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(777 RO203

. 10 CFR 40 U.S. NUCLEAR REGULATORY COMMISSION

APPLICATION FOR SOURCE MATERIAL LICENSE

Pursuant to the regulations in Title 10, Code of Federal Regulations, Chapter 1, Part 40, application is hereby
made for a license to receive, possess, use, transfer, deliver or import into the United States, source material
for the activity or activities described. .

2 NAME OF APPLICANT

1 (Chech one)
O (a) New license WESTERN NUCLEAR, INC.
[0 (b) Amendment to License No. 3 PRINCIPAL BUSINESS ADDRESS
& (c) Renewal of License No. SUA-1337 134 Union Blvd., Suite 640
[0 (d) Previous License No. Lakewood, CC 80228

4 STATE THE ADDRESSIES) AT WHICH SOURCE MATERIAL WILL BE POSSESSED OR USED

CHRISTENSEN RANCH, CAMPBELL COUNTY, WYOMING

S NAME OF PERSON TO BE CONTACTED CONCERNING THIS APPLICATION 6 TELEPHONE NO. OF INDIVIDUAL NAMED IN ITEVM &

Grey Bogden 303/986-4571

7 DESCRIBE PURPOSE FOR WHICH SOURLCE MATERIAL WILL BE USED

A research and development project to test the economic and
environmental feasibility of applying in-situ leaching technology
to the uranium orebody.

® STATE THE TYPE OR TYPES, CHMEMICAL FORM OR FORMS, AND QUANTITIES OF SOURCE MATERIAL YOU PROPOSE TO RECE/VE.
POSSESS. USE, OR TRANSFER UNDER THE LICENSE

(a) TYPE (b) CHEMICAL FORM () PHYSICAL FORM (Including (d) MAXIMUM ANOUNT AT

% Uor Th.) ANY ONE TIME (kilograms)
NaTURAL URANIUM | UO, - 2H,0 Concentrated slurry 450

URANIUM DEPLETED IN
THE U-235 I1SOTOPE

THORIUM (ISOTOPL)

(o) MAXIMUM TOTAL QUANTITY OF SOURCE MATERIAL YOU Wikl HAVE ON HAND AT ANY TIME (kilograms)

450

T AL PHYSICAL METALLURGICAL OR NUCLEAR PROCESS OR PROCESSES IN WHICH THE SOURCE MATERIAL WILL
. 22’5«.’;‘3‘.».;.(:57.‘3&'%“‘; MAXIMUM AMOUNT OF SOURCE MATERIAL INVOLVED IN EACH PROCESS AT ANY ONE TIME AND PROVIDING
A THOROUGH EVALUATION OF THE POTENTIAL RADIATION HAZARDS ASSOCIATED WITH EACH STEP OF 7‘051 PROCESSES

Refer to Section C. Minerals Extraction Plan (attached)

ND EXPERIENCE OF
10 LIST THE NAMES AND ATTACH A RESUME OF THE TECHNICAL QUALIFICATIONS NCLUDING TRAINING A
APPLICANT'S SUPERVISORY PERSONNEL AND THE PERSON RESPONSIBLE FOR THE RADIATION SAFETY PROGRAM (OR OF AP

PLICANT IF AN INDIVIDUAL)

Refer to Sections 5.1 and 5.4 (attached)

TO LIFE OR PROPERTY
5 L JiPm T 2D FACILITIES WHICH wiLl BE USED TO PROTECT HEALTH AND MINIMIZE DANGER g

h ?::;C:(T:"( ‘rtuttou‘:( oih'?nt EOOJI’M[NT AND FACILITIES TO THE OPERATIONS LISTED INITEM § INCLUDE (a) RADIATION ot‘rt»‘rlo:
AND RELATED INSTRUMENTS (including flm bedges. dusimeters, counters. air ssmpling. and other survey equipment as appropriate. The description

radwation deiechon instruinents shou!J inclute the instrument charscteristics such as type of radiation detected, window thickness, and the range(s) of each in-

strument)

Refer to Sections 5.6, 5.7, and 5.7.1 through 5.7.10 (attached)

(b} METHOD FREQUENCY AND STANDARDS JUSED IN CALIBRATING lNS"lQM(NTS LISTED IN (a) ABOVE INCLUDING AIR SAMPLING
EQUIBPMENT (for Alm badges. specify method of calibrating and processing. or fame supphier).

Refer to Sections 5.7.2.1, 5.7.2.2, 5.7.3.2, 5.7.6, and 5.7.7
(attached)

e
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Page 2

14{c) v¢~J|L::2No‘°U.;~\.'U:I w-gca Wikl BE USED IN OPERATIONS WHICH PRODULE DUST FUMES MISTS OR GASES INCLUDING
PLAN VI HMOWIN v ANC LOCATION OF HOOD AND FILTERS MINIMUM VELOCITIES MAINTAINED AT M PENNGS AND PRO.
CEDURES FOR TESTING SUCH EQUIPMENT = — ’ wone

Refer to Section C.2.a of the Minerals Extraction Plan and
Section 5.7.1 (attached)

12 DESCRIBE PROPOSED PROCEDURES TO PROTECT MEALT M AND MINIMIZE DANGER TO LIFE AND PROPERT v AND RELATE THESE PRO
CEDURES TO YTHE CPERATIONS LISTED IN ITEM 9 INCLUDE (8) SAFETY FEATURES AND PROCEDURES TO AVOID NONNUGCLEAR ACCH.
DENTS. SUCH AS FIRE EXPLOSION. ETC . IN SOURCE MATERIAL STORAGE AND PROCESSING AREAS

Refer to Section 5.7.11 (attached)

(B) EMERGENCY PROCEDURES IN THE EVENT OF ACCIDENTS WHICH MIGHT INVOLVE SOURCE MATER, "L

Refer to Sections 5.7.10 and 5.7.11 (attached)

(c) DETAILED DESCRIPTION OF RADIATION SURVEY PROGRAM AND PROCEDUNES

Refer to Sections 5.7.2, 5.7.3, and 5.7.6 (attached)

'3 WASTE PRODUCTS. If none wiil be ganerated, state 'None'' opposite (a), below. If wasie products will be dener-
ated, check here £ and explain on a supplemental sheet:

(a) Quantity and type of radioactive waste that will be generated. (att ~hed)
(b) Detailed procedurss for waste disposal. Refer to Sec. C Minerals Extraction Plan

14 IF PRODUCTS FOR DISTRIBUTION TO THE GENERAL PUBLIC UYNDER AN EXEMPTION CONTAINED IN

10 CFR 40 ARE TO BE MANUFACTURED, USE A SUPPLEMENTAL SHEET TO FURNISH A CETAILED

DESCRIPTION OF THE PRODUCT, INCLUDING:

(a) PERCENT SOURCE MATERIAL IN THE PRODUCT AND ITS LOCATION IN THE PRODUCT

(b) PHYSICAL DESCRIPTION OF THE PRODUZT INCLUDING CHARACTERISTICS, IF ANY, THAT WILL
PREVENT INHALATION OR INGESTION OF SOURCE MATERIAL THAT MIGHT BE SEPARATED
FROM THE PRODUCT.

(c) BETA AND BETA PLUS GAMMA RADIATION LEVELS (Specily instrument used, date of calibration and
calibration technique used) AT THE SURFACE OF THE PRODUCT AND AT 12 INCHES.

(d) METHOD OF ASSURING THAT SOURCE MATERIAL CANNOT BE DISASSOCIATED FROM THE MAN
UFACTURED PRODUCT

CERTIFICATE

(This item must be completed by applicant)

1s. The applicant, and any official executing thiscertificate on behalf of the applicant named in Item 2,
certify that this application is prepared in conformity with Title 10, Code of Federal Regulations,
Part 40, and that all information contained herein, including any supplements attached hereto, is

true and correct to the best of our knowledge aZ:W
BY : @-ﬂ é—
L L

Simarur

S o G457 Grey Bogden - o

(Print or type ngme
Department of Environmental
& Industrial Safety

1 Tetle of corvslying offcial authorised to act on behall of the appin.anti

WARNING: 18U S Section 1000 Act of June 25, 1918; 62 Stut. 74%; makes it a criminal ofense to make 3 wilifully false state.
ment or representat on 1o any department or ageney of the United States as (o any matter within its jurisdiction.

Form NRC2(7-1D)




AMBIENT PREOPERATIONAL RADON GAS CONC!N‘!‘RATIONS1

WESTERN NUCLEAR, K INC.

CHRISTENSEN RANCE PROPOSED R & D SITE #!
Willow Creek

Samplina Period

6/13/82 to 7/24/82

6/14/82 to 7/24/82

6/15/82 to 7/24/82

7/24/82 to 8/13/82

8/13/82 to 11/03/82

11/03/82
12/15/82
01/19/83
02/21/83
03/29/83
04/21/83

Average Radon-222 Concentratloq;‘rPrccilionz (pCi/1)
Site A site B4 site C° site °
0.09 0.07
0.34
0.2
Not Determined 0.20+40.10 0.26+40.13 0.08+0,05
0.09+0.04 0.0240.03 0.3340.16  0.05+0.04
to 12/15/82 0.06+0.04 0.03+0.02 0.24+0.11  0.0940.05
to 01/19/83  0.03+0.02 0.0540.03 0.1440.07  0.04#0.03
to 02/21/83 0.06+40.04 0.06+0.04 0.09+0.05 0.0740.04
to 03/29/83  0.05+0.04 0.08+0.05 0.1340.07  G.u740.04
to 04/21/83 0.10+0.07 0.0740.06 0.14+0.08 0.1140.07
to 06/10/83 0.10+0.06 0.06+0.04 0.1440.07  0.1940.10

'sampling sites are shown in Section 5.0, OPERATIONS, Figures 5.5.7-2

and 5.5.

7-3.

2precision is 95% confidence level based on total uncertainty of
individual measurement.

3site A:
4gite B:
Ssite C:
6site D:

at RgD Site #1, upwind (SW perimeter) sampling site
at ReD site #1, downwind (N perimeter) lampllqg site
at nearest residence, Christensen Ranch

at remote background location, Innes Ranch

07/11/83
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APPENDIX D-1
PAST AND PRESENT LAND USE OF THE AREA

Overview

The Willow Creek R&D #1 permit area is in northeastern Wyoming in
the Powder River Basin. It is located along the Campbell-Johnson County
boundary approximately 26 miles west of Reno Junction, 30 miles north-
northeast of Midwest, 50 miles southwest of Gillette, Wyoming (see Maps
D-1-1, D=1-2, D-1-3, and D-1-4.) The property is in Sections 17 and 20,
T44N, R76W, Campbell County. The nearest communities are Pine Tree
Junction and Wright, about 12 and 24 miles distant, respectively.
Access is via graded oil field service roads to within 0.5 mile of the
site.

Climate of the area as described in Appendix D-4 is characterized
as semi-arid with average annual precipitation of about 14 inches. The
area has a relatively short growing season, averaging 116 days between
the average date of last freeze and first freeze. Temperatures range
from winter lows near -30°F to summer highs abcve 90°F.

The permit area and vicinity are composed mainly of tablelands of
moderate topographic relief. Vegetation coansists of rangelands
characteristic of the shortgrass prairie. There are limited acreages of
irrigated hay along Willow Creek. Campbell County does not contain any
prime farmland, according to the U.S.D.A. Soil Conservation Service
(S8CS), because irrigation water of sufficient quantity and quality is
lacking and the fallow system of producing crops does not permit crops
to be grown seven out of ten years (Cranston, Mike, SCS, personal
communication, 1982).

The most common rangeland type occurs onm non-saline soils and has
not been improved. Plants frequently found in this area ianclude blue
grama, Sandberg bluegrass, junegrass, and western wheatgrass. Big
sagebrush and silver sage also occur. Average production from this
vegetatiou type is about 800 to 1,000 pounds per acre.

Saline rangelands occur along major drainages and have vegetation
consisting of salt-tolerant species. Typical plants inciude saltgrass
and spike rush. Forage production from these lands averages abuut 2,000

pounds per acre.
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Grazing Use
Grazing is the major land use at the proposed site. The Willow

Creek permit area is owned by J. F. Christensen and family. Rangeland
at the sites has been utilized for cattle and sheep grazing since 1900
and this use is expected to continue in the future (Christensen, J. F.,
personal communication, 1982).

Another use of the area has been for wildlife forage and shelter.
Wildlife found in the site vicinity include pronghorn, mule deer, jackrabbits,
golden eagles, furbearers, and a variety of small mammals and song birds
(Appendix D-9).

Recreation
Recreational use of the permit area is limited because of the
private ownership and remoteness. Hunting is the only historic recreation

land use, and it occurs on a very small scale, primarily by local residents.

Mineral Development

0Oil and gas development is conducted in the vicinity of the site in
the Pumpkin Butte, Hartzog, and Collins fields. However, no activity is
now underway on or adjacent to the study sites. Uranium exploration has
occurred throughout the area as evidenced by abandoned drill holes eon

the proposed permit area and in the general project vicinity.

Potential Impacts to Grazing

The Willow Creek pernit area will have a total affected area of 8.7
acres with a disturbed area of 1.8 acres. The disturbance area contains
rangeland vegetation common to this portion of Campbell County. Based
on average production of 1,500 pounds per acre and about 20 acres per
AUM (Christensen, J. F., personal communication, 1982), the potential
loss of grazing forage in the permit area amounts to about 0.4 AUM. The
total acreage involved is less than .5 percent of the rangeland owned and
leased by J. F. Christensen and family. Therefore, it is anticipated
that the proposed project will not have a significant adverse effect on
livestock operations.

Once R&D activity is complete, disturbed lands will be revegetated
to a better than or equal to current condition, or will be developed

into a production facility, pending further agency approval.

D-1-6



APPENDIX D-3
ARCHAECLOGICAL AND PALEONTOLOGICAL RESOURCES

Greg Smith, an archaeologist with the Wyoming Department of
Environmental Quality (DEQ), conducted a pedestrian inventory of the

proposed Western Nuclear R&D site in May 1982. His subsequent

recommendation was that no further work be required in regard to these
resources, with the exception that should any cultural or paleontnlogical
remains be discovered during the project, the Administrator, Wyoming

DEQ/Land Quality Division, would be notified within five days prior to

further disturbance. (See the attached correspondence).

D=3=1



¥/ OF WYOMING ED HERSCHLER

. THE STATE ‘SALSETS

GOVERNOR
@eﬁaa/meal o/ Environmental Qaa/c'/y
LAND QUALITY DIVISION
401 WEST 19TH STREET TELEPHONE 307-777-77%6 CHEYENNE, WYOMINC 82002

June 29, 1982

Sophie Sawyer

Senior Project Coordinator

Environmental Research and Technology, Inc.
P.0. Box 2105

Fort Collins, CO 80522

Dear Sophie:

I'm sorry to be so long in getting this report to you but an
extended period of hospitalization temporarily interrupted all my
work.

‘ I conducted an intensive pedestrian inventory of the proposed
Western Nuclear R & D permit areas on May 20. I found no surficial
evidence of either cultural or paleontolcgical remains. I will
recommend that no further work be required in regard to these
resources, with the exception that should any cultural or pale. . “o-
logical remains be discovered during excavation for the prcject the
Administrator, WDEQ/LQD, be notified within 5 days prior to any

further disturiance.
Sincerely, @

Greg Smit
Archeologist

Thanks again for your patience.

Eg:lmk

D-3-2



APPENDIX D-4
CLIMATOLOGY

This section identifies and discusses the meteorological and
climathlogical characteristics of the permit area. Specifically
addressed are temperature, precipitation, and wind data. The permit
area is classified as having a semi-arid climate.

Local Geography and Available Meteorological Data

The permit area is located along the Campbeil-Johnson County boundary,
about 30 miles (48 km) north-northeast of the town of Midwest, Wyoming.
The site is along the western edge of Pumpkin Buttes, the most siguificant
terrain feature of the area, rising slightly more than 1,000 feet over
the permit area base elevation. Otherwise, the regional topography is
dominated by rolling hills and ridges along the Powder, Belle Fourche,
and North Platte River drainages. Major topographic barriers of the
region are the Big Horn Mountains (50 r..es to the west and northwest),
the Laramie Mountains (65 miles to the south), and the Black Hills
(120 miles to the east).

Extensive meteorological data records are not available for the
permit area. However, a good climatological data base is available for
several locations surrounding the permit area. The closest meteorological
data sites are at Midwest and Kaycee, both about 30 miles to the southwest
and west, respectively. Additional data are available at Gillette,
approximately 50 miles to the northeast. The period of record most
recently available from the National Oceanic and Atmospheric Administration
(NOAA) covers 30 years at Midwest, 27 years at Kaycee, and 24 years at
Gillette. The use of long-term records is better than a single year of
data to define the mean and extreme meteorological conditions.

The long-term NOAA climatological data base has been supplemented
by the installation of meteorological monitoring equipment at nearby
industrial sites, primarily coal mines in Campbell County. Records from
these facilities are particularly useful in helping to define area wind
patterns.

These sources provide a more than adequate data base from which to

make a valid assessment of the climatology of the permit area.

D-4-1



Temperature

tionthly values of mean and extreme temperature readings taken at
Midwest, Kaycee, and Gillette are presented in Table D-4-1. Temperatures
show a wide range between summer and winter, and between daily minimums
and maximums. This is primarily due to the high elevation of the region
and the relatively dry air which enhances the incoming and outgoing
solar radiation at the surface. Outbreaks of arctic air invade the
permit area during the winter and subject the region to extremely cold
temperatures. However, these episodes are generally short-lived, and
for the most part, winter-time temperatures are higher than would be
expected at this elevation. These milder temperatures are the consequence
of downslope compression which typically occurs with the prevailing
westerly synoptic scale winds.

Freezing temperatures are common during the late spring and early
fall in the permit area. Table D-4-2 shows the average growing seasons
for Midwest, Kaycee, and Gillette based on 32°F and 28°F. Average
growing seasons are longest at Midwest, 5 to 10 davs shorter at Gillette,
and about 20 days shorter at Kaycee.

Precipitation

Monthly mean and daily extreme precipitation data are presented in
Table D-4-3. Mean monthly precipitation peaks in the spring and early
summer months. These months also show the greatest frequency of
precipitation events. Maximum daily precipitation amounts are greater
during the summer months, and are typically associated with thunderstorm
events.

Most summer-time precipitation comes from convective showers and
thundershowers, while winter-time precipitation usually falls as snow.
During the spring and fall, moisture is derived from a combination of
convective showers and steady rain or snow. There is great variation in
precipitation amounts from month-to-month and year-to-year. The record
maximum monthly precipitation in the area is 10.0 inches at Gillette in
June of 1964, but several months exist on record at all stations when
little or no precipitation was received.

Monthly mean and daily extreme snowfall data are presented in
Table D-4-4. Monthly mean snowfall shows only slight variation over the

winter months, with peaks at Gillette and Midwest during March and

D-4-2
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TABLE D-4-1
MONTHLY MEAN AND DAILY EXTREME TEMPERATURE DATA'!

Station Jan Feb Mar Apr May June  July Aug Sept  Oct Nov Dec Annual

Monthly Mean Temperature (°F)

Midwest 24.1 27.3 34.1 45.0 54.9 64.4 73.0 71.2 61.1 49.8 34.8 28.2 47.3
Kaycee 2.6 26.0 31.0 42.9 52.4 60.5 69.3 67.5 57.2 47.6 32.7' ‘BN 44.5
Gillette 21.1 26.5 3.7 . 52.8 62.1 70.5 69.5 58.2 47.9 33.1 24.8 45.0
Monthly Mean Maximums (°F)
Midwest 36.3 40.2 47.5 59.7 70.1 80.8 91.1 89.5 78.9 65.9 47.6 39.9 62.3
haycee 37.4 41.0 45.3 57.8 67.3 76.5 87.8 86.6 75.3 64.7 48.1 40.8 60.7
Gillette 32.5 3.8 53.3 568 259 76.0 86.6 86.0 713.7 62.2 44.5 35.7 58.3
Monthly Mean Minimums (°F)
Midwest 31,9 14.4 20.6 30.3 39.7 47.9 54.9 52.8 43.2 33.7 22.0 1.5 32.3
Kaycee . 9% 11.0 16.7  27.9 31.5 44.5 50.8 48.4 3.1 29.3  31.2 10.0 28.2
Gillette 9.7 15.2 20.1 29.3 39.7 48.2 54.3 52.9 42.7 33.6 21.7 13.9 31.8
Record Maximum Temperatures (°F)
Midwest 62 69 117 89 94 102 106 105 100 89 76 69 106
Kaycee 66 71 76 83 92 104 105 103 97 87 117 66 105
Gillette 62 64 75 83 94 104 104 104 98 89 14 64 104
Record Minimum Temperatures (°F)
Midwest -39 -41 =20 -16 14 26 37 32 14 4 -26 -31 -41
Kaycee -45 -34 =30 -3 12 25 33 28 13 -3 «37 -42 ~45
Gillette -34 +22 =23 e | 11 28 35 32 20 -3 -26 -31 -34
'Period of Record: Midwest 1931-1960
Kaycee 1941-1967

Gillette 1951-1974



TABLE D-4-2
AVERAGE GROWING SEASON!

No. of Days No. of Days

Station (32°F) (28°F)

Midwest 127 152

Kaycee 106 132

Gillette 122 143
Period of record: Midwest 1931-1960
Kaycee 1941-1967
Gillette 1951-1974
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TABLE D-4-3

MONTHLY MEAN AND DAILY EXTREME PRECIPITATION DATA!

Station Jan

Feb Mar Apr May June  July Aug Sept  Oct Nov Dec Annual
Konthly Mean Precipitation (inches)
Midwest .55 855 LW 22 e .74 1.19 0.80 0.93 0.90 0.72 0.52 12.84
Kaycee 0.0 0.22 0.61 1.56 1.97 2.20 1.01 0.66 1.09 0.82 0.51 0.35 11.50
Gillette 0.55 0.62 0.78 1.78 2.42 3-8 ~1:3 1.25 1.31 1.03 0.67 0.57 15.42
Record Daily Precipitation (inches)
Midwest 0.63 0.90 1.50 2.35 2.29 1.38 1.74 L.69 3.56 1.53 0.62 0.60 3.56
Kaycee 0.58 0.40 0.56 1.52 1.60 3.62 0.92 1.72 1.19 1.58 0.39 0.45 3.62
Gillette 0.64 0.85 0.81 2.12 2.00 4.10 1.60 2.82 1.65 1.43 0.90 0.40 4.10
'Period of Record: Midwest 1931-1960
Kaycee 1941-1967
Gillette 1951-1974
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TABLE D-4-4

MONTHLY MEAN AND DAILY EXTREME SNOWFALL DATA!

Station Jan Feb Mar Apr May June  July Aug Sept  Oct Nov Dec Annual
Monthly Mean Snowfall (inches)
Midwest 8.3 1:1 9.5 8.3 1.6 0.1 0.0 0.0 e 2.8 7.9 7.2 52.8
Kaycee 7.0 6.0 6.4 6.4 2.8 0.1 0.6 0.0 0.6 2.9 6.0 6.3 44.5
Gillette 9.0 10.0 10.1 9.9 2.0 0.3 0.0 0.0 1.1 . %) 7.5 9.2 63.2
Record Daily Snowfall (inches)
Midwest 10.0 12.0 13.0 28.0 6.0 3.0 0.0 0.0 2.0 12.0 7.5 11.0 28.0
Kaycee 8.1 8.7 5.3 2280 1.7 1.4 0.0 0.0 4.2 8.0 7.8 6.0 22.0
Gillette 14.0 12.0 7.0 13.0 10.0 2.0 0.6 0.0 4.0 8.0 2.0 8.0 14.0
'Period of record: Midwest 1931-1960
Kaycee 1941-1967
Gillette 1951-1974



January at Kaycee. Daily maximum snowfall typically occurs during the
spring. Snow has occurred at each station during every month except

July and August.

Wind Patterns

Synoptic scale winds in the permit arca have a dominant westerly
component, but at any one time the local surface winds are dependent on
the regional weather patterns and topographic features.

Wind speeds at Midwest and Gillette are estimated to average
approximately 13 miles per hour (mph) annually and about 8 mph at Kaycee.
Stronger winds are typical of all sites during the winter and spring
months, while weakest winds are common during the summer. Caytime wind
velocities are also usually higher than nighttime wind velocities.
Damaging winds with speeds of over 75 mph sometimes occur during severe
thunderstorm events.

Predominate wind directions usually follow the significant terrain
features. In the permit area, this means the winds are oriented along a
northwest-southeast axis. Wind data collected at Campbell County coal
mining projects show this pattern and should be indicative of wind
patterns in the permit area. Annual wind roses for the Cordero and

Caballo mines are presented in Figures D-4-1 and D-4-2, respectively.
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APPENDIX D-5
GEOLOGIC ASSESSMENT

Geology of the Christensen Ranch

Introdection and General Description

The Christensen Ranch property is situated in the south-central
portion of the Powder River Basin in Johnson and Campbell Counties,
Wyoming. Sediments of the Powder River Basin are of Tertiary Age and
consist primarily of the Paleocene Age, Fort Union, and the unconformably
overlying Late Paleocene or Early Eocene Wasatch Formation. Both the
Fort Union and Wasatch Formations are typical fluvial deposits not
unlike tibose of cther Wyoming Tertiary basins.

The Wasatcn rormation is the uranium-bearing unit of the Christensen
Ranch. Within the Wasatch there are four mineralized sands which have
been informally designated, in descending order, as the J sand, K-1
sand, K-2 sand, and K-3 sand (see Figures D-5-1, D-5-2, and D-5-3 at the
end of Appendix D-5). The Wasatch sediments are considered to be a
single sedimentological entity with only a general stratigraphic
separation based upon distinct, but interrelated, characteristics of the
fluvial system that deposited the sands.

The host rock for the uranium mineralization is fine-to-coarse
grained, arkosic to subarkosic sand occurring as a channel fill, a point
bar, or an overbank deposit. The Wasat:ch is a sequence of claystones,
siltstones, sandstones, and coals deposited in a fluvial environment by
a major river system flowing northward through the Powder River Basin.
The Wasatch Formation may obtain a thickness in excess of 1,400 feet in
portions of the Christensen Ranch; however, this is not common. Regionally,
the formation dips 1° to 2° west-northwest toward the basin center.
Structural deformation is mild, with only regional dip being of any
consequence.

The mineralized sands of the Wasatch Formation may be up to 300 feet
thick and may vary from narrow channel fill, within a floodplain mud
bank, to sheets 20 to 30 miles wide and tens of miles long. The sands
were deposited by rivers constituting a spectrum of types from braided

streams to broad meandering rivers.

D-5-1



Unoxidized sands are various shades of grey and contair variable
amounts of carbonaceous materials, pyrite, and calcareous cementing
agents. The oxidized sands are various shades of red and contain ferric
iron in the form of hematite, geothite, and limonite. The major sand
units correlate with a fair degiee of reliability utilizing a lignite
marker bed found extensively throughout the property.

Uranium mineralization at the Christensen Ranch is in the form of
roll fronts found at the periphery of large tongues of altered sand-
stones. These fronts were created when preexisting pyrite was oxidized
by dissolved oxygen contained in meteoric groundwater migrating through
the sands. Uranium, and lesser amounts of selenium and vanadium, were
deposited at the interface between the oxidized and unoxidized portions
of the sands. Uranium-bearing fronts may not be present aiong the edges
of all the oxidized tongues, but tend to concentrate in areas where the
necessary physical and geochemical conditions were more favorable. The
more important factors controlling uranium deposition are the porosity,
permeability, and geometry of the sands and the quantity of pyrite and
carbonaceous material present (controlling the Eh and pH environment).
Uranium was commonly deposited in the form of uraninite (UOy) or as
coffinite (U(SiO4) (OH),) with minor quantities of tyuyamunite (Ca(UO3),
(VO4) 2 Hp0).

Geology of the Central Willow Creek - R&D Site #1

The geology of the Willow Creek area is not remarkably different
from the rest of the Christensen Ranch. The depositional environment
was the same general fluvial system that carried all of the sands
throughout the ranch. The only exceptions are the K-1 and K-3 sands,
which are poorly developed and do not appear to be a channel fill

sequence as the K-2 exhibits.

J Sand (Shallow Aquifer) Unit. The J sand unit within the central

Willow Creek area has been relatively well developed, consisting of a

tine-to-coarse grained, unaltered sandstone which becomes silty toward
the bottom and grades into a dark brown to black mudstone. The J sands

in Willow Creek are unaltered and do not contain any uranium mineralization,



although in other parts of the Christensen Ranch this unit may be
mineralized. The J sand has been identified as the shallow aquifer for
the R&D site. Depth to the J sand is approximately 265 feet, and the

average thickness is on the order of 30 feet.

Coal Marker Bed (CMB). The lignite marker bed is easily identified

throughout the Christensen Ranch by the extreme shift of the resistance
log track to the right and the corresponding depressed gamma log. The
coal marker bed is normally a thin (less than 3 feet), extremely poor
quality lignite bounded above and below by massive mudstones. The CMB

is of no economic or geologic importance.

K-1 Sand Unit. Through the Central Willow Creek area, the K-1 is poorly

developed and defined. It is typically nonmineralized and commonly less
than 25 feet in thickness. As the unit is traced from the south to the
north, it exhibits a facies change from the thick, massive bedded channel
sands characteristic of channel fill deposits, to that of fine-grained
silts, mwudstones, and muddy sands characteristic of overbank and floodplain
facies. This facies change is evident in the R&D area as the K-1 is a
well sorted, fine-grained, silty sandstone becoming even more so to the
north. The K-1 is not an adequate host for uranium mineralization in

the Willow Creek R&D site. Depth to the K-1 is approximately 350 feet

and it is approximately 15 feet thick.

K-2 Sand Unit. As the K-1 sand tends to thin and pinch out, the K-2

sand thickens appreciably and, in some places within the Willow Creek
area, merges with the K-1. The K-2 varies from 100 feet to greater than
200 feet in thickness and averages about 145 feet within the R&D boundaries.
Depth to the top of the K-2 sand is about 365 feet.

The K-2 unit is the mineralized host rock in the central Willow
Creek area and contains approximately 3,600,000 pounds of uranium reserves.
The unit is typically a massive bedded, fine-to-coarse :rvained, subarkosic
sandstone containing thin, discontinous mudstone lenses. The K-2 aquifer
in this area represents one of the large oxidized sand tongues as described
earlier.

In some areas where the K-sand series has merged due to the

dominate nature of the K-2, the entire sand sequence is labeled as K-2.
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K-3 Sand Unit. The K-3 sand in Villow Creek is poorly developed and

exhibits many of the same characteristics of the K-1 series. It is
typically nonmineralized and less than 10 feet thick at a depth of
around 510 feet. The sands are normally fine-to-meadium grained, becoming
silty and muddy toward the bottom. In the R& area, the K-3 has merged

with the K-2 and is not identifiable as an individual unit.

L Sand Unit (Deep Aquifer). The L sand within Willow Creek is a well-

developed, mature, fine-to-coarse grained sandstone containing numerous
discontinuous mudstone lenses. Not much is known about the L sand as it
is not mineralized within the Christensen Ranch area and is therefore
not a drilling target. The L sand is bcunded above and below by massive
mudstones and is separated from the K-3 sand unit by approximately 120
feet of continuous mudstones and siltstones (see Figure D-5-4 at the end
of Appendix D-5). The L sand is about 40 feet thick at a depth of 640
feet. This sand has been identified as the deep aquifer for the R&D
site.

Table D-5-1 is a geologic description of drill hole WCOW-28D, the

deep aquifer monitoring well.
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TABLE D-5-1
GEOLOGIC DESCRIPTION OF DRILL HOLE WCOW-28D

Depth Elevation
Unit To Top To Top Thickness Geologic Description
(in feet) (in feet) (in feet)

Quaternary Alluvium 0 4,790 15 Soils, subsoils, fine sand, red to brown, oxidized.

Mudstone 15 4,775 25 Mudstone, fine grained, green to grey.

Sandstone 40 4,750 25 Sandstone, medium-to-fine grained, yellow, limonitic, oxidized.

Muds tone/Sandstone 65 4,725 198 Mudstone w/interbedded thin sands, fine-to-medium grain, yellow

J Sand* 263 4,527 29 ;m::no, fine-to-coarse grain, grey, silty in parts.

Mudstone 292 4,498 12 Mudstone, fine grain, green to grey, coal in parts.

Coal Marker Bed 304 4. 486 2 Lignite, fine grain, black to brown, muddy, contains sulphur.

Mudstone 306 4,484 46 Mudstone, fine gra‘n, green to grey, sume coal stains, minor
sands.

K-1 Sand* 352 4.438 15 Sandstone, fine-to-coarse grain, grey, some hematite, silty in
parts.

K-2 Sand* 376 4,423 145 Sandstone, fine-to-coarse grain, grey to yellow, interbedded
mudstones.

K-3 Sand* 512 4,278 8 Sandstone, fine-to-medium grain, grey, silty toward bottom.

Muds tone 520 4,270 120 Mudstone, fine-to-medium grain, green to grey, sandy in parts.

L Sand* 640 4,150 41 Sandstone, fine-to-medium grain, dark grey, silty in parts.

Muds tone 681 4,109 9 Mudstone, fine grain, green to grey, some coal, sandy in parts

760 4,030 1.D. Hole 1.D. in mudstone.

*Indicates water-bearing strata.

BOTE: Modified from original geologic description by N.H. Jerome, dated June 26, 1982
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APPENDIX D-6
HYDROLOGY

D-6A Surface Water

D-6A-1 Surface Hydrology

There are no perennial streams within the permit area. The area is
drained by Willow Creek, an ephemeral stream which will be crossed by
the access road to the proposed site. Map D-6A-1 delineates the drainage
area for the Willow Creek R&D #1 Site. As shown on the map, a catchment
area of 35.1 acres drains northward into the permit area. Runoff in the
small drzinage area is not channeled into any significant creek or
ravine until it passes through the permit area and joins Willow Creek.
The mean downhill gradient for the length of the drainage area is

approximately 8 percent.

D-6A-1.1 Peak Flow and Culvert Size Calculations for Willow Creek Crossing
(Access to R&D Site #1)

As is shown in Map D-6A-2 (see Map Pocket at the end of Appendix D-6),

the drainage area for the proposed Willow Creek Crossing is approximately
34 square miles. U.S.G.S. water resources investigation No. 76-112,
"Techniques for Estimating Flow Characteristics of Wyoming Streams"
(1976), gives correlations for calculating peak flows based upon the
drainage area. Since the planned life of the structure is approximately

7 years, design shall be for a 25-year peak flow and is described by

P25 = 742 (A)0'37

where A
P
Substitution yields

the drainage area in square miles, and

the peak flow in cubic feet per second (cfs).

Pys = 742(34)°°37 = 2,736 cfs

Using data obtained in Design of Small Dams (1977), U.S. Department

of the Interior, Bureau of Reclamation, the culvert size required to
handle this flow can be calculated.
Initial plans are to install eight culverts within the structure.

This requires each to be capable of handling

2,736/8 = 342 cfs

D-6-1
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Assume each culvert is 6 feet in diameter. Using Table B-3 of Design of

Small Dams and assuming d/D = 0.80,

e ' ©, 453
D8/3 81/2

vhere

= volumetric flow rate (cfs)

Q
n = Manning coefficient (from Design of Small Dams, page 555)
D = culvert diameter (feet)

8 =

friction slope (assumed ~ equal to the basin slope).

Substituting values for this case,
342(0.024)
p8/3(c.01)1/2

0.453

o
"

7.03 feet

Now, using D = 7 feet, check the assumption of n = 0.024,

342(0.024)
718/3(0.01)1/2

= 0.458

Therefore, 4/D = 0.81,

and A/D? = 0.6815

where A = cross-sectional area of the flowing water (ft2).
A = 33.4 ft?

Now, V = Q/A

"

where V velocity of the flowing water (ft/sec)
v 342/33.4 = 10.2 ft/sec
Darcy's equation states (see Figure B-7 of Design of Small Dams)

S 5
hf = f(D\(Zs)

where hf = head loss due to friction (feet of fluid flowing)

f = friction factor

L, D = length and diameter of culvert (ft)
V = fluid velocity (ft/sec)
g = gravitational constant

D-6~3



Substitution yields

80.,(10.2)2
= v } [ D
1.2 = £ LG n!
f = 0.056
and

2
£ = 185n
DI/3

Therefore, n = 0.024
Therefore, eight 7-foot diameter culverts will handle the 25-year peak

flow.

D-6A-2 Surface Water Sampling

Since no surface water exists within the permit area, no surface
water sampling is proposed. However, as a precautionary measure, Willow
Creek will be sampled upstream and downstream of the test site prior to
startup and when sufficient precipitation occurs to cause flow. Exact
location of the sampling points will be determined in the field and will

be influenced by access cond tions.

D-6-4



P-6B Groundwater

D-6B-1 Groundwater Hydrology

D-6B-1.1 General Description

The Powder River Basin has a relatively independent groundwater
system. Recharge to the Wasatch Formation primarily comes from the
eastern front of the Big Horn Mountains and the western front of the
Black Hills, and additional influx from precipitation over the remainder
of the basin. Pumpage, evaporation, transpiratiou, and seepage to
rivers, streams, and springs account for most of the discharge from the
Wasatch Formation. The principal natural discharge of groundwater is
along the Powder River and the Little Powder River and their
tributaries.

Groundwater development has been mostly for stock and domestic use.
Wells are designed to satisfy only these requirements. Hence, ground-
water levels exhibit only minor seasonal fluctuations. This indicates
that recharge and discharge in the Powder River Basin, unlike many
portions of the United States, are approximately in balance.

The regional groundwater movement is slow, usually on the order of
1 to 10 feet per year. The general direction of regional groundwater
flow is northward, but local drainages control movement of water,

especially in the aquifers near the land surface.

D-6B-1.2 Summary and Conclusions

A multiwell pump test was conducted by In-situ, Inc. at Western
Nuclear's Willow Creek R&D Site #1 in July 1982. All nine test wells
were completed into the Wasatch Formation. A fiberglass tape was used
to make static water level measurements. Pressure transducers
interfaced with a computerized data acquisition system were used to
measure and record transient water level data. A mechanical flow
regulator was used to maintain a constant flow rate.

The assumptions used in the data analysis were examined in detail.
It was concluded that these assumptions were closely approximated, as

was evidenced by the excellent type-curve matches.

D=6-5



The overlying and underlying shale layers were found to be nonleaky,
since monitor wells in the shallow sand unit and the deep sand unit
showed no water level response to pumping in the production zone.

Well WCPW-21, located in the center of the test pattern, was the
pumped well. The flow rate of 13.0 gallons per minute (gpm) was
maintained for 24 hours. The resulting radius of influence was 710 feet
(36 acres). No hydrologic barriers, sources, or sinks were detected
during the test.

Hantush's unsteady-state, partial penetration well function was
used to analyze the individual well data. The mean values obtained from
these analyses were:

storage coefficient = 7x10 4

transmissivity = 679 gallons per day (gpd)/ft
permeability = 216 millidarcies (md)

ratio of horizontal to vertical permeabililty = 17

This value of permeability is typical in the vicinity of Pumpkin
Buttes. The reiatively hLigh ratio of horizontal to vertical perme-
ability predicts good vertical containment of the leach solution for
in situ operations.

Papadopulos' method was used to study the directional permeability
of the formation. The statistical approach applied to all combinations

of three wells yielded the following mean values:

i

Tnajor 1,466 gpd/ft (465 md)

minoe = 314 gpd/ft (100 md)

Tgeonctric s 679 gpd/ft (216 md)
direction of major tramsmissivity = N 56° W
storage coefficient = 4x10%

The production specific capacity and the injection specific capacity
of the pumped well were estimated to be 0.063 gpm/ft and 0.037 gpm/ft,
respectively. The maximum productivity of well WCPW-21 and the
injectivity at 80 psi of wellhead pressure were both about 12 gpm.

Based on a potentiometric surface map constructed for the site, the
local groundwater flow was calculated to be at a velocity of 5 feet per
year in the direction N 57° W, which is coasistent with the regional

groundwater flow.
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Hydrologic coaditione, therefore, appear favorable to in situ
. mining.

The groundwater quality data collected to date has been subjected
to exhaustive statistical analysis and has resulted in the following
conclusions:

1) No statistically significant differences in water quality were

evident as a result of airlifting versus pumping as a method
of casing evacuation.

2) There are no statistically significant differences in quality
between the K1 and K2 aquifers. They are considered one
aquifer system.

3) Minor differences occur between various laboratory assays.
None will influence groundwater classification, leaching, or
restoration requirements.

4) Some groundwater quality varience versus time was evident but
no pattern is yet identifiable.

5) The K2 aquifer does not appear suitable for any use due to
elevated pH and radionuclide values.

. D-6B-1.3 Previous Investigations

Two previous groundwater studies in the general area of the Willow

Creek site are particularly noteworthy. These are the "Water Resources
of the Powder River Basin and Adjacent Areas, Northeastern Wyoming" by
Hodson, Pearl, and DPruse (1973) and the "Environmental Statements Related
to Operation of WMC Irig-ray Solution Mining Project" by Wyoming Mineral
Corporation (1978).

Hodson, Pearl, and Druse (1973) provide fundamental information
about the water resources of the Powder River Basin. Their work incor-
porates the findings of many previous invi.stigations. The Cleveland-Cliffs
Iron Company used groundwater level information from this wcrk to supplement
other water level information in constructing a regional potentiometric
surface map in a study contained in their application for a pilot-plant
license for the Collins Draw property (1978), which is only 10 miles
southeast of the Willow Creek site.

Wyoming Mineral Corporation and the Nuclear Regulatory Commission
(NRC) made a regional study for a commercial application at the Irigaray

‘ Ranch, 12 miles northwest of the Willow Creek site. Site-specific
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hydrologic data (water level measurements in particular) along with
information from the previous Hodson, et al. study are included in the

NRC report.

D-6B-1.4 Purpose of Present Investigation

The purpose of this investigation was to study the site-specific
hydrologic characteristics of Western Nuclear's Willow Creek R&D #1

Site. The test objectives were to determine the following:

B local groundwater flow;

“ mean transmissivity, hydraulic conductivity, and permeability;
- directional transmissivity;

® storage coefficient;

“ radius of influence of pumping;

. location cf hydraulic boundaries that may be present within

the radius of influence of pumping;
a degree of hydraulic communication between adjacent aquifers;
. well efficiency of the pumped well; and

. specific capacity of the pumped well.

D-6B-1.5 Test Wells

The design of the wellfield pattern maximizes the hydrologic
information that can be obtained from the multi-well pump test conducted
in the study area. A test pattern of nine wells (Figure D-6B-1) was
completed in the Wasatch Formation at depths ranging from 260 to 660 feet.
The main aquifer consists of three water-bearing sands (designated K1,
K2, and K3) at a depth of approximately 350 to 520 feet. A shallow
aquifer (designated J sand) lies at a depth of approximately 260 to
280 feet; a deep aquifer (designated L sand) lies at a depth of
approximately 640 to 670 feet.

The test pattern consisted of 1) one pumped well (WCPW-21) in the
K2 sand; 2) four K2 sand monitor wells (WCOW-22, WCOW-23, WCOW-25, and
WCOW-26); 3) one K1 sand monitor well (WCOW-24); &4) one K3 sand monitor
well (WCOW-21); 5) one shallow sand monitor well (WCOW-27S); and 6) one

D-6-8
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deep sand monitor well (WCOW-28D) (see Figures D-5-1, D-5-2, D=5-3, and
D-5-4 in Appendix " .. veologic Assessment).

The shallow J-sand unit is separated from the production 2one by
approximately 70 feet of mudstones. The deep L-sand unit is separated
firom the production zone by approximately 120 feet of mufstones and
tlays. Water level measurements made during the purp test indicate that
toth the shallow and deep sand units are apparéntly isolated from the
production zcne. The léaching operation will not affect eith®r of thide
L#%o units.

All field data Aare contained in ATTACHMENT A to APPENDIX D-4%

U=6B-1.5.a Individual Well Information e

Table D-GB~1 summarizes the pertiment information abvut the test
wells. The pumped well (WCPW-21) and "our moritor wells (WCOW-22,
WCOW-23, WCOW-25, sad W O%-i) wele comp'eted in the K2 sand unit.
Monitor well WCOW-24 was completed-i” the K1 sand dnit and WCOW-21 in
the K3 sand unit. Monitur well WCOW-273 tas completed im ‘he shillow
J-sand unit and well “COW-28) in the deep "-sand uni‘. A) wells were
developed prior to the test.

A drift survey (Figure D-6B-1) 8i~w8 Chat the wells were ABarly
vertical with a maximum deviativn =2£{ 11.9 feet for the ?u.peﬁ vell,
WCPW-21.

D-6B~1.5.b Test Preparation. Instruments, and Pr%-edures

All of the *est vells had been drilled, rn-olvted, and develcped
before the collectionm Af the baseline water level data and before the
start of the pump test.

Baseline wairr Jevel measurements were made with 'a fiﬁerg}\ls
measuring tape equippAd with an zcoustic sounding device. The *2pe was
precisely marked in 2 mil)imeter increments. These measuremehts were
used along with well-collar elevations from survey records t: determine
the water level elevations in each of the observation wells.

An automatic flow regulator, whith waiwiains the flow rate to
* 1.5% of the set point, was used %o acliieve the constant flow rate
required by the analytical s:i{ntions In Situ, Inc. used to evaluate the

test data.

\ D=6-10
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TABLE
D-6D-1
CREUmnt. Aupsh S0L. Srniess CHRISTENSEN RANCH FUMP TEST
R&D Site No. 1 AND
WILLOW CREEK
BASELINE GROUNDWATER SAMPLING WELLS
ELEVATIONS (FT) COOR DINATES
FIED ID  WYOMING CASING TOTAL SCREENED AQUIFER WELL,  POTENTIOMEIRIC
M. PERMIT NO.  DEPMM(FT)  DEPTH(FT)  INIERVAL(FT) REPRESENTED GROUND  HEAD SURFACE * N b
WCRW-21  U.W.60385 445 460 Uh5-455 K2 4,79 4,792 . 137,247 849,685
WOM-21  U.W.60386 490 505 490-500 K2 4,783 4,784 4,646.0 137,37 849,75
WoM-22  U.W.60387 440 455 440-450 K2 4,795 4,79 4,645.6 137,247 849,535
WOW-23  U.W.60388 w? 462 4Wh7-457 K2 4,793 4,795 4,646.4 137,117 849, 760
O WOOW-24  U.W.60389 S 360 345-355 K1 4,788 4,789 4,644.5 137,269 849,727
n
L OWOW-25  U.W.60390 440 455 440450 K2 4,7 4,791 4,645.9 137,300 849,650
WOM-26  U.W.60391 445 460 45455 K2 4,792 4,793 4,646.2 137,200 849,685
WOW-27S  U.W.60392 260 275 260-270 Shallow Ag. 4,789 4,790 4,680.3 137,282 849,683
WOOW-28D  U.W.60393 645 660 645-655 Deep Aquifer 4,790 4,791 4,632.0 137,229 849,702

Note: All holes were drilled with a 7 7/& inch drill bit and completed with 4.95 inch 0.D. casing.
All wells are located in the NE%, NEX, Section 20, T44N, R76W

* Measured on Jul; 21, 1982




The flow rate was measured periodically using a Badger flow meter
with a totalizing register. To verify the Badger meter measurements,
the flow rate was calculated from the time required to collect a known
volvme of discharge.

Nine pressure transducers were used to measure the depth to water
in each of the test welis during the test. Each transducer was
sensitive to a pressure change of 0.01 pounds per square inch (psi) and
accurate to % 0.5% of full scale. The transducers were temperature
compensated and unresponsive to changes in barometric pressure.

A computerized data acquisition system automatically converted
transducer signals to drawdown in the well and recorded the data on
magnecic tape. The computer collected data more frequently at the
beginning of the test when drawdown changed rapidly, allowing for early
collection of reliable data. Periodic measurement of water levels using
the fiberglass tape verified the data collected with the automatic data
acquisition system.

The computer visually displayed the data so that test progress
could be monitored continually. The computer also produced graphic
displays upon request, making evaluation of data in the field possible.
These oreliminary analyses provided a basis for determining the radius
of influence, the possible existence of a hydraulic boundary, optimal

duration of the test, etc.

D-6B~1.5.c¢ Local Potentiometric Surface
Figure D-6B-2 represents the potentiometric surface at the site.
The contours were inferred from water elevation measurements made with a

fiberglass tape on July 21, 1982.

L-6B~1.5.d Local Groundwater Flow

The hydraulic gradient used to calculate the natural groundwater
flow is based on the contours shown in Figure D-6B-3. With the values
of directional transmissivity and thickness of the aquifer previously
reported and a porosity of 30%, a natural groundwater flow of 5 feet per
year in the direction of N 57° W was computed. These values are compatible

with the trend of regional groundwater flow.

D-6-12
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This flow is clearly negligible and should cause no problem during

the life of the in situ operation.

D-6B-1.6

Method of Analysis and Assumptions

Hantush's unsteady-state, partial penetration well function was

used to analyze the data from each well. The following assumptions are

implicit in the derivation of Hantush's solution:

1.

2.

The

the aquifer is confined,
the aquifer is homogeneous within the radius of influence,

the thickness of the aquifer is uniform within the radius of
influence,

the pumped well has an infinitesimal radius, and

water is released instantaneously from storage with decline in
pressure.

following observations were made about these assumptions:

Assumption 1

Water level measurements and well logs suggest the aquifer is
confined. Water levels are approximately 150 feet below the
tops of the well casings, and the tep of the aquifer is at
approximately 350 feet below the land surface. A confined
aquifer is by definition one in which the water level in wells
is above the top of the aquifer. Furthermore, the mean value
of the storage coefficient (4x10 %) determined from the analysis
of the pump test data is consistent with the typical storage
coefficient of a confined aquifer.

Assumption 2

Homogeneity can be substantiated by examining the transmissivity
values obtained from the individual well data. Note that the
values of transmissivity listed in Table D-6B-2, with only one
exception, vary from the mean value (679 gpd/ft) by less than
22%. Some heterogeneity exists; however, it would appear that
gross order of magnitude errors would not result under these
conditions. The results should provide good engineering
approximations.

Assumption 3

Reference to the well logs reveals only a few percent variation
in thickness over the site area, which validates Assumption 3.

D-6-15
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Christensen
R&D

Ranch ISL Project
Site No. 1

WILLOW CREEK

SUMMARY OF PUMP TEST RESULTS

TABLE
D-6B-2

WELL |TRANSMISSIVITY|CONDUCTIVITY| PERMEABILITY STORAGE R* rLEAKAGE
(gpd/ft) (gpd/ft?) |(millidarcies)|COEFFICIENT
b i y5iv d NG WIS
WCOW-21 582 3.33 190 1.6 x 10-? 15 none
T:Ebw-zz 626 3.58 204 3.0 x 10°" 15 none
e ‘L ek »
WCOW-23 550 3.14 180 2.6 x 10" 25 none
o= - s o ——
WCOW-24 616 3.52 201 1.1 x 10-3 15 none
b - = sl
WCOW-25 1090 6.23 3156 1.7 x 10-° 25 none
| - S———
WCOW-26 613 2.50 200 4.4 x 10-" 5 none
Dty = -
WCPW-21 532 3.04 174 —— - none

*R = ratio

of horizontal to vertical permeabilities.




. Assumption &

The pumped well has a small finite radius, restricting the
application of Hantush's solution to the pumped well.

. Assumption 5

This assumption is closely approximated since the release of
water from storage in a confined aquifer is an elastic
phenomenon. As such, the only delay in vater release due to
pressure decline occurs when equilibrium is reached. This
happens in approximately the time a stress wave takes to make
10 transversals over the thickness of the aquifer. A value of
1.6x10 ° psi for the bulk modules results from the mean storage
coefficient determined from the test. Therefore, the wave
speed is approximately 2,300 feet per second and the e¢quilibrium
time is 0.8 second. This delay of less than 1 second may be
regarded as negligible for all practical purposes, yielding
instantaneous water release from storage with pressure decline.

Allowing for restrictions noted above, it is concluded that Hantush's
solution closely simulates the hydrologic conditions and that this

analytical procedure is sufficiently accurate to meet the study objectives,

giving reliabl~ values for the aquifer properties.

D-6B-1.7 Data Analysis
A constant flow rate of 13.0 gpm was maintained during the multi-well
pump test begun on July 23, 1982. The test lasted for 24 hours and

resulted in a radius of influence of 710 feet (36 a2cres). The drawdown

in the pumped well (WCPW-21) was 162.5 feet at the end of the test.
Table D-6B-3 lists the distances of the observation well from the pumped
well.

Hantush's unsteady-state, partial penetration well function was
used to analyze individual well data (Figures D-6B-4 tc¢ D-6B-9).
Table D-6B-2 summarizes the results. The formulas used in the accompanying
analyses are shown in Figure D-5B-10.

All of the observation wells yielded consistent values for storage
coefficient; the mean value was 7x10° 4. The mean value of transmis-
sivity was 679 gpd/ft (0.22 darcies). The lowest value of 550 gpd/ft
(0.18 darcies, was observed in well WCOW-23; the highest value of
1,090 gpd/ft (Nn.35 darcies) was observed in well WCOW-25. In the Pumpkin
Buttes area, transmissivity values typically are in the range of 200 to
800 gpd/ft. The mean ratio of horizontal to vertical permeability was

17.
D-6=-17



Christensen Ranch ISL Project

R&D Site No. 1
WILLOW CREEK

TABLE

D-6B-3

DISTANCE FROM PUMPED TO OBSERVATION WELLS

WELL NO. WELL TYPE DISTANCE* TO THE
PUMPED WELL (ft)
WCPW-21 Pumped -0-
r325;:§1 Observation 138.66
WCCW-22 Observation 146.91
'WCOW-23 | Observation 162.90
';cow-zc Observation 45.77
r;COW-ZS Observation 53.78
?kow-zs Observation 53.99
WCOW-275 | Shallow Aguifer 21.62
Moni cor
WCOW-28D| Deep Aquifer Approx. 30
Monitor

*Measured from hole bottom
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I Hantush's Unsteady State Partial Penetration Well Function (Hantush 1964)

s = ;%f [Wlu) + £ (i.1)
_ rs

u = o= (1.2)

where

f = partial penetration correction function
s = drawdown in observation well (L)

Q = flow rate (L3/T)

T = transmissivity (L%/T)

S = storage coefficient

t time since pumping started (T)
Wiu) = well function

[1. Papadocpulos' Method (Papadopulos 1965)

s =7 - ' 42 ) W (U ) (2.1)
W T T, I, xy
2 R s
I 8 TxxY + ryyx 4 A (2.2)
xy 4t I, de R
XX yY Xy
1/2
Tu;or - !‘Txx - Tyy) *
3 2 21172
(T, =T )%+ 2)
1/2
Tllnor = [(Tu * Tyy) -2 (2.4)

(T -T_ )% +41 V2
(T =100 e 4t

2. -T
8 = arctan —22JOF Sifor (2.5)

Ty

Figure D-6B-10. Mathematical Formulas.
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where

$ = drawdown (L)
Q = flow rate (L3/7)

U(ny) = well function

Txx' Tyy' Txy = components of transmissivity tensor (L%/T)

= (L2/
r-a]or' Tn\nor principal transmissivities (L*/T)

X, Y = coordinates of observation well relative to the pumped
well (L)

8 = angle between x and the major axis

Example: Multi-well pump test

Q= 13.0 gpm
MATCH POINT INFORMATION
Well X Y t s
No. (ft) (ft) (min) (ft) ny H(ny)
WCOW-22 ~146.9 -3.8 27.5 2.38 1 1
WCOW-23 68.6 -147.8 33.%5 2.7 1 1
WCOW=26 -200.0 -54.0 5.6 2.63 1 1

Based on above information, we can compute Txx' Tyy' Txy and S using
equations (2.1) and (2.2) T

WL and ® can then be calculated
major' "minor
by the use of equations (2.3) to (2.5). The results are

Toajor = 1+026 gpd/ft.

Toinor = 346 BpA/fE.

6 =NS58°W

§=13.0x104

Figure D-6B-10 (Continued).
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Papadopulos' method was then applied to determine the directional
permeability of the formation. This method requires at least three
observation wells at three different directions to the pumped well. Any
combination of three wells in a homogeneous, isotropic medium c*-~=1d
give the same result. However, most formations are heterogenecus and
anisotropic In many cases, anisotropy may be due to small-scale
features such as fractures or interwoven stream channels. Therefore,
different combination of wells can give different results because of the
spacing and the angular distribution of such features.

In this study, seven combinations of three wells yielded values for
directional transmissivity and storage coefficient. Table D-6B-4 lists
these values. Although a different direction of major transmissivity
resulted from various well combinations, all except one tend toward the
northwest as shown in Figure D-6B-11. A least squares fit applied to
all the wells gave the mean values for directional transmissivity and

storage coefficient listed below:

Tnajor 1,466 gpd/ft (465 md)

/
minor 314 gpd/ft (100 md)
Tgeonetric mean 679 gpd/ft (216 md)
direction of major transmissivity = N 56° W

storage coefficient = 4x10 4

The production aquifer is effectively isolated from the adjacent
sand units. During the pump test, water levels in the J-sand monitor
well (WCOW-27S) and the L-sand monitor well (WCOW-28D) rose a few
hundredths of a foot. If leakage from these aquifers had occurred, a
decline rather than a slight increase in the water levels should have
resulted. This small increase in water level is due solely to elastic
stress changes induced by pumping and is called the Noordbergum Effect
(Verruijt 1969).

All of the water levels in the production aquifer monitor wells
(WCOW-21, WCOW-22, WCOW-23, WCOW-24, WCOW-25, WCOW-26) declined with
pumping. Thus, hydraulic connection between the production zone and the

monitor welis was verified.
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Christensen Ranch ISL Project

R&D Site No. 1

WILLOW CREEK

TABLE
D-6B-4

DIRECTIONAL TRANSMISSIVITIES
USING VARIOUS WELL COMBINATIONS

TRANSMISSIVITY DIRECTION STORAGE
(gpd/ft) OF MAJOR COEFF ICIENT
WELL NOS. TRANSMISSIVITY
MAJOR |MINOR|MEAN

All Wells 1466 | 314 | 679 N 56° W 3.8 x 10"
e
WCOW=-21, 22, 25\ 2261 259 765 N 78° W 7.6 x 10"
wcow-21, 23, 264 2373 | 142 | s81 N 16° W 7.9 x 10~"
Wwcow-21, 24, 25| 1165 | 498 | 761 N 65° W 1.4 x 10~*
WCOW=-21, 25, 26| 2671 217 | 761 N 10° W 1.4 x 103
’.
WCOW-22, 23, 26| 1026 | 346 | 596 N 58° W 3.0 x 10~"
WCOW-23, 24, 26| 1190 | 295 | 593 N 25° W 5.6 x 10~"
WwCow-24, 25, 26| 1535 | 388 | 772 N 15° E 9.1 x 10~

e
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The test revealed no hydraulic boundaries or impermeable boundaries.

Well WCOW-21 and well WCOW-24 showed delayed responses to pumping,
probably because of partial penetration effects. The open interval of
well WCOW-21 is 35 feet below the open iaterval of the pumped well,
while the open interval of well WCCW-24 is 85 feet above the open interval
of the pumped well. All the remaining wells in the production zone were
completed at the same depth as the pumped well. The flowlines for well
WCOW-21 and well WCOW-24 to the pumped well were much longer, no doubt

causing the delayed response.

D-6B-1.8 Well Productivity and Injectivity

The productivity and injectivity of a well are determined by the
size ot the well, the available drawdown, the wellhead pressure, and
formation properties such as transmissivity and storage coefficient.
Since the computation 1s very complicated, the concept of specific
capacity was iatroduced to achieve a rapid and convenient way to esti-
mate the productivity and the injectivity of a well. Specific capa~ity
is defined as follows:

Specific capacity = Q/s
where

Q

well flow rate (L3T 1)

water level decline (L).

A production specific capacity of 0.063 gpm/ft for the pumped well
(WCPW-21) was computed based on the performance and the hydrologic pro-
perties of the production zone observed in the pump test. Theoreti-
cally, the injection specific capacity should be equal to the production
specific capacity. We have observed in many cases, however, that the
injection specific capacity is less than the production specific capacity
for a given well by a factor of 1.5 to 2. Therefore, the injection
specific capacity for well WCPW-21 is 0.037 gpm/ft, which is approximately
58% of the production specific capacity.

Table D-6B-5 shows the maximum productivity and the injectivities
at various wellhead pressures. These values are based on the production
specific capacity, the injection specific capacity, and the static water

level .
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Christensen Ranch ISL Project

R&D Site No. 1

WILLOW CPEEK

TABLE

D-6B-5

WELL PRODUCTIVITY AND INJECTIVITY

FLOW RATE

(gpm)

PRODUCTIVITY 12.2

0 psi* 5.6

20 psi 7.3

40 psi 9.0

INJECTIVITY 60 psi 10.7
80 psi 12.4 |
100 psi 4.1 |

*Wellhead injection pressure
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The maximum productivity and the injectivity at 80 psi of wellhead
pressure are both about 12 gpm. The formation fracture pressure is

about 140 psi of wellhead pressure.

D-6B-2 Groundwater Quality
The groundwater quality data collected tv date have been subjected
to exbaustive statistical analysis and have yielded the following

conclusions:

, P No statistically significant differences in water quality are
evident as a result of airlifting versus pumping as a method

of casing evacuation.

- No statistically signiticant differences in quality exist
between the K1 and K2 aquifers. Therefore, K1 and K2 are

considered as one aquifer system.

3. Minor differences occur between various laboratory assays.
However, none of these differences will influence groundwater

classification, leaching, or restoration requirements.

4. Some groundwater quality variance versus time is evident but

no pattern is yet identifiable.

5. The K2 aquifer does not appear suitable for any use due to
elevated pH and radionuclide values.
Details of the analyses performed to generate the above conclusions

are outlined in the following sections.

D-6B-2.1 Sampling and Preservation Methods

Two sampling methods have been employed during the sample collection
period: namely, pumping and ba:ling. Une pressrvation method, consistent
with EPA preservation methods, was used.

The pumping method was performed by placing a submersible centrifugal
pump in the well. The pump was started and the flow adjusted to the
estimated capacity of the well. Solution was pumped through an in-line
0.45-micron filter. Periodic readings of temperature, pH, and conductivity
were taken and recorded. Upon stabilization of these readings the

samples were taken and preserved as described below.
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The bailing method consisted of lowering a 2-inch stainless steel
bailing unit into the screened interval (or 450 feet, whichever was
attainable) to retrieve the sample. Two methods of casing evacuation
were used Lo achieve stabilization of field readings. For the better
producing wells, 300 feet of l-inch airline was lowered into the well.
Airlifting from tihis depth allowed approximately a 150-foot buffer
distance to be kept between the air introduction depth and the actual
sampling depth. Airlifting commenced until field measurements had
stabilized. Flow rates were estimated using the bucket and stopwatch
method. Upon stabilization of the field measurements, airlifting was
halted and the well was allowed to recharge (usually 8 hours). After
recharge, the sample was bailed from the screened interval. Since the
shallow and deep wells (WCOW-27S and WCOW-28D) are poor producers, they
were repeatedly bailed until the desired stabilization occurred. A
final sample was bailed after the well was allowed to recharge and it
was preserved as described below.

All samples taken by the pumping method were filtered prior to the
sample being taken. The bailing method required the samples to be
filtered using a portable battery-operated centrifugal pump and small
disposable 0.45-micron filter cartridges. The filtered sample was split
inlo three segments with nitric acid (HNO3) being added to one, sulfuric
acid (H2S804) being added to the second, while the third remained
unaltered. All three portions were then stored in either insulated ice
chests or a refrigerator until analyzed.

Completion details for all sampled wells appear in Table D-6B-1.

D-6B-2.2 Sampling Results

Three aquifers were sampled during the sampling program: the shallow,
production, and the deep sand systems. Results of all field measurements
and laboratory assays can be viewed in Table D-6B-6.

Upon receiving the data from the laboratories, preliminary tests
were run to check validity. The tests included anion and cation balances,
calculated total dissolved sclids (TDS) versus measured TDS, and carbonate/
bicarbonate distribution versus theoretical distribution as predicted by
pH measurements. No major discrepancies were encountered and all charge

balances fell within the WDEQ/LQD recommended 5 % error limit.
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TABLE D-6B-6
Christensen Ranch ISL Project
R & D Site #1 Willow Creek
Baseline Groundwater Quality Assays*®

Well No. Date fFoot 10s Na* K* Ca Mg s0*
Sampled Notes

WCPW-21 8-09-82 429 128 5 7 3 190

8-29-82 425 133 6 10 3 185

9-23.82 4 423 129 6 " 2 188

9-23-82 3 420 130 3.6 8.3 1.2 190

3-28-83 5 6 425 142 4 9 2 193

5-28-83 3 410 120 2.3 9 1 190

WCOW-21 8-11-82 412 137 6 2 185

9-23-82 412 134 6 7 3 185

3-29-83 416 139 3 8 1 188

WCOW-22 8-12-92 417 135 9 4 2 190

3-23-83 414 140 7 4 1 204

WCOW-23 8-12-82 4mnm 139 5 9 3 200

9-24--82 416 130 5 10 2 180

3-28-83 426 139 3 10 2 188

WCOW-24 8-11-82 457 139 9 6 2 200

. 8-31-82 415 132 2] 10 2 170

9-23-82 & 412 130 8 7 2 185

9-23-82 3 440 130 4.6 7.6 0.4 190

3-26-83 t 426 138 7 8 1 180

WCOW-25 8-10-82 432 142 17 2 1 192

9-01-82 429 130 14 6 2 165

9-23-82 2 &4 414 130 14 5 2 182

9-23-82 3 410 120 B.6 4.0 g.3 180

3-28-83 438 142 21 1 0 176

WCOW-26 8-12-82 414 136 4 4 3 184

8-30-82 416 132 5 8 3 170

9-23-82 & amn 129 4 9 Y § i810

9-23-82 3 410 130 2.0 7.9 =2 200

3-28-83 426 143 3 8 2 200

WCOW-275 8-10-82 7 85J 144 56 123 6 146

9-01-82 379 124 1" 5 2 138

9-.24-82 & 392 122 1 [ 1 138

9-24-82 3 370 120 6.8 4.2 0.4 150

3-29-83 6 7 564 147 53 4 2 144

3-29-83 3 7 560 120 43 4 0.09 150

WCOW-28D 9-01-82 438 169 17 5 1 3

. 9-23-82 4 408 158 12 3 1 2

9-23-82 3 400 158 6.9 2.4 0.6 31

3-28-83 6 482 168 34 2 1 0

3-28-83 3 510 130 30 1.6 0.54 15

*All Assays in mg/l Unless Noted
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TABLE

D-6B-6

(cont

)

Christensen Ranch ISL Project
R & D Site #1 Willow Creek

Baseline Groundwator Quality Assays®

1 TEMP .1 COND., 1
Well No. Date Foot c1- co3 Heos pH °C MHOS /CM
Sampled Notes 25°C
WCPW-21 8-09-62 7 24 92 9.0 15.0 649
8-29-82 19 19 112 9.0 15.0 545
9-.23-82 4 12 17 107 9.1 13.0 551
9-23-82 3 10 9 120 - . =
3-28-83 5 6 8 35 84 2.5 13.0 700
3.28-83 3 8 20 100 - - -
WCOW-21 B-11-82 10 46 37 10.0 18.0 759
9-23-82 14 36 68 9.6 12,5 571
3-29-83 8 43 59 9.8 13.0 700
WCOW-22 8-12-82 9 36 61 9. 14.5 681
3-23-83 8 43 44 10.3 .0 740
WCOW-23 8-12-82 10 27 98 8.7 15.0 681
9-24-82 13 19 110 9.0 12.0 558
3-28-83 8 14 117 9.2 13.0 700
WCOW-24 8-11-82 10 16 33 9.7 14.5 629
8-31-82 17 34 81 8.9 15.0 571
9-23-82 &4 13 22 93 9.2 13.0 564
9-23-82 3 9 10 120 - - -
3.28-83 10 48 54 9.9 13.0 705
WCOW-25 8-10-82 8 67 (1] 10.5 16.5 778
9.01-82 18 67 12 9.5 15.0 564
9-23-82 2 4 10 68 7 9.9 13.0 584
9-23-82 3 10 55 43 - - -
3-28-83 8 53 0 1.3 13.0 890
WCOW-26 B-12-82 8 36 67 9.2 16.0 562
8-30-82 17 0 142 8.4 14.0 519
9-23-82 & 12 12 105 9.0 13.0 545
9-23-82 3 8 6 120 - - -
3-28-83 8 14 117 9.1 13.0 690
WCOW-275 8-10-82 7 9 0 0 159 12.5% 2854
9-01-82 17 48 63 9.3 13.0 538
9-24-82 4 16 38 81 9.6 12.0 506
9-24-82 3 1 18 120 - " -
3-29-83 6 7 10 120 0 11.5 12.0 1000
3-29-83 3 7 17 152 0 - - -
WCOW-28D 9-01-82 21 154 142 9.6 14.0 642
9-.23-82 4 12 106 224 9.5 15.0 558
. 9-23-82 3 8 54 300 - - -
3-28-83 6 8 154 195 9.8 12.0 800
3-28-83 3 8 120 260 - - -

*Al1]l Assays in mg/l Unless Noted
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TABLE D-6B-6 (cont)
Christensen Ranch ISL Project
R & D Site #1 Willow Creek
Baseline Groundwater Quality Assays*

LAB
Well No. Date Foot COND. MAJOR MAJOR CHARGE

Sampled Notes MHDS CATIONS ANIONS BALANCE NH3

25°¢t MEG/L MEQ/L (AS N)
WCPW-21 8-09-82 686 6.30 6.46 1.2% <.05
8-29-82 662 6.69 6.86 : PP 5 <.05
9-23-82 4 659 6.47 6.57 0.77 <.05
9-23-82 3 680 6.26 6.50 1.92 <.20
3-28-83 5 6 650 6.89 6.79 0.27 <.10

3-28-83 3 680 5.81 6.49 5.51 Y
WCOW-21 8-11-82 691 6.37 6.27 0.79 <.G5
9-23-82 659 6.58 6.56 0.15 0.17
3-29-83 6%0 6.60 6.54 0.49 <.10
WCOwW-22 8-12-82 670 6.46 6.40 0.47 <.05
3-23-83 690 6.55 6.63 0.58 <.10
WCOW-23 8-12-82 675 6.88 6.95 0.51 <.05
7-24-82 659 6.45 6.54 0.69 <.05
3-28-83 690 £.79 6.52 1.97 <.10
WCOW-24 8-11-82 670 6.74 6.84 0.74 <.05%
8-31-82 662 6.60 6.48 0.92 <.05%
9-23-82 4 687 6.37 6.48 0.86 <.05%

9-23-82 3 660 6.18 6.51 2.56 o2
3-28-383 670 6.66 6451 113 <.10
WCOW-25 8-10-82 751 6.80 6.69 0.82 <.05%
9-01-82 662 6.48 6.37 0.86 <.05

9-23-82 2 & 680 6.43 6.45 0.20 0.12

9-23-82 3 690 5.66 6.57 7.39 €el

3-28-83 790 6.76 5.66 B.92 <.
WCOW-26 8-12-82 664 6.47 6.36 0.86 <.05
8-30-82 640 6.52 6.35 1:.32 <.05
9-23-82 & 645 6.33 6.20 0.96 <.05%

9-23-82 660 6.80 6.56 2.80 €s2
3-28-83 670 6.36 6.77 0.64 <. 10
WCOW-27S 8-10-82 7 2754 14.32 15.70 4.60 0.36
9-01-82 607 6.08 5.98 06.83 0.18
9-24-82 4 618 $:.97 9.92 0.48 <.05

9-24-82 3 620 5.64 6.00 3.13 Cold
3-29-83% 6 7 950 8.11 7.28 5.42 L.30
3-29-83 3 7 1000 6.43 8.67 14.85 0.30
WCOW-28D 9-01-82 684 8.12 8.11 0.06 0.15
9-23-82 4 659 7.41 7.58 t:13 0.13

' 9-23-82 3 660 T:22 7.59 2.49 $o
3-28-83 6 730 8.36 8.55 1.15 0.18

3-28-83 3 820 6.55 8.80 14.67 Ca2

*All Assays in mg/1 Unless Noted
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TABLE D-6B-6 (cant)
Christensen Ranch ISL Project
R & D Site #1 Willow Creek
Baseline Groundwater Quality Assays®

Well Nog. Date Foot ~o; NO; F B Al As Ba
Samplod Notes (55 N) (AS N)

WCPW-21 B8-09-82 0.02 0.002 0.15 0.19  <.10 <.001 <.10
8-29-82 0.20 <.001 0.20 0.12  <.10 <.001 <.10
9-23-82 4 0.13 <.001 0.17 0.14 <.10 <.001 <.10
9.23.82 3 <.05 (TOTAL)  <.5 <1 - <.005 <.2
3.28-83 5 6 <.10 <.01 0.16 0.10 <. 1 <.01 <.05%
3.28-83 3 <.0% <.05 <.5 0.1 <.5 <.005 <.2
WCOW-21 B8-11-82 0.02 <.001 0.17 0.38  <.10 <.001 <.10
9.23-82 0.22 0.001 <.05% 0.046 <.10 <.001 <.10
3.29-83 <.10 <.01 0.14 <. 10 <. 1 <.01 <.05
WCOW-22  B8-12-82 0.02 0.001 0.17 0.25 <.10 <.001 <.10
3.23-83 <. 10 <.01 0.17 .10 <. <.01 <.05s
WCOW-23  8-12-82 0.13 0.009 0.17 0.35 <.10 <.001 <.10
9-24-82 0.17 0,001 0.17 0.19  <.10 <.001 <.10
3.28-83 <.10 <.01 0.19 0.11  <.1 <.01 0.10
WCOW-24 B8-11-82 0.14 0.010 0.20 0.32 <.10 0.003 <.10
8-31-82 0.20 <.001 0.20 0.09 <.10 <.001 <.10
. 9.23-82 4 0.20 <.001 0.18 0.11  <.10 <.n01 <. 10
9.23-82 3 <.05 (TOTAL)  <.5S <1 . <,005 <.2
3.28-83 <.10 <.01 0.21 0.10 1.1 <.01 0.15
WCOW-25 8-10-82 0.02 0.001 0.18 0.36 <.10 0.004 <.10
9-01-82 0.20 <.001 0.20 0.06 <.10 <.001 <.10
9-23-82 2 4 0.09 0.001 0.19 0.07 <.10 <.001 <.10
9-23.82 3 <.05 (TOTAL)  <.5 < - <.005 <.20
3.26-83 <.10 0.01 0.19 0.10 0.1 <.01 <.15
WCOW-26 8-12-82 0.02 0.04 0.20 0.27  <.10 <.001 <.10
8-30-82 0.11 <,001 0.22 0.13 <.10 <.001 <.10
9.23-82 4 0.20 0.005 0.20 0.21  <.10 <.001 <.10
9.23-82 3 <.0% (TOTAL) <.5 0.1 - <.005 <ol
3.28-83 <.10 <.01 0.15 .10 <.1 <.01 <.05
WCOW-275 B8-10-82 7 0.08 0.04 0.27 0.24 <.10 <.001 1.00
9-01-82 0.10 <.001 0.45 <.01 <.10 <.001 <.10
9-24-82 & 0.31 0.005 0.45 0.05 <.10 <.001 <.10
9-24-82 3 <.0% (TOTAL) 0.6 <1 - <.005 <.20
3.29-83 6 7 0.19 0.02 0.54 08 1.8 <.01 0.13
3-29-83 3 7 <.0% .05 0.6 0.10 <.5 <.005 <.2
WCOW-280 9-01-82 0.09 <.001 0.74 0.07 <.10 <.001 <.10
9-23-82 4 0.12 0.002 0.45 0.25 <.10 <.001 <.10
9-23-82 3 <.05 (ToTAL) 0.8 0.1 - <.005 ¢,
‘ 1.28-83 6 <.10 <.01 0.77 901 Dk <.01 0.15
3.28-83 3 0.07 <.05 0.7 0.10  <.5 <.00% <.2

*All Assays in mg/1 Unless Noted
D-6-37



‘oll No. Date

TABLE D-6B-6 (coant)
Christensen Ranch ISL Project
R & D Site #1 Willow Creek
Baseline Groundwater Quality Assays*

Foot Cd Cr Cu Fe Pb Mn Hg
Sampled Notes
WCPW-21 8-09-82 0.004 .01 0.01 0.30 <.,0% <.01 <.0002
B8-29-82 <.002 .M <.01 <.01 <.05 <. .G <.0uu?
9-23-82 & <.002 <.01 <.01 <.01 <.05 <. 01 <o DUA2
9-23-82 3 0.013 <.01 <.005 ©0.02 <.005 <,005 <.0001
3-28-83 5 6 <.01 <.0% <.02 <.03 <.0% <.01 <.0004
3-28-83 3 <.005% - <.005 <.01 <.005 <.005 <.0001
WCOW-21 8-11-82 0.003 <, 01 <. 8 0.02» <.08% <.01 <.000C2
9-23-82 <.002 <.01 <.01 <.01 <.0D5% <.01 <,0002
3-29-83 <.01 <.D5 <.02 <.03 <.0% <.01 <.0004
WCOW-22 8-12-82 0.004 <.01 <.01 0.'% 0.06 <.01 <,0002
3-23-83 <.01 <.05 <.02 <.03 <.05 <, 01 <.0004
WCOW-23 B-12-82 0.004 < m <.01 1.81 0.06 0.04 <.0002
9-24-82 <.002 €. 4 <.01 <.01 <.05 <. 01 <.N002
3-28-83 <.01 <.05 .02 <.n3 <.05 <, 0 <.0004
WCOW-24 B8-11-82 0.00s <.01 <. 01 2.3 <.05 0.08 <.0002
8-31-82 <.002 <.01 <. <0 <. .05 <.01 <.0092
9-23-82 4 <.002 ' <.01 <.01 <.01 <.0% <.01 <.0002
. 9-25-82 3 0.012 <.0 <,005 0.02 0.005 <.00% <.0001
3.28-83 <.01 <.05 <.02 0.25 <.05 <.01 0.0094
WCOW-25 B8-10-82 <.002 <.01 0.01 £:59 0.09 0.02 <.0002
9-01-82 <.002 <.01 <.01 <.01 <.05 <.01 <.0002
9-23-82 2 4 <.002 <.01 <. <.01 <.05 <.01 <.0002
9-23-82 3 0.010 <.0 <.005 0.02 0.005 <.005 <.0001
5-28-83 <.01 <.05 <.02 <.03 <.05 <.01 <.0004
WCOW-26 B-12-82 <.002 <.01 <.01 0.03 0.18 <. 04 <.0002
8-30-82 <.002 <.0 <.01 0.01 <.05 <.01 <.0002
9-23-82 a <.002 <.01 <.01 <.01 <.05 <.01 <.0002
$-23-82 3 0.010 <.01 <.005 0,02 0,042 <.005 <.0001
3-28-83 <.01 <.0% <.02 <.03 <.DS <.01 <.0004
WCOW-275 B-10-82 7 0.006 <.01 0.07 0.44 1.40 <.01 <.0002
9-01-82 <.002 <.01 <.01 <.01 <.0% <.01 <.0002
9-24-82 4 <.002 <.0 0.02 0.02 <.05 <.01 <.0002
9-24-82 3 0.009 <.01 0.008 0.02 <.005 0.005 <.0001
3.29-83 6 7 <.01 <.05% <.02 0.32 <.05% <.01 <.G004
3-29.-83 3 7 <.D05 - <.005 0.09 0.011 <.005 0.0002
WCOW-28D 9-01-82 <.002 <.01 <.01 0.19 <. 05 <01 <.0002
9-.23-82 & <.002 <.01 <.0 0.04 <,05 <.01 <.0002
9-23-82 3 0.006 <.0 <,005 0.16 <.00% <.005 <.0001
3-28-83 6 <. 01 <.05 <.02 0.1 <.05 <.01 <.0004
. 3-28-83 3 <.005% - <,005 0.10 0.039 <.005 <.0001

*All Assays in mg/l Unless Noted
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‘oll No. Date

TABLE

(cant)

R & D Site #1 Willow Creek
Baseline Groundwater Quality Assays*

*All Assays 1n mg/l Unless Noted

D-6-39

Foo! N1 Se In Mo V,0g
Sampled Notes

WCPW-21 8-0%-82 <.02 <.001 <.005 <.10 <.10
8-29-82 <.02 <.001 <.005% <.10 <.10

9-23-82 4 <.02 <.001 <.005 <.10 <.10

9-23-82 3 0.03 <.005 <.005 0.006 <.005

3-28-83 5 6 <.04 <.01 <.01 <.10 <.05

3-28-83 3 <.02 0.007 <.005 <.005 0.006

WCOwW-21 8-11-82 <.02 <.001 <.005 <.10 <.10
9-23-82 <.02 <.om <.005 .10 <.10

3-29-83 <.0D4 <.01 <.01 . <.05

WCOW-22 8-12-82 <.02 <,00 <.005 <.10 <.10
3.23-83 <.04 <.0 <.0 £ <.05%

WCOW-23 8-12-82 <.02 <.001 0.014 <.10 <.10
9-24-82 <.02 <.001 <.005 <.10 <.10

3-28-83 <.04 <.0 <.0 <.10 <.05

WCOwW-24 8-11-82 <.02 <.001 0.068 <.10 <.10
8-31-32 <.02 <.001 <.005% <.10 1.30

9-23-82 4 <.02 <.001 <.005 <.10 <.10

9-23-82 3 <.02 <.005 <.005 0.007 <.0%

3-729.83 <.04 <. <.01 €. 1 <.05

WCOW-25 8-10-82 0.02 <.001 <.005 <.10 <.10
9-01-82 .02 <.001 <.005 <.10 0.65

9-23-82 2 &4 <,02 <.001 <.005 <.10 <.10
9-23-82 3 <.02 <.005 <.005 0.006 0.065

3-28-83 .04 <.01 <.0 <1 0.06

WCOW-26 8-12-82 <.02 <.001 0.014 <.10 <.10
8-30-82 <.02 <.001 <.005 <.10 <.10

9-23-82 a <.02 <.001 <.005 <.10 <10

9-23-82 3 <.02 <.005 <.005 0.005 <.005

3-28-83 <.n4 <.n 0.06 Lt <.05

WCOW-275 8-10-82 7 0.02 <.001 0.555 <.10 <.10
9-01-82 <.02 <.001 <.005 <.10 0.22

9-24-82 4 <.02 <.001 0.065 <.10 <.10

9-24-82 3 <.02 <.DO5 <.005 0.009 <.0D05

3-29-85 6 7 <.04 <M <.01 €'l <.05
3-29-83 3 7 <.02 <.005% <.005 <.005 <.005

WCOW-28D 9-01-82 <.02 <.001 <.005 <.10 0.44
9-23-82 & <.02 <.001 <.005 <.10 <.10

9-23-82 3 <.02 <.005 <.005 0.008 <.005%

3-28-83 & <.04 <.01 <.01 s <.05%

3-28-83 3 <.02 <.005% <.005 <.005 <.005
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‘oll No. Date

TABLE D-6B-6 (~ont)

Christensen Ranch ISL Project

R & D S5ite #1 Willow Creek
Baseline Groundwater Quality Assays*

Foot Us0g Ra-226 Th-230 Pb-210 Po-210
Sampled Notes (PPb) Pea/L Pear/L Pei/L Pea/L
WCPW-21 8-09-82 35 2445 - - -
8-29-82 £ 3146 « . -
9-23-82 4 15 5246.5 - - -
9-23-82 3 26 8044 ; §
3-28-83 5 6 49 5342 0.2:0.! 597:16 49:}
WCOW-21 8-11-82 3 3.811.3 - - -
9-23-82 3 1.9+1,2 - -
3-29-83 3 1.940.3  0.240.2 1.740.6 0.1s0.2
WCOW-22 8-12-82 8 3.9+1.8 - -
3-23-83 6 0.240.2 0.140.1 5.8+40.8 0.440.4
WCOW-23 8-12-82 39 17:3.9 - - -
9-24-82 10 1142.9 - .
3-28-83 15 13:1 06.3+0.3 6713 3.7+0.7
WCOW-24 8-11-82 4 4.3:2.0 - - -
8-31-82 1 10.7:3.2 - - -
9-23-82 4 1 4.6+1.9 . . .
' 9-23-82 3 < 2.240.7 - . .
3-28-83 <1 0.740.2  0.140.2  1.140.7 0.140.2
WCOW-25 8-10-82 39 18.8:3.2 - - -
9-01-82 12 17.9+4.2 . - -
9-23-82 2 4 9 15.1;).3 - - -
9-.23-82 3 26 S1s4
3-28-83 12 0.7+0.2 0.140.2 1.140.7 0.1+0.2
WCOW-26 8-12-82 24 1“.8:2.6 - B -
8-30-82 1" 12.943.5 . - -
9-23-82 4 1 5.8+2.1 - - -
9-23-82 3 28 2442 - - -
3-28-83 28 1341 0.3+0.3 9244 B.9+1.2
WCOwW-27S 8-10-82 7 7 3615 - - -
9-01-82 <1 1.6+1.2 - - -
9-24-82 4 17 2.0+1.3 - - .
9-24-82 3 - - - - -
3-29-83 6 7 <1 0.740.2 0.1+0.2 3.6+0.8 0.940.4
WCOW-28D 9-01-82 1 1.0+1.0
9-23-82 1.3+1.0
9-23-82 3 3 0.3+0.3
3-28-83 6 1 3.040.4 0.240.3  1,9+0.8  0.5+0.4

*Al]l Assays in mg/l Unless Noted
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TABLE D-6B-6 (count)

Christensen Ranch ISL Project

R & D Site #1 Willow Creek
Baseline Groundwater Quality Assays®*

Foot Notes

Field Measurement

Average of Three (3) Replicate Samples
Split samplz (CDM Lab Assay)

Split Sample (WAMCO Lab Assay)

Average of Fiva (5) Replicate Samples

Split Sample (Core Lab Assay)

Sample Considered an Dutlier
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Upon acceptance of the data, the second condition Student t test
(Chemical Engineers Handbook 1973) was applied to (1) pumped versus
airlift evacuation data; (2) K1 versus K2 aquifer data; (3) various
latoratory cross check data; and (4) 211 samplings relative to the last
sampling to check for seasonal variations. The tests were performed on
sll major cations, major anions, TDS, and field measured conductivity to

find any statistically significant differences.

(1) Pumping Versus Airlifting Evacuation

As was described under "Sampling and Preservation Procedures", air
was introduced during the evacuation at a point which should eliminate
any effect on the bailed sample (150 feet above the sampling point).
The well was then allowed to recharge to ensure that representative
water existed in the screened interval. The Student t test was applied
to the data sets. A statistically significant difference occurred with
chloride assays only. If the evacuation method had indeed affected the
samples, coz, HCOS, and probably conductivity readings should have been
affected. It is concluded that this evacuation method does not affect

the representativeaess of the sample.

(2) K1 versus K2 Aquifer

Site hydrologic investigations indicated strong communication
between the K1 and K2 systems. It was assumed that this communication
should result in the aquifers heing chemically similar. Performance of
the Student t test yielded no significant differences. The K1 and K2
systems are chemically and hydrologically one unit, and shall be considered

as the same unit.

(3) Laboratory Quality Control Checks

During the sampling program, selected samples were split and submitted
to different laboratories for cross check ansiyses. While minor
differences occurred in a few assays (usuvally only in the ppm range),
none will affect the groundwater classification or the baseline
determination. In addition te the split sampling, replicate samples
were submitted to the primary laboratories to estimate pctential laboratory
error. In general, laboratory error was acceptable. Results of replicate

samplings were first averaged and then repcrted in Table D-6B-6.
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. (4) Seasonal Variations of Groundwater Quality
The last sampling data set was compared to each cf the previous
data sefs using the Student t test. Some statistical variations occurred

with Mg, Na, Cl, conductivity, and TDS.

- Magnesium - Assay for magnesium generally decreased as sampling
progressed. This change was approximately 1 mg/l and is not
considered important vecause of the extremely low levels of Mg
present (x = 2%1 mg/1)

% Sodium - Assays for sodium appear to have some cyclical trends,
the averages ranging from 130-141 mg/l. These levels will not
affect groundwater classification or restoration efforts.

“ Chloride - Average assays for chloride ranged from 9 to 18
mg/l, but showed a cyclic trend which was not in phase with
sodium.

« Conductivity and TDS - both assays follow the same pattern as

is expected. They are also "in phase" with the sodium as.ays.

In conclusion, it initially appears as though some variation of groundwater
over time is evident. A pattern, however, cannot yet be def:ned.
Field conductivity measurements for the samples taken during 1982
‘ were taken at the average aquifer temperature encountered, 13°C. Correction
of these values can be made by the equation (Standard Methods for
Examination of Water and Wastewater, 1980):

= (COND @ T°C)(CELL CONSTANT)

ol °
(COND @ 25°C) 1 - [0.0191 (25°C-T°C)]

The cell constant for the meter used is 1.0, resulting in a correction
factor of 1.297. Field conductivity measurements reported in Table D-6B-6

are corrected values.

D-6B-2.3 Removal of Outliers
The samples taken from well WCOW-27S on August 10, 1982 and

March 29, 1983 are the only samples considered to be outliers. This
determination was made atter all major cations, major anions, TDS, and
conductivity measurements were subjected to a GN statistical test. This
test is designed to test whether extreme values are statistically different
from the rest of the data. Sampling of this well will continue to allow

‘ a stronger data base to be developed.
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Groundwater Classification
. Three aquifers were sampled during this program, the K series,
upper, and lower sand systeme. Each will be discussed separately.
K1 ard K2 Sands: It has already been shown that these two "portions"
of the K series are indeed hydrologically and chemically one,
and will be considered as the K unit from hare on. Review of

the data for the K series indicates water quality unsuitable

for any use without treatment mainly due to elevated radionuclides
and pH.

Upper and Lower Aquiferi: Sampling of both these aquifers again
yielded elevated pH values indicating a water quality unsuitable
for any use without treatment. Again elevated pH is the

cause.

As stated in section D.l1.a of the Reclamation Plan, the restoration goal
will be to return all aquifers affected by the R&D operation back to at
least the highest value obtained during baseline groundwater quality

sampling.

D-6B-2.4 Excursion Indicators and Upper Control Limits (UCLs)

As is discussed in section C.5.c of the Mineral Extraction Plan,
' the proposed excursion-indicating parameters are sodium, carbonate,
bicarbonate, calcium, chloride, uranium, and electrical conductivity.
UCLs are generally chosen such that when that level is attained in any
particular sample, one may conclude that an excursion is occurring. One
method for determining the UCL is described in WDEQ Guideline No. &

Appendix 1, and is represented by the equation

UCL = x +
v

g

Where

UCL = upper control limit
X = mean of baseline data

t = student "t" value taken from the appropriate statistical
table

s = standard deviation of the baseline data

n = number of data points
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This method was applied to the baseline data and resulted in UCLs which,
. in several cases, were lower than some of the baseline data itself. For

example,

Well No. WCOW-24, Conductivity Data: 629, 571, 564, 705
n=4, x=617, s =65, t = 2.353
UCL = 617 + 2:333 (65) _ 494 . 705

Jb

Other examples include:

Well WCPW-21 Na, CO3, C17, CA'', U304

wCow-22 Ca '

WCOW-24  COa, C1-, cA'™"

WCOW-25  COND, HCO;, C1~, ca'’

WCOW-26  COND, Na, CO3, C1~

wcow-278 c1°, ca't

. It is, therefore, proposed that UCLs be defined as 20% above the highest
baseline value obtained or the highest baseline value plus 10 ppm,
whichever is higher. The only exception to this rule will be Uj0g.
Since U30g levels during baseline samp.ing were all well below 1 ppm, an
action level of 5 ppm is proposed. The resultant upper control levels
for each well are presented in Table D-6B-7. This should still allow
adequate control of the process, yet will not cause wells to incorrectly

be placed in excursion status.

D-6C. Water Rights
No adjudicated water rights exist within cne-half mile of the permit

area according to the State Engineer's records. Some stock watering wells
exist approximately one mile from the site, but operations will not affect

these wells.
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TABLE D-6B-7

PROPOSED UCL's FOR EXISTING WELLS
WHICH WILL BE USED AS MONITOR WELLS
(All assay in mg/f unless noted)

Parameter WCOW-21 WCOW-22 WCCW-23 WCOW-278 WCOW-28D
Conductivitg
MHOS/em(25°) 840 888 840 646 960
NA® 167 168 167 149 203
o’ 56 53 37 58 185
Hco3‘ 82 73 140 97 269
cl” 14 19 23 27 41
ca™’ 18 14 20 16 15
U,0g 5 5 5 5 -
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ATTACHMENT A TO APPENDIX D-6B

FIELD DATA FOR HYDROLOGIC EVALUATION
WILLOW CREEK R&D SITE #1
IN-SITU, INC.
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TERNIDUCER- TRANSOUCER-
&N 2FDT4 M- ZEL1€3
S5 1af6 g SF: 49 &7
CETTING T30 Feet SETTING 120 Faet
THITIAL LEVWEL 145 Fest IMITIAL LEVEL: 138
INPUT § WELL WOOM-29 Bt LB L '
TRRNSDUCER - TRENTOUE
E-N- ZFBZ3 Sopy 2
3 189 13 2%
SETTING: 220 Feet CETTING: 150 Caet
INITIAL LEVEL. 145 Feet HITT&L LEMEL: 138
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