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1.1

1.0 PROPOSED ACTIVITIES

INTRODUCTION

The Joint Venture is in the process of evaluating recovery
of uranium with regard to economic and environmental factors
involved in the in situ solution mining of uranium. A single-
hole, slug-type, (push-pull) in situ leach test was performed in
September, 1976, The test showed that the technique was feasible
for extracting uranium by lixiviation from the mineralized forma-
tion, the leachate being brought to the surface and a total weight
of approximately seven pounds of yellowcake being made from the
leachate. Data from the study also showed that formation water
can be restored to near its original chemical and physical condi-

tion. (Enclosure 1)

On the basis of the push-pull test, Nubeth is optimistic that
uranium can be economically extracted from the formation and desires
to evaluate the in situ leaching and recovery techniques further and
for this purpose proposes to perform in eitu leaching of uranium
from a limited volume of mineralized formation (less than two acres)
using multiple holes, and to operate a small uranium extraction
pilot plant with a maximum {input capacity of 90 gpm (gallons per

minute).




ENCLOSURE 1

In Situ Leaching for Uranium, Push-Pull Test, Nubeth Joint Venture
Sundance Project, Crook County, Wyoming, Summary

Refers to section 1.1 Introduction



ENCLOSURE 1

In-situ Leaching for Uranium. Push-Pull Test, Nubeth Joint Venture,
Sundarce Project, Crook County, Wyoming, - Summary.

General Descriptien

The test was performed from August 20 to August 1, 1976 on
drill hole 758R, situated approximately 1000 feet north of Oshoto
Reservoir. The drill hole was cased from the surface to a depth
of 416 fect. Below this depth it was perforated through 30 feet
of mineralized lower Lance-Fox Hills formation. The test was
designed by Geoffrey G. Hunkin, P.E., Mining Engineer, Consultant,
Littleton, Colorade, who was present during part of the test, The
intent was to determine leachability of uranium in situ, with a
bulk test, and to provide a bulk sample of leachate for the purpose
of obtaining preliminary recovery information and data in processing

for yellow cake, The test may be generally described as follows:

1) Pive thousdnd gallons of formation water were wichdrawn
from the mineralized formation and were stored in a plastic tank on
the surface (pH 8.25).

2) Sodium bicarbonate and ammonjium nydroxide were added and
mixed with the 5000 gallons collected (pH 8.1).

3) The mixture was passed through a filter and hydrogen
peroxide was added as 3800 gallons of the leachant were injected
back through the well into the formatioa under a pressure head of

approximately 70 feet over the pilezometric head of the formation,

4) Aftor injection, the well was undisturbed for 7 daya

following which recovery commenced.




5) Approximately 4000 gallons of leachate were air-lifted
from the well to the surface into the plastic storage tank, From

the tank the leachate passed through a filter, into a small resin
ion exchange column, from which the barren solution (as indicated
by systematic sampling and analyses) passed to a separite plastic
lined tank.

Results

The ion exchange column with resin was shipped to Bethlehenm
Steel Holmer Resecrch Laboratory (Bethlehem, Pannsylvania) whete
approximately 7 pounds of USOB yellow cake powder was recovered.
Analysis of the powder generally met or was superior to marketing
specifications for yellcw cake.

Formation Water Restoratien

Following the leachate withdrawal phase described above which
was conpleted on August 28, 1976, a program of pumping and chemical
tnalyses was conducted to restore formation water to acceptable
conditisns. Five periods of pumping, comrencing on September 13,
1976, and terminating April 27, 1977, extractsd a tutal of 72,000
gallons of water from the - 'l,

The results of chemical analyses from samples taken during the
pumping periods are presented on the attached table, which shows
that the quiescent period between pumping periods allowed chemical
Yeactions to resume, More effective restoration may have been
achieved by pumping continuously, until the uffected gone approached
equilibrium, A range of base line analyses for this test had not
been obtained from multiple sampling; only a single referance
point had been obtained from a sat of analyses of one pre-test
sample. Accordingly, an average base line condition was not known,

3



and the restoration target was assumed to be that of the single
sample. More water samples gathered over an extended period of
time from a given well or wells should be collected and analyzed
prior to future tests to establish a base line (seasonal variations

if any included} for restoration programs.

Stripped solution from the test was disposed of by evaporation,
dilution and surface storage. A portion of the water pumped
during the restoration process was stored in lined ponds and the
remainder discharged on the surface. No salts accumulated and
no anomalous radioactivity was noted in any of the water so wasted.

Vegetation thrived where the water was discharged,

The above information and ddta has been turned over to the
Wyeming Department of Environmental Quality, as originally arranged.

T
el
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1.2

DESCRIPTION OF THE PROPQSED PROJECT

In situ leaching is basically a simple process. Injection
vells and recovery wells arranged in a predetermined pattern are
drilled into the uranium bearing ore zone. Leachant solution
(chemically-treated formation water) from a mixing tank on the
surface i{s pumped under slight pressure into the ore zone via
cased injection wells. Through appropriate perforations in
the well casings the leaching solution enters the ore zone where
it dissolves the uranium, Under suction, the adequately cased and
perforated recovery wells gather the solution containing weakly
diluted uranfum or leachate. The leachate {s pumped from the

recovery wells to a surge or storage tank at the surface plant.

At the surface plant leachate from the surge tank is delivered
to the fon exchange resin towers, where a special resin selectively
extracts the uranium from the leachate which now, devoid of uranium,
{s piped as barren solution to a mixing tank where proper amounts
of sodium carbonate-bicarbonate and hydrogen peroxide or oxygen
a8 oxidizers are again added and the regenerated leaching solution
is reinjected into the ground to repeat the cycle. When uranium
(uranyl fon) cventuslly maturates the fon exchange reain the latter
is removed from the leachate circuit. Saturated fon exchange resin
is stripped of uranyl ion with sodium carbonate. The stripping
agent, now rich in uranium is piped to a precipitation plant where
additional chemicals (sulfuric acid and hydrogen peroxide) cause
the uranium to precipitate into fine solid particles of "yellowcake"
(uranium oxfde). Excess water is decanted and a water slurry of
"yellowcake" {s the product of the solution mining process. Minor
amounts of surface plant effluent are properly disposed of in

adequate solar evaporation storage ponds,

Before the leaching operation is commenced, a baseline for

water quality of the aquifers will be established. After the



leaching operation is terminated restoration techniques specific
‘to the test site will be applied in order to restore the aquifer
to acceptable baseline water quality level.

The entire process is designed to conform with the require-

ments of the Nuclear Regulatory Commission, the Environmental

Protection Agency and the State of Wyoming Department of Environ-
mental Quality.



1.3 PROJECT SCHIDULE

The pilot test 1s scheduled to start in the Spring of 1978.
Conclusion of the pilot test and aquifer restoration

to take place on or about December, 1979,

is expected




1.4

1.4.1

PROJECT ORGANIZATION

The project organization is shown in Figure 1. As indicated
the Operations Manager will be responsible to Nuclear Dynamics,
Inc. - Nubeth Joint Venture.

Minimum Technical Qualifications Required of Operations Supervisory
Personnel - Item 10, Form AEC-2

The Operations Manager minimum qualifiéations will be: a
Bachelor's degree in Science or Fngineering in the Earth Sciences
or directly related fields; eight years experience in uranium and
mineral production, with at least three years supervisory experience

in mineral production.

Intermediate management positions for Metallurgical Plant and
Well Field operation require a Bachelor's degree in Science or
Engineering in the appropriate or closely related fields with not
less than five years professional experience; for the Chemical
Laboratory Supervisor, the requirements would be Bachelor's degree
in Chemistry or Chemical Engineering or equivalent with three years

of applicable professional experience.

The Resident Geologist and Safety and Licensing Engineer will
require Bachelor's degrees in Science or Engineering in the
appropriate field with at least two years of professional experience.
The Safety and Licensing Engineer will be reaponsible for the radia-

tion safety program; general health and safety; and licensing.

The Accounting Supervisor will be required to have an accredited
college or busineas achool degree in accounting or the equivalent

and three years professional experience.
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1.5

UNITED STATES PRODUCTION CAPABILITY AND REQUIREMENTS

Production capability and domestic requirements of USOB for
the United States are extensively reviewed in several governmental

publications, which, in general predict a deficit in supply
beginning in about 1980.

Production from the proposed In Situ Solution Mining Test
will not significantly effect supply/demand relationships in the
United States. However, if commercial and environmental aspects
of the test prove acceptable, then subsequent production will
constitute a valuable contribution to the United States domestic

energy requirements.

13



2.1

2.0 THE SITE

SITE LOCATION

The proposed test site is located i{in northeastern Wyoming,
approximately 24 miles north of the town of Moorcroft. Figures
2 and 3 ghow the general location and access to the test area.
For reference purposes, the area of interest is referred to as the
"Sundance Project." The site is located in Sections 18 and 19,
T. 53 N., R, 67 ¥,, 6th P.M. Crook County, Wyoming. Access to
the site is by a graded county road, and by approximately one-
quarter mile of maintained oil field access road, as shown on
Plate 1 (pocket). The mineral rights for the test site are
controlled by the Nubeth Joint Venture.

The surface area where the test will be conducted involves
approximately five acres. The subsurface area to be leached may
involve up to two acres. The proposed plant is a movable type of
installation with enclosure for winter operation, which will cover
approx.mately 4800 square feet of the site. Solar evaporation
storage ponds will cover approximately an additional 1.2 acres.
The well field and parking lot and & minimum of well field access

roads constitute the balance of surface installations at the site,

12
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REGIONAL DEMOGRAPHY AND LAND USES

Shown on Figure 2 is a 50-mile radius circle centered on the
site. The following towns are found within the area covered by
the circle:

Moorcroft, (pop. 1,150, 1577, Enclosure 2) and Sundance
{pop. 2,500, 1977, Enclosure 2) both of which are in Crook County
(area 2,819 square miles, pop. 5,050, Enclosure 2).

Gillette, which is the largest community (pop. 11,200, 1977,
Enclosure 2) is in Campbell County (area 4,742 square miles,
pop. 20,900).

A portion of the Black Hills National Forest, Devil's Tower
Rational Monument (11 miles east of site) and Keyhole Reservoir and
State Park on the Belle Fourche River are found within the 50-mile
radius. (Figure 3)

Except for the lands occupied by the National Forest
(situated to the east of the National Monument) the area is
typical of the northern High Plains rolling grasslands. The land
is used principally for grazing cattle and sheep. Some of the land
is farmed for wheat, ocats, alfalfa and feed grains (Enclosure 2).
Hineral production includes coal, oil, gas, bentonite, rock
sand and uranium (Enclosure 2 and Ref, 1).

Figure 3 shows a five-mile radius circle centered on the site
of the proposed test operation. Approximately 15 persons live within
The five-mile radius in various ranch houses. The nearest habitation
(2 persons) to the test site is approximately one mile from the
site.
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The principal land uses for a five-mile radius around the

test site are petroleum production and grazing. Burlington Northern,
Inc., the petroleum producer £n the area, has been informed of our
intention to conduct an in situ leach test. By using existing

roaeds and previously disturbed arcas, the test will have little
impact on grazing. No other minerals of economic value are known

to be present in the formations involved in test operations.
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ENCLOSURE 2

Moorcroft, Wyoming, Community Profile, 1977, Industrial
Development Division Department of Economic Planning
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Development Division Department of Economic Planning
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Gillette, Wyoming, Community Profile, 1977, Industrial

Development Division Department of Economic Planning
and Development, Barrett Building, Cheyenne, Wyoming

Refers to section 2.2 Regional Demography and Land Uses

(Also sections 2.5.1, 2.5.2)
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1977

COMMUNITY PROFILE

INDUSTRIAL DEVELOPMENT DIVISION — DEPARTMENT OF ECONOMIC PLANNING AND DEVELOPMENT

Population
City County
1870 926 4,535
1975 1,030 4,883
1977 {est.) 1,160 5,050
Climate
Mean daily maximum temperature in;
January 30.3° July 85,9°
Mean monthly temperature In:
January 20.4° July 72.2°

Muaan annuat pracipitation: 10.79 in.
Mean annual snowfall; 400 in,

Average annual wind velocity: 8 ‘mpnh
Average annual relative humidity: 50%
Elevation: 4,206 fest

Civic and Municipal Data

GOVERNMENT

Mayor-Council System

In city limits: 640 acres

Undeveloped: 67% of acreage.

Available for industrial development 300
acres in and around Moorcroft.
Recreational parks - 12,

POLICE FORCE

Potice force staff - 3 fulltime, one part-time.
Proteation provided lo araas outside tha oity
limits by the County Sheriff's office, staff - 3.

ZONING

Planning board recently formulated,

STREETS
26% paved of which 60% have sidewalks
and 100% have gutters.

CHURCH
Protestant - 3 Catholic - 1

FIRE DEPARTMENT

28-man volunteer fire department, Qutly-
ing araas within 25-mile radius are served
by alt equipment. Moorcroft lire insurance
rating - 9.

HOUSING

No. of Housing Units County
Single Family 1,219
Multi-Famlily ge
Mobile Homes 553
Total 1,838
No. HousingUnits in Town 362

The estimated cost of a new 3-badroom
homa {1,100 sq. 1.}, unlinished basement,
t.car garage, located in an area of com-
parable homes is approximately: 842,500
Average monthly rental (3 bdrm.}: 8250

RETAIL AND WHOLESALE TRADE
— COUNTY

No. of retail establishments: 100

No. of wholesgale establishmants; 8

Net collection of retail’ wholesale sales tax:
624,130

EDUCATION - SCHOOLS
No. of No. of
Schools  Pupils

High School 1 109
Jr. High 1 104
Elementarfy 1 226
Other ' — —_

Sheridan Junior College (131 miles), enroll-
ment . 720,

LIBRARIES

Two with a tota! of 12,000 volumes.
MEDICAL

Doctors - 2 Medex - 1

Memorial Hospital of Campbell County in

Gillette (27 miles west) 31-beds, occupancy
rate - 57%.

HL.

L.
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Moorcroft City Ambulance available,

Crook County Memorial Hospltal in Sun-
dance {33 miles), 16 bed, occupancy rate -
7%

Mental Health Center of Northern Wyom-
ing.

NEWS MEDIA

Newspaper: Moorcroft Leader, weekly, cir-
culation - 650,

Radio: No local broadcasting station,
Numerous channels available. KiML
{Gillette) KASL {Newcastle) KOLL (Gillette)
Television; No lacal broadcasting statio,
Channels available from Casper and Rapid
City, S.D, Cable T.V. - summer 1977.

HOTELS AND MOTELS

Hotels: O No. of rooms: O
Motels: 6 No. of rooms; 63

CONVENTION FACILITIES

One convention facility in town with a
capacity for 100,

Tax Structure

Assessed Valuation
City $1,188,149
County 846,400,074

Tax Levy {in mills)
1976 1975 1974

City - 8.00 8.00 8.00
County 11.79 8.94 1048
School 4439 4303 4341
Total 64.19 B80.01 61.88

Bonded Indebtedneass
School - §674,000
City - 115,600
County - 69,000

Net collection of sales tax in county - $459, -
394

Total amount of revenua collected by the
city in 1976 - $161,868.

Total amount of taxes levied by Crook Coun-
ty for all purposes in 1976 - $2,644,927.

Ratio of assessed valuation to true value -
10%

Wyoming has no state, corporate or in-
dividual income tax.
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Financial Institutions

BANKS - One

Deposits: 5$3,490,000
Moorcroft State Bank
Financing for industrial facilities is available
through local banks and Wyoming industrial
developmant corporations.

Major Firms

Name Product Emp.
Ture Oil Co. oil 50
Dick's Hot Gil oil & gas B
Updike Bros.. oil & gas 25
Texaco, Inc. 20
Atlantic Richfield 20
Nuctear Dynamics 7 5
Transportation
HIGHWAYS

Federal 190, US 16, US 14
State Wyo 14, Wyo 16

MOTOR FREIGHT

Ross Transfer, Inc.

Salt Creek Freightways

United Buckingham Freight Lines

RAILROADS

Days goods are in transit to:
Chicago & Minneapoiis 4
Cleveland 6 New York 8
Dallas 5 Salt Leke City 3
Penver 2 San Francisco ©
Seattle 3 Los Angeles 6
Omaha 3 Kansas City 3

Six trips/day with Burlington Northern.
Reciprocal switching is available,

AlIR

Nearest airport: Gillette {28 miles)
Runway length: 5,500 feet, asphalt
Commercial service - Trans-American Air-
ways, Dutton Aviation, Star Aviation, Coe-
Aire Wyoming



Utilities
MUNICIPAL WATER SOURCE

b wells
Source capacity. 300,000 gal/day
Peak demand: 216,000 gal/day
Storage capacity: 300,000 gallons
Transmission capacity. 150 gal/min,
Treatment: No treatment required.
Rates
First 2,000 gal/mo. - $4.00/mo.
Next 8,000 gal/mo. - .80/1,000 gal/ mo.
Additional - .60/1,000 gal/mo.

SANITATION
Method of disposal: Sanitary landfill

Gharge: Residantial 6250/ me.
gommeralal varles,

BOWDF: LBOOR Sysiam, single oal).

Rate: Rasidential - $2.00/mo.
Commercial - First 10,000 - §1.80
based on water usage,

NATURAL GAS
Supplied by: Petrolana-Wyoming Gas Co.

*Rates - Resldential & Commarcial

por therms por met/par menth
First 6 therms 83.66
Naxt 44 22
Next 50 209
Next 100 A9
Next 800 .186
All over 1,000 146

ELECTRIC POWER
Suppllad by: Tri-County Elactric Assn,
*Rates - Residential & Commaercial

kwh per mo. per kwh
First 100 B.0¢C
Next 900 2.0¢
Next 600 1.6¢
Over 1,500 1.0¢

*Other rate schedules ase avaitable,

19

Labor Market Analysis

LABOR SUPPLY - COUNTY
Labor Force 2,268

Male 1,865  Female 603
Unemplcyed 63 -

Male 42 Female 210
Unemployment rate 2,8%

DISTRIBUTION OF LABOR FORCE -
COUNTY

No. of No. of
Units Employees
Agriculture Forestry :

& Services 27 67
Mining 18 243
Construction 19 194
Manufacturing ] 151
Trang, Gemmun,

& Utilities 8 107
Who'esale Trada 4 B
Retail Trade 48 235
Finance, Ins.

& Roa! Estate b1 28
WAGE RATES (WEEKLY)

Co. Avg. State
Wage Wage
Agriculture $ ¢

& Forestry 118.93 134,46
Mining 22189 301.60
Construction 180.80 243.68
Manufacturing 168.03 231.82
Trans., Commun.

& Utllities 22203 244.73
Wholesale Trade 182,27 215.60
Retail Trade B6.18 1092.63
Finance, ins.

& Renl Estate 148.98 176.28
Sarvicos 135.00
TOTAL PAYROLL

April - June 1978

County
Agriculture §

Forestry & Services 88,335
Mining 004,400
Conatruation J01, 104
Manufacturing 328,400
Trans., Commun.

& Utilities 304,040
Wholesale Trade 15,008
Retail Trade 228,949
Finance, Ins.

& Real Estate 47,776

Source: Employment Security Commission



Recreation

CULTURAL ATTRACTIONS
Jubllee Days (July)
Playday (August), rodeos, concerts.

SPORTS

Basketball, tennis, swimming, camping,
snowmoblling, boating, fishing, roping,
hunting, bowling, skating, and softbail.

PUBLIC RECREATION AREAS

Noonan Park 2 acres
Robinson Park Y4 acre
River Park " 10 acres

Municipal Swimming Pool
Keyhole Reservoir b miles N
Devils Tower Nat'l Monument 25 miles N

County Resources

Crook County
MINERALS-oil, bentonite, gas, rock,
sand, uranium
Value of net production $25,376,020
FOREST LAND No. of acres: 200,000
MAJOR AGRICULTURAL PRODUCTS-
timber, wheat, oats, cattle, alfalfa, barley,
sheep
TOTAL NUMBER OF ACRES IN
COUNTY: 1,804,338 2,819 sq.miles

FOR FURTHER INFORMATION
CONTACT

Moorcroft Development Corporation
Moorcroft, WY 82721

industrial Development, DEPAD
Barrett Bldg., Cheyenna, WY 82002
{307) 777-7284
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Distance in miles from: Moorcroft:

10

Chicago 1,000
Billings 267
Denver 366
Omaha 769
Seattle 1,100
Casper 182
New York 2,000
Kansas City 800
Los Angeles 1,200
St. Louis 1,000 .
Salt Lake City 599
Cheyenne 266

Printed by the Industrial Deveiopment Division, Dapartment of Economic Planning
and Develolpment, Barrett Bldg., Cheyenne, WY (307) 777-7284




SUNDANCE WYOMING
1977 COMMUNITY PROFILE

INDUSTRIAL DEVELOPMENT DIVISION — DEPARTMENT OF ECONOMIC PLANNING AND DEVELOPMENT

Population
City County
1970 1,056 4,535
1975 1,282 4,883
1877 lest,) 2,600 6,060
Climate

Mean dally maximum temperature in:
January 37.1¢ July 82.8°

Mean monthly temperature in;
January 19.9° July 70,2°

Mean annual precipitation: 14.91 in.
Mean annual snowfall; 77.0in,

Average annual wind velocity: 7 mph
Average annual relative humidity. 60%
Elevation: 4,750 feet

Average growing season: 110 days

Civic and Municipal Data
GOVERNMENT

Mayor-Council Government
in city limits: 400 acres.
Undeveloped: 20 acres.
Approximately 20 acres available for in-
dustrial development in town.

Recreational parks - 2 acres.

POLICE FORCE

Police force s1aff - 4, Protection provided to
areas outside the city Iimits by the County
Sheriff's Office - statf of 4.

ZONING

Territory covered. Municipality Act ad-
ministered by city council. Industry
regulated by classification listing.

STREETS g
10% paved all with sidewalks and gutters.

CHURCH

Protestant - 9 Roman Catholic - 1

FIRE DEPARTMENT

15-man volunteer fire dapt. Outlying areas
served by one pumper truck. Sundance fire
Insurance rating - B,

HOUSING

No. of Housing Units County
Single Family 1,219
Multi-Family 66
Mobile Homes 553
TO!BI 11838
No. Housing Unitsin Town 444

The estimated cost of 2 new 3-bedroom
home (1,100 sq. ft.}, unfinished basement,
1-car garage, located in an area of com-
parable homes is approximately: $38,000-
38,000

Average monthly rental (3 bdrm.); $200

RETAIL AND WHOLESALE TRADE
No. of retail establishments: 55
No. of wholesale establishments: 8 (county)

Net collection of retail/ whis. sales tax {co.)
$24,130

EDUCATION - SCHOOLS

No. of Schools No. of Pupils

High School 1 145
Jr. High 1 133
Elementary 1 247
Other —_

Ratic of puplis/teachers: 14.3
Total expended/pupil; $1,001

Sheridan Junior College in Sheridan {164
miles) enroliment - 720,

Black Hills State Coliege {33 miles)
LIBRARIES

One in town

TREAY ru/reaa e LX)
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MEDICAL

Doctors - 2 Dentists - 1 Madex - 1
Croock County Memorial Hospital - 16 bed
occupancy rate 7%.

Menta!l Health Center of Northern Wyom-
ing.

NEWS MEDIA

Newspaper. Sundance Times, weekly cir-
culation - 1,659,

Radio:  No local broadcasting station.
Numerous channels availabla,

Television: No local broadcasting station.
Three channels available.

HOTELS AND MOQOTELS

Hotels: 1 No. of rooms: 14
Motels: 6 No. of rooms; 106

CONVENTION FACILITIES

Nothern Hills Convention Center - 35 miles.
Three located in Newcastie (46 milas) with
capacities of 2,000, 1,600 and 400.

Tax Structure

Assessed Valuation
City 81,680,220
County 646,400,074

Tax Levy {in milis)
1876 1875 1974

City 1468 1900 19.61
County 11.79 Bg7 963
School 44,39 4303 4341
Total 7087 71.01 . 73.40

Total amount of taxes leviad by Crook Coun-
ty for all purposes in 1976 - $2,644,927,

Net collection of sales tax in county - $459, -
394,

Ratio of assessed valuation to true value -
26%

Ratio of assessment to actual value for
manufacturing plants - 30%.

Wryoming has no state, corporate or in-
dividual income tax.

Financial Institutions

BANKS - One
Depusits: $18,449.000
Sundance State Bank

SAVINGS & LOAN ASSOCIATIONS
Plans for one.

Financing forindustrial facilities is available
through local banks and Wyoming industrial
development corporations.

Major Firms

Name Product Emp.
Reoberts Const,

Co. ready-mix concreta 5-10
Champion Const.  construction 5-10
Sundance Times newspaper 5
Tri-County Electric  power

Association service 37

Transportation
HIGHWAYS

Federal 1{-90 and US-14
State Wyo 585 and Wyo 116

MOTOR FREIGHT
Salt Creek Freightways
Barber Transport

RAILROADS

Days goods are in transit to:
Chicago 5 Minneapolis 4
Claveland 6 New York 8
Dallas 5 Sait Lake City 3
Denver 1 San Franciseco 5
Seattle 3 Los Angelas 8
Omaha 3 Kansas City 3

Rail service Is not available in Sundance
Burlington Railroad Serreo Moorcroft (33
miles} and Upton (28 miles).Reciprocal
switching is available.

AlR

Airport: Private

Runway length: 2,300 feet, asphalt
Commercial service availabie in Gillette (60
miles) and Spearfish 5.D.{33 miles).



Utilities

MUNICIPAL WATER SOURCE
Well - 2

Source capacity: 706,000 gal/day
Peak demand: 600,000 gal/day
Storage capaclty: 315,000 gallons
Transmission capacity; 1,000 gal/min,
Treatment, Chlorination

RATES

First 2,000 gal/mo. - $4.00/mo.
Next 2,000 gal/mo. - 2.60/mo.
Next 15,000 gal. - 60¢/1,000
All add't gal. - 45¢/1,000

SANITATION
Mathod of disposal: Sanitary landfill.
Charge: Res,d. - $$5.00

Comm. - $10.00-615.00
Sewage: Lagoon treatmant facility
Hates - Res,d, - $4.00/mo,

Comm. - $4.00 - 6.00/mo.

NATURAL GAS

Natural gas is not available In Sundance.

Sources of fuel include propane,fus! oil,
"~ ¢oal and electric powaer,

ELECTRIC POWER

Supplied by: Tri-County Electric
Association, Inc.

*Rates - General Service

Demand - over 20 kw billng demand/mo.
$1.50/kw

Energy {commercial)

First 100 kwh/mao. - §5.0¢/kwh
Next 100 kwh/mo. - 2.0¢/kwh
Next 1,000 kwh/mo. - 1.75¢/kwh
Next 2,000 kwh/mo. - 1.06/kwh

Residential Rates plus 31%
First 100 kwh/mo. - .B6C/kwh
Next 400 kwh/mo. - 1.75¢/kwh
Next 500 kwh/mo - 1.6¢/kwh
All overC/kwh

plus 31%

*Other rele schedules are available,

Industrial Property

Former Air Force Radar Station - over 40
acres with 70 available buildings, including
auditorium and gymnasium. Has its own
water supply, sewage system, all utilities
and paved roads. 27 houses on station be-
Ing rented or sold.

o}

Labor Market Analysis

LABOR SUPPLY - COUNTY
Labor Force 2,268

Male 1,865 Female 603
Unemployed 63

Mala 42 Female 21
Unemployment rate 2.8%

DISTRIBUTION OF LABOR FORCE -
COUNTY
No. of No. of
Units Employees
Agriculture Forestry

& Services 27 67
Mining : 18 243
Constriction 19 194
Manwu.acturing 9 161
Trans,, Commun.

& Utilities - 8 107
Wholesale Trade 4 3]
fatail Trade 487 235
Finance, Ins.

& Real Estate 5 26
WAGE RATES (WEEKLY)

' Co.Avg. Siate
Wage Wage
Agriculture $ ]

& Forestry 118.83 13445
Mining 22168 301.60
Construction 18089 243.66
Manufacturing 168.03 231.82
Trans., Commun,

& Utilities 22203 24473
Wholesale Trade 182.27 2156.60
Retail Trade 86,18 109,63
Finance, Ins.

& Real Estate 148.98 175.28
Sarvices 136.00

TOTAL PAYROLL
April - June 1976

County
Agriculture $

Forestry & Services 98,335
Mining y 648,456
Construction _ 391,164
Manufacturing 328,400
Trans., Commun. .

& Utilitles 304,040
Wholesale Trade 156,008
Retail Trade . 228,949
Finance, Ins,

& Real Estate 47,776

Source: Employment Security Commission



Recreation

CULTURAL ATTRACTIONS
Devils Tower - geologicsl monument.
Custers expedition Trail

Crook Co, Museum

SPORTS
Golfing, fishing, hunting, boating, swim-

ming, skating, backpacking, camping, and
snowmobiling.

PUBLIC RECREATION AREAS
Washington Park {in city)

City Park 2 acres
Golf course - 9 holes, grass greens
Keyhole State Park,

Black Hills National Forest
Bear Lodge Mountain Drive

.County Resources

—55563: County
MINERALS- olil, bentonite, gas, rock,
sand, and uranium
Value of net production $25,378,020
FOREST LAND No. of acres: 200,000
MAJOR AGRICULTURAL PRODUCTS
timbar, grains, alfalfa, sheep, beef, and
swine
TOTAL NUMBER OF ACRES (N
COUNTY: 1,804,338 2,819 sq. miles

FOR FURTHER INFORMATION
CONTACT

Sundance Commercial Club
Sundance, Wyoming 82729

Industrial Development, DEPAD
Barrett Bldg., Cheysnne, WY 82002
(307)777-72B4
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Distance in miles from: Sundance

1o

Chicago _ 1.046
Billings 300
Denver 368
Omaha 660
Seattle 1,010
Casper 187
New York 1,985
Kansas City 804
Los Angeles 1,369
St. Louis 1,103
Salt Lake City 609
Cheyenne 269

Printed by the Industrial Development Division, Departiment of Economic Planning
J and Develolpment, Barrett Bldg., Cheyenne, WY (307) 777-7284
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GHLLETTE WYOMING
COMMUNITY PROFILE

INDUSTRIAL DEVELOPMENT DIVISION -~ DEPARTMENT OF ECONOMIC PLANNING AND DEVELOPMENT

1977

Population
City County
1970 7,194 12,957
1676 B8.2156 13,080
1877 (est.) 11,200 20,900
Climate

Mean daily maximum temperature in:
January 32.7° July 87.8°

Mean monthly temparature in:
Japuary 21 5° July 71,70

Mean annual precipitation; 16.4 in.
Mean annual snowfall: 47.8 in,

Average annual wind velocity: 8 mph
Average annual relative humidity: 45%
Elgvation: 4,544 fest

Average growing season: 127 days

Civic and Municipal Data
GOVERNMENT

ayor-Council System

In eity limits: 3,010 acros

Undaveloped - 36% of acreage

Industrial - 160 acres

Commercial { approx.) - 117.2 acres
Numerous acres in an around city available
for industrial development.

POLICE FORCE
Police force stafl - 42, police officers - 30,
Protection provided to areas outside the city

limits by the County Sheriff's office, staff -
22,

ZONING

Territory covared by municipality, county

25

with 6 x 6 mile area - county wide subdivi-
sion ordinance. Act administered by City-
County Joint Planning Commission.

STREETS

76% paved and improved of which B0O%
have sidewalks and 76% gutters,

CHURCH
Protestant - 16 Catholic-1 Qther - 3

FIRE DEPARTMENT

28-man volunteer fire department (25
volunteer, 4 professionals), Qutlying areas
served by Campbell County fire department,
Gillotte fire insurance rating - 7.

HOUSING

No. of Housing Units City County
Single Family 1,497(41%}) 1,998
Multi-Famiiy 650(1 7%} 665

Mobile Homes 1,416(39%) 2.384
Total 3,676 5,047
The estimated cost of a new 3-bedroom
home (1,100 sq. ft.), unfinished basemant,
1-car garage, located in an area of com-
parable homes is approximately. 346,000
Average monthly rental (3 bdrm.); $375
Eight housing projects planned or already
under construction,

RETAIL AND WHOLESALE TRADE
No. of retail astablishments: 450 {ost.)
Amount of retail sales: $92 million (est.)
No. of wholesale establishments: 10

Net collection of retail/wholesale salss tax
{co.). $280,696

EDUCATION - SCHOOLS
No. of No. of
Schools  Pupils

High Scheol 1 784
Jr. High i 837
Elementary 7 2,032
Other Gillette Day

TralningCenter 85
ENCLOSURE 2¢




Ratio of pupils/teachers: 13.3

Total expended/pupll: 82,716

8heridan Junior College {103 miles), enroll-
mant 720

LIBRARIES

One library with a total of 31,000 volumaes,
Permanent art collection,

Inter-library service.

MEDICAL

Physiclans-12 Dentists-4 Optometrists-3
Memorial Hospital - 31 bed, occupancy rate
- 57%, ,

Pioneer Manor Nursing Home - 120-bed,
occupancy rate - 0%,

NEWS MEDIA
Newspaper: Gilletta News Record, daily
{Mon.-Frt.), circulation - 5,200.The Advaer-
tiser, weekly, circulation - 10,000
Radio: KIML - 6am - 12midnight

#XOLL - FM - 24 hr/day
Telavision: KTWO {Caspar) KOTA & KEVN
(Rapid City, S.0.). Nolocal broadcasting sta-
tion,

HOTELS AND MOTELS
Hotels: 3 No. of rooms: §9
Motels: 12 No. of rooms: 433

CONVENTION FACILITIES
Five convention facilities with a capacity of
largest three: 400, 250, 100.

Financial Institutions_

Tax Structure

Assessed Valuation
City $13,503,334
County $304,739,720

Tax Levy (in mills)
1978 1976 19724

City 7.50 780 8.00
County 14.68 10.77 16.28
School 4496 3533 38,08
Total 87.16 £380 62,21

Bonded Indehbtedness

County - 8 28,000.00

School - 7,220,000.00

Ciy - 2,491,828.28

Campbell County

Hospital District - 8,850,000.00
Total amount of ravenue collected by the
city in 1976 - 84,003,368.83

Taxes only - $101,000.00

Total amount of revenue collected by the
¢ounty In 1976 - $18,888,044.37
Property tax balance: minerals 80% ser-
vices 6% city property 4% andrural proper-
ty 11% .
Local tax revenue per capita - $841.83
Wyoming has no state, corporste or In-
dividual income tax.

BANKS - Three
Deposits: 104,609,087
Total Assets: $112,897,761

SAVINGS & LOAN ASSOCIATIONS

-Two
Deposits - $5,666,000 {est.}

Financing for industrial facilities Is available
through local banks and Wyoming industrial
development corporations.

Major Firms

Nams Product Emp.
Exotar Drilling wall driiling 200-260
Amax Con! Co. coal 240
Getter Trucking oil field service 85
Kerr-McGee Coa! Corp. coal 89
Morrison-Knudson construction 178200
Wyodak & Black coal &

Hills Power & Light electricity 66
Thunder Basin coal B4
Carter Mining coal 79
Farmers Co-Op Range feed 53
Cordero coal g1

Dunber Well Service oil flsid service 56

Transportation

HIGHWAYS
Federal Interstate 90 U.S. 14 & 18
State Wyo 59 and Wyo 50

MOTOR FREIGHT

BN Transport

Ross - Nebraska

Barber Transportation
international Transport

Salt Craek Freightways

United Buckingham Fraightways

RAILROADS

Days goods are in transit to:
Chicago B8 Minneapolis 4
Cleveland 8 New York 8
Dallas 6 Salt Lake City 3
Denver 2 San Francisco 8
Seattle 3 Los Angeles 8
Omaha 3 Kansas Clty 3

Burlington Northern Railroad - 2 trips per

day.

Other

Continental Trailways Bus, United Parcal
Service

AR
Airport: Gilleite Campbel! County Airport



Runway length: 5,600 feet, asphalt
Commercial sarvice: Trans-Amarican Alr-
ways, Dutton Aviation, Star Aviation, Coe-
Alre Wyoming

Industrial Property

100 acre area In town avallable for in-
dustrial development.
150 acre site outside city limits.

*Monthly Rates - Residential

First 10 kwh $1.00
Next 80 kwh 4.0¢/kw
All add’l kwh 3.26¢/kw
Commertial Rate o :

20 kwh S $1.00
Next 480 S A%/ kwh
Next 2,000 3¢/kwh
All add" 2.25¢/kwh

*Other rate schedules are available.

Utilities

MUNICIPAL WATER SOURCE
28 Wells
Source capacity: 3.0 million gal/day (est.)
Peak demand: 3.0 million gal/day
Storage capacity: € million gallons
Transmission capacity. 2.6 milliongal/day
Treatment: Lime softaning, electrodialyosis
Hardness: 150 milograms/liter
Rates:
Residantial

First 3,000 gals - $4.00

Next 7,000 gals - .75/1000

Next 10,000 gals - .70/1000

Next 10,000 gals - .65/1000

Over 30,000 gals - .60/1000
Industrial
First 3,000 gals - 88.00
Next 7,000 gals - .80/1000
Next 20,000 gals - .75/1000
Next 20,000 gals - .70/1000
Over 50,000 gals - .65/1000

SANITATION

Method of disposal: Landfill
Charge: $4.00 . 88./mo.

Sewer, Activated sludge treatment
Presen! Load: 1.5 million gal./day
Usage charge: $2.00/mo,

NATURAL GAS

Supplied by. Petrolane-Wyoming Gas Ser-
vice

Supply unlimited 10.6 - 11 BTU/Cu. 1.
*Monthly Rate {1 therm =11,040
BTU/cu.ft.)

average cost/therm
First & 84,02
Next 44 243
Next 50 240
Next 100 219
Next 800 20
Next 1,000 168

Fuel oils - #1 fuel oil - 44.7¢C/gal.
Propane gas - available for bulk - 26¢/gal
{est, 1976)

ELECTRIC POWER
Supplied by Black Hills Power & Light
City of Gillette serves as City Utility Co.

Labor Market Analysis

LABOR SUPPLY - COUNTY

Lebor Force 7,916

Male 5,811 Female 2,005
Unemployed 268

Male 159 Female 84

Unemployment ra‘e 3.4%. s
DISTRIBUTION OF LABOR FORCE -
COUNTY No. of No, of

Units Employees

Agriculture Forestry

& Sarvices 124 865
Mining 104 1601
Construction 162 1767
Manufacturing 9 23
Trans., Commun.

& Utlittios 64 479
Wholesaie Trade 40 25
Retail Trade 122 1392
Finance, ins.

& Real Estate 26 183
WAGE RATES (WEEKLY)

Co, Avg. State
Wage Wage
Agriculture 8 $

& Forestry 167.95 134.4b
Mining 316.18 301.80
Construction 261,34 243.686
Manufacturing 240.33 231.82
Trans,, Commun.,

& Utillitiog 274,84 244,73
Wholesala Trade 248,07 2156.60
Retail Trade 121.08 109.63
Finance, Ins.

& Raal Estate 176,70 176.28
Services 135.00
TOTAL PAYROLL

April - Juna 1976 County
Agriculture $

Forestry & Services 1,692,374
Mining 6,245,012
Construction 5,432,490
Manufacturing 201,641
Trans., Commun. & Utilities 1,700,738
Wholesala Trade 698,449
Retall Trode 2,078,368
Finance, ins. & Real Estate 402,020

Source: Emplovment Security Commission



Recreation

CULTURAL ATTRACTIONS

Gillette Cowboy Days Rodeo, County
" Museum, Community Concerts, Little Levi
‘Rodeo, Campbell County Falr, Weltner's
Wonder Museum and Buffalo Ranch, Com-
munity Theatre & Rockpile Museum,
SPORTS

County Recreation Department provides:
baskethall, swimming, baseball, tennis,
archary, gymnastics, bowling, football and
skiing. Hunting , fishing, snowmobiling,
horse back riding, camping and skating.

PUBLIC RECREATION AREAS

Fishing Park b9 acres
Tennis, Baseball Parks 32 acres
City Park 2.2 acres
Municipal Swimming Pool outdoor
County Recreation indoor
Conter swimming pool
Key Hole State Park 40 miles E
Big Horn Nat'l Forest 75 miles W
Undeveloped Park Lands 61.6 acres

Bicentennlal Park 68 acres

-County Resources

= -Campbell County

- MINERALS- oll, ¢coal, gas
-Value of net production $241,758,637

MAJOR AGRICULTURAL PRODUCTS-
cattle, sheep, wheat, alfalfa, feed grains

TOTAL NUMBER OF ACRES IN
COUNTY: 3,034,614 4,742 sq. miles

FOR FURTHER INFORMATION
CONTACT

Campbell County Chamber of Commerce
Box 1008, Gillette, WY 82716
(307)682-3673

City-County Department of Planning and
Developmeant

Box 540, Gillette, WY 82718

(307} 6862222 axt. 44

Industrial Development, DEPAD

Barrstt Bldg., Cheyenne, WY 82002
(307) 777-7284
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Distance in miles from: Gillette

10

Chicago 1.147
Billings 239
Denver 339
Omaha 737
Seattle 1,086
Casper 130
New York 1,887
Kansas City 8§92
Los Angeles 1.284
St. Louis 1,142
Salt Lake City 535
Cheyenne 239

Printed by the Industrial Development Division, Department of Economic Planning
and Development, Barrett Bldg,, Cheyenne, WY (307) 777-7284



2.3

REGIONAL HISTORIC, SCENIC, CULTURAL AND NATURAL LANDMARKS

According to the Wyoming State Archives and Historical
Department, the site location will not adversely affect any historic
sites in the area. The Texas Trail which is the general route
that was followed by cattle herds from Texas in the 1880's lies
well to the south from the s{te (Enclosure 3, correspondence and

map.).

No prehistoric or historical cultural remains are known to
exist at the site. If any cultural or significant paleontological
evidence 1s exposed during any excavation or other similar work
at the site, such activity will be delayed until a qualified
archaeologist has examined the evidence.

There are no Scenic or Natural Landmarks at the proposed site.
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ENCLOSURE 3

Letter and msp from John C., Paige, Senior Historian,
Historical Research and Publications Division,

State of Wyoming

on 2.3 Regional Higtorie, Scenic,
al and Natural Landmarks
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ENCLOSURE 3

¥/ OF WYOMING ED HERSCHLER
GOVERNOR

‘ @@ Slate pchivves and Fotbrccal Defpartinont

HISTORICAL RESEARCH AND PUBLICATIONS

BARRETT BUILDING CHEYENNE, WYOMING 82002
KATHERINE A. HALVERSON
DIVISION DIRECTOR wuug:»;:e&v;vg;‘i_mms

November 18, 1977

Ms. Sue McCullough
Nuclear Dynamics

P,0, Box 20766
Phoenix, Arizona B5036

Dear Ms. McCulliough:

_According to our records the proposed exploration work in the area
of Township 50-55 North and Ranges 67-69 West will not adversely
affect any historic sites or trails in the area with the possible

c exception of the Texas Trail.

Sincerely,

2 C, At

John C. Paige

Senior Historian,
Historical Research

and Publications Division

JCP:bp
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2.4

2.4.1

2.4,

2

ECOLOGY

A study of vegetation and animal life at the test site
ared was conducted by Camp Dresser & McKee Inc., Environmental
Sciences Division, 11455 West 48th Avenue, Wheatridge, Colorado
80033 (Enclosure 4).

Vegetation

The test site 1s in an area typical of rolling upland grass-
lands in the northern Great Plains. The elevation at the test
site is approximately 4,240 feet and maximum relief in the area is
approximately 300 feet. Soil types in the area are sand, sandy

loam and clay.

Vegetation consists mostly of Junegrass, Blue Grama, Buffalo
Grass, with Prairie Sandreed, Silvery Lupine on moister slopes
and Needle-and-thread, Red Three-awn on some drier slopes and
Wheatgrasses and Bluegrasses scattered throughout with or without
Sagebrush., Approximately 70-85 per cent of the area is covered
with this type of vegetation and the remainder with wet lowland

or disturbed area vegetation. (Enclosure 4)

Wildlife

Animal species of the area are typical of the mixed grass

prairie environment,.

Birds observed include sparrows, larks, blackbirds, doves,
swallows, nighthawk; various falcons and hawks (Enclosure 4).
Also seen in the area are golden eagles, great horned owls and,

rarely, bald eagles.
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Mammale observed are typical of the environment and include
Jackrabbits, cottontails, ground squirrels, foxes, badgers and
skunks (Enclosure 4). In addition pronghorn antelope, deer,
Ref, 2) coyotes and various field mice, gophers, shrews and bats

are known to occur in the general area. (Enclosure 5)

A small livestock watering dam known as Oshoto Reservoir
which is located approximately 3000 feet north of the test site
collects intermittent runoff and provides a habitat for water-
fowl such as mallards, teals, grebes, pintails and herons as well
as frogs (Enclosure 4) and other amphibians and reptiles. No

fish are understood to be present.
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ENCLOSURE 4

Report, Uranium Test Site Near Moorcroft, Wyoming -
Camp Dresser & McKee Inc., Environmental Engineers,
Scientists, Planners and Management Consultants

Refers to sections 2.4, 2.4.1, 2.,4.2




envionmentsl sngineers, sciantista, planmn @ 11455 Waest 401h Avenue
and maragsment consutignts N Whes! Ridge, CO 80033

\ {303) 4220460
$
S
$ August 8, 1977
QS’Q/
Q.

Al Stoick

Nuclear Dynamics

200 South Lowell
Casper, Wyoming 82601

Dear Mr. Stoick:

Enclosed is the report resulting from my recent field trip to your
uranium test site near Moorcroft, Wyoming. Although no one-time
species 1ist can ever be considered complete, I feel confident that
few species -~ and certainly no major ones -- were overlooked.

Based on my previous conversations with the WDEQ, these data should
be more ihban adequate to accompany your present permit appiication.

S Al il O ) S i

be more than adequate to accompany your present permit appiication.
If and when additional studies are required, such as vegetation maps,
plant productivity, animal breeding densities, etc., please contact
efther David White or me.

We have enjoyed working with you and look forward to future involve-
ment on this or other Nuclear Dynamics projects.

Sincerely,

B Goda™

Allen B. Crockett, Ph.D.

ABC/kt

Enclosure




The Nuclear Dynamics test site is located in the northeastern Powder River
Basin, approximately 24 miles north of Moorcroft, Crook County, Wyoming
(Section 18 and 19, T 53 N, R 67 W). In general, the site is in an area
of gently rolling uplands underlain by Upper Cretacecus Lance strata. The
uplands are dissected by small drainages which are tributaries to Oshoto
Reservoir.

The vegetation of the site is typical of western high plains mixed-grass
prairie of the region. Up]ands; especially hilltops, were dominated by
Prairie Junegrass (Koeleria cristata), Blue Grama (Bouteloua gracilis),
and Buffalo Grass (Buchloe dactyloides) turf interspersed with a variety
of common forbs, such as Yellow Owl-clover (Orthocarpus luteus), Purple
Prafrie-clover (Dalea purpurea), Blazing Star (Liatris punctata), Golden-
aster (Heterotheca villosa), Ironplant Goldenrod (Haplopappus spinulosus),
Purple-headed Coneflower (Echinacea angustifolia), Prairie Conaflower
(Ratibida columnifera), Yarrow (Achillea Tanulosa), Silver Scurfpea
(Psoralea argophylla), Milkvetch (Astragalus cf, bisuicatus), Silver Loco
(Oxytropis c¢f. sericea), Winter or Prairie Sage (Artemisia frigida), and
a variety of less abundant species (see complete species 1ist appended to
this report).

Apparently slightly less severe sites, perhaps in areas of snow accumulation
or greater shade, were similar to hilltops but varfed by having increased
abundance of Prairie Sandreed (Calamovilfa longifolia}, Green Needlegrass
(Stipa viridula), Bluegrass (Poa canbyi and Poa secunda), Stimflower Scurf-
pea (Psoralea tenuiflora), Silvery Lupine (Lupinus argenteus}, Goldenrod
(Solidago spp.): and Pasture Sage (Artemisia Judoviciana).

Apparently slightly more severe sites, with southwesterly exposures, greater
- drainage, or sandier substrata, varied from hilitops in having Needle-and-
thread (Stipa comata), Indian Ricegrass (Oryzopsis hymenoides), Red Three-

awn (Aristida longiseta), Plains Muhly (Muhlenbergia cuspidata), Skeletonweed
(Lygodesmia juncea), Globe Mallow (Sphaeralcea coccinea), and Cut-leaf Even-
ing Primrose (Oenothera coronopifolia),




In addition were scattered occurrences throdghout the three above-mentioned
upland mixed-grass areas of Big Sagebrush (Artemisia tridentata), Gardner

Saltbrush (Atriplex gardneri), Rubber Rabbitbrush (Chrysothammus nauseosus),
Broom Snakeweed (Gutierrezia sarothrae), Small Soapweed (Yucca glauca),
Prickly Pear (Opuntia polycantha), Greasewood (Sarcobatus vermiculatus)}, and
S1lver Sagebrush (Artemisia cana). The latter two species were generally
restricted to arroyos or other drainages.

Also present throughout the mixed-grass areas, but nowhere abundant, were
Montana Wheatgrass (Agropyron albicans), Desert Wheatgrass (Agqropyron
desertorum), Western Wheatgrass (Agropyron smithii), Slender Wheatgrass

(Agqropyron trachycaulum and Agropyron trachycaulum ssp. majus), and Bearded
Wheatgrass (Agropyron trichophorum).

Wetlands were of three basic types: grass/sedge, forb/shrub, and rooted
aquatics. The grass/sedge wetlands were variously dominated by Big Bluestem
(Andropogon gerardii), Timothy (Phleum pratense), Alkali Muhly (Muhlenbergia
asperifolia), Nuttall Alkaligrass {Puccinellia nuttalliana), Redtop (Agrostis
cf. gigantea), Northern Reedgrass (Calamagrostis cf. inexpansa), Smooth Brome
(Bromus inermis), Threadleaf Sedge (Carex filifolia), Sedge (Carex xerantica),

Rush (Juncus interior), American Bulrush (Scirpus americanus), and Longstem
Spikerush (E1edcharis macrostachya). A variety of ?orbs were present but
never dominant. These included Harebell (Campanula rotundifolia) and Clover
(Trifolium sp.)

Forb/shrub wetlands generally were comprised of Western Snowberry (Symphoricarpos

occidentalis), Wild Rose (Rosa sp.), Poison Ivy (Toxicodendron radicans),
Curly-leaf Dock (Rumex crispus), Horsemint (Monarda fistulosa var. menthaefolia),
Field Mint (Mentha arvensis), Milkweed (Asclepias speciosa and Asclepias pumila),
Sunfiower (Helianthus maximiliani and Helianthus rigidus var. subrhomboideus),
Blue Lettuce (Lactuca tataria ssp. pulcheila), Canada Thistle (Cirsium arvense),
Bull Thistle (Cirsium vulgare), Yellow Thistle (Cirsium ochrocentrum), Wild
Licorice (Glycyrrhiza lepidota), and Cocklebur (Xanthium strumarium), in addi-
tiqn to various wetland graminiforms. One lone Chokeberry (Prunus virginiana
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var, melanocarpa) was present on the site.

Rooted aquatics fncluded Cattail (Typha Jatifolia) and Arrow-head
(Sagittaria cf. latifolia) along the reservoir {tself, or in isolated
puddies in adjacent tributaries.

Disturbed areas were dominated by weedy forbs and grasses, such as Ragweed
(Ambrosia psilostachya and Ambrosia trifida), Pigweed (Amaranthus retroflexus),

Lambsquarters/Goosefoot (Chenopodium album, Chenopodium incanum and Chenopodium

leptophyllum), Russian-thistle (Salsola jberica), Fireweed Summer-cypress

(Kochia scoparia}, Knotweed (Polygonum aviculare and Polygonum ramossisimum),
Black Medic (Medicago lupulina), Buttonweed Mallow (Malva neglecta), Prickly
Lettuce (Lactuca serriola), Common Sunflower (Helianthus annus), Curlycup
Gumweed (Grindelia squarrosa}, Salsify (Tragopogon sp.), Dandelion (Taraxacum
officinale}, Piantain (Plantago patagonica), and a variety of mustards (Allyssum,

Lepidium, Sisymbrium, and Thlaspi), as well as the thistles (Cirsium) Tisted

above. Weedy grasses were Foxtail Barley (Hordeum jubatum), especially in
moister sites, and Cheatgrass or Downy Brome (Bromus tectorum) and Japanese
Breme (Bromus japonicus), especially on drier sites. Disturbed areas were
primari1y restricted to roads, buildings, or old drill sites and comprised a
small percentage of the total area.

Domestic species whose presence probably is related, at least originally,

to revegetation efforts included Yellow Sweetclover {Melilotus officinalis),
Alfalfa (Medicago sativa), and Smooth Brome (Bromus inermis). These species
were scattered throughout the site but were never dominant.

In summary, most of the site was covered by a well-developed turf of Junegrass,
Blue Grama, and Buffalo Grass, with Prairie Sandreed and Silvery Lupine
dominant on moister slopes, with Needle-and-thread and Red Three-awn dominant
on some drier slopes, and with Wheatgrasses and Bluegrasses scattered through-
out. This broad vegetation type, with or without Sagebrush, comprised 70 - 85
percent of-the rolling landscape. The remaining 15 - 30 percent was divided
between wet lowlands with grass/sedge, forb/shrub, or rooted aquatic dominants,
and weedy disturbed areas. |
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Animals of the site were typical of mixed grass prairie and included
Brewer's Sparrow (Spizella breweri), Vesper Sparrow (Pooecetes gramineus),

Lark Sparrow (Chondestes grammacus), Savannah Sparrow {Passerculus sandwichensis),
Le Conte's Sparrow (Passerherbulus caudacutus), Lark Bunting {Calamospiza
melanocorys}, Horned Lark (Eremophila alpestris), Western Meadowlark (Sturnella.’
neglecta), Sage Thrasher (Oreoscoptes montanus), Mourning Dove {Zenaidra -
macroura), and Brewer's Blackbird (Euphagus cyanocephalus) in grasslands:
Red-winged Blackbird {Agclaius phoeniceus), Song Sparrow {Melospiza melodia),

and common Yellowthroat (Geothlypis trichas) in wetlands; Great Blue Heron

(Ardea herodias), Mallard (Anas platyrhynchos}, Pintail {Anas acuta), Gadwall
(Anas strepera), American Widgeon (Anas americana), Blue-winged Teal (Anas discors),
Green-winged Teal (Anas carolinensis), and Horned Grebe (Podiceps auritus) in
standing water; and C1iff Swallow (Petrochelidon pyrrhonota), Barn Swallow
(Hirundo rustica), Common Nighthawk (Chordeiles minor), Eastern Kingbird

(Tyrannus tyrannus), Say's Phoebe (Sayornis saya), Loggerhead Shrike (Lanius
tudovicianus), American Kestrel (Falco spaverijus), Prairie Falcon (Falco
mexicanus}, Rough-legged Hawk (Buteo lagopus), Red-tailed Hawk (Buteo
jamaicensis), and Marsh Hawk (Circus cvaneus) across the sfte. 1In addition,
numerous shorebirds, primarily Tringa and Calidris species were present in
migratory flocks.

Mammals observed were White-tailed Jackrabbit (Lepus townsendii), Cottontail
(Sylvilagus sp.), Thirteen-lined Ground Squirrel (Spermophilus tridecemlineatus),
Red Fox {Vulpes vulpes), Badger (Taxidea taxus), and Striped Skunk (Mephitis
mephitis). Shrews, bats, gophers, mice, voles, coyotes, deer, and pronghorn
antelope are presumed to occur as well but were not seen.

The only amphibian seen was the Leopard Frog (Rana pipiens); numerous reptiles
and other amphibians undoubtedly are present also. The ichthyofauna of water
bodies was not surveyed.
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Table 1 - Vegetation by Life-form of the Nuclear Dynamics Test Site, July 1977

Scientific Name
Alyssum desentorum
Amanranthus netnoflexus
Ambrosia psilostachya
Ambrosdia trhifdida
Chenopodium album
Chenopodium incanum
Chenopodium Leptophyllum
Cleome serrulata
Helianthus annus
Kochia scoparnia
Llactuca serriola
Lepidium densi {Lorum
Malva neglecta
Medlcago Lupulina
Onthocarpus Luteus
Plantage patagoniea
Polygonum aviculare
Polygonum Aamossisdmum
Salsola iberica
Sésymbrium altissimum
Thiaspl arvense
Xanthium strumanium

ANNUAL GRAMINIFORMS

ANNUAL FORBS

-~ 39-

Common Name
Desert Alyssum
Redroot Pigweed
Ragweed
Giant Ragweed
Lambsquarters
Goosefoot
Narrowleaf Goosefoot
Rocky Mountain Beeplant
Common Sunflower
Fireweed Summer-cypress
Prickly Lettuce
Prairie peppergrass
Buttonweed -
8lack Medic
Yellow Owl-clover
Hooly Plantain
Prostrate Knotweed
Upright Knotweed
Russfan-thistle
Tumbling Hedgemustard
Pennycress
Cocklebur

Japanese Brome
Downy Brome, Cheatgrass




Table 1 - Vegetation by Life-form of the Nuclear Dynamics Test Site,

July 1977, Continued

BIENNIAL FORBS
Scientific Name
Cirsdium arvense
Cirsdum ochrocentrum
Cinsdum vulgare
Exigeron strigosus
Grindelia squarnosa
Nelilotus officinalis
Tragopogon sp.

PERENRIAL FORBS
Achillea 1, nulosa
Antennaria
Anidd fulgens
AMtemisia frigida
" temisdin Ludoviciana
Asclepias pumia
Ascleplas speclose
Aster commutatus
Aster ericodides
Astragalus sp.
Astragalus cf. blsuleatus
Campanula rotundifolia
Dalea purpurea .
Echinacea angustifolia
Erigeron pumilus
Eriogonum alatum
Glycyrrhiza Lepidota
Gutiermezia sarothrae _
. Haplopappus spinulosus var. spinulosus
' Helianth imibiani
_ Helianthus nigidus var. subrhomboideus

-40~

Common Name
Canada Thistle
Yellow Thistle
Bull Thistle
Daisy Fleabane
Curlycup Gumweed
Yellow Sweetclover
Salsify

Yarrow

Pussytoes

Arnica

Winter or Prafirie Sage
Pasture Sage

Low Milkweed
Showy M{1lkweed

Aster
Aster

Milkvetch

Milkvetch

Harebell or Bluebell
Purple Prairie-clover
Purple-headed Coneflower
Low Daisy

Buckwheat

Wild Licorice

8room Snakeweed
Ironplant Goldenrod
Sunflower

Sunflower



Table 1 - Vegetation by Life-form of the Nuclear Dynamics Test Site,
July 1977, Continued

PERENNIAL FORBS (cont.)

Scientific Name
Helerotheea villosa
Lactuca tataria ssp. pulehella
Linum Lasisil

lupinus argenteus
Lygodesmia juncea
Medicago sativa
Helandnium drummondil
Mentha arvensds

Monarda {{stulosa var. menthaefolia
Oenothera coronopd fotia
Oxytropls serieea

Oxytropls cf. Llagopus

Phlox hoodid

Pofentilla arguta ssp. arguta
Psoralea argophytla

Psvralea tenulflona

Ratiblda columifera

Rumex crlapus

Rumex trlangulivaluis
Sagittania cf. Latifolia
Solldago missouriensis
Solidago mollis

Solidago nana

Sphagraleea cocelnea
Taraxacum of{icinale
Talfolium sp.

Yucea glauca

Common Name
Golden-aster
Large-flowered Blue Lettuce
Wild Blue Flax
Sflvery Lupine
Skeletonweed
Alfalfa
Drummond Campion
Field Mint
Pink Bergamot or Horsemint
Cut-leaf Evening Primrose
Stlver Loco
Haresfoot Loco
Hood's Phlox
White Cinquefoil
Silver Scurfpea
Slimflower Scurfpea
Prairie Coneflower
Curly-leaf Dock
Dock
Arrow-head
Missouri Geldenrod
Goidenrod
Goldenrod
Globe Mallow
Dandelion
Clover
Smali Soapweed Yucca



Table 1 - Vegetation by Life-form of the Nuclear Dynamics Test Site,
July 1977, Continued

PERENNIAL GRAMINIFORMS

Scientific Name
Agropyron alblcans
Agropyron desertorum
Aghopyron smithii
Agropyron trachyeautum
Agropyron trachycaulum ssp. majus
Agropyron trichophorum
Agrostis cf. gigantea
Andropogon gerandil
Adstida tongiseta
Bouteloua gracitis
Bromus Lineamis
Buchloe dactyloides
Calamagrostis ¢f. inexpansa
Calamovilfa Longifolia
Carex §ilifolia
Carex xe/antica
ELeocharis machostachya
Hoadeum jubatum
Juiteus {nterdloa
Koelerla cristata
Muhtenbergia asperifolia
Muhlenberg! ~ cuopidata
Oayzopsis hymenoldes
Phleum pralense
Poa canbgi
Poa secunda
Puccinellia nuttalliana
Scirpus americanus
Stipa comata
Stipa virnidula
Typha latifolia

~fde

Common Rame

Montana Wheatgrass
Desert Wheatgrass
Western Wheatgrass
Slender Wheatgrass

Compact Slender Wheatgrass

Bearded Wheatgrass
Redtop
Bfg Bluestem

Red Three-awn
Blue Grama

Smooth Brome
Buffalo Grass
NHorthern Reedgrass
Prairie Sandreed
Threadleaf Sedge
Sedge

Longstem Spikerush
Foxtail Barley
Rush

Prairie Junegrass
Alkali Muhly
Plains Muhly
Indian Ricegrass
Timothy

Canby Bluegrass
Sandberg Bluegrass
Nuttall Alkaligrass
American Bulrush
Needle-and-thread Grass
Green Needlegrass
Cattail



Table 1 - Vegetation by Life-form of the Nuclear Dynamics Test Site,

duly 1977, Continued

SHRUBS
Scientific Name

Artemisia cana
Artemisia tridentata
Atriplex gardneni
Chrysothammus nauseosus
Prwtus vinginiana var, melanocarpa
Rosa sp.
Sarcobatus vermiculatus
Symphoricarpos occidentalis
Toxdcodendron radicans

CACTI
Opuntia polycantha

LICHENS

Panmelia chlorochroa

Common Name
Silver Sagebrush
Big Sagebrush
Gardner Saltbrush
Rubber Rabbitbrush
Chokecherry
Nild Rose
Greasewood
Western Snowberry
Poison Ivy

Prickley Pear

Lichen




EXCLOSURE 5

Wildlife Distribution Maps, State of Wyoming Game & Fish Dept.
5400 Bishop Boulevard, Cheyenne, Wyoming: White Tailed
Deer, Hule Deer, Prairie Dog and Black Footed Ferred

Refers to section 2.4.2



TYPE

GUIDELINES FOR MAPPING WILDLIFE DISTRIBUTION

DESCRIPTION

SYMBOL

"'L Bgmmer

Winter

Bigration Routes

Parturition Areas
"Breeding Areas

Display Areas

Year-long

Combination

Critical

The general geographic area occupied by a
migratory herd during sumsmer months.
(Approximately June 1 - October 31)

The general geographic area occupied by a
migratory herd during winter months.
(Approximately November 1 = May 31)

Definakle route followed during seasonal
movements year after year.

a. General area of movement

b. Specific movement corridors

Geographic area consistently used for
birth of young. -

Geographic area consistently used for
breeding by the majority of a population.

Sites consistently used by the male seg=
ment of game bird populations during
courtship (e.g., strutting grounds, dancing
grounds, drumming sites, etc.)

a. censused :

b. uncounted

¢. abandoned

Geograpliic area occupied by all or a portion
of the population for the entire year.'

Range where animals occur during more than
one season.

That range that ig present in minimum
amounts and is the determining factor in the
potential for population maintenance and/or
growth. This will usually be represented by
a winter concentration where most members of
a population are forced during periods of
maximum snow cover each year or where most
members of a population are concentrated dur-
ing periodic severe winters. The critical
range may also be represented by late fall
water source or other resources in short
supply (e.g., cover for breeding, nesting,
fawning, etc.). The degree of criticalness
is related to a specific herd and is not re-
lated to the density of animals relative

to any other herd. -
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Game and Fish Department
5400 Bishop Boulevard
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4

2.5

2.5.1

2.5.2

METEOROLOGY

Climatological information has been obtained from Climato-
logical Data, Annual Summary, Wyoming, a publication of the United
States Department of Commerce, National Oceanic and Atmospheric
Administration, Environmental Data Service (Enclosure 6) and
from various maps from the Climatological Atlas of the United States
published by the same office (Ref. 3) The data originates from
reporting weather stations located in the vicinity (13 to 32 miles)
of the test site.

Climate, Temperature, Frost and Soil Temperature

The climate is cold and dry. For Moorcroft the mean monthly
temperatures in January and July are 20.4° F and 72.27 F (Enclosure
2; for greater detail see Enclosure 6; shawn graphically in Figures
4 and 5). Frost can be expected between September 15th and
May 30th (Ref. 3).

Soil temperatures recorded monthly at Gillette 2E Station
(sandy loam with native range cover) for depths ranging from
two and one quarter inches to forty inches for 1976 are given in
Enclosure 6. The data shows that in 1976 at the 40 inch depth the
minimum soll temperature of 35° F was attained during the months of
February and March. However, a review of the data for previous
years (Ref. 6) indicates that 31D temperatures have been recorded

on soveral occasions,

Precipltation, Humidity and REvaporation

For Moorcroft, the mean annual precipitation is 10.79 inches
of rain and 40.0 inches of snow. (Enclosure 2) For the year 1976,
the total precipitation was 16.44 inches, most of which was recorded
from April through September (12,97 inches). .June was the wettest
month with 4.30 inches recorded (Enclosure 6).
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2.5.3

2.5.4

The mean monthly relative humidity for the area ranges

approximately from 557% in July and August to 65% in November
through March (Ref. 3). '

The mean annual Pan Evaporation for the area is approximately
60 inches (Ref. 3). For the year 1976 the total Pan Evaporation
at the Gillette 2E Station was 50.68 inches recorded in the months
of April (4.33 inches) through October (3.72 inches). The high
of 10.26 inches was recorded for the month of July. No significant

evaporation was recorded from November through March (Enclosure 6).

Wind

The test site and vicinity are in the topographically
unobstructed plains area. The wind blows with some persistence
generally from the west. On a monthly basis the prevalling
westerly winds have an average velocity of eight miles per hour
except during the early Spring months when they average ten miles

per hour (Ref. 3). High wind velocities in gusts are not uncommon.

Inversions and High Air Pollution Potential

Because topographically the area ig open, there 1s little
opportunity for the entrapment and growth of atmospheric inversion

layers.

Pollution potential 1s relatively low because of the extreely

low density in population of the general area. Dust sources

are restricted to scattered country dirt roads and to relatively

minor farming activities,
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2.5.5

Meteorological Monitoring

The following are the weather data reporting stations in
the near vicinity around the test site, listed in clockwise order,
at their respective approximate distances and orientation from
the site (Fig. 6, Map of Wyoming Stations, 1976).

Devil's Tower No. 2 E 12 miles
Sundance ESE 31 miles
Hoorcroft S 22 miles
Gillette 2 SW 33 miles
Weataon WNW 19 miles
Oshoto 15 RNW 15 miles
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ENCLOSURE 6

Climatological Data Annual Summary, Wyoming 1976, Vol. 85,
No. 13, {(Excerpts): National Oceanic & Atmospheric
Administration Environmental Data Service, National

Climatic Center, Asheville, North Carolina

Refers to sections 2.5, 2.5.1 and 2.5.2



ENCLOSURE 6

NUMBER 13

VOLUME 85

® noaa

CLIMATOLOGICAL DATA

ANNUAL SUMMARY

WYOMING
1976

"I CERTIFY THAT THIS I5 AN OFFICIAL PUBLICATION OF
THE NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRA.
TION AND tS COMPILED FROM INFORMATION RECEIVED AT
THE NATIONAL CLIMATIC CENTER, ASHEVILLE, NORTH

CAROLINA 2880%." é@ %M

DIRECTOR
NATIONAL CLIMATIC CENTER

NATIONAL OCEANIC AND ENVIRONMENTAL/ NATIONAL CLIMATIC CENTER
ATMOSPHERIC ADMINISTRATION DATA SERVICE ASHEVILLE, N.C.
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TEMPERATURE EXTREMES AND FREEZE DATA
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2.6

BACKGROUND RADIATION

Natural background radiation consists of cosmic radiation
and radiation from natural terrestrial radiocactivity. Tables I
and 1I, (taken from "Radiological Quality of the Environment in
the U. 5., 1977," U. S, Environmental Protection Agency, Office
of Radiation Programs) give the estimated average annual exposure
to cosmic and gamma rays respectively, per person in each State
Iin the United States, expressed in milliroentgens equivalent man

per year per person {mrem/year/person).

The cosmic radiation figure for Wyoming is 130 mrem/year/person,
which 1s approximately three times the averapge for the United
States. The high topographic elevation of the State is the
reason for tue higher than average cosmic radiation. The
terrest “1al radicactivity (90 mrem/year/person) is 507 above

the national average.

Readings of the total gamma ray radioactivity at selected
locations at the site and vicinity are being taken to establish
a local background value, as well as any significant range in

diurnal, weekly and monthly fluctuations.

A portable scintillation counter of adequate sensftivity is

used for the measurements.
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TABLE 1

Estimated annual cosmic-ray whole-body doses (2.10)

{mrem/person}
Average Annual Average Annual

Political Unit Dose Political Unit Pose
Alabama 40 New Jersey 40
Alpska 45 New Mexico 105
Arizona 60 New York 45
Arkansas 40 North Carolina 415
California 40 North Dakota 60
Colorado 120 Ohio 50
Conneccticut 40 Oklahoma 50
Delaware 40 Oregon 50
Florida 35 Pennsylvania 45
Georgia 40 Rhode Island 40
Hawaii 30 South Carolina 40
Idaho 85 Bouth Dakota 70
Il1l1incis 45 Tennessee 45
Indiana 45 Texas 45
Iowa 50 Utah 115
Kansas 50 Yermont 50
Kontucky 45 Virginia 45
Louisiana 35 Washington 50
Maine 50 Wost Virginia 50
Maryland 40 Wisconsin 50
Massachusetts 40 Wyoming 130
Michigan 50 Canal Zone 30
Minnesota 55 Cuam 35
Miseissippi 40 Puerto Rico 30
Mimgouri 48 Bamon 30
Montana 80 Virgln 1slands 30
Nebraska 75 District of Columbia 40
Nevada 85

New Hampshirg 45 Total United States 45
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TABLE 11

Estimated annual external gamma whole-body
doses from natural terrestrial radicactivity (2.10)

{mrem/person)
Average Annual Average Annual
Politieal Unit Dose Political Unit Doses
Alabama 70 New Jersey 60
Alaska €0 New Mexico 70
Arizons : €0 New York 65
Arkansas 75 North Carolina 75
California 50 North Dakota 60+
Colorado 105 Chio 65
Connecticut 60 Oklahoma 60
Delaware 60x* Oregon 60*
Florida GO~ Ponnsylvania 55
Georgia 60+ Rhode Island 65
Hawall 60* South Carolina 70
1daho 60 * South Dakota 115
Illinois G5 Tennessee 70
indlana 55 Texas 30
Iowa 60 Utah 40
Kansas 60% Yermont 45
Kentucky 60« Virginia 55
louisiana 40 Washington 60 %*
Maine 75 West Virginia 60x
Maryland &5 Wisconsin 535
Massachusetts 75 Wyoming 80
Michigan 60 * Canal Zone 60*
Minnecsota 70 Guan 60#
Mississippt . 65 Puerto Rico 60*
Missouri 60* Samoa 60 %
Montana 60* Virgin Islands 60*
Nebraska 55 District of Columbia 55
Nevada 40 Others 60%*
New Hampshire 65 Total United States 60

¥Assumcd to be equal to the
United States average.
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2.7

SEISMOLOGY

The comparative seismic risk at the teat site and in the
general area is indicated in Figures 7, 8, and 9, adapted from
Seismic Rigk Studies of the United States, a publication of the
Environmental Science Services Administration (Ref. 6). A
computer printout (Fig. 11) was obtained from the Earthquake Data
File, National Geophysical and Solar Terrsstrial Data Center,
(Enclosure 7) which gives information on earthquakes which
occurred within a 200-mile radius of Moorecroft, Wyoming from
1895 through 1976, FEarthquakes of Intensity IV or higher are
plotted on Figure 10.

An ingpection of the above data indicates that the test mite

area lies in a zone of low seismic activity and risk.

The pilot plant is semi-movable, low relief in design
(modular). It will be enclosed in a Butler type housing structure

(structurally flexible). Erection will be in compliance with
local buillding codes.
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Figure 10.

Location of Earthquakes of Intensity IV or higher that took place
within 200 miles of Moorcroft, Wyoming between 1895 and 1977.

From Earthquake Data File Computer Printout. Natiopal Geophysical
and Solar-Terrestrial Data Centers; Environmental Data Service;
National Oceanic & Atmospheric Administration. (11/23/77)
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APPENDIX 5

HODIFIED MERCALLI INTENSITY SCALE OF 1931
{Abridged)

Hot felt except by a very fev under especially favorable circumstances.

Felt only by a few persons at rest, especially on upper floors of buildings,
Delicately suspended objects may swing,

Felt quite noticeably indoors, especially on upper floors of buildings, but
many people do not recognize 1t as an earthquake. Standing motorcars may
rock slightly. Vibration like a passing truck, Duration estimated.

During the day felt indoors by many, outdoors by few, At night, some
awakened, Dishes, windows, doors disturbed; walls make creaking sound.
Sensation 1ike heavy truck striking building, Standing motorcars rocked
noticeably.

Felt by nearly everyone, many awakened. Some dishes, windows, etc., broken:
8 few instances of cracked plaster; unstable objects overturned., Disturb-
ances of trees, poles, and other tall objects sometimes noticed. Pendulum
clocks may stop.

Felt by a1); many frightened and run putdoors, Some heavy furniture moved;
a few instances of fallen plaster or damaged chimneys., ODamage slight,

Everybody runs outdoors, Damage negiigibla in butldings of good design and
construction; glight to modsmtae in well-built ordinary structures;
ooneiderable in poorly buf  or badly designed structurcs; some chimneys
broken, HMNoticed by persons driving molorcars,

Damage slight in specially desfigned structures; oonaidsrable in ordinary
substantial buildings, with partial collapse; preat in poorly built
structures. Panel walls thrown out of frame structures, Fall of chimneys,
factory stacks, columns, monuments, walls. Heavy furniture overturned,
Sand and muyd ejected in small amounts. Changes in well water, Persons
driving motorcars disturbed.

Damage considerable in specially designad structures; well-designed frame
structures thrown out o1 plueb; great fn substantial buildings, with
partial collapse, Bufldings shifted off foundations, Ground cracked
conspicuously. Underground pipes broken,

Some well-built wooden structures destroycd; most masonry and frame
structures destroyed with their foundations; ground badly cracked.
Rafls bent. Landslides considerable from river banks and steep
slopes. Shifted sand and mud., Water splashed {slopped) over banks.

5-1

Figure 12. Modified Mercall{ Intensity acale 1931 -
From Earthquake Data File Summary

10



APPENDIX § (Cont.)

X1, Few, if any, (masonrv) structures remain standing. Bridges destroyed.
Broad fissures in ground. Underground pipelines completely out of
service., farth slumps and land siips in soft ground, Rails bent

greatly,

XII. Damage total. Waves seen on ground surfaces. Lines of sight and level
distorted. Objects thrown upward into air,

USA Modified
Mercallf, 1931 Japanese, 1950 Rossi-Forel, 1873  European (Mercaili-

(M) {JMA) (RF) Cancani-Sieberqg), 1917

I 0 I [

11 I I-11 Il

Il [ Il 111

1y [1-111 Iv-v 1y

Y I11 V-VI v

VIl IV VI-VII Vi

1 28! Iy-v VIII- I

VIl y YIII+ - IX- VIl

IX V-v¥I IX+ IX

X Vi X X

X1 VIl X1

X1l X1l

5-2

Figure 13. Modified Mcrcalli Intensity scale, 1931 -
{cont {nued)
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ENCLOSURE 7

Earthquakc Data File Summary, Key to Geophysical Records Documentation,
Appendices 3, 4, and 6, from; National Oceanic and Atmospheric
Administration, Environmental Data Services, National Geophyglcal and
Solar-Terrestrial Data Center, Boulder, Colorado

Refer to section 2.7



Flald

SOURCE

YEAR, MO, DA
HR, MN, SEC

LAT, LONG

DEPTH

MAGNITUDES

INT MAP
INT MAX
PHENOM

DTSVNO

RN

CE

Q/5
MAR DG

DIST

APPENDIX 3

DATA FORMAT--PRINTOUTS
Description*
Data source (appendix 4).
Date (UT/GMT).
Origin time (UT/GMT). Letter or symbol
following time is quality and code for
time and coordinates,

Geographic latitude and longitude.

A, G, D, or N following value designates
depth control factor.

Body- and surface- (SURF.) wave values as
determined by PDE programs. Authority
for other magnitudes and lccal magnitudes
according to source codes (appendix 4),
Isoseismal map published.

Maximum intensity (appendix 5).
Associated phenomena: EGiastrophism,
Tsunami, Seiche, Volcanism, Montectonic,
and Waves Generated.

Flinn-Engdahl geographic region number
(appendix 7).

Cultural effects,
Quality/number of stations.

Marsden (10°) square and (1°) subsquare
nunber {(appendix 6).

On radius scarches, the distance in km
between the earthquake location and the
designated point.

Tape Position*?*

6-8
10-17
18-24, 77

41-43,

59-60,

66~68,

78-80

46-18
49

50-55

56-58

64
74-76
1-5

*See Data Format--Magnetic Tape (appendix 1) for detailed description.
**The programmed farmat used in the Earthquake Data File printouts
incorporates decimal points in the origin time and coordinates and is

designed to present the data in a readable style,

3-1
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ADK
AEC
AGS

ALG
ALl
ALM
ALQ
APA
API
ATH
BCI

BLA
BNS

BOG
BRA
BRK
BSS

BUC
BUL
CAN

CAR
CFR

CGS
CHC
CLL

DJA
EQH

ERL
GIA

G-R
GOL
GS

Adak, AK, USA :

U.S. Atomic Energy Commission
Alaska Seismic Studies, USGS-
NCER, Menlo Park, CA, USA
Algiers, Algeria

Alicante, Spain

Almeria, Spain

Albuquerque, NM, USA

Apatity, RSFSR, USSR

Apia, Samoa Is.

Athens Observatory, Greece
Bureau Central International de
Séismologie, Strasbourg, France
Blacksburg, VA, USA

Bensberg, Federal Republic of
Germany

Bogota, Colombia

Bratislava, Czechoslovakia
Berkeley (Haviland), CA, USA
Bulletin of the Setsmological
Society of Amertea

Bucharest, Romania

Bulawayo, Rhodesia

Canberra, Auctralian Capital
Territory, Australia

Caracas, Venezuela

Charles F. Richter {see Richter,
1958, 1n References)

Coast and Geodetic Survey
Chapel Hil1, NC, USA

Collmberg, German Democratic
Republic

Djakarta, Java, Indonesia
Earthquake Hictory of the United
States {see References)
Environmental Research
Laboratories

Geophysical [nstitute,
University of Alaska,
Fairbanks, AKX, USA
Gutenberg-Kichter {see Gutenberg
and Richter, 1954, in References)
Golden (Bergen Park}, CO, USA
U.S. Geological Survey, Denver,
Co, USA

APPENDIX 4

4-1

73

HEL
HRB
HYO

1SK
IS5

18T
JER
JMA

JOH
KAR
KEW
KIR
LEM
LIS
LJU
LWl
MAL
MAN
MAT
MER
HOS
MOX

NCE

NES

KOS
ROU
HRR
0AX
OBM
017
OXF
PAL
PAS
PDE

PEK
PET
PHG

CODES FOR DATA SOURCES

Helsinki, Finland
Hurbanovo, Czechoslovakia
Hawaiian Volcano Obsy., Hawaif
National Park, HI, USA
Istanbul-Kandil1i, Turkey
International Seismological
Summary, Kew, England, UK
Istanbul, Turkey

Jerusalem, Israel

Japan Meteorological Agency,
Tokyo, Japan

Johannesburg, Seuth Africa
Karachi, Pakistan

Kew, England, UK

Kiruna, Sweden

Lembang, Java, Indonesia
Lisbon, Portugal

Ljubljana, Yugoslavia
Lwirp, Zaire

Malaga, Spain

Manila, Philippines
Matsushire, Honshu, Japan
Herida, Mexico

Hoscow, RSFSR, USSR

Moxa, German Democratic
Republic

Kational Center for tarthe
quake Research (NCER),
Menlo Park, CA, USA
Hortheastern Sefsmological
Association, Weston, MA, USA
Hational Ocean Survey
Houmea, Hew Calecdonia

North Reno, NV, USA

Oaxaca, Mexico

Ulan Bator, Mongolia
Ottawa, Ontario, Canada
Oxford, MS, USA

Palisades, HY, USA
Pasadena, CA, USA
Preliminary Determination of
Epicenters

Peking, China
Fetropaviovsk, RSFSR, USSR
Port Moresby, Papua



PRU
Que

REY
R1Y

SAN
SEA
SH1
SHL
SLM
SHe4
555
STR

APPENDIX 4 (Cont.

Palmer, AK, USA

Praha (Praque), Czechoslovakia
Prubonice, Czrchoslovakis
Quetta, Pakistan

Raciborz, Poland
Reykjavik, lceland
Riverview, New South Males,
Australis

Rose (Monte Porzio Catone),
italy

Roee, 1taly

Santiago, Chile

Seattle, WA, USA

Shiraz, Iran

Shillong, India

St. Louis, MO, USA

Socorro, 1, USA

San Salvador, £1 Salvador
Strasbourg, france

4-2
74

STU

SYK
TAC
TEH
TOC
TR!
TRH
TR
ucc
uGL
JPP
USE
VIC

HAR
WEL
YSS
JUR

Stuttgart, Federal Republic
of Germany

Sykes (see References)
Tacubaya, Mexico

Teheran, Iran

Toch ai, India

Trieste, Italy

Trinidad, Trinfdad, W.I,
Tulsa, 0K, USA

Uccle, Belgium

Uglegorsk, RSFSR, USSR
Uppsala, Sweden

Imited Statea Farthquakee
Victoria, British Columbia,
Canada

Warsaw, Poland

Wellington, New Zealand
Yuzhno-Sakhalinsk, RSFSR, USSR
lurich, Switzerland



APPENDIX 6. MARSDEN SQUARE CHARTS
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1° MARSDEN SQUARE CHART
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2.8

GEOLOGY

The structural and topographic Powder River Basin {g bounded
on the west by the Blghorn Mountains, on the southwest by the
Casper arch, on the east by the Black 1lills, and on the south by
the Laramie Range and Martville uplift., The northern limit of the
basin s the Miles City arch in Montana. The basin Is asymmetric,
with its deepest part on the west side roughly parallel to the
Bighorn Mountains. The west side of the basin is strongly deformed,
with beds dipping from 30° to vertical, while the cast side is
charnacterized by shallow dips of from 1% to 5°. A maximum of
18,000 feet of Cambrian to Helocene sediments [{1} the basin,

{(Reference 7).

The arca of the test site s on the northeast side of the basin
where the beds dip gently to the west. The genecral geology of this
area 1s shown in Figure 14, The underlying formation pertinent
to this application {s the Upper Cretaceous Piecrre Shale, which
consists of from 2000 to 3000 feet of impervious marine shales,
sandy shales, and bentonite heds intercalated with some sandstones.
{Ref. 7} Overlylng the Picrre Shale is the Fox Hills Sandstone,

a regressional secquence of marginal marine, estuarine and tidal flat
deposits ranging from zero to 200 feet in thickness. The Fox

Hills Sandstone is gradational Into the overlying Late Cretacecous
Lance Formation, which is predominantly fresh-water deltaic deposits
of fine- to medfum-grained sandstone, sandy shale and claystone, with
a total thicknesas of 500 to 1000 feet. Figure 15 provides a descri

» B).

2

tion of these unlts and thelr hydrologle characteristies. (Ref, 7

Uranium minernlization averaping less than 0.1 per cent U308
occurs in the Lance Formation and possibly in the Fox 1Wills Sand-
gtone in fine- to medium-grained sands, contafning carbonaceous
material interbedded with thin shales and mudstoenes, Plates 3 and
4 {llustrate north-south and cast-west geolopie cross sections

through the test site area. Flgure 16 {s a plan map showing the

drill hole locations for the geologic sections,
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b Gealogic Untt Litholory, Thicknens, and Diatrd

fart Union Fotratien

TERTIARY
Poteacers

Sandatone, fine-grained, and interbedd~d
ahale and coal, Thickness about 2,270 f
basin (Dobbin, Kramer, and Hern, 1957) a
aouthweat part (Horn, 195%%), and about 1
nocthwent part {Home, 1955, pl. B)., Outd
Union encircles moat of baein; the beds
into the aubaurface,

uESOZOIC

lance Formation

e

Sandstene, flne-to medfum-grajned, and §
shale and claystone, Thickneas increass
eant slde of basin fram about 300 feet §
Campbell County to asbout 1,600 feat In nde
County (Robipson and athors, 1964, p. %8
#bout 1,500 feet In Niobrara Caunly {vni§
P 33 te aa much aa 3,000 feet in weuth

County (Rapp, 1983, tabwle §3. On weat o
thickneas {ncreases southwsrd from about
touthern Hontans (Them and others, 1935,
gbout 2,000 feer near Buffalo (Mapel, 1%
and to about 2,400 feet {n southern John
(Horn, 195%).

Fox Hille Sandstone

CRETACEQUS
Upper Crelocrows

Predominantly sandstone, fine-to mediun-
thin beds of sandy shale; thickness rang
to 250 feet In Crook and Weston Countie
others, 1964, p. 95}, and from sbout 400

Niobrars County (Whitcemb, 1963, p. 19).
about 700 feet in aouthweat part of bani
but has not been differenciated, {f pres
overlying Lance Formation {n west and no
of basin (Hese, 1955, p. 63; Hapel, 195%

Pierce Shalr

bac v
1729417

Pierre Shale--Shale, some sandy shale

and many beds of bentonite (Robinson a
p. 77}, Contatns Gront Sandstone Bed o
Ferruginoue Member in Crook and Heston
Cil) and Cobban (1961, p. D190} report
thicker and coarser grained toward west
thickens mouthward from about 2,100 fee
most Crook County to about 2,900 feet |
County (Robinson and others, 1964, fig.
much em 1,100 feet in Niobrera County {
table 3). Present on wast side of bas!
ward {n subsurface inte Lewis Shale, He

Formatien, and uppar patt of Gody Shale
of basin,

Stratigrapg
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tion l Avaliability and {re=1cal Quallty of Lo and Water
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hale, carbonaceous Yirlds water {ron {ine-pralned sandslone, jolnted conl,

t in cast part of and elinker bede. Havirus ylelds are about 130 ppm,
2,%00 frenv §n Avetage speclliic capaclty af four wells in southwest

50 feer In (road County was 0.1 gpe per foot nf drawdown {Whitcomb
vp of Fort and Morrie, 1966, table Y and p. &0). Well 50-72-20 cac
p baninwatd rear Gilletie had & specific capactiy of 0.7 gpm per foot
af dravdown {Littleton, 1950, p. Y&). Averapr wpecific
capacity fot 8% wells In Sheridaa County computed from
yirld-dtavdown data from driliers’ loga was 0.L1 gpe

per (ool of drawdown (Lowry and Cumalinps, 190h, p. ).
Dissolved sollda range [roe abaut J0OO to rore thae ), 000
mefl, but comrmonly Tange between 500 4nd 1,300 mydd
Water type ln mostly sodfum blearhenate, and to a lrawer
exlent sodiwm sulfate

terbhedded zandy Generally ylelds lese thao 20 gpm, but ylelds of wevers}
gouthward on hundted galloas pet mlnute many he possthie ltom the com-
northeast plete sectfien of the formation, Host wella have bren
rthern Weston drilled {n outcrops of the Lance far domestlc and stock

., and from puiposes and tap only & smill part ol the [stmation.
comb, 1G6Y, The apeclilc capacity of three valin In Crook County

rn Converse tanged [rom 0.4 to 1.7 gpe per fnol of dravdown (Wnhltcamt
de of basin, and Morrts, 1964, p. 153}, Dissolved solide range from

j 400 feer in about 700 to wmore than 1,000 mp/i, but ceemonly rtange

gp. 61) te between 500 and 1,300 mg/1. HNo dominant water type l»

3, p. 50) prevalent,

& on County

2lned, tontaining Yieldo!l 2% muth as 700 gppm are svailable from sandstone
e {rom about 135 brds in ecast part of basin, Several wells south ol Rozet
(Rebinmon and produce about 700 gpm {rom the Foxr Hills tor water llocd-
to 500 feet in fnp., Hell %6-71-1%d4, Campbell Counsy, f{lows 13 gpa rom
Thickness i3 s depth of about 7,000 leet, snd kas a shut-In pressure of
(Horm, 195%), 4 pal {pounds pet aguate Inch) at the surface. Haxlmum
nt, [rom the yields In weat part of basin will probably be lean than
thwest party 100 gpa.  Well 4G-TE-15%abb, Watrona Countly, had & spectflc
p. 39}, capaclty af only 0 37 gpa per foor of drawdovn (Crist and
Lowry, 1971, p. 61}. Dissolved rol{ds are mortiy lena
than },000 mg/l in east part of baasn, but generally range
betweer 1,000 and 2,000 mg/l 1ln wert part. He domlnant
watet [ype l& prevalent.

4 sandatone, Plerre thale, Miobrars furmatlon, Carlils Shale, Greenhorn

pthezs, 3964, Formatien, and Belle Fourche Shale--Srequence of socks fa
the Casmon predominantly shale with only lccal lennes of sand (ron
Eounties that which small amounts of waeter can be rxpected. The Groat
scones Sandstone Red wight be #n exceptlon, but ylelde of 10 1o
Format lon 20 gpw would probably be waxlmum.

{s northern-
central Weagton
5}, and to an
{tcoswb, 1963,
i} grode went~
averds
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2.9

2.9.1

2.9.2

HYDROLOGGY

Surface Water

The test site lies in an area of grasslands with rolling
topography and small drainages which are Intermittent tributaries
to the Little Missouri River and the Belle Fourche River. A small
livestock watering dam known as the Oshoto Reservoir is located
approximately 3000 feet north of the test gite, This shallow
reservoir (0 to 20 feet deep, 3500 feet long and 300 feet wide)
is located on the Little Missouri River and collects intermittent
runoff. (Plate 1, pocket) The plant site ig topographically over

100 feet higher in elevation than the top of the reservoir dam.

The reservoir is the only body of surface water in the vicinity

of the test site.

Groundwater

Extensive hydrelogic tests were conducted in August, 1977,
Interpretation of the results are provided in Enclosure 8 in a
report by Paul A. Manera, Manera and Assoclates, Consultants in

Water Resources, Phoenix, Arizona.

In the test-aite area, the 550 foot thickness of the combined
lower Lance Format{on and Fox llills Sandstone (where present)
contains three aquifers between the ground surface and the top of
the impervious Pierre Shale (Plate 5, pocket). The anuifers, from

top to hottom, are described as follows:
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2.9.3

2,9.4

2) Established the hydraulic confinement of the "B zome"

aquifer containing the mineralization.
3) Determined (subject to additional confirmatory data in

process) the rate of movement of water in the "B zone" aquifer as

less than one foot per year, and the direction to the WNW.

Baseline Water Quality - Surface Water

Samples for baseline water quality purposes have been collected

from various sources beginning in 1976.

Surface waters and private well sources within a radius of
three miles from the test site are listed in Table I1I1 (additional
baseline water quality data beyond the three mile radius is
available). Locations for water samples are shown on Plate 1
{pocket), and the analyses are given on Table IV. Oshoto Reservoir
and three selected wells (marked with an asterisk, Table IV) will
continue to be sampled and analyzed on an approximately acasonal

interval for as long as 1s deemed necessary.

A common factor with the majority of the analyses shown,
which include Oshote Reservoir, 1s the high content of combined
alkalies present, principally sodium which generally exceeds the
limits of Wyoming DEQ secondary criteria for Irrigation Water Quality
as shown in Table 1V. Potassium ranges from 4 to 32 mg/1 only.

(Enclosure 9)

Bagseline Water Quality - Ground Water

Nubeth Arill holes located between 500 and 7,000 feet from the
test site which have been sampled and analyzed at various times
gince 1376 are indicated on Plate 1 and 2, and are listed as

follows:

82



1) The "surface aquifer" or water table aquifer which
extends to a depth of 150 to 250 feet approximately. The static
head of the "water table" aquifur stands from 7 to 13 feet above

the piezometric head of "A zone" aquifer below.

2) The "A zone" aquifer which lies between approximately 250
feet to 430 ¥ feat from the ground surfnca, {8 n non-flowing
artesian aquifer. The piezometric head of the "A zone" aquifer
stands from 40 to 46 feet above the piezometric head of the "B zone"

aquifer below.

3) The "B zone" aquifer, from 445 % feet to 550 % feet 1is
a non~flowing artesian aquifer. As indicated above, its piezometric
head 18 lower than "A zone" aquifer. The "B zone" aquifer 1is
hydraulically confined and separated from the "A zone" ahove by a
10 to 20 foot thick clay aquiclude. The continuity and impermeability
of this aquiclude were confirmed by the hydrologic tests. Confining
the "B zone" aquifer underneath is the impervious Pierre Shale.

The "B zonc" aquifer contains the uranium mineralization.

To the west from the test site, the Lance Formation dips very
gently westward and very gradually attains a thickness of approxi-
mately 1000 feet, while to the east the Lance Formation and the
Fox Hills Sandstone eventually outcrop and terminate on the northeast

monoelinal flank of the Powder River Basin,

The principal results attained from the hydrologic tests
follow:

1) Determination of transmissivity, hydraulic conductivity,
direction of flow (subject to additional confirmatory data in
process) and storage coefflcient for tho "B zone" aquifer, plus

other related information.
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790-v Surface aquifer sampled on 7-77
796=-V Surface aquifer sampled on 7-77

* 3-y "A zone" sampled on 7-77
758-R "B zone" gampled on 4-76, 9-76
* 7B8-V "B zone" sampled on 8-77
789-v "B zone" sampled on 8-77
791-V "B zone" gampled on 7-77
829-R "B zone" sampled on 4-76, 12-76, 7-77

Two wells aelected from the above 115t {marked with an
agterisk), of wells already drilled and, two new wells yet to be
designated, will be sampled and analyzed once every two months

as long as deemed necessary in accordance with NRC and DEQ.

Table Vo gives a comprehensive list of analyseas for water
constituents analyzed for baseline quality purposes in summary form,
along with corresponding EPA Proposed Quality Criteria as obtained
from the Water Quality Division, Wyoming DEQ.

Additional data will be forthcoming for the "aurface aquifer,”
"A zone' and for "B zone' from wells drllled recantly and from wells
yet to be drilled within 500 to 7000 feet from the test site.
Locaticn and sampling data from these wells will be provided to
NRC and DEQ as 1t becomes avaflable, especially wells Jocated

downflow from the test site.

Monitor wells located within 200 feet of the perimeter of the
leach module (see 3.2.1) were drilled for the purpose of monitoring
"B zone" and "A zone'" within and around the leaching operation.
These will be sampled cvery two weeks to obtain sufficient data to
establish natural variations of critical parameters as follows:
godium, total dissolved solids, uranfum, arsenic, selenfium and
radium 226. A complete suite of analyses (Table V) will be run
on a monthly basis. The acceptable range for these parameters will

be determined by mutual agreement with NRC and DEQ.
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. I1f sufficient data is collected which shows that a parameter

(or parameters) does not vary significantly between consecutive
analyses, the frequency of analysis of the parameter in question

should be reduced with the approval of NRC and DEQ.

For more detafled information on wells within the perimeter
of the leach module which will also be used for baseline water

quality determinations, please refer to 3.2.2 and 3.2.4.
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ENCLOSURE 8

Aquifer Analysis Near Oshoto Reservoir Crook County, Wyoming
for Nuclear Dynamics, Inc. - Paul A, Manera

In Back Pocket
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STTy ENCLOSURE 9

THE STATE & \ITi 5;,.." OF WYOMING ED HERSCHLER
TR GOVERNOR
o @eﬁadman/ o/ Enwvironmendad Qua/{/y
LAND QUALITY DHYISION
STATE OFFICE BUWDING TELEPHONE 307.777.7756 CHEYENNE, WYOMING B2002

November 8, 1977

Mr. Al Stoick

Nuclear Dynamics Corp.
200 South Lowell
Casper, WY 8260}

Dear Al:

Enclosed please find a 1list of proposcd EPA Water Quality Criteria a8 you
requested by telephone today.

Sincerely,

. X R P j-'"' /j‘/'
® %

Dan Herlihy*
Hydrogeologist

DH:d1lh
Enclosure
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EPA PROPOSED WATER QUALITY CRITERTA (1)

. Paraneter

(Compiled Primarily by Water Quality Division - DEQ)

Irrigation Livestock _hquatic Life _Publie Vater Supply
Acidity . ' '
»’ Poh mere tP?% R4-|{Naturally occurring
Alkalinity tural §e3e1 1) 400 ms}l as €aC0, (4)
Alvninum 5.0-20. mp/1 5.0 mg/)
tmnonia -02 mg/1 .5 mp/)
.10 - 0.2 mg/l *%*
Arsenic 0 mg/1 1,0 me/1%] 1.0 mg/l* .05 mg/l*
Barium 1.0 mg/1
Beryllium .1 mg/l 6000 mg/1= 28.5 mg/1%
40 -
Bicarbonate 180 mp/1% 0 - 150 ng/1%
BOD _
075 -
Boron 2,0 mp/1 5.0 mg/1 1.0 me/l
ool - -03 -
Cadmivm .05 mp/1 . 50.0 ue/1 .004 nz/1 .01 mg/1 i
- .3 mz/1 CCE & I8
Carbon adsorbable 1.5 CAE i
2000 me/1 #x
Chloride 100 mg/1* 15007 ma /1 250 mg/l
'05 -
Chlorine 0 - 50 mg/1* 003 me/1 0 ~ 2.0ma/1%
i C
Chromniun 1.0 mg/] 1.0 mp/1 .05 me/1 .05 mz/1
.05 -
Cobalt 5.0 mp/l 1.0 ng/1 1.0 me/1% .1 - .25 me/da
Color — — . 75 peu
. a2 = .
Copper 5.0 mg/1 5 me/1 - .2me/l 1.0 weg/i
Cyanide 005 mg/]) | <2 me/)
Detergents -2 mp/1
Dissolved
Oxypen . e b b rp/d
Dissolved * 2000 - 5009 5000 mp/l A4
Solids or 200-1000 mg/l| 2500 mg/1*} 2000 me/1% | 1000 ma/1%
2.0 - 2.0 mg/l *= 6 = 1.7 ug/1 (3)
Floride 15.0 mg/1 1.0 mp/1% | 1.5 mg/l% 7~ 1.2 mg/1n
Florine 2,0 mg/1

%% Present limit accepted by Land Quality, DEQ for Wildlife & Lives

Cuideline No. 4

* Taken from McKee and Wolf (ed.), 1963, Water Quality Criteria (2nd ed.):
Agency of California, State Water Quality Control Board Puhlicatian Nn

50

tock Impoundments:
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VATER QUALLTY CKITZR1A Pp. 2

Parameter Irrigation }Livestock Aquatic'Lizg Public Water Supp
. Foaming agents <35 mg/l

Hardness Y

. (2)

Bydrozen Sulfide _ 002 mp /1 .05 mg/1

Iron .5 ~ 20, me/1 .3 T 7 mp/lx +3 me/1

Lead 5.0 - 10, np/1 .1 QE/I .03 mz/1 05 mp/1

075 - | T
Lithium 2.5 me/l 5 mg/1
— .
Manpanese {_ .02 - 10. mp/1 10.0 mg/14 1.0 mg/1s N .05 mp/1
.01 mg/l *x

Mercury(inorganic ' 1.0 ug/1 -2 ug/1 | .002 me/1

Mercury T

(organic) . 1 +2ug/l

Molybdenum 01 - .05 mg/1 (5) T i

Nickel :2 = 2.0 mg/) -030 ~ L4 mz/1 1.0 po/12

‘ NO& + 103 | (as N)

Bitratas

100 myp/1 | 5.2 - .9 mg/1%* {(as N) 10 me/l

——

Hitrilotriacetate

Ritrites 4. 10.0 me/ 1 . 1 1.0 mg/}
051 '
0il & Crense 10 me/1+ ___10 pp/1= | 10 mg/1% ] 2bsent
3-Threshold odor No.

Odor e absent

e p—eSd8mt

6.5 - 8.5 (2) ,
pH h.5 - 9,0 6.0 ~9,0 % 6.0 - 9.0 5.0 - 9_¢ -
Fhenolic MH%M
Compounds . : -1 fp/1 . .
Phenols 40 - 50 mp/l% _:__m______lLQ___Jj]\gQ“f_ L0 ug/1
t
Phthalate Esters -3 up/1 |
Phosphate 6 - 50 mo/1x i '
Polychlorinated ‘“‘“““*“—‘—*—-—ﬁ—~———————_—__-________*d
Biphenyls : ___ﬁ_ﬁ____“~h_;_,L993_EE£}____J —_—
o S

Radioactivity | —_— ' 3 pCi/l
Salinity 3000 mg/1 | _ 500 mg/1=
Selenium 202 mgp/1 _ _L“h_;giJﬂﬁil_

T .01

A% Present lim{t accepted by Land Quality, DEQ for Wildlife 4 Lives
Guideline No, 4 91

* Taken from McKee and Wolf (ed Y. 1961 tar e A .

tock Tmpoundmentg:



Parameter Irripation Livestock  Aquatfe Lifc Publie Vater Suppl

Silver ’ :ggzaiggllﬁ .05 we/1

Sodivm 2000 mS/% (7) o .
3000 mg/1*% "

Sulfate 200 mp/1% 500 mg/1% 250 mg/1

Sulfide .002 mp/1

Suspended Solids 240 mg/1* 25 ~ 80 mp/1 .1 me/1%

Temperature '

Turbidity 200 Units* +1 - 5 Unitss

Vanadium -1 mg/l=2 1 mz/1

Zinc 2 ~ 10 mg/1* 25.0 mo/l .87 - 33 mg./ 1

5.0 ng/)

*% Present limit accepted by L
Guideline No. 4

* Taken from McKee and Wold (ed.),
Agency of California, s

(Sece footnotes on Jlast page)

and Quality, DEQ for

1963,
tate Water Qua

Water Quality Criteria (2nd ed.):
lity Control Board Publication No.

Wildlife & Livestock Impoundments:

The Resourcf
3-A. '

gagionuclidggz Additiona) Notes - - _ Drink

ing Water §

(A) Gross Alpha Radioactivity

1. Investipgation levels keyed to Ra-226.

Gross Alpha Concentration

a)
Ry

Not excceding 0.5 pci/liter I Nonsa
k) Creater than -5; less ‘than 5 pci/liter Radiochemieal analysis for Ra-226 B
¢) Greater than 5 pci/liter Comprehensive radiochemical analys §8
(B) Gross Beta Radioactivity
. L. Investigation levels keyed .to Strontium-90.
2. Other beta-cmitters Pb-210, Ra-228 (usually present In insignificant amounts
Gross Beta Concentration 3£9U1§£§“{£fi°n
(exeluding K-40) 7
a) Not greater than 5 pei/l None (1f no Pb-210 & Ra-22 are absd
b) Greater than 5, but not less than Analysis of Strontium -90, Todipe
50 pCi/liter Iodine 13]
¢) CGreater than 50 pCi/liter

92
(C) Additfonal informatfon. see fontmate €£3

2tapdards (Information taken from ;
(1) Page 85 )

Reguired Action

Comprehensive radiochemical analys



» . -~ 4 - - (7/8/17)
- - AT PNT T AT A LR Tl ISR T I At DU S S
B RIGATION WATER QUALITY :‘.‘.éj;;w,k.l.‘;'ﬂ.i AL LnEineshing
8 - : YA Qim0 .
B —COMDARY CRITERIA FACT SHEwT
® e seron e Limits T ST
Class Limits -- parts per million Description
Sensitive  Semi-tolerant Tolerant
crops Crops crops
1 Below 0.33 Below 0.67 Below 1.00 Very Tow. No effect on crops.
2 ' 0.33to0.67 0.67 to 1.33 1.00 to 2.00 Low. Very slight effect on
: crops.
3 0.67 to 1.00 1.33 to 2.00 2.00 to 3.00 Moderate. Significant yield
| depression.

4 1.00 to 1.25 2.00 to 2.50 3.00 to 3.75 High. Large yield depression

_ anticipated.

5 Over 1.25 Over 2.50 Over 3.75 Very high. Hon-usable,

. TABLE 2 -- Selenium Class Limits
:_ —— e — e —
; Q,. ' .

: Class Limits -- parts per million Description

1 0.00 to 0.10 Low. RNo plant toxicity anticipated.

2 0.11 to 0.20 Medium. Usable -- possible long-term ac-
cumulation under particylar conditions
and should be watched,

3 0.21 to 0.50 High. Doubtfyl -- probably toxic accumula-
tion in plants except under especially
favorable conditions.

4 Over Q.50 Very high. tlon:usable under any conditions.

TABLE 3 -- Residual Class Limits of Sodium Carbonate

N e

f.C. :(C?__/f’(djé EC‘{J “(_c_ e £ S M

*t?tﬂﬂﬁ;tqff

e e

e e e e e v,

11 problems over those

sibility of some increases §n
those listed under alkali

Cimits -~ B T
Class milliequivalents Description
: per liter . e
] Below 1.25 Safe. Lo augmented alka
Tisted under alkali r. ng.
. 2 1.25 to 2.50 Marginal. Dos
e alkali over
i, o rating.
3 Over 2.50 Hot suitable,

- ——— ey

Considered non-usable for

gation under ront circumitances .

frei-
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(1)

(2)

(3)

(%)

(5)

(6)

(7)

Footnotes

Committe of Water Quality Criteria, 1972, Water Quality Criterin,
Environmental Studies Board: National Academy of Scienc - Hational
Acadany of Engineering, Washington, D.C.

Environmental Protection Agency, March 31, 1977, National Secondary
Drinking Water Standards {40 CFR Part 143) Proposed Regulations:
Federal Register, Volume 42, No. 62, p. 17143~17146.

U.S. Public Health Service, March 6, 1962, Drinking Water Standards
(42 CFR,Ch. 1, Part 723: TFederatl Register 2152

Environmental Protection Agency (not published as of July, 19773, Quality
Criteria for Water: Washington, D.C.

Environmental Protection Agency, (undated), Comparison of NTAC, NAS, and
Proposed EPA Numeri;al Criteria for Water Quality: Washington, b.C., 12 pp.

Environmental Protection Agency, July 9, 1976, Promulgation of Regulations
on Radionuclides (40 CFR, Ch. 1, Part 141): Federal Register, Vol. 41,
No. 133, p. 28402-28409.

Wyoming Department of Agriculture, April 9, 1373, Division of Laboratories
{(table not published).
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3.1

3.0 THE PROCESS AND PLANT

PROCESS CHEMISTRY AND PLANT DESIGN

The process description, pilot plant flow sheet and materials
balance 18 given in Enclosure 10, prepored by Hazen Research, Inc.,

Golden, Coloradec.

Laboratory studies of dril]l core and analyses of ground water

indicate that the subject system has the following characteristics:

1. High sodium sulfate and bicarbonate content

2. Low calcium content

3. Low concentration of sulfide minerals - predominantly pyrite
4. Carbonaceous material present In moderate amounts

5. Uranium present as very fine-grained uraninite and possibly

other unidentified minerals.

As a result of laboratory leach tests and the single-hole push-
pull test discussed in Enclosure 1, the lixiviant planned for
dissolving the uranium will be formation water to which sodium
carbonate-~bicarbonate and oxidizer (oxygen or hydrogen peroxide) will

be added. The following reactions take place:

2U02 + O2 = ZUO3

é + 1 N = i
UO3 + N!2CO3 ZNalC 4 N?aU02<C03)3 + “20

The stable and szoluble uranyl tricarbonate ion formed can then be
pumped to surface and removed in an ion exchange system. The use
of sodium carbonate-bicarhonate for dissolution of uranium and
subsequent elution is chosen because 1t is compatible with the
formation water. 1In the event that the method planned doecs not

work efffciently, an ammonium carbonate-bicarbonate method may

36




become advisable., T1f thiz should become dpparent, prompt notifica-
tion will be given to the United States Nuclear Regulatory Commission
(NRC) and the State of Wyoming Department of Environmental Quality
(DEQ) .

Uranium precipitation using hydrogen peroxide will produce a
clean UO4 *'n HZO slurry, which will be sealed in drums and shipped

to a convenient uranium mill (or buyer).

Due te tho low concentration of caleium, molybdenum and
vanadium in the leachate (as indicated in the push-pultl test) it
I8 not anticiparted that substantial buildup of these elements will
occur in the system during test operations, In the event that some
calcium buildup does occur in the leach solution cyele, plugging
could occur in wells, filterg, ete., and IX resins would foul,
Various correcctive measureg, mechanical as well as chemical {n
Rature would then be used ag necessary.  Should resin elficiency
drop Prematurecly, regeneration with sodium hydroxide could be
employed. The waste products from thesze and other possible side
processes will be storad (n g gultable golar evaporation storage
Pond or ponds (six months to one year storage capacity) for
appropriate Interim disposal with the final disposition being
eatablinlied by NRC and DEQ repulations,

Because the volume of leachate from the recovery well processed
in the pilot plant will exceed the volume of leachant re-injected
into the format{on by 4 to 6 per Cent, e vicion is made to Store
thia excess harren solution in a sultable solar tvaporation storage

pond (8ix months to one year storage capacity}),

The solar tvaporation storage pond desien shown in Figure 8
will be typical of such ponds which will bo fanstructed in accor-
dance with NRC and DEQ standards ang requirements (lining, free-

board, leak detection, etc,).
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become advisable. If this should become apparcnt, prompt notifica-

tion will be given to the United States Nuclear Regulatory Commission

{NRC) and the State of Wyoming Department of Envirenmental Quality
(DEQ) .

Uranium precipitation using hydrogen peroxide will produce a
clean UOA ‘n HQO slurry, which will “e gsenled in drums and ahipped

to a convenient uranium mill (or buyer) .

Due to the low concentration of calefum, molyhdenum and
vanadium {n the leachate (as indfcated in the push-pull test) 1t
is not anticipated that substant{al buildup of these elements will
occur in the system during test operations. In the event that some
calcium buildup does ocecur in the leach solution cycle, plupging
could occur in welle, filters, ete., and IX resing would foul,
Various corrective measures, mechanical as well as chemical in
nature would then be usecd as necessary,  Should resin efficiency
drop prematurely, repenceration with sodium hydroxide could he
employed. The waste products {rom these and other possible side
processes will be stored {n a suitable solar cvaporation storage
pond or ponds (iix months to one Yyear storage capacity) for
appropriate interim disposal with the final disposition being
established by NRC and DEQ repulations,

Because the volume of leachate from the recovery well processed
in the pilot plant will exceed the volume of leachant re~injected
into the formation by 4 to 6 per cent, provision is made to mtare
this excess barren solution in a suitable solar evaporation storage

pond (six months tgo one year storage capacity),

The solar evaporation storage pond deripn ahown in Figurn 8
will be typfcal of such ponds which will be constructed in accor-
dance with NRC and DEQ standardg and requirements (lining, free-

board, lecak detection, etc.),
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GOLDEN, COLORADO + BOAO!
TELEPHONE 303/270-45301

. , 4601 INDIANA BTREET

May 18, 1977

e ENCLOSURE 10
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Attachment to Letter :
Mr, Thomas G. Melrose ~1- May 19, 1977

Nubeth Pilot Plant Process Description
(Marlo Carrasco and A, V, Henrickson)

This pilot plant wi]l be designed and constructed to tast the
recovery of uranium from an underground uranium ore deposit by in stty
leaching with a weak sodium bicarbonate solution containing a chemical
oxldizing agent. The leaching circuit will utilize Injection and recovery
wells designed to give a controllable flow pattern through a section of
the ore bed to give maximum uranlum recovery. The uranium which {s
dissolved by the sodium bicarbonate solutlon will, In turn, be recovered
by the following process steps.

1. Ion exchange of the uranyl tricarbonate complex on a strong
base resin,

2. Elution of the uranfum from the resin with a one-molar sod{um
bicarbonate solution,

3. Acldification of the uranium rich eluant with sulfurlc acid to
PH 4 to destroy the carbonate and to release the uranium.

4. Precip{tation of the uranium wlith hydrogen poroxide to form
a U0y x H20 vellow cake product.

Leach Field

The leach {ield will conslst of a center well enclrcied by four or
more periphery wells, In normal operation, the leach solution will be
Injected in the cenler well and recovered from the periphery wells ot
controlled rates so that the enriched solution will not migrate signiftcantly
beyond the pumping radium of the fecovery wells. Allernately, the flow
may be reversed with the outside wells becoming the injection wells and
the center well becoming the recovery well.
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Attachment to Letter
Mr. Thomas G. Melrose : -2- May 19, 1977

The fleld operating setup will contalin a makeup and storage tank
for the lean leach solution, an injection pump, a production well pump,
a rich leach solution storage. tank, and a plping system with appropriate
controls to give the deslired distribution of solutions.

Chemically, the leaching process involves dissolving the uranium
by forming the soluble U{VD) tricarbonate complex ion I'UOZ (CO3)3]“4.
Carbonnte 1s supplied by the bicarbonate leach solution. A chemieal
oxidant {s requlired because the urentum is predominantly present as the
reduced U(IV) which does not form a stable carbonate complex except in
solutions contalnlng a large excess of carbonate or bicarbonate,

Ion Exchange System

The ion exchange circuit for re}::overy of the uranium from the leach
solution 1s a standard three-column stationary bed system. Each column
iz 36" diameter x 90" hlgh containing 30 cublc feet of a strong base resin,
During operation, two columns are on the loading cycle and one column
is on the washing clution, and backwash cycle., The barren raffinate
discharged from the second loading column is returned to the makeup and
Blorage tank for the lean leach solution {n the leach field injection system,
Solution Is fed to the two IX loading columns until uranium breaks through
the first column. This column is then put on the elution cycle and the
flow shifted to return the freshly eluted column to the loading section,

The columns are manually operated by valves on the feed and discharge
solution manifolds,

The ion exchange process involves the absorption of the [UO (003)3]’4
by the strong base resin and elution with strong N’aHGO3 solution, ‘This
reaction can be represented by the following cquation:

). +4 CO.%

' +
4 R, CO3 +[UO,(CO ; 5

-4
2 ] 7= R uo, {CO

3)3 4 3

This reaction is reversible and the uranium can be cluted from the

resin by I{ncreasing the 003 concentration and shifting the reaction to
the left.
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Attachment to Letler
. Mr. Thomas G. Melrose -3~ May 19, 1977

Yellow Cake Precipitation

All of the U30O, rich eluate produced in the lon exchange sys'nnm
during one eluting cycle is collected fna6'x 6' (1,269-gallon) tank.
It is first mixed thoroughly by recycling with a centrifugal pump. Then
it is measured, sampled, and transferred to an 8' x 8' (3,008~gallon)
precipitation tank. Yellow cake is precipitated by first destroylng the
HCOa' In solution by additon of sulfuric acid to PH 4 and then adding
30% hydrogen peroxide. The uranium precipitates as UDyg x H,0.
This reaction can be represented by the following equation:

U0,™ + HO +xH O ~ UO.“x H.O + 255°*

2 272 2 4 2

Complete precipitation occurs in about two hours at 50°¢, The
entire slurry of precipitated yellow cake (s then transferred to a cone-
bottom decar* ‘tion tank and allowed to settle, After settling, the super-
natant solutiun {s decanted off through a sertes of discharge valves
Installed on the side of the tank and the settled yellow cake is trans -
ferred from the cone-bottom by a diaphragm pump into shipping contalners,

Tallings

Potentially, there will be two major sources of solutions from the
operation which will require disposal in the tallings area. These aro:

1. Excess solution to be pumped from the leach field to pre-
vent migration of leach solution, Assuming that this amount
Is 5% and that 90 gpm s pumped from the productfon wells,
4.3 gpm (6,192 gallon/day) of IX raffinate will have to be
discarded.

2. Yellow cake decant solution at a feed rate of 90 gpm contain-
fng 100 ppm U304 to IX, the amount of eluate which will be
produced at 10 g/1 will be approximately 1,300 gallon/day.
This amount will require disposal to tailings or in the yellow
cake slurry.

1ol
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Attachment to Letter
Mr. Thomas G. Melrose -4~ May 19, 1977

Recycling the decant solution for IX eluant {s not chemically
feasible because of the sulfate butldup. Sulfate concentrations
in excess of 100 g/l interferes seriously with uranium pre-
cipltation with hydrogen peroxide,

An alternate procedure which can be used {s precipitation of the
sulfate from the yellow cake decant solution with lime and dis-
cardiﬁg the preclpitated calcium sulfate to tails. Provision
has been made in the equipment which (s installed so that this
can be done,

Reagent Regquirements

Assumed feed rate = 90 gpm @ 100 ppm U3OB

Ib/day Ton/vear
Sodium bicarbonate 892 163
Sulfuric acid 520 95
Hydrogen peroxide 30% 16.2 (100%)
54  (30%)
6 gallon 2,190 gallon
Sodium suifate produced (754) (138)

Note: If lime Is used to precipitate sulfate from the yellow

cake decant sclution, an amount equivalent to the
sulfuric acid added will be required. In addition,
CO; equivalent to the lime used will be required to
convert the NaOH which is produced to sodium
bicarbonate.

102
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3.2

3.2.1

WELL FIELD DESIGN, FORMATION RESTORATIDN AND SCHEDULE OF OPERATIONS

The in situ leach mining pilot tests will be performed in two
Phases on a small, low-grade ore pod of uranium oxide limited to
less than two acres (approximate dimensions: 600 feet long; 100 to
150 feet wide; from 5 to 12 feet thick; grade in the order of
.05% U308). Phase 1 will be limited to the western end of the ore
pod only and will supply and operate the pilot plant at approxi-
mately 10 per cent its full rated capacity of 90 gpm. Subject to
Bovernmental approvals, the leaching operation of Phase I is
expected to start early in the Spring of 1978. Afrer two to three
months, Phase I leaching operations will end and restoration of this
area will be initiated. Data and knowledge gained in Phase I wili
be used in design and preparation df Phase 1I which will take place
48 restoration of Phage I proceeds (see 13.2.5 Restoration). Relevant
data generated during operations will be furnished on a quarterly
or semiannual basis to NRC and DEQ. After restoration of Phasge I
has been demonstrated, Phase II, which is an expansion of Phage I,
will commence and eventually encompass the entire ore pod, (of less
than 2 acres) supplying the pilot plant up to (but not over) its
maximum rated capacity of 90 gpm. Upon termination of leaching the
balance of the ore pod, which is expected to occur in mid-1979,
restoration will proceed until the entire leach module is restored
to NRC and DEQ requirements. Restoration is expected to he completed
oT be nearly completed by December, 1979. This plan has been
reviewed with DEQ.

Phase T - Well Field Design

The well field module for Phase I will leach the mineralized
portion of the "B zone" and will consist of a single recovery well
surrounded by four leachant injection wells on an approximate 40-
foot radius cirecle, (Figure 17a) An observation well will monitor

the "A zone" which lies above the "B zone" (the "B zone" aquifer
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1s approximately 100 feet thick; see 2.9.2 Groundwater and Enclosure

8). The observation well will be located within the circle and on
2 line between the recovery well and an injection well. A leachate
sampling well in the mineralized portion of the "B zone" will be
similarly located between the recovery well and another injection

well.

Concentrically around this leach module on approximately a
75-foot radius circle, there will be four fresh formation water
injection buffer wells, which will create an opposing pressure
barrier of formation water around the leachant (see Figure 17a).
Purpose of the pressure barrier i{s to contain the leachant and
prevent its outward excursion. Formation water for the buffer
wells will be obtained from the "B zone" hydrological test pumping
well, which is far enough away (approximately 700 to 800 feet) so

as not to disturb the leach module flow pattern,

Encircling beyond the buffer wells at a distance from the
central recovery well ranging from 100 to 160 feet there will be
four wells monitoring the quality of the formation water in the

"B zone,"

Flow rate from the recovery well will be controlled to exceed
total leachant injected (four wells) by four to six per cent.
Cumulative flow meters on the recovery and injection wells will be
read and recorded at least twice daily during leaching operations,
{and less frequently as necessary during restoration) as well as
injection pressure which will be kept at a minimum compatible with
maintaining the desired bydrological flow pattern and flow rate.
It is expected that this pressure will range between 30 and 100 psi
above the normal static water level. The four to six per cent
excess volume flow will be bled off at the surface pilot plant as
barren solution and stored in solar evaporation storage ponds
(Figure 18),
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Fresh formation water injected into the buffer wells will be

controlled to flow at a minimal rate which approximates the leachant
injection rate. 1Injection pressure measuring devices and cumulative
flow meters on each of these four wells will be read and recorded
concurrently with leachant injection readings. It is expected that
a small portion of buffer well water will mix with injected leachant
encountered and be drawn into the recovery well. The bulk of the
buffer well water will gradually build and maintain the pressure
barrier. The remainder of the fresh formation water will diffuse

into the formation.

Well completion techniques used will be similar for injection,
recovery, sampling, observation, and monitoring wells with some
variations in materials and procedures, and will meet NRC and DEQ

requirements.

Phase I - Sampling

The "A" aguifer observation well within the leach module and
the four monitor wells in the "B" aquifer will be sampled and static
water levels recorded prior to leaching operations for water base-
line purposes (analyses per Table V) at reasonable time intervals.
During leach operations these wells will have static level recorded
and be sampled every two weeks and analyzed for sodium, total

dissolved solids, uranium, arsenic, selenium and radium 226. The

A zone’ observation well located within the leach module wiil have

the static water level recorded daily. A full suite of analyses

will be run from the four "B zone'" monitor wells on a monthly basis.

For water baseline analysis purposes, samples will be taken at
reasonable time intervals prior to leaching operations from the
central recovery well, leachate sampling well and leachant injection
wells. These same wells will also be sampled during the restoration

process as necessary,
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3.

2.

3

During leaching operations, process-control and quality control
sampling and water level recording will routinely be performed at
leachant injection, recovery and the "B zone" leachate sampling

wells.

Sampling methods will be employed which are in compliance with
Baseline and Monitor Sampling procedures for collection, preserva-
tion and analysis of baseline water quality determination and

monitoring as required by the NRC and DEQ. (Ref. 9)

Phase II - Field Design

The well field module for Phase 11 isg an expansion of Phage I
module to encompass the entire ore pod covering less than two acies.
Because its final planning is purposely to be established on the
basis of results from Phase I, only a generalized plan can be

outlined at this time, as follows.

Phase II well field module would consist of a single row of
suitably spaced recovery wells along the central longitudinal axis
of the ore pod, flanked by injection holes along each side and ends
of the ore pod, Distance between recoverv and leachant Injection
wells is expected to range from 40 to 70 feet. Distances between
recovery wells are expected to range irom 30 to 60 feet and between
leachant injection wells 30 to 60 feet. Within the perimeter of
leachant injection wells there will be one, possibly two, "A zone"

observation wells as in Phase I and for the same purpose. (Figure 17b)

Surrounding the perimater of leachant injection wells (which
delineates the Phase Tl leach module) at 35 to 70 feet out from the
perimeter there will be a ring of fresh formation water buffer
injection wells for the Purpose of creating an untreated formation
water pressure barrier just sufficient to contain the leach module

and prevent excursion of leachant.
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Encircling around and beyond the buffer well perimeter at a

distance not to exceed 200 feet from the perimeter there will be
approximately saven wells monitoring the quality of the formation
water in the "B zone'" (with emphasis on the downflow side). Two

of these wells are monitor wells utilized in Phase I which, because
of their location, will also be useful for the same purpose in
Phase 1T,

Cumulative flow rate from recovery wells on stream at any one
time during Phase II may reach but will not exceed the pilot plant
maximum designed (input) flow rate of 90 gpm. Cumulative flow from
recovery wells will exceed leachant injection rate by a percentage
similar to Phase T and dictated by the knowledge gained therefrom,
this excess to be bled off and stored in the manner described for
Phase I. Cumulative flow meters on recovery and injection wells as
well as pressure devices will be read and handled as described

under Phase I,

Fresh formation water injected into the buffer wells will be
controlled to inject at a minimal rate which shall achieve the
desired pressure buffering effect. Thisg total injection rate ig
expected to be somewhat under the total leachant injection rate.
The purpose, effect and control of the buffer zone are the same
as that for Phase I, Source of the untreated formation water will
continue to be the "B zone" hydrological test pumping well which,
as mentioned under Phase 1, {is sufficiently far away that it will

not disturb the flow pattern of the leach module.

Well completion techniques will meet NRC and DEQ requirements.
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3.2.4 Phage IT - Sampling

Procuedures, frequency of sampling, parameters recorded and
analyzed as performed under Phase I, will be continued and extended
ag applicable to the newly added "A zone" observation wells within
the leach module and to the seven previously described monitor

wells in the "B zone".

For baseline water quality purposecs samples and recordings
will be taken at reasecnable time intervalg prior to Phase I1I
leaching operations from approximately every third recovery well,
every third leachant injection well and all leachate sampling
wells. The above mentioned wells plus the balance of the recovery
wells will also be sampled during the restoration process as

necessary,

During leaching operations, process-control and quality control

sampling and water level recording will routinely be performed at

recovery wells, "B zone" leachate sampling wells ({f any) and at

the leachant service rank.

Sampling methods will be employed which are {n compliance
with Baseline and Monitor sampling procedures for collection
preservation and analysis of baseline water quality determination

and monitoring as required by the NRC and DEQ (Enclosure 9).

3.2.5 Restoration

Development and evaluation of aquifer restoration techniques
specific to the test site are an important objective of the pilot

test program.
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Upon termination of a leaching operation, efther Phase I or
I1, injection of leachant will cease. Fresh untreated formation
water will continue to be injected Into the buffer wells while the
recovery well or wells continue to be pumped. This will create a
formation water drive which encroaches in on all sides toward the
recovery well. After the encroaching front has advanced inward
past the idled leachant injection wells (and rests from these
show that the formation water is approaching acceptable standards)
then injection of untreated formation water into the former
leachant injection wells will be gradually started, while injection
into the buffer wells will be gradually decreased and wil]
eventually cease. This procedure will accelerate flushing out of
all chemicals through the central recovery well or wells until
restoration to approach acceptable baseline water quality is
achieved. Recovery well water will be processed through the pilot
plant to remove uranium while gradual thinning out of chemicals
takes place by dilutfon and removal procedures. In order to
accelerate restoration of recovery well water to acceptable
levels a volume of up to one pore volume of the leach module may
be stored in the solar evaporation storage ponds. Radioactive
wagte materials, {f any, will be disposed of in accordance with

NRC and DEQ regulations.

The NRC and DEQ will be informed of the status of water qualicy
parameters at cach stage of the restoration procedures, semi-annually
as a minimum. It {g anticipated that one or more wells within the
test site will be retained for periodic sampling {monthly or every
two months as indicated by plot of data) until two consecutive
samplings in agreement indicate that baseline levels have been
satisfactorily achieved. The remaining wells will be scaled, in
compliance with NRC and DEQ requirements, unless they are needed

for further testing or other necessary use,
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3.2.6

3.2.7

3.2.8

Surface Reclamation

Surface reclamatior of drill sites, pilot test site and pond
areas, will be accomplished in a manner consistent with our
previously State-approved drill site and access road procedures,
Surface soils will be replaced and graded. Appropriate grass
seed mix will be planted during the designated Spring or Fall
periods.

The solar evaporation storage ponds' evaporate will be

collected and disposed of in an approved NRC and DEQ manner,

dependent upon its chemical composition and radioactivity.

Sanitary and Other Plant Wastes

Sewage will be handled by portable type latrines in compliance
with State of Wyoming regulations. Emergency shower, wash bowl
and laboratory effluent will be handled in a storage tank in

accordance with NRC and DEQ regulations.

Status of Permits and Bonds

The following permits and bonds related to in situ research
and other activities have been 1ssued and/or approved by the State

of Wyoming:

l. Llicense to Explore with Dozer No. 19, Dated August 19,
1976,
Includes authorization for two push-pull Leach Testg,
Only on.o was used, Renewal applied for on October 24,
14977,

2. Reclamation Bond.

3. General Performance Bond.
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1.

The

solution

1,

following permit has been applied for:

Water Well Permit Applications, Dated March 14, 1977,
relating to Hydrologic Test Wells,

following permits will be secured prior to in sity

mining tests,

Authorization from the State of Wyoming Department of
Environmental Quality to operate in sity rolution mining

Lests.

State Engineer's Construction Permit for Solar Evapora-

tion Storage Ponds, consistent with NRC requirements,

Permit to construct - Waste Water Facility (Water Treat-

ment Permit - State of Wyoming),

Other applicable state and federal permits which may be

required for in sity gsolution mining tests, and related

operations. (NPDES, etc.)
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3.3

EXTERNAL APPEARANCE OF THE PROPOSED PLANT

The ion exchange plant and ancillary facilities {which include
an office, partial storage space, wash and emergency facilitied will
be housed in an approximately 40 feet wide by 40 feet long Butler
type building of sufficient height to provide the clearance required
by the fon exchange towers which is in the order of 15 feet.
Attached end to end, will be a similar Butler type building of
the same width and approximately B0 feect in length, but of leaser
height, to house the surge and service tanks required in the leaching
process. The overall picture will he that of a housing structure

approximately 40 feet wide by 120 feet long with a stepped low

relief roofline.

A traller-laboratec y will be located adjacent to the main

housing structure ab

In addition there will be separate ancillary small storage
housing structures. A fence will protect the facilities and a

sultable parking lot will be provided,
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. : 4.0 ENVIRONMENTAL EFFECTS

4.1 SITE PREPARATION AND PLANT CONSTRUCTION

Effects on the environment will be temporary in duration and

limited in scope.

Erection time for the pilot plant will be in the order of
two months. Well field drilling activities will precede each of
Phases I and 1I. Preparation time for Phase I will be relatively

short; Phase II well field preparation may extend over a period

of several months.

4.1.1 Effects at the Site

Plant erection will require a minimum of ground levelling and

excavation for a light foundation for installation of a light

Butler type building for enclosure of the fon exchange plant, surge,

. and service tanks. Because the various units are of pre-assembled

modular type and are gencrally skia mounted, no extensive slabs of
concrete will be required. Impervious plastic type of linings will
be used extensively over a packed and suitably levelled ground floor
within the building (wherever toncrete slabs are not used) to keep

dust down and to collect and faciliiLate clean up of spillage {f any.

Solar evaporation storage ponds will require a certain amount
of levelling and excavation in thelr construction. Well field
leachant, leachate and buffer water 1ines far Phase II will
probably be buried below the soil freeze for winterizing (2.5.1),

A s01l trenching machine will probably be used for thig excavation,
Noise from these activities ig not unusually loud and should not
be audible at the necarest habitation one mile away (2.2). Equipment

used during construction will be located at the site or nearby.
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4.1.2

Well field site Preparation involving the drilling and

finishing of holes and laying of lines will involve a minimum
of surface disturbance. Affected areas will be restored in
accordance with previously approved State of Wyoming drill site

and access road procedures.

Sanitary wastes will be taken care of in portable chemical
tollets. Trash and wastes from construction activities will be

hauled away for proper disposal.

Effects Off-site

The plant will be close if not adjacent to an established
accegs road and in the vicinity of an oil well pad and o1l tank
farm (Plate II). Establighed roads will be used for access to
the site. Increase in traffic will take place during construction

and settle down after construction is completed.
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. 4.2

RESOURCES EXPENDED

Irretrievable resources used in the construction will be those
which cannot be recycled after the eventual dismantling of the
facility; for example, fuel, chemicals, paint, waste, contaminated

material or equipment which cannot be reclaimed, etc,
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5.0 ENVIRONMENTAL EFFECTS OF PROPOSED OPERATIONS

5.1 HEALTH AND SAFETY EFFECTS OF PROPOSED OPERATIONS - RADIOLOGICAL
IMPACT - Item 11, Form AEC-2

The greater part of radioactivity generated in naturally
occurring uranium ores sriginates from the doughter products
derived from the radioactive disintegration of uranium {tself. In
conventional uranium mining, the bulk of exposure to radioactivity
is caused by daughter products associated with mining and milling
of the ore and disposal of mil}l tallings. A fortunate aspect of
in situ solution mining is that the great majority of daughter

products are not leached but remain underground,

As a result, what radioactivity is brought to the surface 1is
quite low level in the very dilute lecachate recovered. Therefore,
in the surface plant the radioactivity levels normally encountered
during conventional mining and/or milling are approached only in
the precipitation and slurry dewatering circuits. In the proposed
pilot plant because the final product fs in slurry form, no
radicactive dust conditions will develop such as may exist when a
yellowcake powder 1is the product. It is evident that radiation is
minimal and exposure hazards associated with the processes are

insignificant.

5.1.1 Radicactive Effluents

Liquid waste products from the pilet plant will have a veryllow
level of radioactivity, as explained above. This type of waste will
be stored in a suitable solar evaporation storage pond or ponds for
appropriate interim disposal with the fina} disposition being
established by NRC and DEQ regulations (see 3.] Process Chemistry
and Plant Design)}. There are no radiocactive gascous effluents
resulting from the process. (Nevertheless air mepltoring devices

are included, see section 5,1.3),

120




5.1.2

5.1.

3

Radioactivity Monitoring and Safety Program - Item 12¢, Form AEC-2

Radiation monitoring and a safety training program will be
implemented by the plant contractor Hazen Research, Inc., Golden,
Colorado, or an equivalent independent consulting organization.
The program will instruct management personnel and all operators
on monitoring and satety procedures as part of the plant start-
up operations. Hazen Research, Inc. (or equivalent organization)
will check the operation frequently until such time as the Safety-
Licensing engineer is walified to perform such duties. Hazen
will be on call in the event of any operating or radiological

problem.

Equipment and Facilitics For Protection From and Monitoring of
Radicactivity - Items 11(a), 11(b), 11(c), 12(a), 12(b), 12(c),
Form AEC-2

The radfation safety program outlined under section 5.1.2
will be instituted to moniter the nealih and safety effects of the
proposed operations. The equipment, instrumentation and facilities
will include beta-gamma dose rate meters or equivalent, aipha
radiation meter or equivalent, film badges for operating personnel,
Plus ordinary first aid facilities including quick acting shower
(for chemicals). Calibration and malntenance of equipment will

conform with procedures required by NRC and MESA.

Because of the rigorous winters encountered in this area,
the surface plant will be enclosed. Suitable exhaust ventilators
will be installed to forestall any possible accumulation of radon

B4 or carbon dioxide.
Points of radioactivity level sampling will he: 1) Leachate

surge tank, 2} leachate filters, 3) raffinate service tank (barren

solution from IX towers); bleed to solar cvaporation storage pond,
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5,

1.

4) uranium precipitation decant solution bleedoff to second solar

evaporation storage pond. Other points in the entire circuit and

within the enclosing structure will be chocked as part of the plant

evaluation as may be recommended by Hazen Research, Inc. or
equivalent independent consultant. A list of checkpoints will be
established and will be checked and recorded at daily intervals
and made available to NRC and DEQ.

The test facility, including the solar evaporation storage
ponds will be fenced, ahd, where applicable, will be posted with
approved signs warning of the presence of significant radiocactive

material.

Safety Features and Procedures to Protect Health and Avoid Non-
Nuclear Accidents in Source Material Storage and Processing
Areas - Item 12, Form AEC-2

Accepted standard indusirial safe working practices will be
followed to prevent accidents to life and property. Because of
the water-base nature of the plant processes, and because the
necessity for solid liquid or gaseous combustible materials 1is
minimal, the fire and explosion hazards connected with the opera-

tion will be very low.

LPG for heating purposes will be stored outside the building.
Sulfuric acid and hydrogen peroxide will be stored away from each
other and away from yellowcake slurry storage areas. Yellow-
cake slurry will be packaged in drums and stored to avoid or
minimize accidents caused by weather, fire and mobile equipment.
The packaging will comply with U, §. Department of Transportation

regulations for storage and transport, as well as with NRC.
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5.2

CHEMICAL EFFLUENTS - NON-RADIOACTIVE

Plant waste effluents (liquid, non-radicactive) not suitable
for regeneration or re-use will be stored in the same manner as

with low-level radicactive effluents.

Barren leachate bleedoff (very weak sodium bicarbonate water
solution) will be stored in a suitable solar evaporation storage

pond, (see 3.1 Process Chemistry and Plant Design)

123



5.3

ATMOSPHERIC RELEASES

In the yellowcake precipitation ecircult of the plant, carbon
dioxide is released upont acid{ficatlion of the eluate, prior to prect-
pitation with hydrogen peroxide (Enclosure 10). The carbon dioxide
will be removed by an exhaust ventilation syatem. No other significant
B85 or vapor release will result from the propoanad process.  Should
the necessity arise tn change the process as digcusced in 3.1 {bottom
of page) any release of ammonia vaporg will de proaperly handled
by the exhaust system,

No significant radon fas release is expected [n the Drocess,
Nevertheless a monitoring system will maintain survelllsnce. The
exhaust system will remove all Rages, vapors and fumes within the

building enclosure.

Liquified Petroleum Gas (LPG) or fuel oll is planned as fuel
for heating purposes although electricity, (and possibly coal) may
be used if advantapecus. The BTU requirements are not expected to

be high for plant process use as some heat s generated {n the process
iteelf.
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5.4

SANITARY AND RELATED WASTE

Trash and garbage will be collected {n suitable Teceptacles
and hauled away for digposal at an approved locatiom. Sewage will
be disposed of through a portable latrine service. Chemical
laboratory wastes and wash bowl and emargency shower effluents will

all go to a plant effluent solar evaporation storage pond,
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6.1

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

6.0 ENVIRONMENTAL MEASUREMENTS AND MONITORI!NG PROGRAMS

PRE-OPERATIONAL STUDIES AND MONITORING

Demography and Land Use

Data a1d other local information and sources are given and

discussed {n section 2.2.

Histor.cal and Cultural Studieg

Sources (Wyoming State Archives and Historical Department)

and data are given and discussed in section 2.3.

Ecological Studies

Data from Wyoming State Game and Fish Department, and study
by Camp Dresser & McKee, Inec., Environmental Sciences Division

are given in sections 2.4, 2.4.1, and 2.4.2,

Meteorological Studies

Data principally from the National Oceanic and Atmospheric
Administration, U, §. Department of Commerce is given and desecribed
in sectiona 2.5, 2.5.1, 2.5.2, 2.5.3, 2.5.4, and 2.5.5,

Background Radiation Studies

The pre-operational monitoring program is described in section
2.6.
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6.1.6

6.1.7

6.1.8

Seiamological Studies

Data on seismic risk and history of tremors that occurred
within 200 miles of Moorcroft are given and discussed in sectian
2.7, the sources of data are various offices of the National
Oceanic end Atmospheric Administration.

Geological Studies

The information and data i given and discussed in section
2.8,

Hydrological Studies

The information, data, sampling, results and sources are
described and given in sections 2.9, 2.9.1, 2.9.2, 2.9.3 and
2.9.4; also in sections 3.2.2 and 3.2.4,
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6.2

6.2.1

6.2,2

6.2.3

PROPOSED OPERATIONAL MONITORING PROGRAMS

Monitoring programs and practices for hydrological, radio-
logical (safety) and effluent disposal purposes are discussed in

the following sections.

Hydrological Monitoring - Operational

Monitoring of aquifers during operations and restoration
periods has been described in sections 2.9.3, 3.2.2, 3.2.4 and
3.2.5.

Radioactivity Monitoring - Operational

The program has been described 1n sections 5.1.2 and 5.1.3.

Chemical Effluent Monitoring - Operaticnal

No chemical effluent will be releaged into the environment.
Effluents from the plant will be discharged {nto solar evaporation
storage ponds as described in section J.1 page . As shown 1n
Figure 17 the design of the pond provides for a leak detection
device 1n the form of drains. These will be monitored regularly

twice a week,
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7.1

7.2

7.0 ENVIRONMENTAL EFFECTS OF ACCIDENTS

EMERGENCY PROCEDURES IN THE EVENT OF ACCIDENTS WHICH MIGHT INVOLVE
SOURCE MATERIAL ~ Item 12-b, Form AEC-2

Because the highest level of radioactivity involved at
any point In the operations is very low (as explained under 4.1)
the danger of grave hazards from radicactive causes is fortunately

insignificant,

In the event of ruptures in plant components, the impervious
construction around and under tanks and similar equipment containing
process solutions would drain and collect splllage into sump areas
designed for this event. The spillage would be pumped to the
solar evaporation storage ponds, or into standby storage tanks

available for the purpose as applicable,

For the unlikely event of a fire, (scarcity of combustible
material) adequate fire extinguishers will be stationed through-
out the building structures. 1In addition, the fresh water makeup
tank with its service pump and line and outlets constﬁntly under
pressure will supply water pressure for fire hoses stored at

strategic locatlons ready for emergency use,

TRANSPORTATION ACCIDENTS

Yellowcake uraniuvm oxide slurry obtained in the R. and D.
pilot scale plant will be packaged in drums in compliance with NRC
regulations and other applicable Federal and State of Wyoming
regulations. The drums will be preperly secured and blocked on the

transport trucks before leaving the plant,

In the unlikely event that a truck accident should take place

and that some of the drums become ruptured, any spillage of the
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contents would not travel any great distance because of the high
specific gravity of the yellowcake. Because it iz in slurry form
no yellowcake dust would become wind blown. Any spillage would be

physically recovered, along with contaminated dirt, soil, or mud.
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8.0 RESTORATION AND RECLAMATION

These activities were described in sections 3.2.5 and 3.2.6
respectively,

131




9.0 ECONOMIC AND SOCTAL EFFECTS OF PLANT CONSTRUCTION

AND OPERATION

Construction and operation of the pilot scale R. and D.
plant will create approximately 15 temporary jobs of about 18
months duration with a payroll of approximately $600,000.

The shorct duration of the construction and operation period
should not result in any economic or social hardship on surrounding

communities.

Capital costs relating to the proposed pilot scale operations
are estimated at about $200,000. Operation and maintenance Costs

should approximate 5800, 000.

External costs associated with the construction and operation
of the proposed operations are expected to be minimal due to the
short dgration of the test and the limited number of employees
invelved. “Little or no impact should be feli on city, county,

or state agencies and services in the area,
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10.0 ALTERNATIVES

The low uranium content, depth and configuration of the
mineralized zone in the test site area precludes economic recovery
using conventional open pit or underground mining methods. The
application of in situ leach mining technology appears to offar
the only means by which this resource can be recovered. On the
basis of preliminary studies, in sity leach mining would result
in minimal environmental impact on the surface and subsurface of
the site involved. The alternatives to continuing the program
would be delaying further evaluation or abandoning the resource,
both of which would entail not only considerable financial loss
to the venture but also the delay or less of a valuable domestic

asset to the national energy requirements of the United States.
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