ..o e s 16

Coalupdate ... o B OO PP UUR PP RRURPSRUUPPTROON F - |
Southwestem Wyommg ST PRTUIRN--y 4
Developments in the Hanna Coal F|eId .................................... 28
Developments in the Powder River Coal Field ............c..o........ 28

COMITACES 1vee v ctereetiteeeetemsemeesemeeasesmnesanssenssesesrerassasssessesenssaseeens 29
Coalbed MEthaN@ .......oceeee e e e et e b 32

Industrial minerals and uranium update .........ccoceiienenree e 33
Aggregate(Constructlon) .......................................................... 33
Bentonite .. RO DU PUPITURPTPR.C < |
Decorative stone SO USSP UURPRRRUUUTRR-: .
leestone and Ilme OO TP ORTRT-.
Peat .. 35

Sulfur ........................................................................................ 35

TTONEA <. e ie e ecmrrer e e rees e aree s s s beba e vassaeneneneensnnssnannnnnes 35

UFaNILIM L et e e 36
References cited: ... 36
Metals and precious stones update ... rsevceniiciene, 37

Broadway property .......cccceci e s nes e ssee e eennens 3T
ExXploration Ristory ... srevesee e e 38
References cited .......coiviierr e e 40

Mineral resource and reserve base estimates for Wyoming ................41

1992 Minerals and exploration summary for Wyoming ........cccovvvvennnes 42
Metals and precious SIONES .......cieciir e v srree st essee e 42
Bear Lodge Mountains, Black Hllls, northeastern Wyoming .....42
Encampment district, Sierra Madre, southeastern Wyoming. ...42
Hartville uplift, eastern Wyoming ......c.coceceeicivninvvvvennnn i 42

Kirwin district, Absaroka Mountains. ........coceevciienecinncincccnne. 43
Lake Owen mafic complex, Medicine Bow Mountains. ............ 43
Medicine Bow Mountains, southeastem Wyoming................... 43
Quaking Asp Mountain, Rock Springs, southwestern Wyoming 44
Rattlesnake Hills, Granite Mountains, central Wyoming ........... 44
Seminoe Mountains, central Wyoming........... crerereenseannnen 45

State Line diamond district, southeastern Wyommg and
NOrthern Colorado. ... e crne s seae e 45






NR S PD ]
OVERVIEW

by Gary B. Glass
State Geologist, Geological Survey of Wyoming

Based on preliminary figures for 1992, our revised forecast for natural gas in
the last issue of Wyoming Geo-notes fell short by about 11.75 billion cubic feet.
Total production of natural gas in Wyoming, including carbon dioxide and hetium,
was a record-setting 1,011.75 billion cubic  2t, which was a five percentincrease
over 1991 (Table 1 and Figure 1). Developments in natural gas are the bright
spots in Wyoming's energy industry right now. There are new pipelines and new
gas processing plants planned, and deve  ment drilling continues, especially in
the Greater Green River Basin. The outl ¢ for natural gas remains bright with
production increases forecast and with a much strengthened price (Table 2 and
Figures 2 and 3). Spot gas prices at Opal, for example, averaged $1.88in the first
quarter of this year.

Although our production forecast foi | was revised downward in the last
quarter, it was not lowered quite far enough. In 1992, oil production from Wyoming
slipped under 97 million barrels, to 96.8 1 ion barrels (Table 1 and Figure 4).
This is a three percent decrease in oil pr  uction from 19981 and continues the

Table 1. Wyoming mineral production, with 1 :cast to 19951,

GCalendar Natural Carbon Mined In-gitu
Year Qi Gas® Dioxide? Helium® Coal®  Tronaf Uranium? & Uranium? Suttur'?
Tie81 1221 408.4 - — 1028 1.8 46 — 0.05
*1982 1187 424.7 — - 107.9 10.1 21 — 0.07
71983 1209 444.0 —_ —_ 112.2 10.5 3.0 — 0.57
"1984 127.8 516.7 —_ _ 130.7 11.0 1.6 _ 0
*1985 131.0 416.6 _— —_ 1404 10.8 0.6 - 0.80
*19886 122.4 403.3 238 Q.15 136.3 1.9 0.2 0.04 0.76
*1987 1159 498.0 114.2 0.86 146.5 12.4 0.2 0.06 1.19
*1988 1143 500.1 110.0 083 163.6 14.9 0.3 1.16 1.06
*1989 1091 587.4 126.1 0.94 1714 16.2 01 1.07 117
“1990 104.0 6925 119.9 0.60 184.0 16.2 0.2 11 1.04
*1991 99.8 820.0 140.3 1.05 193.9 *16.1 0.4 1.1 1.18
1eg2 ‘96.8 *871.5 *138.2 *1.05 *189.5 16.3 0.1 0.8 1.20
1993 93.1 884.0 140.0 1.00 194.3 16.6 —_ 0.8 1.20
1994 89.4 208.0 140.0 1.00 199.3 17.0 —_ na 1.25
1995 85.8 934.0 140.0 1.00 204.3 17.2 —_ 0.8 125

*Actual values for comparison; 'Geological Survey  Nyoming, April, 1993; 2millions of barrels;
Ipillions of cubic feet (Gross production less carbon mioxide and halium); *Billicns of cubic feet;
Shillions of cubic feet, based on Exxon's estimate that the average helium content in the gas
processed at Shute Creek is 0.5 percent; Smitlions of tons; 7millions of tons of uranium ore (not
yellowcake); Zalthough the Shirey Basin mine is closing in 1992, some production of stockpiled
ore may be reported in future years; millions of pounds of yellowcake (U;0,), (unknown between
1981-1985 because it was reported only as taxable valuation; estimaies for 1991-1995 are based
on company information}; 9millions of short tons.
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For those readers interested in radon, the section on Geologic Hazards
describes the results of a study that might make it easier and more cost effective
todelimitan area’s potentiai for the occurrence of radon. This study indicated that
ground-based, backgrecund gamma-radiation measurements exhibited some
observable relationships with both soil-gas radon levels and with radon levels
from home sampling.

Table 3. Breakdown of average prices paid for coal from nertheastern Wyoming,

southern Wyoming, and Wyoming as a whole, with forecasts for 1992 through
1996.

Northeastern Southern Statewlide
1988 7.25 21.45 9.09
1989 7.03 20.21 8.63
1990 6.84 19.62 8.31
1991 6.68 19.50 8.05
1982 6.45 19.44 7.80
1993 6.25 19.15 7.39
1994 6.07 19.02 7.19
1995 5.93 18.99 7.03
1996 5.86 18.96 6.93
$2400 ceecvmmmmmcmmmmmmmmmemmmemmmmmmmecmm—m—a—eanen .l ......
Southern Wyoming ACTUAL ! ESTIMATED
2100 doecncccaiaccacccccecccceccmcascass secemndeemaa-
2 * e
8 $18.00 Joccmome e meaacas q ......
e Average for all Wyoming _I
B $15.00 oo TR g e e e
=™ \ .I
%1200 4o N
B $9.00 dewenooooe. —
m Norueaswern v young e - L]
$6.00 - /.--.---.--.---------------------I‘.':*:T-___,_
$3.00 :

1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996
Gealogical Survey of Wyoming, 1993  YEAR OF PRODUCTION
Figure B. Average prices paid for Wyoming coal (1980-1991 with forecast {0 1996 [Data

from U.S. Energy Information Administration (1980-1984) and Wyoming Department of
Revenue and Consensus Revenue Estimating Group (1985-1996).
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of gas per day. About 20 million cubic feet of that capacity is dedicated to the
Rhone-Poulenc soda ash plant in the Green River Basin, which is 49 percent
owned by Union Pacific. The expansion is scheduled for completionin May, 1993,
and will consist of 260 miles of pipeline in Sweetwater and Lincoln counties and
an interconnect with the Kern River pipeline, which has a capacity of 70 million
cubic feet of gas per day. The capacity of the interconnect is expandable if
demand develops for additional gas in California.

Union Pacific Resources is also automating their gas production facilities in
Wyoming. By the end of 1992, the company had installed remote terminal units
on 40 wells in Bruff and Wamsutter fields. They also plan to install the units on
50 additional wells in Wamsutter Field and 44 additional wells in Bruff. The remote
terminal units allow for more efficient production of the wells from a central
location.

in March, Northwest Pipeline Corp. completed its $500 million expansion
project in the Rocky Mountain states, including a section of pipeline in Lincoln
County, Wyoming. The expansion increased Northwest Pipeline’'s capacity by
433 million cubic feet per day.

Woestern Gas Resources (WSR) announced the completion of its purchase of
Mountain Gas Resources. The acquisition in¢ludes two gas processing plants
and 300 miles of gathering lines. The gas plants, Granger and Red Desert, can
process 190 million cubic feet of gas per day. WSR plans to build a $10 million
cryogenic plant to replace the Granger plant and to increase its production
capacity for natural gas liquids by 150,000 gallons per day. WSH expects
production of liquids to average 300,000 gallons per day at the two plantsin 1993,
which is a substantial increase over their average daily production of 144,000
barrels per day in 1992. The two facilities processed gas from 34 new wells in
1992 and added 18 new wells during the first quarter of 1993. WSR also expects
to add an additional 24 gas wells to the Granger system.

Williams Field Services Company and Union Pacific Resources also each
announced plans to build new gas processing plants in the Wamsutter area of the
Greater Green River Basin. Combined, the two new plants will add an additional
capacity of 200 million cubic of gas per day. Union Pacific’s 50 million cubic feet
per day plant and its gathering facilities will cost about $13 million.

Enron Qil and Gas announced that it replaced 135 percent of its annual
natural gas equivalent production in 1993, due in large part to its operations in the
Big Piney area of western Wyoming. In a similar announcement, Tom Brown inc.
noted that its activites in the Wind River Basin had helped increase its gas
reserves by 40 percent in 1982,

Wyoming oil production, however, is not faring as well as gas production. Oil
production decreased to 96.8 million barrels in 1992 and has been on a steady
decline since 1985 (Figure 4). According to the U.S. Department of Energy, the
average first purchase price in 1992 for all types of Wyoming crude was $16.38
per barrel. This is an improvement over 1991's average price (Table 2), but not
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According to Stan Smith, the State Treasurer, the change in rate would have only
applied to new leases. ltwould nothave ! ered royalty rates on existing leases.

The State Land and Farm Loan Otfice’s oil and gas lease sale in March raised
as much as the combined last three sales in 1992 (Table 5). Brown Operating Inc.
made the sale’s highest per-acre bid of $400 for a 160-acre tract that encom-
passes SE section 36, T49N, R72W. Brown also bid $280 per acre for SW section
36 and $260 per acre for NW section 36, T49N, R72W. Natural Gas Processing
bid $120 per acre for a 640-acre lease that inciudes all of section 16, T39N, R93W.
The lease is less than one half mile from Lance production at Howard Ranch Field.

The U.S. Bureau of Land Management's (BLM’s) sale in February was
equally good and raised the most total revenue since the August, 1991, sale
(Table 5). Contex Energy Co. made the sale’s high per-acre bid of $220 for a 320-
acre lease covering E/2 section 26, T25N, R112W. The lease is onthe Moxa arch
and is less than a mile west of Frontier production in Fontenelle Field. The sale’s
best total revenue bid was made by Yates Petroleum Corp. for a 732.97-acre
lease that included parts of sections 11, 14, 15, 19, and 31, T54N, R68W. Yates
paid nearly $77,000 ($105 per acre) for the lease, which is near Minnelusa and
Muddy production.

Exploration and development

Company data and information compiled and published by Petroleum Infor-
mation indicate the following significant exploration and development events
occurred in Wyoming during the first quarter of 1993. Activities related to
horizontal drilling are discussed in a separate section. The letters preceding
discussions below refer to locations on Figure 10.

A. Inthe Overthrust Belt, Chevron USA reached total depth of 17,000 feet at their
1-14 Chevron-Federal well in SW NW section 14, T14N, R120W. The wildcat
is a mile and a half scutheast of Nugget preduction at Glassock Hollow Field
and was drilled to test the Twin Creek and Nugget.

B. Wexpro completed a new well in Church Buttes Field. The 124 Church Buttes
Unit well in SW NW section 14, T17N, R112W flowed 4.5 million cubic feet of
gas per day from the Frontier between 11,938 and 11,994 feet. Celsius
Energy compieted their 12-2 Thompsen-Federal well in Church Buttes Field.
The well is in NE SE section 12, T17N, R113W and flowed 3.2 million cubic
feet of gas per day from the Dakota between 12,642 and 12,702 feet,

C. Several new wells were completed in Bruff Field. Wexpro completed their 10-
3 Mountain Fuel-Federal well in NE NE section 10, T19N, R112W. The well
flowed 8.0 miilion cubic feet of gas per day from the Dakota between 11,958
and 11,986 feet. Wexpro also completed their 3-9 Champlin well in C NE
section 9, T17N, R112W. The well flowed 4.4 million cubic feet of gas from
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B. E P Operating scheduled a horizontalte fthe Steele Shale on the southern
flank of Teapot Dome. The 1H Federal 9 well will be driilled from a surface
location in NE SE section 26, T38N, R* ¥, to a true vertical depth of 3,500
feet.

C. Several more Niobrara wells were completed or planned in Stlo Field. Union
Pacific Resources drilled a second lateral leg at the 1H McGahan 21-5 well
from a surface location in NW section5 15N, R64W, to a true vertical depth
of 8,197 feet. The well testad 312 barrels of oil, 237,000 cubic feet of gas, and
three barrels of water per day. Union Pa  ic will drill the 1-H Wilma 41-17 well
from a surface location in NE section 17 15N, R64W, to a true vertical depth
of 8,048 feet. Union Pacific completed their 1-H Patricia 41-22 well from a
surface location in NE NE section 22, T16N, R65W, to a true vertical depth of
8,300 feet. The well produced anavera of 219 barrels of oil and 28 barrels
of water per day during 24 days of production in December, 1992. The well
has produced over 15,000 barrels of oil since it was completed in October,
1992. Union Pacific also completed th  1-H Earl F. Anderson 14-28 well.
The well was drilled from a surface location in SW SW section 28, T16N,
R65W, to a true vertical depth of 8,715 st. The well produced an average

OVERTHAUST BELT

GREATER GREEN RIVER BASIN | BASIN

DENVER BASIN

GEOLOGICAL SURVEY OF WYOMING, 1993
Figure 11. Horizontal drilling activity in Wyoming during the first quarter of 1993.
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Table 6. Coal production (1983 to 1992) with forecast to 1995 {millions of short tons}).

1983 1984 1985 1986 1987 1988 1989 1930 1991 1992 1993* 1994* 1995*

Campbell County 8s.2 106.8 1139 111.0 1223 1357 1438 1547 1649 159.6 167.8 1721 1764
Converse County 27 3.3 3.6 4.8 5.1 57 6.1 7.9 8.2 8.5 8.7 8.9 9.2

Sheridan County 29 25 24 1.4 1.2 0.9 0.1 0.1 0.2 0.1 M M M
Carbon County 4.8 5.1 3.3 1.5 22 4.1 4.3 4.5 4.7 41 4.6 48 4.9
Sweetwater County 9.5 B9 132 129 118 122 120 11.9 1.4 12.6 8.6 8.8 9.0
Lincoln County 4.0 4.1 4.3 4.0 38 49 48 47 44 4.6 4.5 4.6 48
Hot Springs County ™M M M M M M M 0.1 01 M M M M

Tota!l Wyoming 1121 130.7 140.7 1356 1464 163.5 1711 1839 183.9 1895 1943 1893 204.3
Annual Change 40% 142% 71% -3.8% 7.4% 105% 44% 7.0% 52% -23% 25% 25% 24%
Low-priced coalt 6% 7% 8% 10% 17% 24% 31% 37% 42% 47% 51%

* Forecast by Geological Survey of Wyoming, February 1993. t Estimated percentage of total production that is sold on the
spot market, through short-term contracts [less than one year duration], or through renegotiated, longer-term contracts all at
prices under $5.00. M means minor tonnage (fess than 0.1 million tons).






total employees atthe mines located in the Powder River Coal Field. Interestingly,
coal production in Wyoming has more than doubled while employment in the
State’s coal industry has dropped by about one-third since 1980. And the coal
industry produced gross sales of about $1.5 billion in 1992, which is a 59%
increase since 1980. But because many companies are losing sales of higher
priced coal to lower priced spot sales, reductions in the work force will continue
in order to help defray mining costs.

To help reduce the national deficit, the Clinton Administration has proposed
atax on fossil fuels. Forfuels such as oil, coal, and natural gas, the tax will be 25.7
cents per million Btus. Aithough it was initially thought that the tax on coal would
be assessed at the mine, President Clinton has shifted the point of collection to
the electric utilities. This means that coal sent overseas or used in various
manufacturing precesses, including steel, would not be subject to the tax. On a
tonnage basis, the tax is expected to average about $5.57 per ton of coal.
However, because of transportation distances, it is still unclear what eifect the
energy tax will have on Wyoming coal.

Ohviously, most coal producers are very concermned about any increase in
taxes, especially if those new taxes adversaly aifect older contracts which were
negotiated at a lower tax rate. Because contracts at $12 - $14 per ton are
diminishing and most contracts are being renewed at $3.60 to $3.80/ton, the
margin of profit is consistently narrowing. However, some market analysts in the
private sector and academia believe that the Wyoming coal industry’s biggest
problem is not the specter of higher taxes, but rather the low prices set by the
older, big mines in the State. These analysts feel that the smaller and newer
mines are struggling to match very low spot market prices offered by the mines
whose profits are propped up by higher-price, long-term contracts. Whetherornot
this is the case, overcapacity still remains one undeniable factor in the pricing of
Wyoming coal.

The State of Wyoming has decided not to sue four midwestern states for
passing laws that encourage utilities to burn coal that is produced in those states.
Governor Mike Sullivan said that the State of Wyoming currently would have a
difficult time showing injury as a result of the laws. However, Sullivan pointed out
that the State does “reserve the right to take action at a later time.” Wyoming
previously won a lawsuit which challenged an Oklahoma law requiring utilities in
that state to burn at least 10% Oklahoma coal.

Power producers in Wyoming stand to profit from emission allowances. The
Environmental Protection Agency (EPA)} has granted operators of Wyoming
power plants nearly twice as many emission allowances as they need in the new
clean air allowance market. Wyoming power plants emitted 78,000 tons of sulfur
dioxide in 1991, and the EPA has recently allocated those plants an emission
allowance of 140,000 tons of sulfur dioxide. In comparison, power plants in
lllinois, which emit as much as six million tons of sulfur dioxide a year, received
400,000 tons in allowances. In late March, the first ever “pollution penmits” sold
for prices between $122 and $450 per ton of sulfur dioxide emission. It was not
clear if Wyoming companies sold very much of their allowances at that first sale.
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Resebud Coal Sales Co. Rosebud surface) 16 11,365 17 2,000
Wyoming & WV, Inc. Blue Sky No. 1 deep) 10 247,978 0 0
TOTAL 323 4,703,981 294 4,055,975
BIGHORN CCAL | LD
Northwest Resources Co. Grass Creek (surface) 14 103,285 14 57,208
TOTAL 14 103,285 14 57,208
HAMS FORK COAL FIELD
FMC Wyoming Corp. Skull Point surface 98 839,454 96 810,020
Pittsburg & Midway Kemmerer surface 349 3,552,190 326 3,784,0¢
Wyoming & WV Inc. Wy & WYV, surface 0 0 6 u
TOTAL 447 4,391,644 428 4,594,061
( EEN RIVER COAL FIELD
Arch of Wyomin Pilot Butte deep) 27 261,603 49 453,566
Black Butte Ceal Co. Black Butte surface 439 5,290,400 421 5,889,973
Bridger Coal Co. Jim Bridger surface 389 5,746,925 395 6,073,832
Lion Coal Co. Swanson deep) 74 131,353 62 162,608
TOTAL 929 11,430,281 927 12,579,979
TOTAL UNDERGROUND 303 2,666,999 290 2,268,140
TOTAL SURFACE 4,360 191,196,807 4,358 187,202,116
GRAND TOTAL 4,663 193,863,806 4,648 189,470,256

Source: Annual report of the Wyoming State Inspector of Mines, 1991 and preliminary data for 1992,
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Gaclogical Surnvay of Wyoming 1893
Figure 13. Reported deliveries from Wyoming coal mines. (from COALDAT Markeling
HAeport By Resource Data Infernational, Inc. compiled from FERC Form 423 filed monthly
by eleciric utilities).

Table 9. continued

1990 1991 1991 1992 1992
Cumulative Monthiy Cumulative Monthly Cumulative

15,059,530 | 14,960,450 14,960,450 | 16,407,150 16,407,150
28,387,820 | 15,480,110 30,440,560 | 14,604,480 31,011,630
42,923,090 | 16,278,870 46,719,430 | 14,429,650 45,441,280
57,078,560 | 14,820,240 61,639,670 | 14,063,060 59,504,340
70,961,150 | 14,589,790 76,129,460 | 14,518,590 74,022,930
84,610,220 | 14,007,600 90,137,060 | 14,655,600 88,678,530
99,978,500 | 16,451,090 106,588,150 | 15,592,050 104,270,580
116,025,410 | 15,940,620 122,528,770 | 16,467,100 120,737,680
131,191,430 | 15,314,480 137,843,260 | 14,878,150 135,615,830
146,436,190 | 14,810,510 152,663,770 | 15,122,820 150,738,650
162,005,470 | 14,783,000 167,436,770 | 14,757,230 165,495,880
176,485,440 | 16,716,630 184,153,400 | 16,096,150 181,592,030

176,485,440 184,153,400 181,552,030
7,521,261 9,710,406 7,878,226
184,008,701 193,863,806 189,470,256
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Figure 15. Coal industry employment in Wyoming.

wuthwester Wyoming

Layoffs at the Black Butte mine near Rock Springs have largely been avoided
because 175 employees agreed to an early buy-out plan. Of those 175 employ-
ees, 142 came from the skilled or craft category and 33 fromthe salaried or clerical
category. Only six full-time employees were furloughed on January 18, 1993.

The Naughton power plant near Kemmerer has begun a multi-phase project
which will continue the process of bringing the power facility into compliance with
the State’s air quality emissicn standards. The 700,000-kilowatt plantis currently
requesting bids for a renovation projectth  willinclude modifying its current coal
storage and handling facilities. The total cost of the two-year project is an
estimated $10 million. The Naughton power plant is owned by Utah Power and
Light, a subsidiary of PacifiCorp.

One of the coal suppliers for the Naughton power plant is Pittsburg and
Midway Coal Mining Co. (P&M), located just south of Kemmerer, Wyoming.
P&M's Kemmerer mine is requesting a permit from the Wyoming Department of
Environmental Quality’s Air Quality Division to construct a new coal blending and
handling system at its mine site.

A fire in an abandoned mine one mile south of Rock Springs has been
smoldering for the last 50 years. However, a recent collapse has allowed
additional air into the abandoned mine and caused the fire to intensify and to
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meeting on Amax Coal West, inc.’s coal lease by applicatioh (LBA) in mid-April
at Giliette. The LBA is for approximately 150 miliion tons of coal under about915
acres adjacent to Amax’s Eagle Butte Mine.

To avoid future declines in production, many Powder River Basin coal
producers are trying to acquire leases on additional large coal reserves. For
example, Thunder Basin Coal Co. recently acquired another 400 million tons of
coal. A spokesman forthe company said that most of their current coal reserves
were sold; committed to long-term contracts. Therefore, if new reserves had not
been secured, production would begin to decline in the late 1980’s.

Both Burlington Northern (BN) and Chicago & North Western Transportation
Co. {C&NW) ship coal out of the Powder River Basin. However, BN and four other
railroads have asked the Interstate Commerce Commission to reject Union
Pacific (UP) Railroad’s request to gain majority interestin C&NW. Atpresentitis
not known how this potential buy out could affect competitiveness of rail service
inthe basin. UP and C&NW have had a history of business cooperation for hauling
coal from the Powder River Basin to UP track. Already UP owns 29.5 percent of
C&NW, but it only has non-voting stock.

Burlington Northern Railroad (BN) plans to add 720 more aluminum-body
coal cars, primarily to ship low-suifur coal from the Powder River Basin. BN has
made the $25 million investment to transport coal mostly to Northern States Power
in Minnesota.

Although the United Mine Workers have struck Peabody Holding Company
in the eastern United States, the strikes are not expected to affect Peabody’s
minesin Wyoming. Powder River Coal Co. is a subsidiary of Peabody Holding Co.
and runs two mines in Wyoming, the Rochelle and North Antelope mines.
However, these two mines are not unionized and are expected to continue
production, which accounts for nearly a quarter of Peabody’s total production.

in a move to boost competitiveness, Exxon Comp. is imposing an “employee
separation program” that will reduce the number of professional, clerical, and
material handling workers by 25 percent (40 employees) at its Carter Coal Co.
affiliate in the Powder River Basin. The cut back is not expected to affect Carter's
330 production, maintenance, and technician employees.

Contracts

New coal contracts, test burns, solicitations, and spot sales for the first
quarter of 1993 are summarized in Table 10. A major and multi-year contract for
approximately 1.5 million tons of coal was awarded to Powder River Coal Co.’s
Rochelle mine by Commonwealth Edison. The contract partially replaces an old
long-term contract, which was terminated in January of 1993. This older contract
had been with the Black Butte mine nea  ock Springs.

The Tennessee Valley Authority {TV A}has considered converting the Gallatin
power plant to burn Power River Basin coals. However, it is doubtful they will
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Table 10. Recent activity involving coal producers in Wyoming during the first quarter of 1893 (Continued).

Utility Power Plant Coal Mine or Reglon  Actlvity Tonnage Comments
Mississippi Power Co. Daniel Decker Coal Co. T 40,000 Part of testing of Powder River
Basin and indonesian low-sulfur,
. low-cost coals.
Missouri Public Service Sibley Rochelle, Sheshone, c 1.2 million t'y Contract is through 1995,
Medicine Bow
Muscatine Power & Light No.9 Buckskin C  300,000-500,000 t'y Contract is from 1993 through 1998,
Moithern indiana Public Service Michigan City Shoshona Sp 48,000

Michigan City Belle Ayr Sp 11,000

R.M. Schahfer Shoshone Sp 58,000

Mitchell Belle Ayr & Antelope Sp N.D.  Other lower-Btu Powder River Basin
coals may be tested.

Michigan City Belle Ayr Sp 11,000 February spot coal sales.

Dean H. Mitchell Belle Ayr Sp 66,000 February spot coal sales.

Tacoma WA Public  lities [ wcker Ll

West Texas Utilities Oklaunion Beile Ayr & Eagle Butte Sp 200,000 Supply for its first half spot markat
coal, other test burns of Powder
River Basin expected.

COklaunion Belle Ayr & Eagle Butte Sp 200,000 The utility may extend lis first half
agreement with these mines rather
than solicit new offers.

Wisconsin Electric Power Co. Presc;u Isle (Units 7,  Arco coal {Black Thunder) T 38,000
8a&9
Wisconsin Public Service Corp. Pulliam 5-8 units & Rachelle [ 1 million  Contract is for 1 yr and begins

Woestin 1 and 2 units

in September.

N.O. = no data available; C = contract coal: T = test bum; Sp = spof coal: 50 = soficitation.






more than 763 billion cubic feet of gas. So far Metiuel has applied to drill 4 holes
in the Hanna region.

B. inthe first quarter of 1993, Texas-based Tiger Qil Co.'s drilling and testing
of coalbed methane holes near the Concho Valley subdivision near Casper were
put on hold. Tigerwas fined $3,000 in February for drilling too close to residential
properties and the Wyoming Oil and Gas Conservation Commission ordered a
study of Tiger Qil's operation in and adjacent to the subdivision. In April, as a
result of the study, some holes were ordered plugged, but Tiger was also aliowed
to resume operations with certain stipulations.

INDUSTRI . 1 ITRALS AND URANIUM UPDATE

by Ray E. Harris
Staff Geologist-industrial Minerals and Uraniurn, Geological Survey of Wyorming

Aggregate (Construction)

In southeastern Wyoming especially, there is continued interestin limestone
for use as construction aggregate. Certain natural gravel deposits in that area of
Wyoming, which are used as aggregate, contain unwanted minerals that react
with concrete. These minerals, particularly chert and sulfides, cause weakening
and premature disintegration of concrete made with them. Consequently,
contractors in this area of the State have specified limestone aggregate, which
does not react with concrete. Highway construction contracts for certain stretches
of Interstate 25 north of Cheyenne, for example, are specifying limestone
aggregate for projects this summer. As aresult, aggregate suppliers have been
exploring limestones along the east slope of the Laramie Mountains from the
Wyoming border southwest of Cheyenne to west of Wheatland (Figure 17).

1 tonite

Although Wyoming continues to lead the nation in bentonite production, the
amount of bentonite produced in Wyoming in 1992, may have decreased some-
what from that produced in 1991. According to the U.S. Bureau of Mines,
however, the value of bentonite produced in Wyoming in 1992 increased 20
percent from 1991 (Peterson, 1993).

w01 lve stone

The production of black granite at Sunrise Stone Company’s Wyoming Raven
quarry in Albany County (Figure 17) resumed in late March, following the closure
of operations during last winter. Because there has recently been anincrease in
the popularity of patterned decorative stones, Sunrise is also producing blocks of
a pink, black, and white granite {geologically a migmatite) from the same quarry.
The different colors in this latter rock exhibit a swirled and striped pattern. This
stone is marketed under the name “Fantistica”.
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1 it

Peat is an organic product formed in bogs or swamps. It is used as a soil
conditioner, fertilizer, potting soil, nursery sail, and in other specialty applications.
Approximately 800,000 short tons of peat are produced annually in the United
States. A Wyoming company is testing a peat deposit near Casper for possible
production and use in potting soil and as a soil conditioner (Figure ).

Sulfur

Inthe U.S,, sulfur Is produced as a by-product from the refining of natural gas
(recovered sulfur) or by mining of natural sulfur deposits through a process known
as the Frasch method. Wyoming ranked second in the nation in recovered sulfur
in 1991 (Ober, 1992). Although state rankings for 1992 are not yet available, last
year the nation’s production of recovered sulfurincreased about six percent over
1991. Sulfur prices, however, have falten drastically. The current sulfur price
(F.O.B. Gulf Coast ports) is around $30.00 per short ton, compared to nearly
$60.00 per short ton one year ago (Foster 1993).

Talc | L3 8

in February, the Wyoming Environmentai Quality Council granted Sweetwa-
ter Steatite, Inc. of Rock Springs, a permit to mine steatite. The steatite deposit,
located in the southern Wind River Range, consists of large boulders of sufficient
quality to provide a source of stealite for carving and other artistic uses (Fig-
ure 17).

Trona

Five plants produce soda ash and othersodium compounds from mined trona
in the trona resource area west of Green River. Over 90 percent of the sodium
compounds produced in the U.S. come from the Wyoming trona mining area
(Figure 17).

As reported in Wyorming Geo-notes No. 37 (p. 39), the U. S. Bureau of Land
Management (BLM) proposed increases in the Federal royalty rate for trona. Due
to industry opposition, however, the BLM rescinded its recommended increase.
In January, officials from the BLM met with industry representatives to discuss
possibleincreases. Followingthis meeting, the BLM did not make any recommen-
dation, but said that it would continue its study of this issue. The trona mining
companies and soda ash producers are objecting to any increase in the royalty
rate.

In late 1992, FMC proposed a $120 million expansion project, which would
increase production capacity by 20 percent. In February, the Wyoming Industrial
Siting Council recommended approval of FMC's proposal. But in April, company
officials announced a one year postponement, pending a final decision by the
FMC Board of Directors.
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Peterson, E. K., 1993, The mineral industry of Wyoming: U. S. Bureau of Mines
Mineral Industry Surveys, 3 p.

Pool, T. C., 1993, Uranium; politics, politics, politics!: Engineering and Mining
Journal, v. 194, no. 3, p. 60 - 63.

METAL A ) PRECIOUS TIONESUPD TE

by W. Dan Hausel
Senjor Economic Geologist, Geological Survey of Wyoming

During the past quarter, the Geological Survey of Wyoming continued to
receive numerous inquiries about the State’s diamondiferous kimberdites, kimberlitic
heavy mineral anomalies, and the Leucite Hills lamproites ( Wyoming Geo-nofes
No. 37, p. 43-44). Some interest was also reported in the proposed Crown Butte
Mines' New World Gold Project in Cooke City, Montana. And the Carissa gold
mine at South Pass-Atlantic City was offered for sale.

The New World Gold Project lies immediately north of the Wyoming border.
According to the Casper Star-Tribune (April 4, 1993), mine reserves contain about
1.64 million ounces of gold. In 1982, Geological Survey of Wyoming investiga-
tions in this region traced the Irma-Republic vein of the New World mining district
to the Wyoming border, where it abruptly ended. Other mineral deposits in this
region inciude the Sunlight Basin and Kirwin copper-silver porphyries, both
located in Wyoming (Hausel, 1982).

The Carissa gold mine in the South Pass-Atlantic City area has been put up
for sale by a Canadian mining firm. According to production records and
estimates, the mine yielded 50,000 te more than 180,000 ounces of gold. The ore
reportedly averdaged 0.3 ounces per ton. Sampling by the Geological Survey of
Wyoming identified a broad shear zone (> 97 feet wide) at the Carissa, containing
low-grade gold (Hausel, 1991). Interested individuals and companies can contact
Steve Gyorvary or Dave Geible at 307/332-4335.

During the 1992 field season, the Metals and Precious Stones Section of the
Geological Survey of Wyoming investigated several mineral deposits. One
deposit of potential economic interest was the Broadway property in the Encamp-
ment district of the Sierra Madre.

Broadway property

The Broadway property is located on the East Fork Creek in SW section 32,
T14N, R83W (see Dudley Creek 7.5-minute Quadrangle). The property is
accessible by the Blackhall Mountain forest road running 19 miles south of
Encampment. The last 2.5 miles were a rough jeep trail, which was scheduled for
closure and reclamation by the Forest Service later in the summer.

Wyorning Geo-notes No. 38Page 37






they had been sheared. Replacement was conti ed by a set of northwest
trending cross-fractures. The ore depasit was ned, with copper concentrated
near the Sodder shaft and zinc near the No. 1 shaft (Osterwaid, 1947).

Bunker Hill Mining Company explored the property:  ‘ingthe 1966 and 1967
field seasons. During this period, they mapped, sampled, trenched, and drilled
the property. Nine shallow drill holes, totaling 850 feet, were completed. Two
intersected significant mineralization. The best drill intercept was nearthe No. 2 -
shaft, and it encountered 20.5 feet of 8% Zn. Based on a small amo ! of data,
it 1isestimated that some of the ore in sight in a small area of 150 feet by 8 feet
by 100 feet deep consisted of 12,000 tons of 10% Zn.

DeNault (1967) conducted a thesis project on the Broadway property,
mapping the area around the property ar  zollecting stream-sediment samples.
At the same time, he completed a small geochemical survey of the soil, which
indicated the property was anomalous in lead and zinc. Petrographic work at this
time indicated that the pyroxenite host rock typically consisted of diopside with
minor enstatite replaced entirely or partially by spessartine. One sample exam-
ined by DeNault contained 35% olivine.

Undated analyses of grab sample material were reported by F.K. Root of the
Geological Survey of Wyoming (Table 13).

Amselco examined the Broadway property in 1976. In the following year, they
ddthedepositand also completed geochemical soil surveys for zinc, lead, and
copper over a relatively large area. The soil surveys identified a 3,000-fcot-long
copper anomaly; a 2,200-fcot-long, 100- to 1,000-foot-wide zinc anomaly; and a
1,500-foot-long lead anomaly. Mineralization was recognized as massive zing,
lead, and copper sulfide associated with a lens of tightly folded pyroxene-garnet
rock. The pyroxenite was traced for nearly 1,400 feet on the surface.

On June 3rd, 1992, the Broadway property was briefly examined by the
Geological Survey of Wyoming, and a suite of samples was coilected for
geochemical analysis {Hausel, 1992). Ore sample specimens collected during
this investigation consisted of banded massive sphalerite with lesser galenain a
matrix of tremolite and spessartine, and granodicrite with disseminated chalcopy-
rite and chalcocite. The hostrock of the massive sulfide is a pyroxene-spessartine
hornfels and appears to be typical of skamn.

The five samples collected for assay included: (1) BW1-82, alimonite-stained
felsite; (2) BW2-92, a granodiorite with disseminated chalcopyrite and chalcocite;

Table 13. Geochemical analyses of Broadway mine samples, no date or rock descriptions
given.

description Cu(%) Pb{} Zn(%} Ag(opt} 1{ppm}
Above shaft 1 0.82 1.0 0.04 9.1 05
Blake #1 0.003 1.2 6.9 0.11 0.1
Lower #1 0.44 1.0 0.031 15 0.3
Lower #2 0.065 0.52 2.3 0.35 0.4
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__ INERAL RESOURC(C
IRVE ASE STIMATES

PETROLEUM

Remaining Resources (January 1, 1993)

Discovered {Inciudes 10 billion barrels recoverable by enhanced recovery techniques) revrernrere 12,5 biillion barrels!

Undiscovered 7.6 _biflion barrels'

Total 20.1 billion barrels

Remaining Reserve Base {January 1, 1993)

Measured resarves (Proved reserves) {Includes oil, gas biquids, and condensate) ............c..wsereeeeenenr. 1.26 billion barrels?

Indicated and inferred reserves 2.80 biflion barrals'

Total 4.06 billion barrels
NATURAL GAS

Remaining Rescurces (January t, 1993)
Discovered {Includes 20.1 trillion cubic jeet {TCF} of methane! and 122.0 TCF of Co% .. ... 141.1 frillion cubig feet
Undiscovered (Includes 58 TCF of conventional methane'; 7 TCF of coatbed methane®; 3, CF

of methane in tight gas sands in the Green River BasinS; and 31.2 TCF of [ o PO—— 3,707.2 trillion cubic feet
Total 3,848.3 trillion cubic feet
Remaining Reserve Base (January 1, 1993}
Measured reserves (Proved reserves) {Includes 10.4 TGF of methane? and 60.6 TCF of CO,?)......... 70.0 trillion cubic faet

COAL

Remaining Resources {January 1, 1993)

Identified and Hypotheticel (Discovered) 1,428.2 billion tons®
Speculative (Undiscovered) 31.5 billion tons®
Total 1,459.7 billion tons
Remaining Reserve Base {January 1, 1993}

Demonstrated strippable {Measured and indicated reserve base) 26.6 billion tons’
Demonstrated underground-minable {(Measured and indicated reserve base) 42.5 billion tons’
Total 68.1 billion tons

TRONA
Original Resources {1990 estimate}
Trona 81.0 billion tons?
Mixed trona and halite 527 billion tons®
Total 133.7 billion tons
URANIUM

Remaining Resource {December 31, 1989) 1.99billion pounds U0,
Remaining Reserve Base (December 31, 1989)

Uranium oxide recoverable at $30.00 per pound 66 million pounds?

OIiL SHALE
Original Ressurces (January 1, 1981)
|dentified (Discaverad) 320 billion barrels of shale oil'?

1 hﬁdiﬁed from Barow, J.A., Jr. and Doelger, M.J., 1883, Wyoming mineral resources: Barlow and Haun, Inc., Casper,

p.

2 Modified from Energy Information Administration, 1992, U.S. ¢rude oil, natural gas, and naturek gas liquids resarves:
1991 Annual Report, November, 129 p.

3 De Bruin, R.H., 1991, Geological Survey of Wyoming Open Fiia Report 91-6, 20 p,

4Jones, R.W., and De Bryin, R.H., 1990, Goalbed mathene in oming: Geological Survey of Wyoming Public
Information Circular 30, 15 p.

SLaw, B.E., and others, 1989, Estimales of gas resources in overprestures low-parmeabiiity Cretaceous and Tertiary
sandstone reservoirs, Greater Graen River Basin, Wyoming, Colorado, and Utah: Wyoming Geological Association,
40th Annual Field Conference Guidebook, Casper, Wyoming p. 39-61.

5 Modlfied fram Wood, G.H., Jr. and Baur W.V., Iil, 1988, Coal map of North America: U.S. Geological Survey Special
Geologic Map, 1:5,000,000 scale {color) and 44 p. pamphlet.

7 Modified from Jones, R.W., and Glass, G.B., 1992, Demonstrated reserva base of coal in Wyoming as of January 1, 1991:
Geological Survay of Wyoming, Open Fite Report 92-4, 26 p.

8 Modified from Culbertsor, W.G., 1883, Genesis and distribution of trona deposits in Wyoming {abstract) in Genesis and
axploration of metallic and nonmetallic mineral and ore deposits of Wyoming and adjacent areas: Geological Survey
of Wyoming Public information Gircular 19, p. 34,

® Energ{8 Igr;!o{;n‘ation Administration, 1989, Uranium industry annual: U.S. Department of Energy Report DOE/EIA-
047 , p.

 Knuison, G.F., and Dana, G.F., 1882, Developments in cil shale in 1981: American Assaciation of Petroleum Geologists
Bulletin, Volume 66, no. 11, p, 2513.
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Semin« Mountains, central 7omix

A study of the Semince Mountains mining district was completed by the the
Geologicat Survey of Wyoming in 1992. The results show that the belt consists
of afolded succession of metabasalt, amphibolite, peridotitic and basaltic komatiite,
metapelite, and banded iron formation (BIF).

Numerous altered BIF samples were collected throughout the district. The
samples showed uncommon anomalous gold (0.0-1.36 opt Au); more common
silver (trace to 0.5 opt Ag); and a zinc anomaly {0.28% Zn). Some amphibolites
mapped near the western edge of the district are moderately to pervasively
altered to chlorite, carbonate, actinolite, and epidote. Vein samples in this area
ranged from <0.05-89.3 ppm Au, <1.0-55.0 ppm Ag, 0.03-3.75% Cu, 3.0 ppm to
0.39% Pb, and 22 ppm t0 4.3% Zn. Two altered wallrock samples were assayed:
one limonite-stained metatholeiite with secondary quartz yielded 2.8 ppm Au,
12.0 ppm Ag, and 0.81% Cu. Another sample of chloritized metatholeiite yielded
0.12 ppm Au, <1.0 ppm Ag, and 0.09% Cu.

State Line diamond district, southeastern Wyoming and northern
Colorado.

In 1892, some cormnpanies and individuals obtained land positions in the State
Line district, following the ‘Great Diamond Rush’ in the Canadian Northwest
Territories. Also, Diamond Company, N.L., received a permit to build a diamond-
extraction pilot plant in Wyoming.

To date, more than 100,000 diamonds have been recovered from the
Colorado-Wyoming State Line district. The diamonds have ranged from
micrediamonds to 2.6 carats in weight, and inciude both gem and industrial
stones. Grades of the kimberiites tested to date have ranged from 0.005 carat per
tonne to 1.351 carats per tonne (M.E. McCallum, personal communication).
Between 35 and 40 kimberlite intrusives occur in the district.

Several untested targets in the district include potential diamond pilacers,
airbome geophysical anomalies, remote sensing anomalies, and some un-
tested diatremes. Additionally, the Geological Survey of Wyoming has identi-
fied heavy mineral anomalies (chromian diopside, pyrope garnet, and picro-
ifmenite) at more than 150 localities in the southern and central Laramie Range.
Heavy mineral anomalies have also been identified in the Medicine Bow Moun-
tains (including placer diamonds), the Seminoe Mountains, and the Green River
Basin. The Green River Basin also encloses one of the largest lamproite fields
in the world.

Sliver Crown dli ‘dct, Laramie Mountair southeas m yoming

In recent years, several companies have shown interest in a low-grade,
Proterozoic, porphyry Cu-Au deposit in the Laramie Mountains between Laramie
and Cheyenne. The deposit, known as the Copper King, is mineralized over a
600- by 300-foot area. Drilling has outiined a 35-million-ton deposit with an
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Little uranium exploration took place in Wyoming in 1992. The only uranium
producer is currently Power Resources, which operates a uranium in-situ recov-
ery operation at the Highland mine site in Converse County, northwest of Douglas.
Power Resources continued to conduct developmental drilling for the expansion
of its production field on the North Mo n Ranch ore body, adjacent to the
Highland site.

Rio Algom, Total Minerals, and Pathf ler Mines conducted limited develop-
mental drilting tests on ore bodies inthe  wder River Basin for potential in-situ
production.

In partnership with the Green Mountain Mining Venture (GMMV), Kennecott
Energy continued developmental assessment work on the Green Mountain ore
body south of Jeffrey City. Work continued on the possible development of an
underground mine at this site. The G 1V also purchased the Sweetwater
uranium mill from Union Qil in California. The mill was Wyoming's largest
producer of yellowcake in 1982. GMMYV hopes the miil will be used to produce
yellowcake from their proposed Jackpot mine at Green Mountain.

COAL

Coal production in Wyoming fell from 193.9 million short tons in 1992 to 189.5
million short tons in 1992. This 2.3% decrease is the first drop in coal production
since 1986 for Wyoming. Still, Wyoming led the nation in coal production for the
fifth consecutive year. The decrease in production is believed related to mild
winters and cool summers in the south-central and mid-western states, the
destination for most coal from Wyoming.

Competition for coal sales among mines continues to be intense, especially
in the Powder River Basin. As longer term contracts are replaced by low-cost
(<$5.00/short ton) and spot-market coal, nes are having to trim expenses and
tighten budgets. A number of coal minint  >mpanies have been forced to lay off
employees and/or reorganize in an effc to reduce expenditures and cut the
overall cost of mining coal.

Several Federal coal lease sales oct  red in Wyoming in 1992, all within the
Powder River Basin. First, Kerr-McGee's lease extension to its Jacobs Ranch
mine was finally approved by the Interior Board of Land Appeals (ILBA). The
Lease-By-Application (LBA) sale was contested by environmental groups, but the
ILBA ruled in favor of the U.S. Bureau of Land Management (BLM), which
oversees the LBA sales. Kerr-McGee id approximately $20.1 million as a
bonus bid for 132 million short tons of ¢ . Arco’s bid of approximately $71.9
million for a lease adjacent to its Black Thunder mine in the eastern Powder River
Basin was accepted. The tract, known as West Black Thunder, consists of 429
million short tons of coal. In another [sase sale, the North Antelope-Rochelle tract,
containing 393.7 miltion short tons of coal, was awarded to Peabody Holding Co.
for abonus bid of aimost $87 million. Pea 1y already owns the existing Rochelle
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panel giving priority to 1:24,000- and 1:100,000-scale mapping in areas requiring
resolution of significant sociceconomic issues. The review panel is made up of
5 scientists from State Geological Surveys and 2 scientists from the USGS.

This funding year, the Geological Survey of Wyoming (GSW) submitted one
$9,245 proposal for mapping in the Rattlesnake Hills-Barlow Gap supracrustal
belts in Natrona County, Wyoming. ltis hoped that the program will be funded to
amuch greater extent in the next funding year, at which time the GSW will submit
multiple proposals.

SOME IW BLIC TONSC W DMING GEC 'GY

During the last quarter, the folfowing five new reports on Wyoming geology
were published. Two papers, dealing with the Fowder River Basin, evoived from
the U.S. Geological Survey’s Evolution of Sedimentary Basins Project. Another
deals with the stratigraphic subdivisions in the Late Archean and Early Protero-
zoic rocks of the Sierra Madre and Medicine Bow Mountains of southern Wyo-
ming. The final two deal with a provenance study on the Fort Union Formation of
the Powder River Basin and the Quaternary geology of the Jackson Hole area,
respectively. These reports are listed below and located geographically on the
accompanying index map (Figure 18).

1. Hansley, P.L., and Brown, J.L., 1993, Provenance of the Tullock Member of
the Fort Union Formation, Powder River Basin, Wyoming and Montana:
Evidence for Early Paleocene Laramide uplift: The Mountain Geologist, Vol.
30, No. 1, p. 25-34.

2. Houston, R.S., Karlstrom, K.E., Graff, P.l., and Flurkey, A.J., 1992, New
stratigraphic subdivisions and redefinition of subdivisions of Late Archean and
Early Proterozoic metasedimentary and metavolcanic rocks of the Sierra
Madre and Medicine Bow Mountains, southem Wyoming: U.S. Geological
Survey Professional Paper 1520, 50 p.

3. Naeser, N.D., 1982, Miocene cooling in the southwestern Powder River
Basin, Wyoming - Preliminary evidence from apatite fission-track analysis:
U.S. Geological Survey Bulletin 1917-0, 17 p.

4. Pierce, K.L., and Good, J.D., 1992, Field guide to the Quaternary geclogy of
Jackson Hole, Wyoming: U.S. Geological Survey Open File Report 92-504,
54 p.

5. Seeland, D., 1992, Depositional systems of a synorogenic continental deposit -
The upper Paleocene and lower Eocene Wasatch Formation of the Powder
RiverBasin, northeast Wyoming: U.S. Geological SurveyBulietin 1917-H,20 p.

REFERE ( CITED

Love, J.D., and Christiansen, A.C., 1985, Geologic map of Wyoming: U.S.
Geological Survey, scale 1:500,000.
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ground-based, background gamma-radiation data with soil-gas radon data in the
Laramie area to test the feasibility of using ground-based, background gamma-
radiation data to augument or replace soil-gas radon testing.

Bacl ‘ound

In several areas of the U.S., maps of ground-based, background gamma
radiation and (or) aerial gamma radiation have been used tc identify the potential
for the occurrence of radon. Duval, et. al., (1990) found a good correlation
between ground-based, background gamma-radiation surveys and scil-gas ra-
don levels in Colorado. Duval (1991) was able to estimate levels of radon in soil-
gas in New Jersey by using aerial, gamma-radiation data.

Comy 1son of bacl ‘:round mma-radiation lev | with radon in
ho

Radon data frem a home sampling survey in 1987 by the Wyoming Depart-
ment of Health was compared with aerial and ground-based, background gamma-
radiation data in central Goshen County, Afion, Sheridan, and Laramie. Afton had
the highest mean home-radon level [16.77 picocuries per liter {pCi/L)], followed
by central Goshen County (5.96 pCi/L), Sheridan (4.87 pCi/L), and Laramie {3.81
pGCi/L).

Table 15 shows a comparison of background gamma-radiation data from
ground-based and aerial measurements with home-radon sampling data in the
four study areas. The areas are listed under each category from highest to lowest.

Aerial and ground-based, background gamma-radiation data were compared
for all four sites. The data were aii reported as total gamma radiation, expressed
in microroentgens per hour {uR/r). The ground-based, gamma-radiation data
was collected by GSW personnel. Aerial data were derived from the U.S.
Department of Energy’s National Uranium Resource Evaluation (NURE) reports.

For all sites, the mean values for the ground-based, gamma-radiation levels
were higher than for the aerial, gamma-radiation levels. Central Goshen County
had a mean, ground-based, gamma-radiation levet (18.5 pR/hr) that was 40.2%
higherthan the associated mean level for the aerial data (13.2uR/hr), (geoMetrics,

Table 15. Ranking of study areas by mean background gamma-radiation levels and by
mean home-radon levels. {(In each case, the areas are listed from highest to lowestlevels).

BACKGROUND RADOCN LEVELS BACKGROUND
GAMMA RADIATION GAMMA RADIATION
(Ground-Based Measurements}) {Home Sampling} (Aerial Measurements)

Central Goshen County Afton Area Central Goshen County
Sheridan Area Central Goshen County  Laramie Area

Afton Area Sheridan Area Sheridan Area

Laramie Area Laramie Area Afton Area
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Co1 iusions

The NURE aerial, gamma-radiation data were the most inconsistent of the
compared data. The NURE data, howev  did consistently show lower mean
gamma-radiation levels than the ground-based data. This study also suggests
that corrected NURE data alone may not be a very reliable method to assess the
radon potential of an area.

There were reasonably positive correlations when ground-based, gamma-
radiation data were compared to home-radon data. Afton was the notable
exception. Consequently, to improve the reliability of ground-based, gamma-
radiation data, these data should be use in conjunction with other available
information.

Ground-based, background gamma-radiation levels correlated well with soil-
gas radon leveis in the Laramie Basin area. The correlation may be better it
gamma-radiation contributions from uranium were used for comparison instead
of the total gamma-radiation levels that were used for this study.

Ground-based, background gamma-radiation surveys may be used as one of
many reconnaissance tools in determining the potential for radon to occur in an
area. The surveys are easily and quickly conducted, and may have less variability
than observed in soil-gas radon surveys. Contact Jim Case for additional
information on this study at (307) 766-2286.

Re em ici |

Duval, J.S., 1991, Use of aerial gamma-ray data to estimate relative amounts of
radon in soilgas in Gundersen, L.C.S., and Wanty, R.B., editors, Field studies
of radon in rocks, soils, and water; U.S. Geological Survey Bulletin 1971, p.
155-162.

Duval, J.S., Jones, W.J., Riggle, F.R., and Pitkin, J.A., 1989, Equivalent uranium
map of the conterminous United States: U.S. Geological Survey Open File
Report 89-478, 12 p.

Duval, J.S., Reimer, G.M., Schumann, R.R., Owen, D.E., and Otton, J.K., 1990,
Soil-gas radon compared to aerial and ground gamma-ray measurements at
study sites near Greeley and Fort Collins, Colorado: U.S. Geological Survey
Open File Report 90-648, 42 p.

Geodata International, Inc., 1981, Aerial radiometric and magnetic survey, Preston
nationai topographic map, Idaho/Wyc ing, final report: U.S. Department of
Energy Report GJBX-74 '81 prepared under Bendix Field Engineering
Corporation subcontract no. 80-447-S, undetermined number of pages.

geoMetrics, Inc., 1978, Aerial gamma-ray and magnetic survey, Rock Springs,

Rawlins, and Cheyenne Quadrangles, Wyoming, and the Greeley Quadrangle,
Colorado: U.S. Department of Energy Report GJBX-17 '79 prepared under
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Qil and gas fields map of the Bighorn Basin, Wyoming, by R.H. De Bruin and
S.D. Hostetler: Map Series 40, 1993, 1:316,800 (color).-$5.00 ($6.50 rolled).

Stratigraphic chart showing Phanerozoic nomenclature for the State of
Wyoming, by J.D. Love, A.C. Christiansen, and A.J. Ver Ploeg: Map Series
41, 1993.-$5.00 {$6.50 mailed rolled).

Mineral pigments in Wyoming, by R.E. Harris: Open File Report 92-6, 1992.-
$1.50.

Occurrences of radioactive elements in Goshen County, Wyoming, by R.E.
Harris: Open File Report 93-1, 1993.-$3.00.

Publications available from the Geological Survey of Wyoming, March, 1992.-
free.

* New releases since the last issue of Wyoming Geo-notes.

e

The Geological Survey of Wyoming now sells the Geologic Map of Grand Teton
National Park, Teton County, Wyoming by [.D. Love and others [U.5. Geological
Survey Miscellaneous Investigations Series Map I-2031. (1992)1. The full color map
and accompanying 17-page pamphlet is available rolled or folded for $4.00. Add $1.50
for rolled maps shipped in a map tube.

Order these and other publications from: Geological Survey of Wyoming,
Box 3008, University Station, Laramie, Wyoming 82071-3008. Phone: (307)
766-2286. Many of these publications are also available over-the-counter at the
Wyoming Oil and Gas Conservation Commission {Basko Building) in Casper,
Wyoming.

No first class postage charge for prepaid orders, unless otherwise marked.

WYO! NG ( OLO{ AL ASSOCIATION —

By special arrangement with the Wyoming Geological Association (WGA),
the Geological Survey of Wyoming now sells all of WGA’s Annual Field Trip
Guidebooks as well as its Symposium Volumes. These publications are available
over-the-counter at the Survey’s offices on the University campus in Laramie.
Although they can be purchased by mail, :paymentisrequired. Call the Survey
for book prices and postage costs. WGA sale prices will be honored also.
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