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SUMMARY

This Eavironmental Assessment was prepared b5 the staff of the U.S.
Nuclear Regulatory Commission (NRC) and issued by the Commission's
Uranium Recovery Field Office, Region iV.

1. This action is administrative.

2. The proposed action is the issuance of Source Material and
Byproduct Material Licznse SUA~1441 to Wyoming Fuel Company -
(WFC) for implementation of Crow Butte In Situ Leach Research and
Development Project, Docket No. 40-8829, in accordance with the
company's statement in its application and accompanying
environmental rzport.

The proposed project consists of solution extraction (in situ
leaching) operations invelving uranium ore deposits within the
Wyoming Fuel Company. Crow Butte !SL Project site in Dawes
County, Nebraska. Research and development activities will include
8 100 gallons per minute (grm) process plant, two small evaporation
ponds and two (5) five-spot wellfield patterns within .83 acres

(.34 hectares) for the requested authorization. The project has an
estimated lifetime of about 24 to 48 months for extraction and
restoration operations.

3. Summary of environmental impacts and adverse effects:

3. The site has historically been used for livestock grazing. The
R&D solution extraction project will encompass approximately
6.7 acres (2.7 hectares) on the laad surface with less than
1 acre (.42 hectares) subject to intense activity. Less than
1 acre of ground water will be involved in the operatinr~ *11
disturbed surface areas will be reclaimed and returned o a
condition suitable for their original use, livestock grazing.

b. The long-term effects of the research and development project
on ground-water use are expected to be minimal. Ground
water in the ore zone ‘within the immediate area of the well
pattern is expected to temporarily contain increased
concentrations of radioactive and toxic elements during the
operation of all wellfields. The restoration goal wili be to
retwxn this water to baseline conditions on an
indicator-by-indicator basis. Surface water will not be
affected by normal operations.




c. There are no discharges of liquid effluents from the Crow
Butte ISL Project site authorized by the proposed license.
Atmospheric effluents are expected to be within acceptable
limits, and the effects will be insignificant.

The action that the Commission is considering is the issuance of a
source material license prrsuant to Title 10, Code of Federal
Regulations, Part 40. The alternatives available are to issue the
license, with the appropriate cenditions or to deny the application
and not issue the license. The selection .. either alternative is
based on a consideration of a number of factors related to
protection of health, safety, and the environment.

This Environmental Assessment wiil be made available to the
public and to government agencies in October 1984.

From the analyses and evaluations made in this appraisal, it is
proposed that, if a source material license is issued, it contain
the following conditions:

(1) Authorized Place of Use: N%SEY4, Section 19, T3IN, R51W,
Dawes County, Nebraska, approximately 4.5 road miles (7.3 Km)
southeast of Crawford and 70 road miles {(112.7 Km) north of

- Scottsbluff.

(2, Authorized Use: For uranium recovery from pregnant lixiviant
in accordance with statements, representations, and conditions
contained in the licensee's February 11, 1983 Report, enclosed
with Licerse Application Form NRC-2, Sections 2.1, 3.1, 3.2,
3.3, 5.1-5.6, 5.7, and 6.0, and in supplements dated July 12,
1983, August. 1983, October 1983, October 27, 1983 and April
16, 1984. Wherever the word "will" is used in the licensee's
submittals, it shall denote a requirement. Notwithstanding the
above, the following conditions shall override any conflicting
statements contained in the licensee's application and
supplements.

(3) Variation from the sodium bicarbonate-carbonate leach solution
with cither hydrogen peroxide or oxygen added as proposed
by the licensee is prohibited.

(4) The baseline water quality data submitted Ly the licensee to
the NRC and shown in Appendix A of this Environmental
Assessment shall be used to establish upper control limits and
restoration criteria. Additional preoperational data is needed




(5)

(6)

to obtain a minimum of three (3) -amples for baseline
determination in monitoring wells PM-2, 3, 5, 8, 9, 10, and
11, and all propesed production wells in wellfield No. 1 and
No. 2 with exception of PT-2, 7, 8, and 9. These wel. shall
be sampled and analyzed for the chemical indicators given in
Appendix A-1A of this EA. The results shall be provided to

- the USNRC, Uraniun: Recovery Field Office, as an attachment

to the proposed UCL's required in License Condition (8).

The NRC has reviewed and approved the licensee's preliminary
restoration plan as aiscussed in Section 6.1 of their

February 11, 1983 Source Material License application. At
le"st ninety (90) days prior to termination of mining activities,
the licensee shall submit the specific plan for ground-water
quality restoration at the test site including a description of
restoration methods, a list of water quality indicators for
which the composilc restoration stream and representative
injection and recovery well water samples are to be analyzed
and projected schedule of activity. The licensee shall notify
the NRC within thirty (30) days of any subsequent changes in
the restoration method. Injection of additional chemical agents
is prohibited. :

Restoration of the production aquifer ground water and any
other ground waters that may be affected by mining operations
shall be initiated within sixty (60) days after solution mining
operations have been terminated. The goal of restoration shall
be to return the ground-water quzlity, on an
indicator-by-indicator basis, to baseline for each monitoring,
injection and recovery well. The licensee shall provide written
notification to NRC, Uranium Recovery Field Office, that
restoration activities are being initiated.

During restoration operations, the licensee shall sample and
analyze the composite restoration stream every other week.
Sampling and analysis of representative injection or recovery
wells in the wellfields shall be done on a monthly basis to
monitor differences in the restoration progress within the
wellfield. Sam,.::~.g and analysis of all monitor wells shall
continue ¢a a routine operational basis as defined in

ConAition (7).

The post-1- .oration monitoring plan shall consist of water
sampiing ana analysis of all production wells, as well as any

monitor wells affected by mining operations, for the full suite




D

(8)

of baseline indicators as shown in Appendix A-1A of this EA
on a monthly basis for a minimum of six months to document
stabilization of the ground-water quality.

Monitor wells PM-1, 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11 shall
be used for ground water quality monitoring during solution
mining operations and during ground-water restoration. The
NRC shall require that the excursion indicators for these wells
include the following: chloride, conductivity, sulfate,
alkalinity and sodium. These wells shall be sampled and
analyzed for the excursion indicators biweekly. Water level
elevations in these wells shall also be measured, prior to
sampling, once every two (2) weeks. Once per quarter, a set
of samples from all monitor wells, including the private wells
within one (1) km of the restricted area boundary, shall be
analyzed for the full suite of baseline indicators as shown in
Appendix A-iA of this EA. Results shall be reported
graphically and in tabular form in the quarterly reports
required in Condition (23).

Upper Control Limit (UCL) criteria to be applied to monitor
wells to determine when action must be taken to control
excursions during mining shall be based upon the premining
baseline water quality data collection outlined in Condition (4).
Proposed upper control limits for the excursion indicators
listed in Condition (7) shall be submitted to the NRC prior to
injection of lixiviant. NRC approval of the UCL's shall be in
the form of a license amendment. The upper control limit for
each excursion indicator shall be defined, on a well-by-well
basis, as the maximum representative baseline water quality
value plus 20%.

If two UCL values are exceeded in a well, or if one UCL value
is exceeded by 20% of the UCL, the licensee shall take another
water sample within twenty-four (24) hours and analyze it for
at least the five (5) excursion indicators listed in

Condition (7) above. If the second sample does not indicate
violation of the UCL’s, a third sample shall be taken within

fourty-eight (48) hours from the first sample. If neither the

second or third sample indicate violation of the UCL's, the
first sample shall be considered in error. If the second or

third sample indicates a violation of the UCL's, the well in

question shall be plazed in excursion status. An excursion is
confirmed if two or more UCL values are ex.eeded or if one
UCL value is exceeded by 20% of the UCL or more. Corrective




(9)

(10)

action to mitigate the situation shall be initiated by the
licensee when an excursion is confirmed and the NRC shall be
notified by telephone within twenty-four (24) hours and within
five (5) days in writing from the time the confirmation sample
was taken. Corrective actions shall be maintained until the
excursion is concluded. In addition to corrective actions,
monitoring shall be intensified; sampling freguency and
analysis of excursion status wells shall be at least once every
seven (7) days for the five (5) indicators listed in Condition
(7) above, as long as those wells are on excursion status. An
excursion is considered concluded when the concentrations of
excursion indicators are below the concentration levels defining
an excursion for three (3) consecutive one-week samples.

If corrective actions have not been effective within

sixty (60) days of excursion confirmation, the injection of
lixiviant shall be terminated in the wellfield on excursion.
Resumption of injection at the wellfield shall require NRC
approval in the form of a license amendment.

A formal report of events describing the corrective actions
taken and detailed graphs and tables of all sample analyses
shall be maintained during excursions as described in
Condition (8) above toc document actions and the ensuing
results. This report along with pre-excursion and ,
post-excursion data obtained from the analysis of at least two
separate samples taken before and after an excursion, shall be
submitted to the NRC as part of the routine quarterly reports
required in Condition (23).

Baseline water level elevations for each monitor well shall be
defined and submitted to the NRC prior to injection of
lixiviant. In addition, prior to injection of lixiviant in the
wellfields, the applicant shall circulate ground water through
the system to stabilize water levels. The licensee will provide

for NRC approval, sufficient data to show water levels have

been stabilized. Upon NRC approval of water level
stabilization the licensee will monitor water levels in the
monitoring wells prior to sampling in accordance with License
Condition (7).

Net flow rates for the wellfields shall be recorded whenever
monitor well water levels are measured; barometric pressure at
the site or vicinity and its effect on water levels shall also be




(11)

(12)

(13)

(142)

(15)

recorded. Hydrologic monitoring shall continue as described in
this condition until restoration of the ore zone bhegins. An
evaluasjon of the ner flow balance, along with water levei data,
in graphical and tabular form, shall be submitted in a separate
section of each quarterly report, as described in Condition
(23) below, until the monitoring is discontinued.

The site of the waste storage ponds shall be that site
investigated in the report entitled, "Soils Engineering Report,
Wyoming Fuel Company, Crow Butte Project, Pilot Test Pond
Area," by Fisher, Harden and Fishcr, dated December 1982.

The licenisee shall construct, operate and maintain the waste
pond system in accordance with the statements, drawings,
conclusions, specifications and recommendations in the
licensee's October 1983 response to questions on Section 4.2 of
their license application. Any waste disposal technique other
than the waste storage ponds, as described above, will require
prior NRC approval by license amendment.

The licensee shall notify the Uranium Recovery Field
Office, USNRC, Denver, Colorado, at least three (3) weeks
prior to the completion of construction of the ponds to provide
adequate time for on-site inspections by the NRC. The
licensee shall also submit a report detailing the construction
methods, construction controls, quality assurance programs,
and testing methods that were actually utilized in the
construction of the ponds and the installation of the leak
detection system and liner. This report shall also provuide
locations of field tests and all test results obtained during
construction and as-built drawings showing details of
construction of the various components of the pond.

The licensee shall at all times maintain sufficient reserve
capacity in the evaporation pond system to enable the t-ansfer
of the contents of a pond to other ponds in the event of a
leak. In the event of a leak and subsequent transfer of
liquid, the freeboard requirements outlined in the licensee's
responses to NRC questions on Section 4.2 of the application
dated October 1983, shall be discontinued while the liner is
being repaired.

The volume of discharges to the evaporation ponds shall be
recorded. In addition, quarterly grab samples of the
discharge shall be analyzed for calcium, chloride, bicarbonate,




(16)

(17)

(18)

sodium, uranium, radium-226, sulfate and TDS. These
analyses shall be reported in the quarterly report.

The licensee shall perform daily visual inspections of all
evaporation pond embankments, daily measurements and
recording of pond freeboard and daily checks of the leak
detection system. Any fivid detected in the standpipes of the
pond leak detection system shall be analyzed for calcium,
chloride, alkalinity, sodium, uranium, sulfate, and TDS.
Should analyses indicate that the pond is leaking, the NRC,
‘Uranium Recovery Field Office, shall be notified by telephone
within forty-eight (48) hours of verification and the pond level
shall be lowered by transferring its contents into the other -
zell so that repairs can be made. Water quality samples taken
at the star.dpipc shall be nnalyzed for at least chloride and
TDS at least once every seven (7) days during the leak pericd
and once every seven (7) days for at least two weeks following
vepairs, if any liquid is detected in the standpipes.
Additionally, water samples collected zt the standpipe shall be
analyzed for all eight \3) parameters above at least once per
month during the leak period.

A written report shall be filed with the NRC, Uranium
Recovery Field Office, within thirty (3G) days of first
notifying the NRC that a leak exists. This report shail
include all available analytical data and shall describe the
action taken to stop the leak and the resulte of that action.

The licensee shall imuniediately notify the Uranium

Recovery Field Office, P.O. Box 263?%, Denver, Coulorado
80225, by telephone within fourty-eight (48) hours, of any
failure ¢f an evaporation pond, any break or rupiure of any
pipeline, or any similar failure of any nther fluid or material
conduit or storage facility which resuits in an uncontrolled
release of radioactive materials, or of any unusuxi conditionz
which if not corrected could lead to such a failure. Such
notification shall be foliowed, within seven (7) days, by
submittal of a written report detailing the cunditions leading to
the failure or potential failure, corrective actions taken, and
results achieved. This requirement is in addition to the
requirements of 10 CFR Part 20.

Final disposition of radioactive solid process and evaporation
poad residues (byproduct material) shall be at a licensed
radioactive waste disposal site.




(19)
(20)

(21

(22)

(23)

The uranium recovery plant shall be operated at a2 maximum
flow rate of one-hundred (100) gallons per minute.

Further treatment of the yellowcake slurry such as
heat or vacuum drying is prohibited.

The licensee shall conduct mechanical well integrity tests on
each injection or recovery well before each well is put into
service. The mechanical well integrity tests shall be
conducted in accordance with the Nebraska Department of
Environmental Control (DEC) permit. If any well casing failing
the integrity test cannot be repaired or corrected, the well
shall be plugged and abandoned in accordance with the
Nebraska DEC permit. The rasults of the well integrity tests
shall be submitted to the NRC prior to wellfield operation and
injection of lixiviant.

Flow rates on each injection and recovery well and manifold
pressures on the entire system shall be measured at least once
per day and recorded cn a daily operational log. During
wellfield operations, injection pressures shall not exceed the
integrity test pressure at the injection well heads.

A quarterly report shall be submitted to the NRC, Uranium
Recovery Fieid Office, that summarizes the status of the R&D
in situ test program, with supporting analytical data and
evaluations regarding important environmental aspects of the
operations such as water quality and water level data, lixiviant
migration control, waste generation volumes, volumes and
representative chemical analyses of iniected lixiviant and
pregnant sclution produced. The quarterly report shall also
contain the production data for the R&D facility. For the first
two quarters, the operational data sheets, including such data
as flow rates, chemical balance and injection pressures shall be
included as an attachment vo the quarterly report. The
remaining quarterly reports will summarize the operational
data, with the operational data sheets maintained on rite. The
Nebraska DEC Mining Monitoring Report (Figure 3.3.05) can be
utilized as part of the quarterly report for the operational
data. The quarterly report shall include all duta on
environmental monitoring as well as ground-water data. All
water quality and water level data shall be presented in
tabular and graphical form, with a written summury explairing
what the data show.




(24)
(25)

(26)

(27)

(28)

Any surface discharge of liquids is prohibited.

This license shall not be terminated until the NRC has
determined that all site reclamation, decommissioning, and
wellfield restoration have met all applicable stondards and
regulations.

All sampling and monitoring data, calicration records, reports
on audits, inspections, and other analyses, training records,
and safety meeting minutes, as well as any subsequent
reviews, investigatiors, and corrective actions, shal! be
documented. Unless otherwise specified in the U.S. Nuclear
Regulatory Commission regulations, all such documentation shall

be maintained for a pericd of at least five (5) years.

The licensee shall notify , in writing, the U.S. Nuclear
Regulatory Commission, Uranium Recovery Field Office, P.O.
Box 25325, Denver, Colorado 80225, at least six (€&) weeks
prior to commencing mining operations so that an NRC
inspection may be conducted to review the licensee's
development and implementation of administrative and operating
procedures and monitoring programs.

The licensee shall perform monthly surveys for natural uranium
in the restricted area with the exception that they shall be

increased to weekly for any area meeting the requirements of

an "airborne radioactivity area" as described in 10 CFR

Part 20.203(d), and an investigation of the cause of any high
levels shall be made. Records shall be maintained of these
investigations and results be furnished to the NRC in the
quarterly reports described under License Condition (23).

The licensee shall perform monthly surveys for radon or radon
progeny in the restricted area inhabited by workers with the
exception that radon or radon progeny surveys chall Le
increased to weekly if the radon or radon progeny
concentrations are found to exceed 8 pCi/l or 0.08 WL
(Working Levels), respectively. Such weekly sampling shall be

maintained until four (4) consecutive weekly samples exhibit

less than 8 pCi/l or 0.08 WL. The licensee shall also be
required to monitor on a monthly basis radon concentrations at
and near the site boundary. Prior to commencing operations
and within sixty (60) days of the issuance of this license, the
licensee shall submit to the Uranium Recovery Field Office, for
NRC review and approval in the form of a license amendment,




(29)

(30)

(31)

10

the designated locations for surveys of airborne natural
uranium and radon or radon progeny.

The calculation of internal exposure to radon, radon progeny,
or natural uranium shall be based on a Time Weighted
Exposure (TWE) calculation incorporating a consideration of
both occupancy times and average airborne working levels or
activity concentrations. If occupancy times are established as
an average for each category of worker, the licensec shall
also, by means of a semiannual time study, determine the basis
upon which average occupancy periods are established.

If any worker reaches or exceeds 25 percent of the maximum
permissible exposure limits as specified in 10 CFR Part 20
based upon a calculated TWE Jor the week or the calendar
quarter, dependent on the solubility of the material, the
Health Physics Technician (HPT) shall initiate an investigation
of the employee's work record and exposure history to identify
the source of the exposure.

Necessary corrective measures shall be taken to ensure
reduction of future exposures to as low as is reasonably
achievable. Records shall be maintairnd of these investigations
and results furnished to the NRC in the quarterly reports
described in License Condition (23).

Any changes in the process flow sheet, illustrated and
described in Figure 3.1-6 of the license application dated
February 11, 1983, shall require the approval of the Corporate
Radiation Safety Officer (CRSO) and shall be submitted to the
U.S. Nuclear Regulatory Commission, Uranium Recovery Field
Office, for prior approval in the form of a license amendment.

Release of equipment, materials, or packages from the
restricte 1 area shall be in accordance witi "Annex C -
Guidelines for Decontamination of Facilities and Equipment Prior
to Release for Unrestricted Use or Termination of Licensc for
Byproduct, Source, or Special Nuclear Material,” dated
November 1976.

All radiation monitoring, sampling, and detectirn equipment
shall be recalibrated after each repair and as r..ommended by
the manufacturer or at least semiannually, whichever is more
frequent. ' In addition, all radiation survey instruments shall




(32)

(33)

(34)
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be operationally checked with a radiation source b:fore each
use.

The licensee is hereby exempted from the requirements of
Section 20.203(e)(2) of 10 CFR 20 for posting areas within the
facility, provided that all entrances to the restricted area arc
conspicuously posted with the words, "CAUTION - ANY AREA
OR ROOM WITHIN THIS FACILITY MAY CONTAIN
RADIOACTIVE MATERIAL."

The licensee shall maintain a quality assurance

program for all sampling and analyses performed as part of the
in-plant radiation safety, ground-water and environmental
monitoring programs that includes all of the recommended
elements of a quality assur~nce program specified in USNRC
Regulatory Guide 4.15, "Quality Assurance for Radiological
Monitoring Programs (Normal Operations) - Lifluent Stream and
the Environment." In addition, prior to commencing operations
and within ninety (90) days of issuance of this license, the
licensee shall submit to the USNRC, Uranium Recovery Field
Office, for approval in the form of a license amendment,
complete specifications feor this quality assurance program.

Prior to operation of wellfield No. 1, the licensee shall

submit for NRC review and approval the location of two
observation wells to be used to observe restoration along

peripheral streamlines and contaminant transport outward along
a path midway between production wells. The observation
wells will be at least four (4) inches in diameter and screened
over the same interval as the production wells. Baseline water
quality data for the observation wells will be collected and
analyzed in accordance with the requirements of License
Condition (4). During restoration the licensee shall sample the
observation wells every other week for the first four months
and monthly thereafter. These observations well samples shall
be analyzed for a minimum of conductivity, pH, alkalinily,
sodium, sulfate, chloride. If restoration monitoring of these
observation wells indicates that restoration has not been
achieved at the completion of the proposed restoration
program, the licensee will be required to drill additional wells
and design a new pumping-injection scheme to restore the
aquifer. The NRC will review and approve the location »f the
new wells and the new pumping and injection scheme pr or to
implementation.
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(35) The NRC has reviewed and concurred with the Nebraska
Department of Environmental Control's surety cost estimate for
restoration of the Crow Butte site. The licensee shall maintain
a surety to cover all ground-water restoration and all
reclamation and decommissioning, including the cost of offsite
disposal of radioactive solid process or evaporation pond
residues and a decontamination survey. Surety arrangements
covering the cost of restoration of Crow Butte ISL Site and
the costs of decontamination, decommissing, and reclamation of
above-grade facilities shall be provided by Nebraska DEC
Bond. The licensce will submit to the NRC a copy of the
surety bond prior to beginning operations. At least ninety
(90) days prior to the expiration date of existing Nebraska
DEC Bond or of any subsequent sureties, or any revision to
existing surety arrangements, the licensee shall submit a copy
of the proposed new surety or revision, and supporting
documentation providing a detailed basis for the covered
restoration, reclamation and decommissioning costs, to the
NRC, Uranium Recovery Field Office, for review and approval.
Surety arrangements shall be updated at least annually to
account for inflation.

The position of the NRC is as follows:

Solution extraction of uranium is a developing technology.
Uncertainties regarding environmental impacts, particularly with
respect to ground-water contamination and the effectiveness of
ground-water restoration techniques, have been recognized.

Testing and data collection in a research and development project is
proposed by the applicant to reduce the uncertainties. The

scope of an R&D facility is sufficiently limited in size

to enable continued development of solution mining technology
without significant environmental risk.
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1. INTRODUCTION
1.1 Background

Wyoming Fuel Company applied to the NRC for an NRC Source Material
and Byproduct Material License to construct and operate an in situ leach
uranium extraction and recovery facility in Dawes County, Nebraska.
The project, known as the Crow Butte ISL Prcject, is a research and -
development (R&D) project designed to develop the environmental
parameters and operating characteristics expected for a full-scale
commercial ¢ eration.

The Crow Butte ISL Project R&D site consists of about 6.7 acres

(2.7 hectares) situated in west central Dawes County, Nebraska,
approximately 4.5 miles (7.3 km) southeast of Crawford and 70 miles
(2.7 km) norrh of Scottsbluff (Figure 1.1.01 ). Wyonming . uel Company
controls the uranium mineral rights underlying these lands.

Wyoning Fuel Company proposes to extract uranium contained in the
basal sandstone member of the Chadron Formation from a wellfield less
than one (1) acre (.4 hectares) in size. The basal Chadron is a 40-foot
(12 m) thick unit lying at a depth of approximately 620 feet (189 m).
During the extraction process, an aqueous solution of sodium bicarhonate
and an oxidizing agent (hydrogen peroxide or oxygen) will be injected
into, and then recovered from, the uraniferous basal sandstone member
through two (2) five-spot well patterns. Each five-spot pattern will
consist of four (4) inject’sa wells surrounding a central recovery well.

The process plant will be designed to operate at a maximum capacity of
100 gpm (378 1/min), but will be initially operated well below this level.’

Wyoming Fuel Company has stated in an amendment to their application
dated October 27, 1983, that the ultimate restoration goal is i0 return
ground-water quality to baseline using the best practical technology.

1.2 Proposed Action

By Form NRC-2 to the U.S. Nuclear Regulatory Commission (NRC) dated
February 11, 1983, Wyoming Fuel Company requested a license to
receive, possess, use, and transfer souice material and byproduct
material in the course of research and development work associated with
in situ extraction of uraaium at their Crow Butte ISL Project site in
Dawes County, Nebraska.
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The purpose of their proposal is:

° To evaluate the feasibility of different well spacings in the
in situ extraction of uranium from the Chadron Formation.

° To develop sitc-specific restoration methods which suit both
environmental and economic needs.

° To test potential leach chemistries which could be used in »
commercial operation.

This Environmental Assessment (EA) discusses the environmental and
safety aspects of the application proposal. The proposed action would
be to grant a license to Wyoming Fuel Company. :

1.2 Review Scope
1.3.1 Federal and State Authorities

Under 10 CFR Part 40, a NRC license is required in order to
"...receive, possess, use, transfer...any source material..." (i.e.,
uranjum and/or thorium in any form, or ores containing 0.05% or more
by weight of those substances). In addition, the Uranium Mill Tailing
Radiation Control Act of 1978 (UMTRCA) requires persons who corduct
uranjum source material operations to obtain a byproduct material license
to ewn, use, or possess tailings and wastes generated by the operation
(including aboveground wastes from in situ operations). This
environmental assessment has been prepared under Title 10, CFR Part 5.
In accordance with 10 CFR Part 51, an EA serves to (a) briefly provide
sufficient evidence and analysis fcr determining whether to prepare an
environmental impact statement or a finding of no significant impact, (b)
aid the NRC's complizc ice with NEPA whsn no environmental impact
jtetement is necessary, and (c) facilitate preparation of an environmental
impact statement when one is necessary. Should the NRC issue a
finding of no significant impact, then a license would ordinarily be
issued, everything else being equal. The proposed action is fcr a
source material and byproduct material license for WFC's proposed
research and development facility only. Should such a license be issued
and should the R&D facility be successfully operated and restored, it is
reasonable to assume that WFC would want to develcp a commercial
operation. In such an event, a new licensing request would have to be
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made to the NRC requiring a new indepth environmental evaluativa in
accordance with NEPA before the license could be issued.

The State of Nebraska Department of Environmental Control administers
and implements the State's rules and regulations. Wyoming Fuel
Company has applied for and will be required to receive a permit from
the State of Nebraska prior to operation of the proposed facility.

1.3.2 Basis of NRT Review

An impact appraisal for the licensing has been performed by Regicn IV,
Uranium Recovery Field Office of the NRC. This report documents that
appraisal. The staff has performed the appraisal of environmental and
safety considerations associated with the propsed license in accordance
with Title 10, Code of Federal Regulations (10 CFR Part 51, Licensing and
Regulatory Policy and Procedures for Environanental Protection).

In conducting this appraisal, the staff considered the following:

¢ Environmental information submitted by the applicant io the NRC
dated February 11, 1983 to support the application for a license;

° Information supplied in discussions with the State of Nebraska
Department of Environmental Control relating to state permitting
actions;

© Site visit by NRC staff on July 7, 1983;

© Additional information submitted by the applicant, dated July 12,
1983, August 1983, October 1983, October 27, 1983 and April 16,
1984.

Information derived from professional papers, journals and
text books; U.S. NRC Regulations and Regulatory Guides; as
well as other Federal, State and local agencies, and
independent consultants (Appendix E).

2. SITE DESCRIPTION
2.1 Location and Land Use
The proposed R&D license area is located in Dawes County, Nebraska,

approximately 4.5 miles (7.3 km) southeast of Crawford and 70 m1les
(n2.7 km) north of Scottsbluff (Figure 1.1-01).
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The land at the proposed test site area and in the vicinity has
historically been used for cattle and sheep grazing. The cultivated
lands adjacent to the permit area are primarily used for production of
winter wheat, alfalfa, and oats. Wyoming Fuel Company (WFC) holds
claims or lease-hold interests of the surface and use rights along with
uranium mineral rights within the proposed license area. After mining,
he land will be reclaimed and returned to its original use as livestock
grazing land.

The total surface area of the project site is approximately 6.7 acres (2.7
hectares). Total area of the wellfield will be .83 acres (.34 hectares).
The total surface disturbance at the project site will be less than 1 acre.
The solar evaporation ponds will represent the major part of the
disturbed area. The access road, parking lot, storage tanks, pipelines,
storage building, and wellfield area will account for a lesser amount of
disturbance.

2.2 Geology and Hydrogeology of tae Ore Body
2.2.1 Geologic and Hydrogeologic Setting

The R&D site is located in northwest Nebraska, approximately 4.5 miles
(7 3 km) southeast of Crawford, in the N/2 SE/4 of Section 19, Township
31 North, Range 5] West, Dawes County, Nebraska (Figure 2.2.1-01).
The topography consists of low rolling hills of the Missouri Plateau
dominated by the north facing cuesta scarp known as the Pine Ridge
located south and west of the site. Relief alon, the escarpment reaches
a maximum of 700-800 feet south of Crawford and diminishes east and
west of that point. The average relief is between 300-400 feet
(91.4-121.9 m). The Pine Ridge serves to divide the Great Plains into
two subdivisions, the High Plains south of the ridge and the
"unglaciated Missouri Plateau" north of the ridge. Two major
watersheds, Hat Creek und White River, drain the area north of the Pine
Ridge. The proposed site lies within the White River watershed. The
White River heads in east-central Sioux County and drains an area of
600 square miles. '

The major structural feature of Dawes and northern Sioux Counties is
the Chadron Dome or Arch (Figures 2.2.1-02 and 2.2.1-03), which is
surficially expressed in northeastern Dawes County. The Chadron Arch
is the most prominent stuctural expression in northwest Nebraska. The
anticlinal feature strikes roughly northwest-southeast along the
northeastern boundary of Dawes County, but much of the structure is
busied by rather flat lying Miocene aged rock. The Black Hills lie just
north of Sioux and Dawes Counties in southwestern South Dakota.
Together with the Chadron Arch, the Black Hills Uplift has produced
many of the prominent features presently observed in the area today.
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Within the site area, the southerly dip of the Mesozoic, Paleozoic, and to
a lesser extent, the Tertiary beds, are directly related to uplift as late
as Late Pliocene in the Black Hills.

The Crow Butte ore body lies in what has been named the Crawford
Basin, as defined by detailed sturlies; of pre-Tertiary subsurfaces in
western Nebraska using primarily u.eep well information (DeGraw,1969).
The Crawford Basin is defined as being a triangular asymmetrical basin
bounded by ti 2 Chadron Arch (as previously discussed) and Bordeaux
fault to the northeast and east, the Tcadstool Park Fault to the
northwest, and the Pine Ridge Fault and the Cochran Arch to the south.
Structurally, it may be thought of as a pre-Miocene graben downthrown
several hundred feet, although t!.ere arc several structural highs
recognized within the basin. The synclir.al axis of the Crawford Basin
trends approxinately east-west and plunges to the west. The inner
portion ~f the basin is characterized by a rather sharp paleotopographic
change ia the Pierre shale with dramatic increase in the thickness of the
basal Chadron sandstene. To the cast the plunging syncline is sharply
truncated.

The Toadstool Park Fauli, where it outzrops northwest of Crawford,
strikes N 45° E and dips southeast at about 80°. The fault is normal
with the southeasterr. side downdropped with a throw of 64 feet.
Subsurface data from Sioux County indicates a tota) displacement of
600-800 feet. To the southwest, the fault is covered by Miocene
deposits of the Arikaree Group which cap the Pine Ridge Escarpment.
The Bordeaux Fault is a subsurface feature along the western flank of
the Chadron Arch. DeGraw (1969) estimated a throw of 300-1200 feet on
tne western do'vathrown side of the fault. The strike of the Bordeaux
Fault is approximately N 20°W. The pre-Miocene Cochran Arch trends
east-west through Sioux and Dawes Counties and runs south of and
parallel to the Pine Ridge Fault. The arch is best developed in Sioux
county, where structural relief is perhaps 200-400 feet.

Sedimentary strata within the Crawiord Basin range in age from late
Cretaceous through Tertiary (Figure 2.2.1-04). Pleistocene aliuvial and
colluvial material are abundant along the north slope of the Pine Ridge.
The Pierre Shale of late Cretaceous age is the oldest formation
encourntered in the site area. In general, the Pierre is a widespread
unit of dark gray to black marine shale with a number of included
bentonite seams in its upper portion. In Dawes County, deep oil tests
have indicated thicknesses of 1200-150C feet. -Aeral exposure and
subsequent erosion greatly reduced the vertical thickness of the Pierre
prior to Oligocene sedimentation. Consequently, the top of the present
day Pierre contact marks a major unconformity and exhibits a
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paleotspography with considerable relief. As 3 result of the extended
expasure to atmospheric weathesing, an ancient soii borizon or Paleosol
was formed on the surface of the Pierre Shale. This Paleosol was
scoured away during the deposition of the overlying basal Chadron
sandstore and is non-existent within the site area. The Pierre is
essentially impermeable, to the degree that in areas of outcropping
Pierre, water for domestic and agriculturzl needs is piped in foom wells
from other formations. Surface expression of the Pierre Sh:ile occurs
north of the White River Fault and nertheast of Crawford. The Pierre
Shale is not considered to contain aquifers of any importarnce in this
region Becausc of its nonpermeable nature it also serves as an
aguiclude preventing vertical migration of water.

The White River Group is Oligocene in age and consists of the Chadron
and Brule Formaiions. The Chadron i{s the oldest Tertiary formation of
record in northwest Nebraska. It lies with marked unconformity on top
of the Pierre shale. The Chadron Formation is comprised of three
distinct members. The Basal Sandstone is the depositional product of a
large, vigorous braided stream system which occurred during eurly
Oligocene  Regionaliy, the Basal Sandstone thickness ranges from 0 to
350 feet, but in the site area the vertical thickness is 40 fee.. In the
site area, the Rasal Chadron is a cwarse grained arkosic sanustone with
frequent interbedded thin clay ard siit lenses. The clay and silt lenses
represent flood plain or low velocity deposits which normally occur
during fluvia: sedimentation. X-ray diffraction of the Basal Chadron
have identifird the following clay minerals. kaolinite, illite, smectite and
expandable mixed illite-smectite. The basal Chadron candstone is the
host member of the Crow Butte uraniumn ore deposit and the oniy aquifer
in the Chadron Formation The Nebraska Department of Environmentai
Cortrol classifies the basal Chadron aquifer as an underground source of
drinking water.

The Basal Chadron aquifer is artesian and wells from the White River
fault to about 3000 m south may be free flowing at the suriace. The
direction of ground-water migration in the area is north toward the fault
(Figure 2.2.1-05).

The Middle Chadron Member represents a distinct and rapid facies
change from the underlying basal sandstone. The lower poction of the
Middle Chadron is characterized by a brick red clay. This grades
upward into light to medium green clay with dispersed very fine sand
grains. The lower red clay is frequently interbedded with gray-white
bentonitic clay. The Middle Chadron Member has been observed in
virtually all drill holes along the mineral! trend but is less likely to occur
in drill holes outside the Basal Sandstone channels. Thickness of the
Middle Chadron averages 62 feet throughout the site area.
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The Upper Chadron consists of massiv. claystones and siltstones. These
range in color from a dark blue-green to greenish-brown. The sequence
of green siltsténes and mudstones is generally considered fluvial channel
and flood plain deposits with limited lacustrine and eolian material
present. Well developed sand channels are rarely encountered in test
holes, and have very limited lateral exten: when observed. The Upper
Chadron averages 150 feet thick within the site area.

The Brule Formation lies conformably on top of the Chadron Formation
and with the Chadron comprises the White River Group. The Brule has
been s-ibdivided into two separate members. the Orella and the Whitney.
The Orella lies directiv on the Chadron Formation. An approximate
Brule-Chadron contact can be detected in driil hole cuttings but not
usuailly in geophysical logs. The Orella is composed of buff to brown
siltstones, with persistent spotty green nodules as it grades into the
green clays of the Chadron. The Whitney Member of the Brule is
comprised of fairly massive buff to brown siltstones, in part probably
eolizn in origin. Several volcanic ash horizons have been reported in
outcrops. The Whitney Member frequently becomes coarser grained
upward near the Miocene contact. Some moderate to well defined channel
sands can be observed in both drill holes and in outcrops. These Upper
Brule channels are limited in lateral extent and continuity but may
occasionally be water saturated in the ctherwise generally impermeable
Brule. Vithin the site area these sand units are encountered in the
upper 250 feet of the drill holes.

Regionally and locally, this is an important aquifer, producing sufficient
quantities of wat.r with low total dissolved solids. to be used for
domestic and agricultural purposes. Locally, the direction of flow in the
Brule aquifer is to the north-northvest (Figure 2.2.1-06). No regional
water level maps are available for the Chadron or individual Brule
aquifers The hydraulic head of the lower Chadron aquifer recorded at
PT-7 is 1144.27 m msl, while the Brule aquifer is 172.50 m msl. A
hydrostatic head of 28.23 m would prevent upard migration of l.ch
fluids or Chadron aquifer water under normal conditir,s
(Table 2.2.1-01). A hydrologic cross-section of the Crow Butte site is
shown on Figures 2.2.1-07 and 2.2.1-08.
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Table 2.2.1-01
STATIC WATER LEVEL
IN THE CROW BUTTE R&D PROJECT AREA

Water Level Elevation*

Well No. Aquifer {meters-msl)
PM-1 Chadran 1144 .C
PM-4 Chadron 1143.35
M-8 Brule 1171.50
M-7 Brule 1172.24
pPT-2 Chadren 1144.39
PT-7 ‘ Chadron 1114.27
PT-8 Chadron 1144.02
PT-9 Chadron 1144.40

#* Measured January 10, 1983
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2.22 Pump Test

The pump test designed by the applicant for the Crow Butte site
consisted of PT-7 as the production zone pump test well, PT-9, 2, and 8
as the production zone pump test monitoring wells, PM-1 and PM-4 as
production zone monitoring wells and PM-6 and PM-7 as apper aquifer
monitoring wells (Figure 2.2.2-01). The welis used for the pump test
were located so that they could he incorporsted into the proposed pilot
wellfield. Thc pump test wells were partially penetrating being
completed in the lower 4.5-6.0 m (15-20 ft) of the Basal Chadron

(Table 2.2.2-01). The center well o the pattern., PT-7, wus equipped
with a 7-% hp submersible pump, and each of the observztions wells,
PT-9, 2, and 8, were equipped with electric water level indicators.
Pumping began at 7:15 a.m. on November 1€, 1982, and concluded at
10:00 a.m. on November 18, 1982; a period of 50.75 hours. The average
flow rate for the test was 90 1/min (23.8 gpm). Water level
measurements were taken at 1, 2, and 5 minutes, than at 5 minutes for
the first 30 minutes of the test with regularly increasing iatervals to &
hours after 24 hours of elavsed time.

The objectives of the pump test for the Crow Butte site were:

1. Determine specific hydraulic properties of the production aquifer
(e.g., permeability, transmissivity, and storativity).

[ B}

Evaluate ore zone coanfinement.

3. Determine the coefficier't of leakage through the upper and lower
confining beds and evaluate the impact of such leakage on mining
and restoratiun.

Appendix B provides the detailed discussion of the NRC staff's
independent analysis and final position on the .pplicant's pump test and
Appendix B-IV also provides a peer review of the NRC staff's
independent analysis. As a result of this worst-case type of analysio,
the NRC staff has concluded that the ore zone is adequately confined
and that effects of leakage from the upper aquitard would not
significantly affect wellfizld operations, providing the water levels are
stabilized during the initial phase of wellfield cperations. Therefore, the
staff recommends that ground water be circulated through both wellfields
to stabilize water levels before lixiviant is intreduced into the formation.
This will be included as a license condition. In addition, the NRC staff
analysis concluded that the low velocities and long flow paths associated
with the streamlines for wellfield No. 1 may pose problems for
restoration. Accordingly, the applicant was requested to provide ‘
additional in/ormation or modify the proposed pattern to allow restoration
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Table 2.2.1-01
R&D PRCJECT AREA
PUMP Ti.ST WELL COMPLETION D.TA

Distance
Well Total  Centrali ter Basket Screen To
Pumping
No. Depth (ft) Dep.hs (ft) Deoth (ft) Interval (ft) Well
(£ft)
PM-1 674.5 640, 540, 440, 645 649.5-669.5 293
340, 240, 160,
120, 60, Top
PM-4 674.5 10, 40, 80, 115, 637 641.5-646.5 293
215, 315, 415, €54.5-669.5
5.5, 615
PM~6 217.5 0, 60, 140, 180 193 196-211 55
PM-T 129.5 0, 40, 80 85 89.5-94.% 35
99.5-10-i.5
109-114
119.5-124.5,,
PT-2 £55.5 10, 60, 80, '11'9. 641 641-656 93
219, 319, 419,
519, 619
PT-7 672.5 20, 80, 120, 230 648 649-664 0
330, 430, 530, 630
PT-8 674.5 630, 530, 430, 330, 650 653-668 93
230, 130, 79, 30, 8
PT-9 680.5 10, 5G, 90, 140, 656 659-674 66

240, 340, 440,
540. 640
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within an acceptable time frame. The applicant provided the additional
information in a report by Canonie Engineers dated April 1984.

Based on staff review of the Canonie Engineers Report as discussed in
Appendix B, the NRC staff will require that two observation wells be
installed to monitor restoration in the peripheral regions of wellfield
No. 1.

2.2.3 Baseline Water Quality

At the proposed test site, ground water occurs in the hasal Chadron and
upper Brule aquifers. Wyoming Fuel Company (WFC) has sampled each
of these aquifers to determine baseline water quality (Appendix. A).

WFC has proposed continued monitoring of these wells before, during
and after the proposed leaching test and to monitor those wells within a
1-mile radius during and after the leaching test. The following table
describes each well sampled to date, for baseline ground water quality
data and its role during operation.

WFC has submitted baseline water quality data from the Basal Chadron
and Brule aquifers (see Appendix A). <n an indicator by indicator
basis, the sample mean and standard deviations have been calculated for
the pilot well field (see Section 3.7.1). WFC has screened the data for
outliers. OQutliers have been marked by an asterisk in the tables and
have not been included in the calculations.

There are two water wells in close proximity to the proposed test site,
both located in the Brule aquifer. One well (25) is located .3 uiiles
(.5 km) from the proposed restricted area boundary and.the other well
(i7) is approxil.ately .15 miles (.25 km). Baseline water quality data
has been obtained for thesc wells. Due to th» great thickness of the
aquitard between the ore 2zone aquifer and ti.. Brule aquifer and the fact
that the piezomeiric head in the Brule is greater than in the Basal
Chadron aquifer which would cause movement of water to Chadron from
the Brule, the water quality of these wells would be unaffected. Water
quality sampling will continue at these private wells on a quarterly
basis.

Based on data submitted by WFC, the baseline water quality of the basal
Chadron aquifer has been defined by the Nebraska Department of
Environmental Control as an underground source of drinking water.
Wells PT2, PT7, PT8, and PT9 show mean radium-226 concentrations in
the range of 215.4 picocuries pe, liter. These wells are completed only
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Table 2.2.3.01 Ground-water baseline sampiing

points

Well no.  Aquifer Well Type
4

Regional
13 Brule Stock
17 Brule Domestic,Stock
25 Brule Domestic,Stock
26 Brule Domestic,Stock
27 Brule Livestock
57 Brule Domestic,Stock
62 Chadron Bascline
63 Brule Baseline
66 Brule Baseline
RA-2 mle Baseline
RB-3 Brule Baseline
RC-3 Chadron Baseline
RC-4 Chadron Bascline
RC-& Chadron Baseline
RC-6 hadron Baseline
RC-7 Chadron Baseline
PM-~1 Chadron Monitoring
PM-4 Chadron Moanitoring
PM-6 Brule Monitoring
PM-17 Brule Monitoring
PT-2 Chadron Injection/Recovery
PT-7 Chadron Injection/Recovery
PT-8 Chadron Injection/Recovery

PT-9 Chadron Injection/Recovery
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in the lower portion of the ore zcne where uranium is present in
leachable quantities. Other wells in the basal Chadron, m 1y of which
are open to the full thickness of the ore zone, show a maxumum
radium-226 concentration of 9.9 nicocuries per liter. Obvicusly, dilution
and distance from the ore bearirg sands are the primary factor causing
these differences. Because the proposed injection/recovery wells will
only be open to the lower portiin of the ore zone and the baseline water
quality will be based, in peart, on the data from wells PT2, PT7, PTS8,
and PT9, and not on the datr from tie outlying monitoring wells, there
should be no problem defining baseiine water quality within the wellfield
proper. In additirn, the NRC starf will require water quality sampling
to be donf on all injection/recovery wells to be constructed. A minimum
of three ‘3) samples sh~ll be obtained and analyzed for the full suite of
water quality indicators (Appendix A-1A) for all recovery and injection
wells. These data shall be submitted to the NRC to be used in
conjunction with data from wells PT2, PT7, PT8, and PT9, to determine
baseline water quality within the proposed wellfield area. This will be
included as & license condlition. ‘

5. PROCESS DESCRIPTION
3.1 In Situ Leaching Frocess

In situ leaching of uranium is a new addition to the list of conventional
mining methods currently used to extract uranium. Basically, the in
situ leaching methnd involves: (1) the injection of a leach solution
(lixiviant) into a uranium-bearing ore body to oxidize the uranium, (2)
the mobilization by complexing the uranium, and (3) surface recovery of
the solution bearing the uranium complex via recovery wells. “Jranium is
then separated from the leach solution by conventional milling unit
methods (ion exchange).

There can be many environmental advantages to in situ leaching of
uranium. Conventiona! extraction methods can produce a significant
impact on the environment. If hydrogeologic conditions are favorable,
the impacts from solution mining are much less. The greatest impact of
th~ in situ leach extraction method is to the ore zone ground-water
quality which, in nost instances, can be restored to baseline quality,
prenining quality use, or potential use category. Compared with the
conventional vranium mining and milling operatiois, in situ leaching will
also permit cconnatedi recovery of currently unricoverable, ae,,
low-grade sandstone uranium deposits. The extent to which .. situ
mining can be conducted is limited in that the ore zone conditions must
be suitable for containing and controlling leach solutions during the
mining process (conditions described in Section 3.2).
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3.2 The Qre Body

At the rroposed Crow Butte ISL site, the Basal Chadron contains a roll
front wranium deporit which is generally associated with fluvial
sandswnes and coaglomerates. The mineral in the ore is concentrated
by uranium-rich, oxidized ground water m~ving down the hydrologic
gradient into a reducing environment. The interface is referred to as
the oxidizing front. The physical shape of an ore roll (ore zone) is
dependent on the local permeability of the matrix material and its
continuity and distribution in the geologic unit. . ach ore bodies are
prevalent in most of the established uranium mining districts in the
western United States. In situ leaching, however, can be conducted
only on those ore deposits that meet certain criteria. These generally
' include: (1) the ore deposit must be located in a saturated zone,(2) the
ore deposit must be confined both above and below by low permeability
zones,(3) the ore deposit must have adaquate permeability, and (4) the
ore deposit must be amenable to chemica! leaching. ‘

The ore of the Basal Chadron at the Crow Butte ISU site appears to
have been deposited as described above and appears to have the
characteristics necessary to allow in situ leaching of uranium. The
aquifer pumping test indicutes the ore zone is saturated, permeability is
adequate, und the ore zone is adequately confined. The capacity of the
aquitards t» coufine lixiviant movement to the ore zone and the reaction
of the deposit to chemical leaching will be further verified cduring the
R&D testing, as discussed in Section b.

3.3 Wellfield Design and Operation

The operation of the piiot plant and wellfield, comprising 8.7 acres

‘ (2.7 ha), will commence upon cocmpletion of construction. Within this
area, two wellfields will be constructed on a smaller area not io <xceed
one (1) acre (.42 ha) and tested consecutively. The exact dimensions of
the wellfield will vary, based on conditions encountered in the field.
WFC has proposed a smaller five-spot pattern with four injection wells on
a 3% x 35-foot (iN.7m) square spacing with a single production well in
the center as wellfield No. 2. The larger pattern proposed consists of
four injection wells on the corners of a 132 x 132-foot (40.2 m) square
with a center production well (Figure 3.3-01) and is referred to as
welifield No. 1.

WFC proposes to use wellfield No. 2 to investigate the leaching response
of the formation over a complete leaching cycle, including ore recovery
and restoration. Wellfield No. 1 will be used to investigate the effects
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of different well spacings on ore recovery. Although initially designated
as either injection or recovery wells, all pattern wells will be capable of
functioning for either purpose through~-t the test. Monitor wells open to
the Basal Chadron have been constructe. and are located as shown on
Figure 3.3-02. Monitor wells open to the Brule aquifer above the Basal
Chadron have also becn completed and are also shown on Figure 3.3-02.
Baseline water quality data will be obtained for all monitor wells
(Appendix A). Additional water quality information shall be required for
those injection/recovery wells to be completed as incicated in Section
2.2.3.

During operdstion of the facility, as part of the quarterly reporting
requirement, WFC will be required to provide the facility's operaling
data. For the first two quarters, all operational data will be reported
including flow rates, chemical balance and injection pressures. During
the remaining quarters, the operational data will be summarized in the.
quarterly report. The detailed operations data will be maintained on
site. The Nebraska DEC Mining Monitoring Report {Figure 3.3.05) may
be used to fulfill this requirement.

WFC will be required to perform casing integrity tests on the pattern
wells before any injection or recovery well is put into service. All wells
are to be tested at a pressure which simulates the maximum anticipated
operating pressure of the well. If no more than a 10% drop in pressure
occurs after at least 20 minutes of testing, the well casing will be
determined to be mechanically sound. During operation, wellhead
pressures shall not exceed the well integrity test pressure. WFC has
proposed that in the event a given well fails the casing integrity ‘~st,
and if the well cannot be repaired, the well will be plugged and
abandoned as required by the hebraska Department of Environmental
Control (NDEC) permit. WFC will have available on site the results of
‘all well completion reports (Figure 3.3.03) and mechanical integrity tests
(Figure 3.3-04). In addition, the NRC will be notified when all wells
which initially failed the tests have been either repaired or plugged.
The above reporting requiremcnts and data submittal will be inclu.l- d as
license conditions.
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NEBRASKA DEPARTMENT CF ENVIRONMENTAL CONTROL

APPLICATION MUMBER

[TT

WELL COMPLETION REPOXT

Company:

Project:

Type of Well: Production/Injection

Ground Elevation:

Monitor Well No.:

Well Head Elevation:

Drilling Contractor:

Driller:

Mud Products:

Amount:

Bit §1ze:

Date Drilling Completed:

Date Drilling Began:

Completed Formation:

Depth Drilled:

Casing Diameter:

Casing Type:

Casing Depth:

Basket Depth:

Packer Type:

Packer Depth:

Centralizer Depth(s):

Screen Size:

Gravel Size:

Screened Interval(s):

Upper bouvndary of Completed Formation:

Lower boundary of Completed Formation:

Cement Contractor:

Operator:

Estimated Cement Volume:

Cement Volume, used:

Cement Weight:

Water Amount:

Cement Type or Class:

Additives:

Cement Circulated to Surface:

Logging Contractor:

Yes

No Density of Fluid:

Operator:

Unit No.:

Probe No.:

Log Type:

Well Deviation:

White-Yellow: DEC

Pink: Your records




Describe any drilling problems, drilling time, lcst circulation, casing difficul-
ties, cementing, crooked hole, junk in hole, etz,:
. )

. This report was filled out by
Representing _

Date
CERTIFICATION:
I certify under penalty of law tbat I have personally examined and am familiar
' with the information submitted in this form and all its attachment and that, based

on inquiry of those individuals immediately responsible for obtaii..ng information,
I believe the information is true, accurate, and complete. Further I certify
awareness that there are significant penalties for submitting false information,
including the possibility of a fine and imprisonment.

By
Printed name of person signing
Title
Date
By
Signature

White~Yellow: DEC Pink: Your records




NEBRASKA DEPARTMENT OF ENVIRONMENTAL CONTROL

CASING INTEGRITY TEST REPORT

' Company:

Permit No:
Project: Well No.:
Casing Type: Diameter:

Hole Depth: Casing Depth:

Screened Interval(s):

Depth of Test Packer(s):

Test Duration:

(minutes)
REMARKS:
‘ Elapsed Pressure Elapsed Press
‘ Time Time (min) (PS1G) Time Time {min) (PS1
r—

White-Yellow: DEC Pink: Your records




Cementing Record (List type of test, log, etc. to determine proper cement job):

Test performed by: Date:

This report was filled out by:

Representing: Date:

CERTIFICATION:

I certify under penalty of law that I have personally examined and am familiar
with the information submitted in this application and all attachments an. that,
‘ based on inquiry of those individuals immediately responsible for obtaining informa-
‘ tion, I believe the information is true, accurate, and complete. Further, I certify
awareness that there are significant penalties for submitting false information,
including the possibility of a fine and imprisonment.

By
Printed name of person signing
ftle
Date
By
Signature

o

White-Yellow: ©DEC - Pink: Your records




Subrit to:
P. 0. Box 94877

Lincoln, NE 68509

. Page 1
NEBR‘OEPARTMENT OF &gV TRONMENTAL CONTROL ‘
| HINING MONITRING REPORT .
@2 ~ peC /e

HELL/MANIFOLD NUMBERS

PARAMLETERS

MIN.

AVE.

| MAX.

MIN.

AVE.

MIN.

AVE.

MIN.

AVE,

-White-Yel® sw-. OFC




Page 2
NEBRASKA DEPARTMENT -OF ENVIRONMENTAL CONTROL

MINING MONITORING REPORT

'nnth: Year:

Total volume or water level for reporting period:

Quality of injected fluid (Discuss any significant change in constituents or concentration
of the injected flui~): : ‘

OPERATING CONDITIONS:

1. Have any operational problems occurred during this reporting period?

’Has any well maintenance (repairs, workovers, etc.) been perfdrmed during this period?

3. Has any significant change occurred ir any of the monitored parameters which might
indicate a leak or other failure of any well?

If the answer to any of the above is yes, describe below:

ER PENALTY OF LAW THAT I HAVE PERSONALLY EXAMINED AND AM FAMILIAR WITH THE INF(Q
éA%ggglngg¥$TED IN THIS APPLICATION AND ALL ATTACHMENTS AND THAr, BASED ON INQUIRY OF THOSE
INCIVIDUALS IMMEDIATELY RESPONSIBLE FOR OBTAINING INFORMATION, I BELIEVE THE Ih?gRMQT%ON IS
TRUE, ACCURATE, AND COMPLETE. FURTHER, I CERTIFY AWARENESS THAT IHERE‘ARF SIGNIFIC ?MPRISO
PENALTIES FOR SUBMITTING FALSE INFORMATION, INCLUDING THE POSSIBILITY OF A FINE AND i

MENT.

SIGNATURE/DATE NAML/TITLE (PRINTED)
White/Yellow: DEC Pink: Your records




46

3.4 Lixiviant Chemistry

The leach solution or lixiviant to be used for dissolution and recovery of
uranium at the R&D site, as proposed by WFC, will be an aqueous
solution of bicarbonate and carbonate as the complexing anion. The
cations will be sodium. Oxidation will be provided by adding oxygen
anJd/or hydrogen peroxide. U:se of any othecr lixiviant is prohibited.
This has been included as a license condition.

Several variations on the lixiviant chemistry are possible. WFC is
proposing to use sodium bicarbonate as lixiviant for their operation. In
general, the choice of lixiviant is between acidic or alkaline lixiviants.

At a site where the ground water is carbonate, as at the Crow Butte ISL
site, an alkaline lixiviant will mobilize fewer hazardous elements from the
ore body than an acidic lixiviant.

Ammonia carbonate could have been proposed rather than sodium
carbonate; however, ammonia tends to exchange with calcium on the
clays causing precipitation of calcium sulfate which could cause plugging
of the leaching channels (making restoration difficult) and may break
down into carcinogenic nitrites. Therefore, because of the potential
detrimental environmental impacts, ammonia carbonate is not as desirable
as sodium carbonate.

A form of permeability loss can be associated with the injection of sodium
crrbonte lixiviants involving the adsorption of hydrated sodium ions onto
montmorillonitic clays. The permeability loss results from clegging of
pore space by clay swelling and subsequent migration of dissociated clay
partic’es. Problems associated with clay swelling tend to increase with
increasing cation concentration and ph. To .inimize permeability loss,
one shnuld start at a low sodium concentration and aear nuetral ph and
gradually increase these parameters. Tue phenomena of refloculation is
not significant at the concentrations anticipated for the Crow Butte
project.

Potassium carbonate has been investigated as an aliernative lixiviant, but
with the present financ' ' state and competitiveness of the uranium

market, the use of potassium is not cost effective.

3.5 Uranium Recovery Process

The uranium recovery process involves three primary steps: (1)
uranium adsorption; (2) resin elution; (3) precipitation of uranium. The
following discussion provides more detaxl
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Uranium solubilized and recovered as a carbonate complex initially will be
produced from the vellfields and be directed at a flow rate equal to, or
less than, the maximum design plant capacity of 100 gpm (781/min) to
the ion exchange circuit (either a fluidized bed system, or a fixed bed
system).

The Gr:anium loaded on the ion exchange resin will then be stripped
through an elution process.

The elution stream will consist of NaCl plus Na,CO, . The uranium anion
complexes on the resin are displaced by chloric?e agions. The chloride
anions are then exchanged in the second step by HCO,/CO,, icns in a
sodium carbonate/bicarbonate rinse. This subsequent ‘chloride control
circuit for NaC1/Na,CO, elution is designed to reduce as much as
possible the introdu%tio of chloride anions back into the leach field.

The uranium-rich eluant in the precipitation tank will be acidized with
hydrochloric acid to attain a pH of 2.0, or less. Under these
conditions, the uranyl-carbonate complexes wiil be destroyed and CO
wiil be released. Hydrogen peroxide will than be added to the solutidn
to precipitate uranyl-peroxide slurry. Further treatment of the
yellowcake slurry wuch as heat or vacuum drying is prohibiled. The
thickened uranium slurry will be shipped to a licensed mill or converting
facility in a slurry form. A schematic flow diagram of the process
circuit is shown in Figure 3.5.01.
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3.6 Description of Process Plant and Support Facilities, Ponds, and
Wastes

3.6.1 The Process Plant and Support Facilities

The processing equipment {process tanks, ion exchange columns, piping
systems and pumps, electriczl equipment) will be hcoused in a 40-ft oy
100-1t (12 by 30 m) building. All tanks containing yellowcake slurry will
be placed in a curbed section of the plant. The floer will be sloped
toward a collection sump and will be sealed by a chemical resistant
coating. Lab, lunch room, locker rooms, and office space will be
provided in trailers on .the northwest side of the building. A parking
lot will be located at the west side of the buildings near the office area.

Additional su-face installations, besides the plant itself. will consist of
fuel storage tanks, the evaporation pond system, and storage tanks for
gaseous process chemicals. ...l shower, sink, and lavatory effluent
wastes will be disposed of in a septic system and leach field in
accordance with the Nebraska Department of Environmental Control
Regulations Trash and garbage will be collected in suitable receptacles
and hauled away for disposal at an approved loc~tion. Chemical '
laboratory effluents will be discharged into the evaporation ponds. A
sheep-tight fence will be erected around the entite test area. Access to
the site will be possible on an existing road, which will be further
improved by grading and gravel topping. The road is included in the
permit area. Power will be supplied commercially.

Sguaw Creek cuts across the northeas..rn corner of the proposed permit
area. Erosion control procedures will be utilized as ne~essary to
mitigate any excess surface erosion. Baseline surface water quality
samples have been obtained from both upstream and duwnstream of the
peoject site (Apppendix A).

3.6.2 Solar Evaporation Ponds

While evaluating the feasibility of alternate waste disposal techniques,
two of four waste storage (evaporation) ponds, each approximately

0.5 acres (.2 ha) in size, will be initially corstructed for temporary
disposal of liquid process waterz at a location 200 feet (91.4 m)
southeast of the plant area. The two ponds will provide adequate v.aste
capacity for the operation of the plant during the leaching phase and for
restoration of wellfield No. 2. The applicant will either install two
additional waste ponds or an alternate system depending on the resuits
of an analysis of alternative waste dispusal techniques. The installativn
of the two additional evaporation ponds or the alternative waste disposal
technique will be required prior to WFC’'s operation of wellfield No. 1.
Any waste disposal technique other than the waste storage ponds will
requir NRC review and approval by license amendment
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The two ponds proposed will have a total depth of 15 feet (4.6 m) and a
maximum operating pool depth of 8.1 feet (2.5 m). An emergency
volume from the 8.1 to 14-foot (2.5-4.3 m) levels is to be retained in the
event of excessive precipitation and/or the need to empty one pond for
liner repairs. The minimum design freeboard is thei-efcre 1.0 foot (.3
m). Table 3.6.2.01 provides the individual pond capacities.

The ponds will be partially excavated below existing grade, with
approximately 23,000 cubic yards (17,585 m3) of soil being excavated,
and paitially constructed above grade, with approximately 12,000 cubic
yards (9,17 m3) of compacted fill being placed in perimeter
embankments. The embankments. constructed of suitable silty fine sand
meterial excavated from the pond interjor, will have a crest width of 10
fect (3.04 m) and inte or and exterior side slopes of 2 horizontal to 1
vertical.

The staff has reviewed the apgiicant's embankment design and earthwork
specifications a1 ' finds that the applica...'s soil investigation, selection
of soil paiameters, and analysis of embankment stability have been
performed in accordance with guidance presented in "Staff Branch
Position on Expiorations for Design and Evaluation of Uranium Mill
Tailings Retention Systems," and Regulatory Guide 3.11, "Design,
Construction and Inspection of Embankment Retention Systems for
Uranium Mills," Furthermore, the applicant's proposed earthwork
specifications (<oil excavation, fill placement, compaction, soil testing,
gradations, etc.) are found to be acceptable and in accordance with
standard engineering practice.

Each pond will be lined with a 36-mil reinforced Hypalon liner. Tue
liners will be underlain by a leak detection system concisting of
perforated PVC collector pipes placed in shallow trenches that are cut
into the subgrade and lined with 20-mil PVC. Tle pipes will be wrapped
with filter cloth, and the trenches will te backfilled with a clean,
well-graded sand. A 6-inch thick bedding layer of the clean sand will
be placed directly beneath the pind liners to ensure a more permeable
zone to direct any seepage to the leak detection system. The collector
pipes will drain to a sta: dpipe (one for each pond) that will serve as
the point for monitoring an seepage.

The applicant has stated that testing of the leak detection system will be
performed prior to placement of the liner. Water flow (to simulate leaks)
will be introduced into the subgrade layer and trave! times to the

standpipe will be recorded to confirm the applicant’s analytical estimates.

To prevent surface water runoff from entering the evaporation ponds, a
Hypalon-lined diversion ditch will be constructed on the southwest side
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Description

Operating Pool
Emergency Volume

Freecboard Volume

TOTALS
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Table 3.6.3.01
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11,355,000 1
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(4,110,160 gal)

3,390,160 1
(89%,680 gal)

7,375,550 1
(2,091,460 gai)

30,302,200 1
(8,005,850 gal)
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(upstream} of the ponds. The ditch is designed to carry the runoff
resulting from the Probable Maximum Precipitation (PMP). Based on the
staff's review of the applicant's hydrologic calculations, it appears that
the peak flow in the ditch was underestimated. The staff's calculations
indicate that the peak flow will be about 4G cubic feet per second (cfs)
(1.13 m¥/sec), rather than 20 cfs (.57 m3/sec). However, the staff's
independent capacity computations indicate that the ditch is large enough
to convey 40 cfs (1.13 m3/sec), and therefore, as designed, meets the
criteria outlined in Staff Technical Position WM 8201, "Hydrologic Design
Criteria for Tailings retention Systems."

The applicant analyzed the effects of flooding in the dry wash to the
northeast of the ponds to determine if severe flooding on that stream
could possibly erode the toe of the pond emuankments. The Probable
Maximum Flood (PMF) and resulting velocities were computed by the
applicant; tlie applicant concluded that the embankment toe was
sufficiently above and far enough away from the flood flows. The staff's
independent analyses indicated that the applicaat did not. conservatively
estimate the magnitude and velocity associated with an occuirence of a
PMF in the dry wash. The staff has concluded that a peak flow of
about 5,000 cfs {141.6 m3/sec) and a peak velocity of about 16
feet/second (4.9 m/sec) should have been used for design purposes.
However, based on further independent analysis, the staff concludes
that the toe of *he pond will not be affected even by floods as large as
the PMF. The applicant has indicated that the intermitteat drainageway
in the vicinity of the ponds should be straightered to improve hydraulic
characteristics and to help prevent possitle erosion toward the ponds.
The staff agrees with this recommendatinon, since the lateral channel
migration during a majcr flood will be reduced by such measures.

Based on staff review and independent analyses of the licensee's
submittal, the staff concludes that the pond and liner designs meet
applicable criteria outlined in 1) Regulatory Guide 3.1!, "Design,
Construction and Inspection of Emmbankment Retention Systems for
Uranium Mills," 2) Staff Branch Position on Explorations for Design and
Evaluations of Uranium Mill Tailings Retention Systems, 3) WM-8201,
"i{ydrologic De.ign Criteria for Tailings Retention Systems," and 4)
WM-8101, "Design, Installation, and Operation of Natural and Synthetic
Liners at Uranium Recovery Facilities." With regard to the design
criteria for the diversion ditch. liner, leak deteclicn system,
geotechnical engineering aspects. and the quality assurance program, the
staff concludes that 2dequate designs and specifications have been
provided.
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3.6.3 The Wastes

Based on information submitted by WFC, operation of the process plant
will produce a series of liquicd wastes which can be categorized into the
following types:

Elution Bleed

A periodic bleed from the ~lution circuit to the evaporatior. ponrds is
necessary to maintain the j roper chemistry of the eluant.

Filter Backwash

A backwash type of filter will be used tc >creen out possible particles
before injection The backwash liquid will go to the evaporation ponds.

Reverse Osmosis Brine

A Reverse Osmesis (RO) (or similar water treatment unit) facility will be
provided. The installation of this unit will greatly reduce the volume of
waste solution going to the evaporation pond. Thus, the evaporation
ponds need not be oversized.

Because this project is a research and development operation, the
composition of the process wastes may vary as efforts are made tc
improve the process.

No solid wastes will be produced during this project except for residues
from the solar evaporation ponds.

3.7 Ground-water Restoration, Reclamation, and Decommissioning

3.7.1 Ground-water Restoration

Restoration is defined as the returning of affected ground water, on an
indicator-by-indicator basis, to its baseline condition or to a conditiun
consistent with its premining use (or potential use) upon compietion of
leaching activities. Baseline condition, or baseline, as used in this
document, refers to tae level of constituents in the natural ground water
or surface water prior to facility operations. Because the levels of
censtituents vary in nature, baseline for each well or surface sampling
location is the mean value for each constituent as determined from
repeated sampling at each location (see Section 2.2.3). Restoration is
intended to reduce the concentration of contaminants remaining in the
ground water to acceptable levels. In addition, to . emonstrate the
feasibility of restoration for larger scale operations, the restoratiorn goal
for a research aad development project should be baseline wialer qualty.
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In order to more clearly illustrate the potential effect of the proposed
facility operation and restoration on the Chadron aquifer, the NRC staff
performed a worst case analysis For this analysis, it was assumed that
the facility was in full production, the plant was shutdown and no
restoration was subsequently performed. It should be pointed out that
NRC requires a licensee have a surety bond (in this case, held by the
state) with sufficient funds to have an outside contractor take over
restoration and decommissioning of an abandoned site. Therefore, the
assumed worst case would not occur and any actual case would be
significantly better.

The computer pogram itilized in this worst case analysis is a
ground-water transpurt model which uses only dispersion to model the
peak concentration and transport tine of a contaminant at a specified
point. This model does not consider other natural processes such as
adsorption, or chemical interactions with surrounding formations that also
occur and may remove contaminants from the ground water or retard the
travel time of contaminants. Therefore, not only is the worst case
conservative, but the modeling is also conservative. By taking only
dispersion into consideration, the concentration of a single parameter can
be modeled »2d can be used to proportionally determine the
concentrations of all other parameters.

The NRC staff modeled two specific cases. In each case, the
contaminant modeled was Ra-226. the puint at which the peak
concentration was determined was the site boundary (130 m from wellfield
No. 2 and 106 m from wellfield No. 1), and the source concentration (the
maximum concentration at the wellfield at the time «f abandonment) was
10,000 pCi/l. Past experience indicates that Ra-226 values at operating

facilities are usually below 5,000 pCi/l. Therefore, the use of

10,000 pCi/l of Ra-226 is an additional conservatism. In the first case
modeled only wellfield No. 2 (the small pattern) was simulated assuming
operation to peak production and then shutdown with no restoration. As
a result of this analysis, the concentration of Ra-226 takes approximately
80 years to reach the site boundary, and is within natural baseline
values.

In the second case, the combined effects of both wellfields at peak
production was modeled assuming no restoration. The peak concentration
and transport time was determined at a point 106 m north of wellfied No.
1 at the site boundary. As 3 result of this analysis, the Ra-226
concentrations contributed by wellfield no. 2 were shown to be
background and therefore had no effect on the analysis. As a result of
abandonment of wellfield No. 1, at the site boundary the concentration of
Ra-226 reached the site boundary after approximately 60 years and was




approximately 55% of the source concentration. Concentratio.:s of
Ra-226 do not exceed background outside the site boundary for
approximately 30 years after cessation of opersztion. Therefore, even
under these worst case conditions, there is more than adequate time for
restoration cperations to be completed before amy contzminants could
migrate off site. Sufficient funds would be available for the restoration
and subsequent decommissioning from the required surety bond.

As stated previcusly, the goal of restoration ‘: to return ground water,
for each indicator, to its baseline value. Howeve.", it is recognized that
this is not always possible for every parameter. UChould this be the
case, it is NRC's position that the ground water should not be degraded
from its pre-mining water use. For the Chadron aquifer, the Nebraska
DEQ has classified it as an underground source of drinking water.
Therefore, the NRC will require that if it is not possit:le to restore
ground water to its baseline quality, then the water use category should
not be degraded. Should the licensee sucessfully demonstrate that the
ground water cannot 2e restored to these standards, using best practical
technology, an assessment will be made of the impact of the remaining
contazainants in the aquifer. This assessment will be to determine the
risk to public heaith and safety and t-e environment. If the impact is
determined to be of relatively low risk, the NRC will release the licensee
from his license when decommissioning is complete. If the risk is
determined to be unacceptably high, the site would remain under license,
continued monitoring and mitigating .ctions would be required, and
public use of the :ite would be restricted. The modeling discussed
above demonstra‘.~ -hat sufficient time is avialable to perform mitigating
actions and that n~uai:minant concentrations will be reduced to acceptable
levels before reaching the site boundary.

WFC has proposed, as the uliiz.dte restoration goal, restoring the
ground-water quality to baseline condition.. The method for determining
ground-water quality baseline is discussed in Section 2.2.3.

WFC, in their preliminary restoration plan, proposes to use reverse
osmosis or simil: r surface treatment and a ground-water sweep as the
initial method of restoration. Ground-water sweeping involves pump £
of contaminated water from the mineralized zone. This causes
surrounding, uncontaminated ground-water to flow to the affected area.
WFC estimated that ajout 6.27 pore volumes (26.3 million gallons) would
have to be pumped for a complete rinsing. The contaminated water from
the sweep will be treated by reverse osmosis and the concentrated brine
will be disposed of in the solar evaporation ponds.
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In summary, the restoration methods proposed by WFC involve: (1)
reverse osmosis or similar treatment of contaminated ground water with
reinjection of the purified water, and (2) ground-water sweep.
Restoration will be terminated when restoration targets (criteria) have
been met.

The restoration methodology as proposed in the preliminary restoration
plan:by WFC has been reviewed by NRC staff and-found to be
acceptable. Because this is a research and development operation and
therefore, specific restoration methodologies may be modified based on -
data obtained during the mining phase of the operationn, WFC shall be
required to submit a specific plan for ground-water quality restoration at
least ninety (90) days prior to termination of mining activities. Included
with this plan shall be a description of restoration methods and a
projected schedule of activity. This shall be included as a license
condition.

After the Nebraska Department of Environmental Control (NDEC) and the
U.S. Nuclear Regulatory Commission have reviewed the restoration water
quality data (subsequent to post restoration water quality momtormg)
and determined that restoration is complete, ground water restoration
shall be deemed completed.

3.7.2 Reclamation and Decommissioning

As proposed hy WKFC, subsequent to the completion of ground-water
restoration ur at termination of commercial production, the wellfield areas
will be reclaimed. All wells will be plugged in accordance with the
requirement of the Nebraska Department of Environmental Control. The
exception to this will be if the land owner requests that one or more
wells to remain open with State approval.

After completion of all leaching, ground-water restoration activities, and
well plugging, WFC shall decommission the recovery facilities and reclaim
all land affected by leach operations. The land will be disked and
reseeded. WFC has proposed a plan for dismantling plant buildings and
equipment, reclamation of the pond area, reclamation of roads, ultimatec
disposal of chemical and radionuclide wastes, and final site (land)
reclamation. The proposed plan depends on whether the site is
abandoned after the research and development test or a future
commercial facility is developed at the site. If a decision is made not to
proceed with a commercial production plant, the test site shall be cleared
and returned as close as possible to original conditions. Solid wastes
from the evaporation ponds shall be assayed. packaged accordingly, and
transported to a licensed radioactive waste disposal site. If a commercial



plant is erected on an enlarged Crow Butte ISL arca, WFC will consider
using existing facilities as part of that commercial operation. Thus, the
reclamation of the test site would be delayed in accordance with the
commercial plan.

The reclamation and dccommission_ing plan proposed by WFC, if the C.ow
Butte site is to be abandoned is as follows:

Dismantling of Plant Building and Equipment

If the test plant is abandoned, the plant will be checked for radioactive
contamination prior to dismantling. Decontamination will be attempted by
washing, and the wash water will be transferred to the evaporation
ponds. Any equipment or material that cannot be decontaminated will be
stored separately for final disposal at a licensed site.

Samples from the concrete foundation will be assayed for chemical
contamination, especially for water soluble and toxic compounds.
Plant equipment, such as piping, tanks and pumps, will be
decontaminated as necessary and salvaged as far as possible.

Chemically and radiometrically decontaminated materials or nonradioactive
materials including concrete foundations will be set aside for disposal by
burial. - All material will be checked before burial for soluble compounds
and for possible long-term decay processes to prevent ground-water
pollution. Uncontaminated material will be buried in the evaporation
ponds. - '

Reclamation of Roads

The temporary roads and parking lots will be reclaimed by removing the
gravel basc and oil contaminated subsoil (if any) and by deep disking of
compacted areas. The road bed materials will be buried in the
evaporation ponds. '

Reclamatio_n of the Pond Area

If the operatior. is closed down after restoration, pond cleaning will be
done in sequence. Any remaining liquids will be transferred to tank
-trucks of suitable construction and shipped to an approved disposal site.
Bottom sludge can then be loaded into tank trucks or placed in lined
drums for disposal at approved sites. The pond liners will then be
cleaned. If after cleaning the liners meet the limitations for surface
contamination, they will be cut up and placed in the bottom of the
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ponds. If contamination limits are exceeded, the liners will be placed in
trucks and hauled to an approved disposal site.

Leakage monitoring devices will be removed, but gravel or sand bedding
may remain in place underneath the ponds if uncontaminated. Dike
material will be leveled to blend with the adjacent topography.

Topsoil from the topsocil storage area will be spread evenly to cover the
landscaped pond area. The area will be checked for compaction prior to
reseeding, and compacted spots will be disked as required..

In case of site abandonment without a commercial operation to follow the
leach test, remains of plant buildings, plant installations, cement
foundations, parking lot gravel, etc. will be buried in the evaporation

ponds.

'Reclamation of the Site

"The test site will be landscaped and then reseeded following Soil

Conservation Service recommendations so that the land can be returned
to its original use of livestock grazing. All areas with the original
topsoil stripped or damaged will be covered with material from the topsoil
storage. It is intended that the topsoil thickness and thickness
distribution after reclamation be as near as possible to the conditions
found before topsoil stripping. Special consideration will be given to
erosion control during the maturation of the reseeded vegetation cover.
The reseeded areas will be fenced for a period of ore to two years to
keep livestock off until the vegetation can sustain itseif. '"he landowner
and NDEC will be contacted prior to opening the area for hvestock.

Reclamation Schedule

Assuming project termination, reclamation will begin immediately upon the
completion of successful restoration and stabilization of the ground
water. _

3.7.3 Surety Requirements

WFC submitted cost estimates for reclamation and decommissioning of the
Crow Butte R&D f-.cility as the basis fot their required surety bond.
The applicants' Lreakdown included labor, materials, laboratory and
processing costs for ground-water restoration, facility decommissioning,
land re~lamation, and waste disposal for a total bond estimate of
$736,950. The proposed bond estimate for the Crow Butte R&D facility
was reviewed by the Nebraska Department of Environmental Control
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(NDEC) and increased by fifteen percent (15%) due to inflation and lack
of consideration of contingency actions. The NDEC has approved a bond
estimate of $847,792 for WFC. The state of Nebraska will hold the bond
on this facility. The NRC staff has aiso revicwed WFC's proposed bond
estimate and concurs with NDEC's 15% cost increase for a total bond
estimate of $847,792 for the Crow Butte R&D facility. The staff shall
require by license condition that the applicant submit to the NRC a copy
of the surety bond, or other acceptable financial instrument, for
reclamation and decommissioning costs of the facility. The bond shall be
renewed annually in order to allow readjustment of the bond total value
due to changing conditions, inflation, and other similar consideration.

4. EVALUATION OF ENVIRONMENTAL IMPACTS
4.1 Introduction
In situ leaching of uranium is a relatively new and developing

‘technology. The major human health and environmental concerns with
this technique of mining are the potential impacts of mining on

‘ground-water quality, the impacts of evaporation pond leakage (if it

were to occur), radiological impacts, and disposal of wastes.

4.2 Ground~wgter Impacts

4.2.1 Excursions

An excursion is defined as the exceedance of pre-specified
concentrations of indicators at a specific well. Excursion indicators are
normal constituents of the ground water and are selected as early
indicators that conditions may be changing that could result in lixiviant
not being contained in the area of oprrations. Based on the geochemical
conditions at the site and the proposed operation, several indicators are
sclected. For each indicator at each monitor well, an Upper Control
Limit (UCL) is established as the maximum baseline concentration plus

20 percent. This procedure for establishing UCLs has evolved from past
experience with R&D and commercial insitu leach facilities. It is
intended to represent, without rigorous statistical analysis, a process
control value (or UCL) that can be used to indicate that the leaching
process may not be confined to the area of operations. Due to limited
baseline data available at each well and the natural variations of the
constituents in the ground water, two indicators must exceed their
respective UCLs before any ~xcursion is declared. This is to prevent
unnecessary false alarms. If only one indicator exceeds its UCI,, it must
exceed it by more than 20 percent before an excursion would be
declared. :
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Excursions of contaminated ground water in a wellfield can be due to
such things as improper balances between injection/rccovery rates,
undetected high permeabilily strata or geological faults, improperly
abandoned exploration drill holes, discontinuity and. unsuitability of the
confining units to prevent movement of lixiviant out of the ore zone,
cracked well casings and faulty well construction, and hydrofracturing of
the ore zone or surrounding units. Based on the information previously
discussed and operational controls to be implemented, none of the above
are expected to be a problem. However, it is recognized that one of the
purposes of a R&D project such as the one proposed is to determine the
operational and other factors that may cause excursions, and to
determine the best methods to control them. Past experience from other
R&D leaching projects and commercial scale in situ leach projects
indicates that if proper steps are taken in monitoring and operating a
wellfield, excursions, if they occur, can be controlled and damage to the
environment minimized.

Though past experience cannot accurately predict the future, there are
two reasons to conclude that if any excursions do occur at the Crow
Butte ISL Project site, thev cun be controlled with minimal impacts.

(1) For an R&D operation, the size of the wellfields and the expected
quantity of contaminating fluid injected into the ore zone (both
variables relate to the potential to mitigate excursions) are very
small, when compared to full-scale operations. Excursions have
been effectively controlled in large, full-scale operations by
increasing the negative potentiometric pressure in the wellfield. It
is expected that excursions, if they occur, can be controlled at
WFC's R&D wellfields in the same manner. o

(2) The monitoring program at the Crow Butte ISL wellfields, as
. described in Sections 5.1.1 and 5.1.2, monitors not only water
quality in the ore zone and adjacent aquifers to detect excursions,
but also the potentiometric pressure of the adjacent aquifers. This
will provide early detection of any lateral and vertical excursions.
Mitigating measures can then be taken before tke excursions get out
of control. '

4.2.2 Aquifer Depletion

Depletion of the basal Chadron aquifer due to operation and restoraticrn
of the Crow Butte R&D facility was considered as part of the NRC
review of WFC's application. Using the applicant's proposed pumping
and injection rates for the mining and restoration of wellfield No. 1, the
NRC staff conservatively assumed these values would be applied to both
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wellfields simultaneously. In actuality, WFC has not proposed to mine
and restore both wellfields at the same time, but in a staggered fashion.
During both operations and restoration, WFC has proposed to overpump
the basal Chadron aquifer (i.e., pump more out than injected) in order
to maintain a negative wellfield pressure. During mining, WFC will
overpump by 2%, restoration (stage A) 25% and restoration (stage B) 2%.
Negative wellfield pressure assures that the flow in the basal Chadrén -
aquifer will be toward the pumping well, thereby keeping the lixiviant
within the site area. The NRC staff analysis of aquifer depletion
indicated that the maximum drawdown due to simultaneous operation of
both wellfields was during stage A restoration. At the end of 60 days
of stage A restoration, the water level at the site boundary would be
drawn down approximately 7.74 feet. Wells beyond the boundary would
be affected even less. At the end of 305 days of stage B restoration,
the aquifer would have recovered so that the drawdown at the site
boundary was less than approximately one-half a foot. At the
termination of all restoration activities at the proposed site, the basal
Chadron aquifer will recover to the original water level. Based on this
analysis, the NRC staff had concluded that no permanent depletion of
the basal Chadron aquifer will occur as a result of the proposed Crow
Butte project. )

4.2.3 Evaporation Pond Seepage and Spills

Accidental leaks from the evaporation ponds could, if uncontrolled,
contaminate shallow aquifers and locally degrade ground-water quality.
The proposed installation of an impermeable synthetic bottom liner in. the
solar evaporation ponds at the Crow Butte ISL Project site should
eliminate such seepage. Furthermore, if a pond leak developed, the
monitoring program described in Section 5.1.3 should allow for early
detection and repair of the leak, thereby minimizing the quantity of
leakage. Based on the use of an impermeable pond liner and the leak
~monitoring and repair program, the staff concludes that the impact of
pond leaks on ground-water quality will be minimal.

Spills from the evaporation ponds resulting from dike failure could result
in unacceptable contamination of surface and ground waters. Because
the pond embankments and the minimum acceptable freeboard from the
top of the berms to the ponds' free water surfaces have been designed
based on U.S. Nuclear Regulatory Commission Regulatory Guide

No. 3.11, spills from the evaporation ponds are unlikely.



62

4.2.4 Restoration of Ground Water

Ground-water restoration will include treatment (by reverse osmosis and
ground-water sweep) to remove contaminants from ore zone water and
any other zones contaminated by lixiviant migration with subsequent
reinjection of the treated ground water. Past experience has shown that
restoration of ground water to baseline conditions is feasible. The staff
concludes that WFC's proposed preliminary ground-water restoration
plan, as described in Section 3.7.1, is suitable, and that the
ground-water quality impacts of in situ operations at the Crow Butte ISL
R&D test site will he minimal. WFC shall be required, by conditions of
the source material license, to-notit, the NRC of any subsequent
changes ir. the proposed restoration method:. If any changes in the
proposed restoration methods are considered to be beyond the scope of
the source material license and/or have the potential for any adverse
impacts beyond those evaluated in this environmental assessment, NRC

i oroval in the form of a license amendment shall be required.

4.3 Radiological Impacts

4.3.1 Introduction

The primary sc1rces of radiological impact to the environment in the
vicinity of the proposed Crow Butte pilot plant are naturally occurring
.cosmic and terrestrial radiation and naturally occurring radon-222. The
average annual total-body dose rate from natural background radiation" to
the population in the site vicinity is estimated to be about 153 millirems.
Diagnostic medical procedures result in an average dose of 75 millirems
per year.

This section describes the results of the staff's analysis of the
project-contributed incremental radiological effccts on the environment in
the vicinity of the Crow Butte R&D site. Exposure pathways are
discussed, as are the estimated radiological impacts resulting from the
estimated emissions from facility operations. The impacts to nearby
individuals are estimated. Finally, consideration is given to the potential
radiation exposures of project employees and of biota other than man.

Because the proposed operations at the Crow Butte facility do not
involve displacement of ore from the ore body or drying and packaging
of the ycllowcake product, there will be no routine particulate emissions
from the facility. This analysis has considered the effects of releases of
gaseous radon-222, which is the only projected routine radioactive
release. The estimated annual release of radcn-222 due to the proposed
activities will be 145 Ci, which wes computed based on the calculational
methods presented in Appendix C., and the models, data and assumptions
discussed in Appendix D.



i
!
}
i
:

63

4.3.2 Offsite Impacts

4.3.2.1 Exposure Pnthwayg 7

Estimates of the dose commitments to man are based on the proposed
plant design, characteristics of the site environs, and the exposure
pathways to man. Only cxposure pathways resulting from gaseous
radon-222 releases to the atmosphere are considered in this analysis.
There will be no surface discharge of radioactive fluids, and radioactive
materials liberated underground during the leaching process will be
confined.

Because there is expected to be no particulate release and radon-222
should be the only gaseous radionuclide to be released from the Crow
Butte facilities, the environmental exposure pathways of primary concern
are the inhnlation of radioactive materials (radon and its decay
daughters) in the air and the external exposure to radon daughter
radionuclides in the air and on the ground. The ingestion of
contaminated food products (meat, milk and vegetables) are less
significant contributors to dose.

4.3.2.2 Radiation dose commitments to «ndividuals

- The estimated radiation dose at a reference point depends on the

distance and direction of the point with respect to each of the sources,
as well as the wind direct:onal frequency toward the receptor from each
of the sources. Doses are higher at locations downwind from the plant.
(Prevailing winds in the site vicinity are bimodal toward the WNW and

-the ESE sectors, as shown in Table D.2.) As radon is transported

offsite, its daughters grow, which potentially results in higher dose
commitments farther from the plant until the radioactive plume is further
diluted bty dispersion.

‘The closest residence to the Crow Butte site is 0.7 km (0.4 mile) east of

the plant. In addition, the town of Crawford is.7.5 km (4.7 miles)
northwest of the plant. Estimated annual dose commitments to
individuals at these locations are shown in Table 4.11. For dose
estimates at the above locations, it was conservatively assumed that
vegetables, milk and meat consumed Ly the residents were produced
locally. Dose estimates are based on assumptions descrxbed in
Section C.4 of Appendix C.
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4.3.2.3 LEvaluation of compliance with regulatory limits

Calculated 50-year dose commitments for the maximally exposed individual
are only small fractions of the current NRC limits for radiation expousure
in unrestricted areas (10 CFR Part 20 "Standards for Protection Against
Radiation"). Table 4.12 provides a comparison of calculated air
concentrations compared with limits established by the NRC for public

- protection. Dose commitments to the nearest residents are not compared

with the limits specified in the EPA's "Radiation Protection Standards for
Normal Operations of the Uranium Fuel Cycle" (40 CFR Part 190),
because these limits do not apply to radon-222 or its radioactive
daughters.

As indicated in Table 4.12, projected radicact.vity concentrations near
the project site fall well below NRC limits. . To ensure thut offsite
concentrations are maintained below permissible limits, the staff will
require the applicant to monitor radon concentrations at and near the
site boundary. This will be included as a license condition.
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Table 4.11 Annual Dose Commitments to Individuals from
Radioa~tive Releases from the Crow Butte Project

Dose (millirem per year)

Whole Bone =  Lungs Bronchi:!
l.ocation _Exposure pathway Body . Epithelium
Nearest residence® Inhalation 8.86E-7C 2.76E-5 7.45E-6  1.22E+l

0.7 Km E- Fxternal ground 1.83E-3 1.83E-3 1.83E-3 1.83E-3
. External aloud - 6.97E-3 6.97E-3 6.97E-3 6.97E-3
Ingestion .
Veg 1.75E-5 4.36E-4 - 1.75E-5 1.75E-5
Mcat 3.20E-6 7.95E-5 3.20E-6 3.20E-6
Milk 8.97E-7 2.23E-5 8.97E-7 8.97E-17
Total 8.82E-3 9.37E-3 8.83E-3 . 1.22E+1
Town of Crawford Inhalation 1.30E-6 4.03E-5 1.09E-5. . 8.78E-2
7.5 km NW External ground 1.98E-5 1.98E-5 1.98E-5 1.98E-5
External ¢loud 5.33E-4 5.33E-4 5.33E-4 5.33E-4
Ingestion ‘ ' -
Veg 1.75E-5 4.36E-4 - 1.75E-5 1.75E-5
Meat 3.20E-: 7.95E-5 3.20E-6 3.20E-6
Milk 8.97E-7 2.23E-5 8.97E-1 8.97E-17
Total 5.76E-4 1.13E-3 5.85E-4 8.84E-2

—

Natural background .53E+2 1.88E+2 1.54E+2 5.60E+2

a Doses to the bronchial epithelium result from the inhalation of
short-lived radioactive daughters of radon-222.

b Location of a Wyoming Fuel Co. airborne effluent monitoring station.

¢ Read as 8.86 X 10-'.

d Vegetable, meat and milk ingestion doses result from ingestion of
comestibles produced 10 km West of the pilot plant.
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Table 4.12 Comparison of Air Concentrations During Solution
Mining Operations with 10 CFR Part 20 Limits
for Unrestricted Areas : _

Total Air Concentrations (pCi/m3d)

Pb-210 Bi-210 Po-210 a
WL-Concentration
10 CFR 20 limit? 4.00 2.00E-2° 7.00 3.33E-2
Rest. Area bdry 5.61E-8 7.62E-12 9.92E-17 1.42E-4
0.3 km W ,
Fraction of limit 1.40E-8 3.81E-14 1.42E-17 4.26E-3
Rest. vs. area bdry 4.48E-8 .- 5.85E-12 7.07E-17 1.18E-4
0.3 km S . :
Fraction of limit 1.12E-8  2.92E-14  1.01E-17  3.56E-3
a WL denotes "working level." A one-WL concentration ‘is defined to be

auy combination of air concentrations of the short-liveil Rn-222
daughters. Po-218, Pb-214,sBi-214. and Po-214 that, in one liter of air,
will yield a total of 1.3 X 10 MeV of alpha-particle energy in their
complete decay to Pb-210. Predicted values given for outdoor air are
those calculated on the basis of actual ingrowth from releascd Rn-222.

b Values given are from 10 CFR Part 20, Appendix B, kTable II, column
I. ' - .

¢ Read as 2.00 X 102 or 200.
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Worker inhalation of radon and its daughters is the primary potential
exposure condition. The ventilation system in the recovery plant and
the small-scale nature of an R&D pilot plant will minimize this type of
exposure, and employee exposures should not exceed 17™ of the annual
Part 20 limit speci"ied by the NRC (according to a stu: of comparable
employee exposur:s at existing uranium mills).

Exposure to external radiation is expected to be far below w.e maximum
limits permitted by NRC regulations because of the nature of the material
and the operations. However, the applicant will be required to perform
periodic gamma radiation surveys to ensure that in-plant radium buildup
does not result in excessive radiation exposure (see Safety Evaluation
Report). This shall be included as a license condition.

4.3.2.4 Radiological impact on biota other than man

Although no guideline concerning acceptable limits of radiation exposure
have been cstablished f{or the protection of species other than man, it is

. generally agreed that the limits for humans are also conservative for

other species. Doses from gaseous effluents to terrestrial biota (such as
birds and mammals) are quite similar to those calculated for man and
arise from the same dispersion pathways and considerations. Because
the effluents of the facility will be monitored and maintained within safe
radiological protection limits for man, no adverse radiological impact is
expected for resident animals.

4.3.2.5 Summary

An independent assessment of the radiological impacts of the Wyoming
Fuel Company pilot plant project was conducted by the staff. The
maximum dose to individuals would be 12.2 millirems/year to the
bronchial epithelium, which is approximately 2% of the estimated dose to
individuals from natural background radiation.. This dose estimate
represents the annual dose commitment during operation of the facility.
After mining has been completed and the site has been fully reclaimed
and restored, no further radiological impacts are expected to occur.

4.3.3 In-Plant Safety

WFC shall establish and conduct an in-plant radiation safety program.
‘i'he NRC staff is requiring a program that contains the basic elements
required for, and found to .e effective at, other source material
extraction operations to assure that exposures are kept as low as
reasonably achievable (ALARA). The scope of the program has been
geared to account for the small size of the proposed R&D project. In
general, the program will include the following:
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(1) Airborne and surface contamination sampling and monitoring;
(2) Personnel exposure monitoring;

(3) Qualified management of the safety program and training of
personnel;

(4) Written radiation protection procedures; and
(5) Periodic audits by highly qualified outside parties and frequent

inspections to assure the program is being conducted in a manner
consistent with the ALARA philosophy.

PSRN I

' The staff considers the program of in-plant safety sufficient to protect
0 in-plant personnel by keeping radiation doses as low as reasonably
achievable. The staff evaluation of this program and the associated
license conditions are contained in a Safety Evaluation Report.

4.4 Waste Disposal

The NRC has taken the position i1 regulations on uranium milling

(10 CFR 40, Appendix A, Criterion 2) that the small volume of wastes
generated at in situ operations should preferably be disposed of at
existing tailings disposal sites or oiher licensed radioactive burial
grounds to avoid proliferation of waste sites. Therefore, the NRC shall
require by license condition that solid wastes generated at the Crow
Butte ISL Project site shall be disposed of at an existing hcensed
radioactive waste disposal site.

4.5 Socioeconomic Effects

e 4.5.1

The estimated work force necessary for the Crow Butte pro;cct is shown
in Table 4.5.01.

Work Forée
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Table 4.5.01 Estimated Work Forcé

Hired Hired Hired Total

l.ocally Sioux-Dawes  Outside Work
Period (Crawford) County 50-Miles Force
Construction 10 10 5 25
Operation. 10 4 3 17
“ost-Operation 4 2 1 8

According to the applicant, the construction period of the R&D facility
will require the largest work force. This period will last approximately
three months. During operations, the worn force will be reduced to
seventeen. The reductions will result from contractors hired to complete
the construction of plant building, wellfield, and solar evaporation
ponds. The operational time for the R&D facility will be approximately
one year. In the event the R&D facility is unsuccessful, it is estimated
that eight workers will be required to totally decommission the site.
Based on this work force, following is a discussion of the possible
impacts on the local economy, roads, jobs, housing, schools, transient
population and energy costs. -

4.5.2 Local Economy

During the construction phase, the local economy would be moderately
stimulated both by the local purchase of goods, materials and services
directly related to the construction activities and by local spending of
wages by construction and service workers and their families. This
moderate stimulation would result from fifteen additiona: workers into the
Crawford area, eight of which would be temporary (see Table 4.5.01).
Since the construction phase is estimated at three months, it is doubtful
these eight workers will rent or purchase housing, rather they will
either commute or stay in motels in the Crawford or Chadron area.

The operational phase will require a work force of seventeen employees.
Ten of these workers will be hired locally and seven will be hired
regionally (see Table 4.5.01). Since this represents a reduction in eight
workers from the construction period, there would be a slight drop in
purchase of goods and services. However, these workers would be
considered permanent and would again moderately stimulate the local
economy through the purchase of goods and ser ices.

Post operational decommissioning will only require eight workers. This
reducticn would result in a reduction in the purchase of goods and
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services. as well as the sale of housing required by workers during
construction and operation.

The NRC staff considers the overall impact on the local economy
resulting from these phases of the R&D facility to be positive. New
employment will result in moderate stimulation of the local economy
through increased purchase of goods and services.

4.5.3 Roads

Truck traffic will be increased slightly through delivery of the necessary
equipment and supplies for constructing the R&D facility. This will be a
temporary impact and no significant road damage will be associated with
this activity. Once constructed, the plant will receive normal deliveries
from vendors and travel to the site by workers. If the facility is
decommissioned, truck traffic will again be slightly increased resulting
from hauling of equipment from the site.

4 "5 4 Jobs

Construction will requxre twenty- fxve workers; seventeen workers durmg
operations, and enght workers during post. operatxon

Additional jobs will result in.a positive unpact on the Crawford area. As
previously discussed, wages earned by workers will moderately stimulate
the local economy as well as the regional economy. The additional jobs
offered by WFC should not stress existing facilities or services since
only seven additional workers are expected to be permanent durmg‘ the
R&D operatxon - The remaining ten will already have resided in the
Crawford area. .

4.5.5 Housing

According to the applicant, although rental property is scarce, a May
1982 listing of property revealed nine houses, one rooming house and
two parcels of land wure up for sale. Housing will be no problem with
the limited influx of workers expected to result from *t'ie R&D operations.
There will be no need for temporary housing (i.e., trailer camps) during
the construcuon operation or post operation of the R&D facility.

4.5.6 Schools

The Crawford High School and grade school is presemly‘ under capac'ity.‘
Total enrollment in these two schools is 274. ‘f'he grade school currently
has a student to teacher ratio of 16 to 17/1; while the high school has a
ratio of 10 to 1. No historical maximum enrollment was given for the
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grade school; howeve‘r. it was estimated that the high school historical
maximum enrollment was over 200 pupils (present enrollment is 142).

Outside the Crawford school district are a number of rural school
districts supporting grades one through eight. These are generally
one-room school houses. Students living in these rural districts must

~ pay tuition if they elect to go to the Crawford schools for grades one

through eight. A tuition is paid to the Zrawford High School by the

“individual rural school districts for each student enrolled. In the seven

rural districts which Crawford high school is drawing from, there are an
estimated 100 pupils in these lower grades.

Families moving into the Crawford district as a result of the R&D
operations should not stress the current school system, since it is
presently under capacity. [t was estimated that at least 30 additional
pupils could be accomodated easily. Using the factor of 2.3
children/family and an estimated 7 new families, 16 additional children
will be entering the school system,

4.5.7 Energy Costs

No increase in energy costs will be associated with construction and

operation of the R&D facility. Wyoming Fuel Company will be paying the
cost for upgrading the power lines for operation of the R&D facility.
This upgrade will provide more dependable power and better access 1o
the rural areas surrounding the R&D facility.

4.5.8 Summary

Although conventional (open pit and underground) mining wmethods and
milling processes have relatively high manpower requirements, the
proposed R&D Crow Butte project does not. Due to the local
unemplovments rates, the majority of the project related employment
opportur.ities will probably be filled by workers from the local labor
pool. Because few in-migrants will be needed, population-induced
impacts should be limited. Consequently, the NRC staff considers the

socioeconomic impacts.associated with the project to be wminimal.

4.6 Transportation -

Shipment of yellowcake: Because the applicant will ship yellowcake as
slurry, the yellowcake dryer and associated emissions are eliminated.
The slurry will be bulk loaded in a type-B tank truck or in approved
drums for shipment. The staff estimates that approximately three tank
trrck shipments will be required as a result of operation of the R&D




facility. The yellowcake slurry will be shipped for further processing to
the Kerr-McGee Nuclear Corporztion hexafluoride plant in Gore,
Oklahoma.

From published accidggt statistics, |
ranges t‘ggm 1.0x 10~ to 1.6 x 10 = per kilomeler(1.6 x 10 = to

2.6 x 10 ~ per mile). Truck accident statistics include three categories
of traffic accidents: collision, noncollision, and other events.

the probability of a trucl_c_saccidem

Collisions involve interactions of the transport vehicle with other objects,
whether moving vehicles or fixed objects. Noncollisions occur when the
transport vehicle jeaves the transport path or deviates from normal
operation in some way, such as by rolling over ¢n its top and/u. side.
Accidents classified as other events include injuries suffered by persons
when in a vehicle, when falling from a venicle, or when being thrown
against a standing vehicle; vehicle theft; and fires occurring on a
standing vehicle. The probability of a truck shipment of yellowcake
slurry from the Crow Butte site being involved in an accident of any
type ranges from .003 to .005. The low probability of an ac:ident makes
this a statiscally insignificant event.

5. MONITORING

5.1 Ground Water

5.1.1 Waler-Quality Monitoring

Water-quality monitoring suall be done during the operational (leaching),
restoration and post-restoration phases of the project. The following
discu: -on describes WFC's proposed monitoring plans and any
modifications required by the NRC.

" Operational Monitoring

There are ten monitor wells which will be sampled on a routine basis
during extraction operations. There are eight (8) monitor wells in the
production zone (PM-1, 2, 3, 4, 5, 8, 9, 10), and three (3) in the
upper aquifer (FM-6, 7. 11). These are shown in Figure 2.2.1.07.

The NRC staff shall require by license condition that excursion
indicators to include conductivity, chloride. sodium, sulfate and
alkalinity During extraction operations NRC has proposed that a water
sample from each monitor well be collected and analyzed once cvery two
(2) weeks for conductivity, chloride, sodium, sulfate and alkalinity. An
excursion would be assumed if any two excursion indica:ors in any
monitor well exceed their respective upper control limits or a single
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excursion indicator exceeds the upper control limit by 20%. The upper
control limits for each excursion indicator shall be defined, on a
well-by-well basis as the maximum baseline water quality value plus 20%.

If two UCL wvalues are exceeded in a2 well or if a single UCL valce is
exceeded by 20% of the UCL, the licensee shall take a verification sample
within twenty Jour {24) hours after results of the first analyses are
received. If the second sample does not indicate exceedance of the
UCL's, 2 third sample will bc taken fourty-eight (48) hours after the
first sample. If neither the second or third sample indicate exceedance
of the UCL's, the first sample shall be considered in error. If the
second or third sample indicates a violation, the well(s) in question will
be placed on excursion status.

Corrective action will be initiated and the NRC, Uranium Recovery Field
Office, will be notified by telephone within twenty-four {(2¢) hours and -
in writing within five (5) days. The sampie frequency for the affected
well(s) will be increased to once every seven days for the excursion
indicators previously listed, until the excursion is concluded. A formal
report on the condition of the excursion will be filed with the NRoe with
the quarterly repori. If corrective actions have no: been effective
within 60 days since the first excursion verification, injection of lixiviant
within the wellfield or excursion shall be terminated until such time as
the problem is solved and aquifer clean-up is complete.

Because monitor wells PM-2, 3, 5, 8, 3, 10, and 11 and production wells
in wellfield No. 1 and No. 2 with exception of PT 2, 7, 8, and 9, will be
constructed at a later date and because WFC plans additional baseline
data acquisition, WFC has proposed submitting final upper control limits
to the NRC for review and approval prior to commenzement of injection

. into the ore zone. The UCLs for each member of the excursion indicator
set, for each monitor well, will be established asing the baseline water
quality data fer the individual monitor wells.

Quality Assurance (QA) Programs will be maintained by the Radiation
Safety Officer of WFC who is reporting directly to the President. All
QA programs will be conducted accurding to the Regulatory Guide 4.15
"Quality Assurance for Radiological Monitoring Programs (Normal
Operations) - Effluent Streams and the Environment." Standard QA
procedures vill * & maintained through the operationa' phase.

In accordance with Regulatory Guide 4.15, all outside labs will be
required to file QA documents with WFC, prior to contract finalization.

In-house labs will be placed under the same QA requirements with
audits, inspections, etc. as the outside labs. again following Regulatory
Guide 4. 15 requirements.
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All lab work will be performed using Standard Methods as requ. “ed by
EPA and the Clean Water Act. Certifications and qualifications ..il} be
on file with WFC as part of the QA program.

5.1.2 Water-Level Monitoring

Changes in potentiometric levels in the ore zone aquifer monitor wells
could give early warnings of potential excursions. However, water level
changes must be regarded very cautiously, since they may be associated
with numerous other phenomena including regional or barometric
change~. Because of the variabiuty of this data, while the NRC 1rll
require water level measurements to be taken during sampling of wells
and reported quarterly, water level measurements will not used to define
ex=zursions.

5.1.2 Evaporatinn Pond Leak Detection

WFC has proposed inspecting the leak detection system sumps
(standpipes) on a daily basis during operations. If water is detected in
the inspection sump, chemical assayvs will be used tc confirm the source
of the water. The chemical assay will be for calcium, chloride,
alkalinity, sodium, uranium, sulfate and TDS. The detection of any
liquid within the leak detection system will be reported to the NRC
within forty-eight (48) hours. All assay results will be reported in
writing as soon as they are available. If a leak is confirmed, the
damaged pond will be emptied immediately by transferring the sclution to
the other pond so that remedial actions can be made. This shall be
included as a license condition.

5.2 Envircrmental Monitoring

WFC has perfcrmed a surface radiological monitoring program. Their
program consisted of a series of direct gamma measurements at locations
on the Crow Butte ISL Project site. In addition, soil samples were taken
and analyzed for natural uranium and Ra-226. Vegetation was sampled
and analyzed for Ra-226, Po-210, Pb-210, Th-230, and Total U. The
specific operational surface radiaticn monitoring program proposed by
WFC is shown on Table 5.2.01. Non-radiological monitoring tv be
conducted by WFC is shown on Table 5.2-02.

There will be no drying of ycllowcake at the Crow Butte ISL Project
site. Further treatment of the yellowcake slurry, such as heat or
vacuum drying, wiil be prohibited by license condition. Should the
applicant iater request some form of yellowcake drying, it would require
prior approval of the NRC in the form of a license amendment. This
would als. nccessitate modification of the operational surface radiological
environmental monitoring program.
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TABLE 5.2-01
_RADIOLOGICAL OPERATIONAL
HMONITORING PROGRAM
CROW BUTTE R&D PROJECT

Sample Collection

Sample Analysio.

I'ype of
Sample | umber Location Method Frequency Frequency Type of Analysis
AIR |
Particulstes
Three Nearest residences Continuous  One week Querterly Nacural Uranium
same &8s preopera- lov valume per month composite Th~-230, Ra-226,
tional and near sic sampler of filters Pb-210
the town of with glass according
Crawford fiber filter to location
One Control location szme same sane same
. samg as preoper-
ational
Radon Four Sams as afr crabl Monthly Each ssmple Rn=~222
particulates
WATER
Ground Water
One from Within 1 &m of Crab Quarterly Each sample Total:Natural

each wvater
supply well

l

a period of one(l) month.

R4D rvestricted
areza boundary

A grab sample shall consist of at least three(3) separate

Uranium, Ra=-226

forty-eight (48) hour composite samples during

[
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Rediological Operation. ! Monitoring Program (Cont'd)

Sample Collection

Sample Aualysis

Type of
Sample Number _Location Method Frequency Frequency Type of Analysis
Sutface Water ¥ e
Two from One up~strcam, Grab Quarterly Each sample Total:Natural
Squav Creek one down-steam Uranium, Ra-226
of restricted
avea '
SC1L
One each Aiv sampling Greb At completion Each sample Naturs} Uranium,
stations (cop 5 cm) of R&D oper~ Ra~226
ations
SEDIMENT
wvo frow One up-stream, Grab Semiannuslly Each sample Natursl Uranium,
Squav Creek one down~-stream Ra-226
of reatricted
area
VEGETATION
Four Air sampling Conposite At completion Each sample atural Uraniun,
stations of dominate of R&D opera- Th~230, Ra-226,
vegetation tions pPb=-210, Po-210
present
DIRECT
RADIATION
One each Plant site, well Dosimeter Quarterly Quarterly Camma exposure

field, eveporation
ponds, air sampling

statione

rate pR/hr using
a continuous in-
tegrating device
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TABLE 5.2-02

NOHRADIOLOZICAL, OPERATIONAL MONITORING PROGRAM

CROW BUTTE RAD PROJECT

.__ ) ) . L \.

Sample Collection Sample Analysis
Type of
Sample Number Location Method Frequency. __Frequency . Tyoe of Analysis
Ground Water
One each Production zone Grab Tuo-veek Within 24 Excursion indica~
monitor wells intervals hours tocs:conductivity
shloride, uranium
One each Upper aquifer Ceab Two-week Within 24 Excursion indica-
monitor well intecrvals hours tors:conductivity
chloride, uranium
Water Levels One each Proudciton zone Eleetric Inmediately Within 24 Table, graph
monitor wall line prior to hours ,
sampling
Onc each Upper aquifer Electric Immediately Within 24 Table, graph
monitor well line prior to hours
sampling
Pond Level One each Evaporation Observation Weekly Weekly Tabular
ponds .
Pond Leak One each Evaporation Check for Daily Daily Tabular
Detection ponds presence of
System liquid
Crab sample Weekly Within 24 Leak indicators:
if liquid is hours conductivity,

present

chloride, vana-
dium
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6. ALTERNATIVES
6.1 Introductlion

The action that the Commission is snsidering is the issuance of a source
material license pursuant to Title 1%, Code of Federal Regulations,
Part 40. The alternatives available to the Commission are:

Issue the license, with appropriate conditivns.
Deny the application and not issue the license.

The selection of either alternative is based on a consiceration of a
number of factors related to protection of health, safety, and the
envircnment Section 40.32 of 10 CFR 40 states that an application for a
specific license will be approved if, among other things:

The application is for a purpose authorized by the Atomiz Energy
Act;

The applicant is qualified by reason of training and experience to
use the source material for the purpose requested in such a manner
as to protect health and minimize danger to life or property;

The applicant's nroposed equipment, facilities and procedures are
adequate to protect health and minimize danger to life or property;
and

The issuance of the license will not be inimical to the common
defense and security or 1o the health and safety of the public.

If the Commission finds, based on its evaluation of the application, that
these stipulations are met, its only choice is to issue the license,
provided a finding of no significant environmental impact is also made.

If a finding of significant environmental impact is made, the Commission
must conclude, after weighing the environmental, economic, technical and
other benefits against environmental costs, that the action called for 1s
the issuance of the proposed license. In this latter case, the additional
step involves only the two basic alternatives, issuance of the license or
denial of the application.

6.2 No License Alternative

The NRC can choose not to license the Crow Butl2 R&D ISL Project.
‘The NRC would make this decision on an evaluation of environmeatal and




public health and safety considerations as required by NRC regulations.
If the license upplication meets all applicable regulatory requirements.
the NRC would have a0 basis for denial of the license.

~° 7
" Mrnelen (,(_, 3L
Sandra l.. Wastler, Project ¥anager

Uranium Recovery Fieid Office
Region IV

Approved:

duard F. Hawkins, Chief
Licensing Branch 1
Uranium Recovery Field Office. BRIV
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A-1A Water Quality Indicatyrs
A-1B EPA and NDEC Ground-Water
Quality Criteria and Standards




A-1A

Baseline Water-Quality Indicators to be
Determined During Permining Data Collection

Fhysical Indicators

Specific Conductivityl Appearance (e.g., color) Total Dissolved
'I‘exi:perature2 Alkalinity Solids3
pH Odor

Commun Constituents

Ammonia Chloride Potassium
Bicarbonate Magnesium Sodium
Calcium Nitrate ‘ Sulfate
Carbonate Mitrite

Trace and Minor Elements

Arsenic Copper Mercury

Beron Fluoride ‘Molybdenum

Barium : Iron Nickel

Cadmium Lead Selenium

Chromium Manganese Silica
Vanadium
Zinc

Radionuclides
Radium~226 Uranium

1 Field and laboratory determination.
2 Field only. :
3 Laboratory only)




Stds.4

Drinking
Parameter

Calcium (mg/1)
Magnesium (mg/1)
Sodium (mg/1)
Potassium (mg/1)
Carbonate (mg/1)
Bicarbonate (mg/*)
Sulfate (mg/1)
Chloride (mg/1)
Ammonia-N (mg/1)
Nitrate-N (mg/1)
Nitrate-N (mg/1)
Fluoride (mg/1)

Silica (mg/})
TDS-180°C (mg/1)

A-1B

COMPARISON OF GROUND-WATER QUALITY

CRITERIA AND STANDARDS

Conductivity-Field ( imhos)

Conductivity-Lab (umhos)

Conductivity-Dilute (umhos)

Alkalinity (mg/1)
pH-Field
pH-Lab

Aluminum (mg/1)

@ Arsenic (mg/1)

Barium (mg/1)
Cadmium (mg/1)
Chromium (mg/1)
Cobalt (mg/1)
Copper {(mg/1)
Iroa {mg/1)

Lead (mg/1)
Manganese (mg/!)
Mercury (mg/l)
Molybdenum (mg/1)
Nickel (mg/1)
Selenium (mg/1)
Vanadium (mg/2)
Zinc (mg/1)
Boron (mg/!)

Uranium (ug/1)
Radium-226 (pCi/)

USEPA® Quality Criteria for Water
NDEC
MCL Drinking Irrigation  Livestock
2502
250,
0.5 b
1.0% 10.9
10.0 10.0°¢ b 100,0(NO
2.4 1.4-2.4 1.0 2.0
(temp.depen.)
3coo®
6.5-8.5 5.0-9.0°C  4.5-9.p
0.05 0.0¢ 0.1°¢ 0.2°
1.0 1.0°¢ . N
0.01 0.01°¢ 0.0} 0.03
0.05 0.05 0.1 1.0
1.0 1.02¢ 0.20 0.5°
be b
1.0 0.3°¢_ 5.0 N
0.05 0.05.¢ 5.0 0.1
0.2 0.05°¢_ 0.2 .
0.002 0.002 0.01
b
0.2 |
0.01 0.01P¢ 0.02° 0.0sP
e v} ]
be 0.1 0.
5.0 5.0 2.0° 250,
0.75 5.0
5.0f 5.0f 5.0f 5.0f

USEPA
for

Water

250
250

»® 10.0
1.4-2.4
(temp.depen.)

2+N03

560

- 6.5-8.5

OO O
QOO0 O
N - o

OO0 -
SO OWMD
(=X N7

5.0




Footnotes to Comparison Ground-Water Quality
Criteria and Standards Tabic

Maximum contaminant levels as presented in Chapter 4 of Title 118, Ground Water
Protection Standards, Nebrast.a Department of Environmental Control.

Levels bascd on recommendations from Water Quality Criteria, 1972, EPA-R3.73-003,
March, 1972.

Levels based on Quality Criteria for Water, July, 1976. USEPA Stock No. 005-001-01049-4.
Levels based on CFR 40, Parts 100 to 149, Revised as of July 1, 1982.
Uranyl ion based on Water Quality criteria USEPA 1968 edition.

Radium-224 + Radium-228 = 5 pCi/l
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Baseline Water Quality
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Surface Elevation: 3744,9 (t MRL
vell Deprh: 26.9 {t
Nistancn From Wellfinld: 11,900 ft

CROW 8

Qpnm PP ‘
WATER QUALL Y

Well Number: RA-2
Well Type: BASELINE WELL
Formation: BRULE

€Pr Standards SAMPLE RESULTS MINIUM MAXTMUM  AVERALR
Date Sampled and 07/22/82 09/2%/82 0O1/20/8) 04/04/83 Q07/19/8)
Lab Name Criteria Nt NRL NR1 CORE CORE
Calcium {w3/1) 67 73 74 73 1 617 74 72
Magnesfum (/1) 8.1 10 3.7 9.5 g.4 A.4 0.0 9.)
Sodiue (my/1) 41 6 38 19 34 34 41 14
Potaasium (m3/1) 11 11 11 10.) 10.) 10.) 11.0 10.7
Carhbonate (m3/1) <2 <2 14 <l <l <1 14 4
fB{carbonate (mg/ 1} 130 3120 120 364 312.0 312 364 329
Sulfate (mg/1) 250 19 14 12 11 16 11 19 14
Chioride (m3/1) 250 5 6 s 5.9 6.1 5.0 6.1 5.6
Amonia-N (mg/1) <0.0% <0,0% <0,3% <0.05% <0.05 <0.05 <0.05 <0.05
Nitcite~N (wmg/l) <0,01 <0,01 <0,01 <0,01 <0,01 <0.01 <n.01 <0,01
Nitrate-N (mg/1} 10 2.4 0.01 1.5 1.0 2.1 0.01 2.4 1.40
fluoride (mg/1) 1.4-2.4 0.9 0.7 0.9 1.09 0.9 0.7 1.1 6.9
Silica img/1) 56 57 54 S3 57 S) 57 5%
TDS-180°C (mg/1) 500 370 )80 350 384 372 350 384 371
Conductiviey ~

Pleld tumhos) 370 €40 430 480 3150 350 540 434
Condnctivity - )

Lab tumhos) 568 541 341 550 540 540 568 548
Conductivity -

Dilute (umhos) 617 515 616 580 570 570 617 592
Alkalinicty (mg/1) 270 260 270 303 265 260 303 278
PH - Fleld 7.8 6.9 7.1 7.09% 7.10 6.9 7.9 7.2
pH -~ Lab 7.6 7.4 8.4 6,89 7.50 6.9 8.4 7.8
Aluminum (mg/1) <0.1 <0,1 <0,1 <0.1 <6 1 <0.1 <0.1
Arsenl. (m3/1) 0.0%5 0,005 6.00? 0.009 <0.01 0 009 <0.01 <0.008
Sarium (mg/1) 1 0.3 0.2 <0.1 <0.1 <0.i 0.1} 0.2
Cadmium (mg/1) 0.0l <0.001 <0.001 <0.001 <0.01 20.001 <0.01 <0.00)
Chromium (ma/1) 0.05 0.001 <0,001% <0.00! <g.00! 0.001 n.001
Cobalt (mg/l) <0,001} <0,001 €0.001\ <0.0% <Q.001% <0.09% <0.01)
Copper (m3/1) 1 <0,001 0.003 0.004 <0.01 <N.001 <0.01 <0.00%
Tron (my/1}) 0.3 <0.0% <0.05 <0.0% <9.05 <0.05% <0,0% <0.05
Lead tmg/1) ¢.05 <0.005 0.00% 0.005 <0.01 <0.005 <0.01 <0.006
Manganese (mg/1) 0.05 <0.10 <0.1 0.1 <6.01 <0.01 <0.10 c0.08
Mercury (mg/l) 0,002 <0.00nt <p.00Ul 0.0001 0.0003} <0.0001 0.0003 0.0012
Molybdenum (my/1) ¢0.002 0.04 0.004 ~0.1 <0.002 <0.1 <n.0)
Nickel (mg/l) <0,002 <0.002 <0.002 <0,05 <0.002 <0.05 <0.914
Selenium {mg/1) 0.01 <0,002 <0.002 ¢<0,002 <0.0\ «0.002 <0.01 <0.004
Vanadium (mg/1) 06.012 0.010 0 012 <0.1 0.010 cQ. .1 <0.0}
Zinc (mg/l) S 0.19 0.180 0.10 0.08 0.08 0.1° 0.157
Boron (mg/1) 0.6 0.5 0.9 0.1% 0.15 0.6 0.44
Uranium (ug/1) 16 14 28 q ] ] 2! 13,
Radlum 226 (pCi/l) 5 N.80,1 0,5+0.) TR, JaN.4° 0.440.2 0,4+0.2 0.3 0.8 0.3 |
Temprratures (°C) 17 1n 1o A 1n fa 2 »
WAl vvr [ovises] 100V farlg 11y A trer 8 R I | UL X1 D | LA ACA I LR B | LIRS L1 | 1719.n




Well Number:

RB-3

Hell Type: DASELINE HELL
Formation: BRULE

Date Sampled
Lab Name

Calcium (mg/1)
Magnesiuom (mg/1)
Sodlum (mg/1)
potassium (mg/1)
Carbonate ({mg/1)
Bicarbonate (mg/1}
Sulfate (mg/1)
Chlotide (mg/1)
Ammonia-N (mg/1)
Nitrite-N (mg/1)
Nitrate-N img/1)
Yluoride (mg/1)
Silica (mg/1)

T05-180°C (mg/1)
Conductivity -
ri .4 tumhos)
Conductivity -
Lab (umhos)
Conductivity =~
Dilute (umhos)
Alkallnity (mg/1}
pH - FPield
pH - Lab

Aluminum (mg/1)
Arsenic (mg/1)
Barium (mg/1)
Cadmium (mg/1)
Chromium (mg/1)
Ccbalt (my/1)
Copper (mg/1)
fron (mg/1)

Lead (mg/1)
Manganese (mg/1)
Mercury (mg/1)
Molybdenum (mg/1)
Nickel (mgy/1)
Selenium {mg/1)
vanadium (mg/1)
Zinc Iimg/1)
Boron (r3/1}

Uranium (pg/})
Radium 226 (¢C1/1)

Tamporature (*C)
Water Love]l (fr) MS),

EPA Standards

and

Criteria

250
250

10
1.4-2.4

500

S

08/01/02
NRL

38
5.1
14
6.1
<2
180
?

2
<0.05
0.01
0.48
0.3
61

230
230
290

303
150
7.65
7.9

<0.1
<0.002
0.2
<0,001
0.001
<0.001
0.001
<0.0%
<0,00%
<0.10
<0.C001
<0.002
<0.002
<0,002
0.007
0.064
<0.,5

6
0.34+n.1

15
n,n

CROW O’

WATFR

ANE by

Surface Elevation:
Well nepth:

4040.2 fr MS),

115.2 1t

Nistance From Wellfield:

SAMPLE RESULTS

09/30/82 01/21/8)

NRL

37
4.8
21
6.9
<2
180
<$
4

<0.05
<0,0%

<0.01e
0.3
62

290
3s0°*
282

295
140
8.2
8.3

0.1
0.002
0.2

<0,.001
0.001

<0.001
0.001

<0,0%
0.005

(o‘l

<0,.0001
0.007
0.002

<0.002
0.001
0.008
0.5

6
0.140.1

8]

wmnt L2

NRL

30
3.7
18
8.5
<2
160
?

<2
<0.0%
<0.01
0.50
003
60

190
210

246

266
130
8.1
8.2

<0,1
0.002
<Ll
<0.001
<0.001
<0.001
0.001
<0.0%
<0,005
<0.1
<0.0001
<0.002
<0.002
<0.002
0.006
6.005
<0.5

7
1.140)

R
IR 3LR

n,

N4/05/83 07/20/03
CORE CNRE
3 29
4.3 3.4
15 24
6.8 8.0
<1 '3
137 154.0
<S5 6.1
1.9 5.5
<0.05 <0.05
<0.01 <0.01
0.5 0.4
0.42 0.4
52 62
196 227
240 240
180 280
190 290
96 137
7.6 7.985
6.46 7.68
¢<0.1
<0.0}
0.2
<0.01
<0.05
<0.01
¢0.0%
¢0.01
¢<0,01
¢, 0003
<0.1
<0.05
<0,01
¢0.1
0.02
0.09
<1 <1
0+0.1 3.4:2.4
tn 17
Va7 (R P

MINTUM

it
"mnt,)

7,300 f¢t

MAX TMUM

S.l

11
1169 .7

AVERAGF

1n
tvnyg .0




Well Numbec: ’C-3
well Type: BASELINFE WELIL
Formition: CHADPON

EPA Standards
Date Samplad and
Lab Name Critecia

Calciom tmg/1)

Magnesium (mq/1)

Sadium (mq/l)

Potagaium tmg/))

Carbonate (mq/1)

Bicarbonate (mg/l)

Sulfate (mg/i) 250
Chlocride (mg/1) 250
Ammonia~N (mg/1)
Nitrite=N (mg/1)
Nitvate=N (mq/1)
Fluoride (mg/1)
Silica (mg/1)

™S~-180°C (mq/1) 500
Conductivity -
Field (umhos)
Conductivity =~
Lab (umhos)
Conductivity -
Dilute (umhos)
Alkalinity (mg/1)

10
1.4-2.4

pH - Fleld
pH - Lab
Aluminum (/11
Arsenlc (mg/1) 0.05
Sariun (my/1) 1

" Cadmium (mq/1) 0.m
» wromium (mg/1) 0.05
Cobalt (img/1)
Copper (mg/1) 1
lron ‘M/“ 0.3
Lead (mg/l) o c.05
Manqganese (mg/l) 0.05
Mercucy {(mq/1) 0.002
Molyblnnum (mg/1)
Nickel (mg/1)
Seleninm (aq9/)) 0.01
Vanadlom tmg/1)
Zinc (mq/1) 5
Boron (mg/1}
Ursnium (pa/l)
Racdinm 226 (pCi/1) 5

Trmprrature (°C)
Watrr Level (FL) MSH

07/21/82
HRL

16
.9
330
8.4
22
190
340
180
0.8
<0.01
0.02
0.6

10

1100

1600
1810

2060
320
6.2
8.0

0.1
<0,002
<0.1
<".001
0.001
<0.001
<0.001

<0,03
<0.905
<0.10
<0.0001
<0.002
<0.002
<0.002
0.007
<0.002
1.1

5
1.7+0.1

15

-—

.

MErrs,. Mo e .
PR OQUALITY

viell Depth:

270.9 e

Distance Fram Wsll ield: 15,300 (v

Surface Elnvatina: 1707.9 fL Msl. r

Rample Reznlte

09/729/R82 01/20/83
NRI, NRE. NRL. TORC
19 15 16 15
.9 .95 2.6 2.9
370 I 370 R0
.1 R.S 7.8 8.)
<2 9 <2 <l
400 I 380 364
340 J20 320 320
170 160 170 138
0.4) 0.26 0.37 0.5%)
<0,01} <0.01 <0,01 <0.c}
<0,01 0.02 <0.01 <0.1
0.5 0.6 9.6 0.92
10 in i1 170
1100 1000 1000 1296
1700 1500 1650 1650
1790 - 1680 1770 1750
1960 1980 20130 1800
J20 320 J20 327
7.65 7.7 7.8 7.8
7.9 R.S 8.0 7.66
<0.1 <0.1 ¢0.1 ¢<0,1
<0.002 <0.002 <0.001 9.01
<0.1 <0.1 <0.1 0.2
<0,001 <0,001 <0.001 <0.M
0.001 <0.001] <0.,001
<0.001 <0.001 <0,.001 <0.0%
0.00) 0.00} 0.002 <0.01
<0.0% ¢0.0% <0.0% .0t
0.00% <0.005 <0.0CS <0.M
<0.1 <n.1 <n.1 <n,01
<0.9001 <n.0001 <6,0001 <, 00013
<0.v02 <0.002 <0.002 <0.1
n.on2 <0.002 <0.902 <0.US
<0.0N2 <D.002 <N,N02 <n,nl
0.001 0.902 0,004 <N}
0.02n n.005 0.906 <0.01
n.n 0.9 0.9 0.94
2 h 4 ¢}
0.6:0.1 2.040.1 1.5:0.1 0.740.2
19 11 g.0 f,n
3173).% 37331.% 3731.2 V7Y, .,

04/95/983 04/05/83 07/21/83

CONRF, :

16 )
2.35 i
3719 i
7.8 '
<1
371.0°
N3
170
0.)7

<0.01
<0.1

0.6
9]

1121
1450
1820
2000

7

7.75
8.00

<]
0.R+0.2

LR
1241.2




well Number:s

RC-13

-

l:nuw.: POyt ‘
WA RWEIALITY

page 2

Date Sampled
,Ah Name

calecium (ing/1)
Maqgnesium (/1)
Sodium (mg/1}
Potassium (mg/1)
Carhonate (mg/1)
Bilcarhonate (mg/1)
Sulfate (mg/l)
Chlocide (mq/1)
Amronia-N (/1)
Nitrite-N (mq/7)
Nitrate-N (mq/1)
Fluocide (mg/1)
silica (mg/))

™s-180°C (mn/1)
Conductivity -

Fleld (umhos)
Conductivity ~

Lab {umhosn)
Conductivity -

Dilute (umhos}
Alkalinity (mg/l)
pH - Field

pH - Lab

Aluminum (nq/1)
Arsenic (mg/l)
parium (ng/l1)
Cadmium (mq/1?
Chromium (mnq/1)
Cobalt (mg/1)
Copper {(mg/l)
1ron (mg/l)

uead (mg/1)
Manjanase (mg/1)
Mercury (mg/1)
Molybdenum taa/1)
Nickel (mg/1)
Selanium (mg/1)
vanadiuom (mq/1)
Z2inc {(mg/1)
Boron (mq/})

Uranian (gya/l)
Radium 226 (pCi/1)

Temperatnre (°C)
Water fLevel (ft) MS),

EPA Standlards
ant
Criteacia

254
250

10
1 4-2.4

500

S

SAMPLE RESULTS

MIRY NI

15
2.3
Isv
7.8

<}
370
nl
138

0.26
<0.0}
<0.01
0.9
10

1non

1450
1680

1800
11?
7.7

1.7

<f0.1
<0.001
<.l
<0.00)
<0.001
<0.001
<0.001
<9.0%
<0.1205
ct.0l
<0.0901
<0.0h02
<0.002
¢<N.002
H.N01
<.002
0.8

¥731.2

HAXT WM

19
1.9
190
8.9
-9
400
. 340
180
0.53
<0.,V1
<0.1

0.9
11

1256
1700
1820

2060
327
8.2

0.4

<0,1
0.01
0.2
<0.01
0.0u01
<0.0%
<0.01
<0.05
0,01
<. 10
<.000)
<0.1
<0.0%
<0.1l
<0.1
0.020
1.1

%
2.0

in

3711.9

AVEYAD

1975
J2t
7.8

8.1

<0.1
0.00])
v.1
cQ. NNy
n,.nnt
<n. Nl
<. 504
c0.nS
<0, NN
<. NR
<Q.un0l
<, 2
<0.01
<N, N
<, n2
0, 0
v.9)

J.
1.2

7
37421




Mell Number:

RC-4

Hell Type: BASEUINE WELL
formation: CHADRON

Date Sampled
Lab Name

Calcium (mg/1)
Magnesium (mg/1)
Sodium (mg/1)
Potassium (mg/})
Carbonate (mg/1)
Bicarbonate (mg/1)
Sulfate (mg/1)
Chloride (mg/1.
Ammonia-N (mg/1)
Hitrite-N (mg/l)
Nitrate-N (mg/1)
Pluoride (mg/1)
Silica (mq/1)

TDS-180°C (mg/1)
Conductivity -
rield (umhos)
Conductivity -
Lab (umhos)
Conductivity -
Dilute (umhos)
Alkalinity (mg/1)
pH - rield
pH - Ladb

Aluminum (mg/1)
Arsenic (mg/1)
Barium (mg/1)
Cadmium {mg/1)
Chromium (mg/1)
Cobalt (mg/l)
Copper (mg/1)
Iron (mg/1)

Lead (mg/1)
Manganese (mg/1)
Mercury (mg/1}
Molybdenum (mg/1)
Nickel (mg/1)
Seleniun (mg/1)
vanadium (mg/1)
Zinc (mg/1}
Boron (mg/1)

Uranium {pg/l1)
Radium 226 (pCi/l1)

Temperatyre (°C)
Water Leun) (Ft) MRY,

EPA Standzrds

and

Criteria

250
250

10
1.4-2.4

500

5

07/22/82
NRL

17
3.7
390
9.3

<2
400
350
170

0.18
<0,01
0.02
0.6
10

1100
1440
1870

2080
330
8.}
8.1

<0.1
<0.002
<0.1
<0.001
0.00}
<0,.001
<V,001
<0.05
<0.008
<6.10
<0,000!
G.018
<0.002
<0.002
0.007
0.1
1.2

65
215+5

17
n.n

Ccnow
WA ALITY

PROJECT

Surface Elevation:

Well Nepth:
Distance From Wellfleld:

SAMPLE RESULTS

09/30/82
NRY,

13
4.2
J80
009

<2
410
340
160

0.45
<0.01
<0,01
0.5
10

1100
1875
1810

2020
330
7.8
8.2

o.l
0,002
0.1
<0.001
<0,.001
<0.001
0.001
<0.03
0.00%
<0.1
<0.0001
0.028
<9.002
<0.002
0.001
0.059
0.9

870
430410

15
n.n

01/20/83
NRI{,

16
1.7
380
900

<2
(114
340
160

0.29
0.02
0.09
0.6
10

1100
1600
1690

2020
330
8.0
8.)

<°ll
0.902
<o.l
<0.001
<0.001
<0.001
0.00)
<0.0%
<0.005
<0.1
<0.000!
0.03)
<0,002
<0.002
0.005
0.015
0.9

2400
619+13

14
V744,92

04/04/83
CORE

1?7
4.3
400
9.1

<l
395
325
152

0.30
<0,01
0.2
0.92
340°

1108
1700
1550

1600°*
- 331
7.85
7.82

<0.1
<0.01
<0.1
<0.01

<0.05
<0.01
<9.0%
<0.01
<0.01
0.000)
<n.1
<9.0%
<0.,01
<0.1
<0.01
0.9

2000
432+4.9

1
1746.2

07/20/83
CORE

17
3.3
380
9.4
<1
)86.0
16
169
0.28
<0,01
<0.1
0.7
12

1150
1650
1850
1980

32

7.5%
8.08

217
34141.4

Y
BZT )

3746.2 ft MSL

159.9 ft

MAXIMUM AVERAGF,

11,800 (¢t
MINIUM
16 18
3.3 4.3
jao 400
8.9 9.4
<1 <2
386 ‘410
316 3sce
152 170
0.18 0.45
<0,0! 0.02
<0.01 0.2
0.5 0.9
10 in
1100 1156
1440 1875%
1550 1870
1980 2080
3 332
7.6 9.)
1.8 8.1
<0.1 0.1
<0.002 <0.01
¢<0.1 0.1
<0.001 <0.01
<0.001 0.001
<0.001 <0.05
<0,001 ¢<0.01
<0.0% <0.05
<0.005 <0.01
<0.01 <0.10
<0,0001 0.0003)
0.018 <0.1}
<0.002 <0.05
¢0.002 <0.01
0.001 <0.1
<0.01 0.11
0.9 1.2
65 2400
235 619
1 1?7
V744,92 1746,

17
3.8
186
9.1

<2
398

334
162
0.30
0.0!
0.08
0.7
10.%

1112
1653
1754

202%
131
7.9
8.1

0.1
<0.004
oll ’
<0.00)
0.001
<0.01)
<0.004
<0.0%
<0.006
<0.08
0.0002
c0.04
<0.014
<0.004
<0.03
0.047
0.98

110
411,

15
1244.2°




Well Number:

RC~-5

Well Type: DASELINE WELL
formatjion: CHADRON

EPA Standards

CROW 8’5’00\1 ecr

WATER QUALITY

Surface Etlevation:
Well Depth:

SAMPLE RESULTS

3903.4 tt MSI,
594.8 €t
Distance From Wellfield:

3,900 rtt
MINTUM

MAXIMUM AVERAGF

Date Sampled and 07/22/82 09/30/82 01/21/83 04/05/8) 07/19/83
Lab Name Criteria NRL. NRL NRL CORE CORE
Calcium {mg/1) 19 18 18 18 20 18 20 19
Magnesium (mg/1) 3.2 3.0 3.2 3.0 3.0 3.0 3.2 3.1
Sodium (mg/1) 39¢ 370 330 180 380 370 39 382
Potassium (mg/1) 11 10 10 10 10.1 10.0 11.0 10.2
Carbonate (mg/1) <2 2 12 <1 <1 <l 12 4
Bicarbonate (mg/l) 370 iso 350 363 363.0 350 370 359
Sulfate (mg/1) 250 370 360 160 152 346 346 370 )58
Chloride (m3/1) 250 180 190 180 174 178 174 190 180
Amonia-N (m3/1) 0.19 0.35 0.26 0.29 0.29 0.19 0.35 0.28
Nitrite-N (mg/)) <0.01 <0.01 0.03 <0.01 0.03 <0.01 0.03 0.02
Nitvate-N (mg/1) 10 <0.01 <0.01 <0.01 <0.1 <0.1 <0,0t <0.1 <0.05%
Pluoride (m3/1) 1.4-2.4 0.6 0.5 0.6 0.97 0.7 0.5 0.9 0.7
Silica (mg/1) 13 11 10 13 1) 10 13 12
TDS~180°C (mg/1) 500 1100 1100 1100 1136 1142 1100 1142 1116
Conductivity - :

rleld (umhos) 1520 1900 1700 1850 1750 1520 1900 1744
Conductivity -

Lab (uwhos) 1870 18590 1730 1800 1830 1730 1870 1816
Conductivity -~ .

Dilute (umhos) 2140 2050 2050 1850 1980 1850 2140 2014
Alkalinity (mg/1) g 290 N0 106 309 290 310 3os
pH - Field - 8.2% 8.2 7.9 7.95 7.60 7.6 8.3 8.0
pH - Lab 8.1 8.4 8.7 7.98 8.00 8.0 8.7 8.2
Aluminum {mg/1) <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Arsenic (mg/1) “0.0% <0.002 <0.002 <0.002 <0.01 <0.002 <0.01 <0.004
Barium (mg/1) 1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cadmium (mg/1) 0.61 <0.001 <0,001 <0.001 <0.01 <0,001 <0.01 <0.00)
Chromium (mg/1) 0.0% 0.001 <0.001 <0.001 <g.001 0.001 0.001
Cobalt (mg/1) <0.001 0,001 <0.001 <0,.0S 0,001 <0.05 <0,01)}
Copper (mg/1) 1 <0.001 0.00) 0.003 <0.01 <0.001 <0,01 <0,004
Iron (mg/l1) 0.3 <0.05 <0.05 <0.0% <0,0% <0.05 <0,05 <0.05
Lead (mg/1) 0.0 <0.00% 0.010 <0.00% <0.01 <0,005 0.010 0.008
Manganese (mg/1) C.05 <0,10 ¢<0.1 0.1 <0,01 20,01 <0.10 <0,08
Mercury (mg/1) 0.002 <0.0001 <0.0001 <0.0001 <¢.000) <0,0001 <,000) <0.000?
Holybdenum (mg/1) 0.900S 0.006 0.010 <0.1 0.005 <0.1 <0.03
Nickel (m3/1) <0.002 <0,002 <0.002 <0.05 <0.00z2 <0.05 <0.014
Selenium (mg/1) 0.01 <0.002 <0.002 <0,002 <0.01 <0.002 <0.01} <0,004
Vanadium (mg/1) 0.007 0.001 0.002 <0.1 0.001 <0.1 <0.03}
Zinc (mg/l1) 5 0,016 0.012 0.010 0.01 0.010 0.016 0.012
Boron {mg/1) 9.9 1.0 0.5 0.98 0.5 1.0 0.89%
Uranium (ug/1) 3 6 <2 <1 <1 <1 6 3.
Radium 226 (pCi/1) 5 I.LA0.F 0 3.040.1 1.340.1 1,540.4  1.340.4 3.0 1.8 1.4
Tompecature (°C) iy 1, 17 s 12 1% 1o 17

mddotoar Souol (€Y MS) 375,68 . 179 8.0 1752 .8 17152.8 (R L 177,98 17151, 4




Well Number:
Well Type: BASELINE WELL

RC=6

Yormatiori: CHADRON

Date Sampled
Lab Name

calcium (mg/l)
Magnesium (mg/1)
Sodium (mg/1)
Potassium (mg/1)
Carbonate (mg/1)
Bicarbonate (mg/1)
Sulfate (mg/l)
Chloride (mg/1)
Ammonia~-N (mg/1)
Nitrite-N (mg/l)
Nitrate-N (mq/1)
Fluoride (mg/l}
Silica (mg/1)

TDS-180°C (mg/1)
Conductivity -
field (umhos)
Conductivity -
Lab (umhos}
Conductivity -
Pilute (umhos)
Alkalinity (mg/1)
pH - rield
pH - Lab

Aluminum (m3/1)
Arsenic (mg/l)
Barium (mg/1)
Cadmium (mg/1)
Chromium (mg/1)
Cobalt {(mg/l)
Cepper (mg/1)
Iron (m3/1)

Lead (mg/1)
Manganese (mg/l)
Mercury (mg/l)
Molybdenum (mg/1)
Nickel (mg/1)
Selenlum (mg/l1)
vanadium (mg/l)
Zinc (mg/l)
Boron (mg/1)

Uranium (pg/1)
Radium 226 (pCi/1)

Temperature (°C)

HWateor leove) (1) UL,

EZPA Standards

and

Criteria

250
250

10
1.4-2.4

500

e 0 L]
o0 o
AN b w

0OOO0OoOrr 00OrOo

COOw
oWwnwn

0.01

5

07/22/82
NRL

3%
6.8
400

14

<2
3310
470
190

0.11
<0.01
0.0}
0.7
18

1200
1600
2020

2160
270
8.0
8.0

<0.1
0.008
<0.1
0.001
0.001
<0,001
0.002
<0.0%
<0.005
<6.10
<0.0001
0.019
<0.002
<0.002
0.008
0.096
1.1

6
9.940.2

19
1704, 0

CROW

PROJECT

WATER QUALITY

SAMPLE RESULTS
09/28/82 01/24/83

NRL

)3
7.2
440

18

5
il0
460
250

0.58
<0.01
0.03
0.6
16

1300
2230
1800

2460
250
8.6
8.4

<0.1
0.005
o.l
<0.001
<0,001
<0.001L
0.002
<0.05
0.010
<0.1
0.0001
0.032
0.002
<0.002
0.002
0.030
0.7

k|
0.4:0.1

16
LA

NRL

30
6.2
390

16

<2
370
430
220

0.3
<0.01
0.08
0.7
16

1200
1600
1970

2360
280
8.1
8.2

<0.1
0.005
<0.1
<0.001
0.004
0.001
0.002
0.50
<3,005
<0.1
<0.0001
0.02)
<0.002
<0.002
c.006
0.009
c.9

2

06.2s0.1

[}
(RLF M

Surface Blevitlon: 3945.1
Well Depth:
Distance From Wellfield:

1799,

692.0 ft

04/05/83 07/20/83
CORE CORE
42 37
6.1 5.9
410 380
14 1)
<1 <1
16 334.0
436 418"
207 192
0,34 0.30
<0,01 <0.01
<0.1 <0.1
o.7N 0.7
34¢ 16
1304 1273
2600 2100
1370 2280
2099 2580
274 289
8,45 7.65
7.83 8.02
<0.1
<G,.01
<0.}1
<0.01
<0.0%
<0.01
<C.0%
<0,01
<0.01
0.0003
<0,1
<0.05
<0.01
<0.,1
<0.01
0.98
<1 <1
0.240.1 0.640.2
17 22
] 1:‘|~' . ’

MINIUM

30
5.9
380

13

<l
310
418
190

0.30
<0.01
0,01
0.6
16

2200
1600
1800

2000
250
7.7
7.8

<0.1
0.005
<0.1
<0.001
<0.001
<0.001
0.002
<0.0%
<0.005
<0.01
<0.0001
0.019
<0.002
<0.002
0.002
0.009

iy

"l"".‘

tt MSt,
3,200 ft

MAXIMUM AVERAGF

41

T 702
440
.18
s
340
470
250
0.58
<0.01
<0.1
0.7
1e

1304
2600
2280

2580
285
8.5
8.4

<0.1
<0.01
0.‘
<0.01
0.004
<0.05
<0,01
0.%0
0.010
<0.10
0.0003
<0.,1
<0.05%
<0,01
<0.l
0.096
1.1

6
9.9

2
VI,

LIRS

36
6.5
404

1%

2

326
443
2
0.37
<0.01
<0,06

0.7
16.°¢

1255
2020
2008

2312
273
8.2
8.1

<0.1
<0.007
0.1
<0.003}
0.002
<0.013
<0.004
0.16
0.009
<0.08
0.00n2
<1.04
<0.014
<0.004
<0.03
0.036
0.92
3.
2.1
17

1174a




Wel!l Number:

RC-7

Well Type: BASELINE WELL
Pormation: CHADRON

Date Sampled
Lab Name

Calcium (mg/1)
Magnesium (mg/1)
Sodfum (mg/1)
Potassium (mg/1)
Carbonate (mg/1)
Eicarbonate (mg/1)
Sulfate (mg/l)
Chloride (mg/1)
Ammonia~R (mg/1)
Nitrite-n (mg/1)
Nitrate-N (mg/1)
rluoride (mg/l)
Silica (mg/1)

TDS-180°C (mg/1)
Conductivity -
Pield (umhos)
Conductivity -
Lab (uwhos)
Conductivity -
Dilute (umhos)
Alkalinity (mg/1)
pH - Pleld
pH - Lab

Aluminum (mg/1)
Arsenic (mg/l)
Barium (mg/1)
Cadmium (mg/1)
Chromium (mg/1)
Cobalt (mg/1)
copper (mg/l1)
Tron (mg/1)

Lead (mg/1)
Manganese (mg/1)
Mercury (mg/l)
Molybdenum (mg/1)
Nickel (mg/1)
Selenfum (mg/1)
vVanadium (mg/1)
Zinc (mg/1)
Boron (mg/1)

Uranium (pg/l)
Radinm 226 (pCi/1)

Temperature {°C)
Watrr Levyel ((r) MSI,

EPA Standards

and

Criteria

250
250

10
1.4-2.4

S00

oQooor 0OO0OrO
* - .
o0 O
Ve N

5

07/2./82

NRL

19
3.1
360

11

<2
360
330
150

0.37
0.01
0.02
0.8
15

1000
1550

1720

1940
290
8.5
8.0

<0.1
<0.002
<0.1
<0.001
0.001
<0.001
<v,001
<0.0%
<0.00S
<0.10
<0.000
0.018
<0.002
<0.002
0.007
0.004
ll:

3
n.A¢N.D

Y7199

1

CROW BU
WATER

”~

OJECT
1Ty

Surface Elevation: 4038.9 ft MSL

Yell Depth:

717.9 €t

Distance From Wellfield:

SAMPLE RESULTS

09/28/82 01/20/83
NRL NRL
25 18
1.5 1.0
350 350
11 11
<2 9
340 340
310 310
180 160
0.4% 0.4)
<0,0} <0.01
0.0l <0.0}
0.7 0.8
16 14
“1100 990
1700 1550
1610 1580
1850 1860
280 300
8.2 8.0
‘03 a.s
0.6 <0.1
0.002 <0.002
<0.1 <0.1°
<0.00] <0.001
‘0.001 <0.001
<0.001 <0.0¢1
0.003 0.003
0.31 <0.0%
0.010 <0.005%
<0.1 <0,1
<0.0001 <0,0001
0.017 0.022
<0.002 <0.002
<0.002 <0.002
0.002 0.002
0.038 0.010
0.9 0.9
1 3
n.4:0.1 2.140,)
1) v
1186, 17 Y1961

04/05/83 U7/20/83
CORE CORE
13 20
2.18 2,9
340 350
10.8 10.1
<1 <l
308 359.0
286 204
172 167
<0.05 0.25
<0.01 0.02
0.5 0.2
0.8? 0.7
30°* 2S5
1044 1079
1600 1800
1500 1750
1490 1860
267 227
8.0% 7.70
7.91 8.02
<0.1
<0.01
<0.1
<0.01
<0.05
<0,01
<0.0%
<0.01
<0.01
<,000)
<0.1
<0.G5
<0.01
<0.1
0.02
0.91
<1 <1
nN,"0,2 N.640,2
[ IR 2?
%64 1156, 4

MINTUM

13
2.2
340

10.1
<1
308
286
160
<0,0%

<0.01
<0,3t
0.7
1¢

990
1550
1500
1490-

267

7.7

1.9

<0.1
<0.002

. <0.1

<0.001
¢0.001
<0.001
<0.001
<0.05%
<0.00%
<0,01
<0,0001
0.017
<0.002
<0.002
0,002
0.004
0.9

<l
0.4

7 !

15
S,

7,300 ft

25
3.3
360

11.0

-9
360
330
180

0.45

0.01
0.3

0.8
1A

1100
1800

1750

1940
oo
8.5
'.5

0.6
<0.0¢
<0.1
<C,01

6.001
<0.05
<0.01

0.0%

0.010
<0.10
<.0003
<0.1
<0.05%
<0.01
<0.1

0.038

l‘}

3
2.1

22

yI156.7

MAXTMUM AVERAGF,

19
2.9
350

10.8
k
340
os
170
0.3
0.01
0.11

0.8
15.0

1042
1660

1632

1800
287
8.1
8.\

0.2
<0.00¢
<Q.1
<0.903

0.001
<0.011
<0.004

0.0%

0.008
<0.,08
<0.0002
<0.04
<0.014
<0.004
<0.01

0.018

1.00

2.
09

18
1756.4




———

CRO Aoy
‘ JIAL Y .

Well Nuwher: T2 Surface Flevatinn: IBES.N [t MSI,

wWell Type: BASELINE arll Nenth: 665,10 §

Formation: CHADRON Nistance veoan Wellfinld: 0 €

. FPA Standards ‘ Sample Reaults

Date Sampled and 12/03/82 o01/18/83 04/12/83 07/18/83 n7/13/83
Lah Name Critecia JORUAN NRL CORE CORE CORF ~A
Calcium (mg/1) : 15 12 1 7.7 7.8
Mayneajum (/1) _ 3.6 3.0 2.9% 2.05 2,06
Sodlum (mg/1) 406 190 420 400 400
Potassium (mq/l) 113 13 17 18 18
Carbonate (mg/1) ) 14 <l <1 <1
Bicarbonate (mq/1) 168 350 353 338.0 337.0
Sulfate (mg/l1) 250 35S 170 343 339 A YY)
Chlovide (mg/1) 250 188 200 2095 221 216
Ammonia-N (mg/1} 0.52 0.40 0.38 n.4 0.13
Nitrite-N (mg/)) <0.01 ¢0.91 0.0t <0.01 <0.01
Nitrate-N (mg/l) 10 0,05 <0,01 <0.1 - 0.1 0.1
Fluoride (mg/1) 1.4-2,4 0,66 0.6 0.7 0.6 0.5
silica (mg/1) ' 11 13 15 15 16
TDS-180°C (mg/1) S00 1220 1100 1184 1193 11A%
Conductivity -

frield (umhos) 2100 190y 2000 2000 2000
Contductivity -

Lab {(umhos) 1830 1800 1675 2000 2000
Conductivity -

Dilute (umhos) 2190 2110 2027 2210 2210
Alkatinity (mqg/1) 310 310 303 287 290
pH - Field ~8.25 8.3 8.4 , 8.3 8.0
pd - Lab n.42 8.% f£.30 8,19 : 8.15
Aluminum (mg/1) . <0.1 <0.1 <0.1 <0.1
Arsenic tmg/1) 0.0% .006 0.004 <0.0} <0.005 <0,00%
sarium (mg/1) 1 0.09 <0.,1 <0.1 <0.1 <0.1
Cadmium (mng/1) n.ol <0.0001 <0.001 <0.01 <0.001 <N.001
Chromium {mg/1) 0.0S <0.001 <0.001 <0.005 <0.005
Cobalt (mq/}} <9.001 <0.0% <t 905 <0, N0S
Copper (mg/1) 1 0,00} 0.004 <0.01 <0.01 <0.01
Tron (mg/l) 0.3 0.02 <D.0S <0.0% <9.0) <0.03
Lead (ma/1) 0.0 <0.001 <0.005 <0.01 <0.005 <0.00S
Manganese (mg/1) 0.0% 0.007 <0.1 <0.01 <0.005 <0,00S
Mercury (ma/1) 0.002 <0.0001 <0,0001 <0,000) <0.0002 <0,0002
Molybdenum {mg/1) 0.02 0.024 <0.1 <0.0n1 <n. .01
Nickel (mqgy/1) <0.0] <0.0n2 <0,05 <0.01 <0.01
Selenium (my/1) 0.01 <0.00! <1.,002 <0.01 g.00! n.901
vanadium (wq/1) 0.01 0,027 <0.1 <0,01 <0.0}
Zinc (mg/1) S 0.010 €<0,005 <0.01 0.01 0.91
Boron (mqg/l) 1.0 0.9 0.93 n.77 .41
Uranium {pg/l) 933 770 660 417 04
Radium 226 (pCi/1) ) 13641 68.141.4 S54.9+1.5 37.1#1.1 42.341.3
Temperature (°C) n 19 17 20 20

Water lLevel (ft) MSH 1754, 17%3.1 1754.4 37%54.1 ) 17%1.1




uate Sampled
Lab Name

Well Number:

Calcium (ng/1)
Magnesium (mq/1)
Sodium {wq/1)
Potass’'sm (mg/l)
Carbonate (mq/1}
Bicarbonate (ma/l)
Sulfate (mg/1)
Chinride (mg/1)
ammonia-N (mg/1)
Nitrite-N (mq/1)
Nitrate-N (mq/1)
Fluoride (mq/1)
Siliea (mg/1)

™S~1R80°C (mq/)
Conductivity -
field (umhos)
Conductivity -
Lab (uwmhos)
Conluctivity -
Diluke (umhos)
Alkalinity (mg/1)
pH - Fileld
pH - Lsb

Aluminum (mg/1)
Arsenic (mg/1)
Barium (mg/1)
Cadmium (mq/1)
Chromium (mg/1)
Cobalt (mg/1)
Copper (mg/1)
Iron (mg/1)

Lear? (mg/1)
Manganese (mg/1)
Mercury (mg/1)
Molybdenum (mq/1)
Nickel (mg/1)
Selenfum (/1)
vanadium {mq/1)
Zinc (mg/1)
goron (mg/l}

Uranium (ug/l)
Radium 226 (pCi/l)

Temperature (°C)
Water Level (Er) MS),

PT-2

EPA Standards

and
Criteria

1.4~

250
2590

10
2.4

500

2P0w ' PROJI T
WA ALLTY

SAMPLC RESULTS

Pane 2

MINT UM

7.7
2.0
390
1S

<1
m
3139
188
0.3)
<0.01
<0.01
0.%
11

1100
1900
1675

2027
87
8.}
a.l

<0.1
0.004
0.09
<0.0001}
<0.001
<0.001
0.003
0.02
<0.001
<0.00S
<0.0001
<0.01
<0.0n2
<0, 001
<0.01
<, Y90S
0.1

304
37.1

10

31753.1

MAXTMUM

15.0
l.6
420

18
14
368

.370
221

0.52

0'01
0.1
0.7

16

1220
2100
2000

2210
310
8.4
8.6

<v.1
<0.01
<0.1
¢0.01
<0.005%
<0.05
<0.01
<0.05
<0.01
<0.1
<0.0003
<0,
<0.05
<0.01
<0.1
0.9110
1.0

233
1316

20
1754 .4

ANFERAGT

19.2 !
2.5
403

17

4
347
349
208
0.9
9,01
0.08
0.6

14

1i?8
2000
1884

21RO
218
8.3
.3

<0.1
<0.006
<0.\0
<n.n03
<0.00)
<0.015
<0.907
<0.04
<0,005
<0.C}
<0,0007?
<,¢}
c0.014
<0,003
<0.03
0.00%
0,8

600.
62.7

IR
17654,




well Number: Pr=7

Well Types
Formation:

Date Samplead
Lab Name .

Calcium {i:ng/1)
Magnesium (mg/1)
Sodium (mg/1)
Potassium (mg/1)
Carbonate (mg/l)
Bicarbonate (mg/1)
Sulfate (wng/l)
Chloride (mg/1)
Ammonia-N (mg/1)
Nitrite-N (mg/1)
Nitrate-N (wg/1)
Pluorids (mg/1)
Silica t(mg/1)

TDS- 180°C (mg/1)
Conductivity ~
Field (umhos)
Conductivity -
Lab (umhos)
Conductivity -
Dilute (uusnins)
Alkalinity tmg/l)
PH - Pleld
pH - Lab

Aluminum (mg/1)
Arsenic img/l)
Barium (m3/1)
Cadmium (mg/1)
Chromium (mg/1)
Cobalt (mg/1)
Copper (wg/1)
Iron {mg/1)

Lead (mq/1)
Manganese (mg/1)
Mercury (mg/l)
Molybdenum (mq/1)
Nickel (mg/1)
Selenfum (mg/1)
Vanadium {mg/l)
2inc (mq/1)
Boron ({mg/})

Uranium (pg/l)
Radium 226 (pCi/l)

Temperature (°C)
“ﬂt'," 'A’V',‘l (ftl S,

BASELINE
CHADRON

EPA Standards

and
Criteria

250
250

10
1.4-2.4

500

N

PDO0QOr OQOO0OrO
* o 0 o . . .
[~ X-X-X"] 10 O
[~ XV V] oV

(-]
o
=

.

o

12/03/82
CORE

16
4.1
412

10.3
9.5
177
348
166

0.31

<0.01
<0.1
0.7
15

1180
2150
1740

17560

337
8.1%
8.9

<6.01
<0.1
<0.01

<0,01

<0.01
<0,0%
<0.0}
<0.0}%
<0.0003
<0.1
<0.05

<0.01

0.06
0.96

110

15
1754.1

- —

ene e PO
I‘I!I'QUAL!TY

12/03/82
JORDAN

\?
4.0
402

12

0

38}
355
186
0.51
<0.01
0.04
0.6}
14

1220
2150
1819

2170

4
8.15%
8.10

0.001

0.04

0.004
<9.001

¢.004
0o ol
<0.001
0.008
<0.0001
0.02
<0.01
<.00!
<0.01
0.017
H |
119
7941

17
1754 .1

01/18/91
NF:L

15
3.9
400

10

2

180
370
180
0.36
<0.01
<0,.0}
0.6
14

1100
1850
1790

2178
no
7.95
8.4

<0.1
<0.002
<0.1
<0.001
¢.003
<0.091
0,005
<0.05
€0.00%
<0.1

¢0.0001

0.022
<0,002
<0.002

0.004

0.01%

0.9

L]

280+6

19
31754,

Surface Elevation:

well Depth:

Distance

fample Results

04/11/83
MRL

is
3.9
450
12

<2
390
360
170
0.30
<0.01
<0.01
0.6
14

1100
1450
1880

2160
320
7.7
8.1

0.1
<0.001
<0.1
<0,001
<0.09]
<0.001
0.003
<0,08
<0.00%
<0.1
<0.0001
0.023
<0,002
<0.002
0.008
0.0%3
<0.5

68
10343

17
1754.1

1868,3 (v ™SI, l

£72.3 (¢
Frow Wellfinld: 0t
na/11/783 07/18/83 |
CORE CORE
15 20
3.6 3.50
409 370
10.v 13
<} <]
YR 345.0
358 337
178.1 185
0.41 "0.30
0.01 <0.01
<0.1 <0.1
0.7 0.9
15 16
1i34 1127
1950 2000
1510¢ 1860
2022 1980
320 300
7.7 8.45
7.81 8,22
<0.1 <0.1
<9.01 <0.005%
<0.1 <0.1
<0,01 <0,.001
<0, 005
¢0.0% <0.005%
<0.01 <0.01
0.14 08.03
<0.01 <0.005
<0,01 <0,005
¢<0.4u0} <0.9002
<0.1 0.01
<0.0% <0.01
<0.01 <0.001
<o, 1 G.02
<0.0 0.01
0.9% .79
(1) AOt)*
26643.0 84.731.7
17 23
17%3.1 1751.4




Oate Sampled and
Lah Name Ceitemria

well Number: Pr-7

EPA Standarids

Calctium (mg/1)

Magnesiam {(mg/1)

Sodium tm/id

Potassium (mg/l1)

Carbonate (mg/l)

Bicarbonate (mg/1)

Sulfate tmg/l) 250
Chloride img/1l) 250
Ammonia-N (mg/1l)

Nitrite-N (mg/l)

Nitrate-N (mq/l) 10
Fluoride (mg/1) 1.4-2.4
Silica (mg/})

TDS-180°C (mg/1) 500
Conductivity -
Fleld (umhos)
Conductivity -~
Lab (umhos)
Conductivity -
Dilute (::vhos)
Alkalinity (mg/1)
pH - Fleld
pH ~ Lab

Aluminum {mg/1)
Arsenic (mg/1)
Barium (mg/1)
Cadmium (m3/1)
Chromium (mg/1)
Cobalt {mg/l)
Copper img/l)
Iton (mq/l)

Lead (mg/1}
Manganese (mg/1)
Hercuzry (mg/l)
Molybdenum (my/1)
Nickel (mg/1)
Selenium (mg/l)
Vanadium (mg/1)
2inc (mg/l)
Boron (mg/l)

.
o0 o
U vt

o o
OO0 W

QOO0 OOM™MO
[“ R NV

2
<
—

w

Uranfiuw (ug/1)
Radinm 226 (pCL/1) S

Temperature (°C)
Water Level (Ct) MSL

-

2m |\ll‘l‘r’lu"r
WATEE QURTTTY

SAMPLE REXNLIES

Page 2

MINTUM

15
3.5
3170
0,0
¢l
345
bR %)
166.0
0.30
<0.01
<0.01
0.5

14

1100
1359
1740

1760
300
7.7
7.8

<0.1
<0.001
0.04
<0.001
<0.001
<0.0C3:
9.00)
0.0t
<0.001
<0.005
<0.9001
v.01
<0.002
<0.,.001
0.004
<0.n
<0.9%

64
ng.7

17
31754.1

HALTMUM

20
4.1
412

11.0
9.5
390
179.

186.9

0.51

0.0l

<0.1
0.7
16

1220
2150
1880

2170
337
8.4
8.4

<0.1
<0.01
<V.1
<0.0}
<0.01
<" .05
<8.01
0.14
<0.0!
({1 ]
<0.0003
<0.i
<0.05
<0.01
<0.1
0.8%
1.1

119
I

)
1751.4

AVERNGI

1A
.8
3139
11.)
1.1
379
154
177.95
0.37
n.ul
<, N6
0.6
1S

1144
2008
1804

2035
nr»
8.0
6.2

<n.l
<, 008
<), 09
<0.905
<C.004
<0.014
<, 007
n.06
<N.006
<. 0¢
<0.0002
<0,0%
<.021
<0.004
<0.0)}

0.921
0.087

R9.2
2272.5%

14
ARAT I




——

_ . CHOW BUT Jer ‘ .
WATER A 4

well Numbec: pT-8 Surface Elavatlon: 3869.9 (t MslL
well Type: BASELINE Well Oepth: 14,2 €
Fformationt CHAORON Distancea From Well’isld: "Lt
EPA Standards SAMPLE RESULTS TR MAXIMUN  AVERAGFE
Date Sampled and . 12/03/82 0l/18/8: 04/11/83 07/18/83 ,
Lab Name Criteria JORDAN NRL CORE CORE ‘1
]
Calcium (/1) 20 17 15 15 15 20 17 J
Magneslium {mg/1) 3.6 3.3 2.5 2.18 2.2 3.6 2.9 {
Sodium tag, 1) 389 400 390 380 380 400 390
Potassium (ng/1) 17 1) \2 1 181 17 1 i
Carhonate (mg/l) s 14 <1 <l <1 14 S ;
Bicarbonate (mg/l) 368 350 364 354.0 ’ 350 68, 359 i
Sulfate (mg/1) 250 341 360 345 347 341 360 348 '
Chlocide (mg/l) 250 180 180 175.9 118 175.9 130.0 178.5
Ammonia-N (/1) 0.54 g.18 0.45S 0.3 0.3 0.54 0.43
Nitcite-N (mg/1) 0.01 <0.01 0.01 <0.01 <0.0% n.01 0.01
Nitrate-N (mq/l) 10 0.03 0.04 <0.1 <0.1 0.03 <0.1 <0.07
FPluoride (ma/1) 1.4-2.4 0.60 0.6 0.7 0.5% 0.5 0.7 0.6
silica i{mq/1) 16 15 18 13 15 19 17
TDS-180°C (mq/1) 500 1190 1100 1170 1120 1160 11990 114%
Conductlivity -
Field (umhos) 2100 1850 1850 1950 1850 2100 19138
Conductivity -
Lab (umhos) 1740 1750 1510 1900 1510 1900 1725
Conductlvity -
Dilute (umhos) .2090 2050 1992 2110 1992 2110 2061
Alkalini (mg/1) 310 310 309 302 Jo2 310 3os
pH - Flel 8.50 N 8.45 8.25 8.45 8.7 8.5 8.4
pH - Lab 8.44 8.6 8.15 f.14 A, 8.6 8.1
Aluminum {mg/1) ¢<d.1 ¢0.1 ¢<0.1 <0.,1 <0, 1 <01
Arsenic (mg/l) 0.0% 0.005 <0.002 <0.01 <0.00S <0.002 <0,01 <0.906
garfum (mg/1) 1 0.11 <0.1 ¢0.1 <0.1 <0.1 0.11 n.10
Cadmium img/l) 0.0} 0,0001 <0,00% <0,01 20.901 1.0001 <0,0} <0.003
Chroemium (ng/l) 0.05 <0,.001 <0.001 . <0.005 <0.001 <0, 009 <0.002
Cobalt {(mg/1} <0,001 0.05 <0.,00% <0,00. <0,05 <0.N19
Copper (mg/1)} : 1 0.007 0.005 <0.,01 <0, 0.00% <0,0} <N,.0CR
Iron (mg/1) 0.3 0.01 <0.05 0.11 <0.03 g.01 0.11 0.0%
Lead (mg/1) 0.05 <0.001 <0.00% <0.01 <0.00S <0.901 <0,01 <0.005%
Manganese (mg/1) 0.05 0.001 <0.1 ¢0.01 <0,005 0.001 <0.% <0.93
Mercury (mg/l) 0.002 <0.0001 <0.000t <0.0003 <0.0002 <0.0001 <0.0003 ¢<0.0-02
Molybdenum (mg/1) 0.03 0.021 <0.1 <0.01 <0.01 <0.1 <0.04
Nickel (mg/13 <0.01 <0,002 <90.05 <0.01 <0,002 <0.05 <0.018
Selenluym (m/1) 0.01 <0,001 <0.002 <0.01 0,001 <0.001 <0.01 <0.004
vavadiuvm (n3/1) . <0.0} 0.012 <0.,1 <0.0} <d.01 <0.1 .03
Zinc (mg/l) S, - 0.027 0.005. 0.01 <0.01 n.0CS 0.027 0.0V
Boron (mg/1} 0.97 0.8 0,92 0.88 0.9 G.97 U.89
Uranium (ug/l) 322 290 225 209 209 322 262,
Radium 226 (pci/l) 5 151+1 89.2+1.8 -11542.3 116+2.0 89.2 151 117.8
Tempacrature (°C) 19 ) \7 ¥ 17 27 19
tiat»r Level (fr; MSIL 3754 .4 3753.98 3754.4 37154.1 1754.,8 1754.4 1760410




-

CROW B1) MET ‘I'

WATER ry
surface Flevation: 3ARB.6 ft MSI
well Depth: 680.2 ft

vell Rumber:
Well Type: BASELINE

pr-9

Format{on: CHADRON Distance Frowm Wallfie:d: 0 te

EPA Standards SAMPLE RESULTS MINEUM MAXTMUN  AVERASH
bate Samplad and 12/03/82 0©1/18/83 0n4/11/83 07/1R/83
Lab Name Critecia JORDAN NRL CORE CORE
Caletum (mg/1) 17 15 14 12 | 94 17 15
Magnesium (mg/t) 2.8 2.5 2.0 1.57 1.8 2.8 2.2
Sodium (mg/1) 408 390 420 400 39¢ 420 405
Potasiium (mg/1) 1) 1] 12 15 12 15 13
Carbonate (mg/1) 3 17 <l <1 <1 23 1
Bicarbonate (mq/l) 353 350 379 365.0 350 379 362
Sulfate (mg/1) 256 355 350 35) 367 350 367 ¥56
Chloride (:ng/1) 250 190 180 184.8 190 180.0 190.0 18,2
Ammonia-N (mg/1) 0.82 0.40 0.45 0.41 9.40 0.82 0.%2
Nitrite=N (mg/1} <0.0! <0.01 0.01 <0.01 <0.01 0.01 0.01
Nitrate-N (mg/1) 10 <0.01 <0,0} <0.1 0.1 <0.01 0.1 0.06
Fluoriée (mg/1) 1.4-2.4 0.69 0.7 0.7 0.6 0.6 0.7 0.7
Siliea (mg/l) 13 14 21 1?7 1) 21 th
TDS-180°C (mg/1) 500 1240 1200 1162 1156 1156 1240 1190
Conductivity -

Field (umhos) 2200 1950 2000 2200 1950 2200 2088
Conductivity -~

Lab (uwmhos) 1900 1820 1590 1970 1590 1970 1”20
Conductivity -

Dilute (umhos) 2240 2110 209) 2180 2091} 2240 2161
Alkalinity (mg/1) 327 320 321 10 no 327 20
pH .- Field 8.7 8.7 8.50 e.89 B.5 8.9 8.7
pH - Lab 8.82 8.8 8.41 8.29 8.1 8.8 8.6
Aluminum (mg/1) <0.1 <0,1 0.} <0.1 <0.1 <0.1
Arsenic (= 1) 0.05 0.014 0.097 <0.0}! <0.00% <0.005 0.014 n.009
Barium (m 1 0.10 <0.1 <0.1 <0.1 <0.1 v.10 0.10
Cadmium (m,,}) 0.01 <0.0001 <0.001 <0.01 <0.001 <0.0001 <0.01 <n,003
Chromium (mg/1) 0.05 <f.001 <0.001 <0,005 <0.00% <0.005 <u,002
Cobalt (mg/1) <0.601 <0.05 <0.005 <0.001 <0.05 <0.019
Copper (mg/l} 1 0.004 0.005% <0.01 <0.01 n.004 <0,01 <0,907
lran (mg/1) 0.3 0.02 <0,05 <0.0S <0.03 0.02 <0.905 <0,04
Lead (mg/1) 0,058 <0.001 <0.00% 0.02 <0.00% <0,001 V.02 0.00R
Manganesc (mg/1} 0.05 0.008 <0.1 <v,01 <0.005 <D . VU5 <o, <0,03
Mercury (mg/l) 0.002 <0.0001} <0D.0001 <0.000) <0.0002 <0.0001 <0.0003 <0,0002
Molybdenum (mqg/1) 0.05 0,975 <0.1 <0.01 <0,01 <0.1 <0.06
Nickel (mg/1) <0.01 <0.002 <0.0S <0.n <0.002 <0.05 <0.0\8
Selenium (mq/1) n.01 <0.001 <0.002 <0,01 <0.001 <0.001 <9.01 <0, 094
Vanadium {mng/1Y 0.0} 0.02% <0 1 0,03 0,025 <n, 1 <0,05
Zinc (mq/l) 5 0.008 <0.005 .04 <9,01 <0.00° 0.04 v.01h
Boron (mg/1) 0.99 0.7 r.96 0.86 .7 0.99 0.RH
Uranium (uq/1) 441 190 305 27% 275 441 19).
Radium 226 (p<i/1) ) 602342 20745 491+4.5 36943.2 07 602 417
Tonperatuyre (°C) 19 19 17 20 v 0 L
Watng Levnl (€t) MSL 1755 .1 1793.5 1792.0 17%4.4 1792 .HK ARAY IR LRATE




Kell Nuwbers
vell Type: BASELINE
Formatlon: CHADRON

Pti~1

OAte Sanmpied
Lab Name

Calctum (293/1}
Myvneqfum (ag/l}
scdium (mg/1)
potassiue (my/1)
carvonate (mg/1)
8icarbonate (mq/))
Sulfats (mg/l)
Chlocide (mg/l)
Awnonia=N (mg/1}
viteite=N (mgy/1)
Ni{tvata-N {mg/1)
rluoride (ng/l)
Silica (mg/})

T0S-180°C (mg/1)
Condyctivity ~
Pleld (uwhon)
Conductivity -
Lad (umhos)
Conductivity -
pilute (umhos)
Alkalinity (mg/1)
pH - riela
pH - Lal,

Aluminum (mg/1)
Arsanic (mq/1)
ssrium {wg/1)
Cadmlum (mq/1)
Chrosjum (mg/1)
Cobalt (mg/1}
Copper (m3/1)
fron (mqg/l)

Lerd tma/l)
nangane,se (mg/l})
Mercury (mq/l)
Molyhdenum {w3/1)
Nickel (mg/1)
Selenfum (mg/11)
vanadium (mq/1}
zZinc (mo/1)
8aran (fa/l)

Uranium (uq/l)
aadinm 2248 {pCi/l)

tomperatyea (*C)

L R Tt efe (O]

EPA Standzavds

an

Criteria

250
250

10
1.4-2.4

500

0.05%

0.05
Nn.9%
n.0v2

0.0l

-t

12/03/82 01/19/8)

JORDAN

17
2.9
"l
1)
13
811 )
358
209
0.40
0.02
<0.01
0.67

15

1260

2259
1940

2300

324
8.50
.41

0.4v3}
. 0.05
€0.0001
¢0.001

0.00%
0.02
<0,001
0,004
<0,0001
0.02
<0.91
<0.101
<0.0l1
n.12
n.99

8%
9041}

-

Clegw ‘ﬂ&\l [ XA o

WATHR QUALITY

.

surfacea Slevatinang 1077,2 v wS)L

Bel) penth:

h14,2 [

plstance From Kotlfinld:

SAHPLE RESULTS

0i/12/8)
HnL CORE
13 12
2. 1.9
an 440
16 18
12 <1
370 )18
180 36l
210 1%.1
0.28 0.9
<0,.01 0.01
<0,.01 <0,1
0.¢ 0.7
14 14
1200 1226
2000 20%0
19130 182%
2260 2179
3Jo 320
8.60 8.55%
8.7 8.42
(o.h (0.1
<G.Vu2 <0,01
<0.1 0.1
<0,001 <0,0}
R0.001
<0,001 <0,05%
0,005 <0,01
<0,9% <0.0%
<0.00% <0,.01
<0.1 <0, 01
<N, 000} <0,000)
0.024 0.l
<0.002 <0,0%
<0,.002 <0.01
0,006 <0,1
<0.00% ¢0.MM
0.9 0.9%
1 54

47.621,0 43.44).4

i

se o ¢

07/18/8)
CORe

4
L1
"o
17

<1
114.0
)6S
199
0.2%
<0.,01
<0.1
0.9
16

i19e
1800
1970

2170

AT}
8.40
8.2

<0.1
<0.00%
<n.1
<C¢.001
<0.008
<V.00%
<0.01
<0.0}
<0.0UNS
<0.00%
¢<n.N002
¢<n.01
<0.01
<0.001
<n.0l
<0.0!}
Q.7

1}
50.741.5

"

MENTUN

11
1.9
410

13

1

i}
3se
199.0
0.2%
€0.03
<0.01

0.6

14
1199
1A00
1929

170
320
8.4
4,)

‘n.‘
0.001
0.0%

<0.,0001

<D,00}

<0,001
0.009%
0.02

en.um
0.004

<0, 0001

< .nl

<0,002
<0.001
0.006

<0, 00%

3.2

1)
A4

te

LR I 4 4

HAX] UM

17
2.’
440

18

13
376
e L1

215.1
0.40
0.02
<0.1

ol’
16

1260

2250
1970

2300
3o
8.6
8.7

<0,1
<V, U1
<0.1
<0.01
¢0.00%
<0.05%
<G.01
<0.0%
<0.01
<0.1}
<n,N001
20.1
<0.nNS
<0,01

<0.1

o'l?
u.99

LD
99

Po]
v

AVERAGE

14
,l)
19

113

?

32
)6
208,0
0.)%
v.01
<N,.06
0.7
15

1221
025
L1914

20
)24
8.%
".%

<0,1
<0.00%
<n.ne
<0,90}
¢<h,002
¢0,019
<0.N08
<0.,04
<D, 005
¢n,.03
<, U000
<0, 03
LRTY]
<0,N04
<n,0)
0n.0)n
v,90

O\,
n,?

| R
[ BRI L)




RN IPPYT R TN

‘Well Number:

PM-4

wetll Type: BASELINE
Formatinn: CHADRON

Vate Sampled
Lab Name

Calcium (mg/1)
Magnesium (mq/1)
Sodlum (mg/1)
Potassium (mg/1)
Carbonate (mg/1}
Bicarbonate (mq/1)

‘Sulfate (mg/1)

Chlnride (mg/1)
‘Ammonlia~N (mg/1)
Nitrite~N (mg/l)
Nitrate~-N (mg/1)
Fluoride (mg/1)
Sillea (mg/l)

TOS-180°C (mg/l)
Conductivity -
Field (umhos)
Conductivity -
Lab (umhos} -
Conductivity -
Dilute (umhos)
Alkalinity (mg/1)
pH = Fleld
pH - Lab

Alumlnum (mq/1)
Acrsenic (mg/1)
Barium img/l)
Cadmium (mg/1l1 -
Chromium (mg/1).
Cobalt (mg/l)
Copper (mq/1)
Iron (mg/1) .
Lead (mq/1)

‘Manganese (mg/l)

Mercury (mq/l)
Molybdennm (mg/1)
Nlickel (mq/l)
Selenium (mq/1)
vanadium (mq/1}
Zinc (mq/1)

Bnron (mg/l)}

Uranium (uq/l)

Radlum 22k (pCi/1)

Temparatura (°C)

L BN SR

EPA Standards
and
Criteria

250
250

10
1.4-2.4

500

0.3
0.05
0.05
0.002

0.0l

9, )

12/03/82
JORDAN

16
3.9
408

11

0

386
359
187
0.49
<0.01
0.02
0.66
18

1250
2100
1820 -

2190

316
'8.2
.26

0.001

0.01
<0.0001
<0.001

0.004
0.03
<0.001
0.014
<0.0001
0.02
<0,.01
<0,001
0.02
0.019
1.0 .

16

1

CROwW
WAT R

SAMPLE RESULTS
0l/19/83 04/12/83

NRL

4

).y
390 -

‘11
14
360
370
170
0.46
<0.01
<0.01
0.6
14

1100
1300
1790

2110
320

8.10.
8.6

<0.1
<0,002
<0.1
<0.001
<0,001
<0,001
0.004
<0.05
- €<0,005
<0.1
<0.0001
0.02)
<0.002

© <0.002

0.00)
0.005
0.5

29

§1.430.1

21

. PROMCT

QUALITY

CORE

15
3.1
410

10,2
<}
3719

- 358
120.)
0.37
0.01
<0.1
0.7
16

1106
1950
1599
2013
322
_7.95%
8.05
0.1
<0.,01
¢0.}
€0.01

<0.0%

<0.0%
<0.01
<0.01
<0,000)}
<0.1
<0.05
¢0.01
<0.1
<0.01
1.00

12
35.131.2

t?

surface Elevatinm:
JAell Depth:

1862.4 (r MmSIL

£74.2

Distance From wallfield:

07/1/8)
corE

ie
3.50.
190
1
<1
370.0
360
186
0.30
<0.01
<0.1
0.4
16

1209
1800

1880

- 2050
n?
8.15

. 8.09

0.1
<0.005
<0.1
<0.001

. €0.005%

<0.00%
<0.01
0.03

- . €0.00S

0.010
<0.0002
<0.01
<0.01
<0.001
<0.01
<0,01

0.87

19

60,701 4

)

MINIUM

14

390
10.2
<l

" 360
358
170.0
- 0.30
<0.01
<0.01
0.4
14

1100
1800
1599
2013

316
7.9

<0.1

0.001
0.03
<0.0001

- <0.001L

<0.001%
0.004
0.0}

<0.001

<0.01 -~

<0.000}
<0.0}

.<¢0.902.

<0.0n1
0.9203
0.005

0.5

12
LA

73 (e

MANX]IMUM

1%
3‘5
419
11.0
14
Jas
370
187.0
0.49
0.01
<0.1
0,7
18

1250
2100
1880

2190 -
322
8.2
A.6

<0.1
<n.N]
0.1
<D.01
<0.005%
<0.0%
<0.01
<0.0%
<0.01
<n. 1
<0.0003
<0.1
<0.05
<0.01
<0.1
0.019
1.0

16
LA

22

- .

AVERACE

ts

0
U

374
362
178.3
u.41
n.01
<n.06
V.4
16

1166
1938
"iijg ;'a‘?' " .
FITIE
ny -

8.1
8.}

<0.1
<N.00S
<N, 08
<0.00)
<N.N02 -
<0.019
<0.007
<0.04
- <0.90S
<0.03
<N.0NN2
cD.N4 -
«<0.01%
«N.004
«1.n3
n.ull
0.94

r{ N
s4.4

n

LRI



cn(vs'n PROJECT e

WATER QUALITY

well Numher: PM-6 Surface Elavatinn: 3969.6 ft MSL
well Type: BASELINE : : © Well Depth:  217.5 ft
Formation: BRULE Distance From well®ield: n e
EPA Standards ) Sample Resultsg
Date Sampleq - and 12/21/82 12/21/82 01/18/8) 04/12/83. 04/12/83 07718/83
Lab Name Criteria CORE JORDAN NRL NRL . CNRE CORE
Calcium (mg/1) 4.3 = 4.4 ). 2 2.3 2.5 2.59
Magnesium {mq/1) ) : 0.23 0.05 0.17 0.12 0.14 0,20
.~ Sodium (mg/1) 100 - 100 LI 97 97 97
Potassium (mg/1) ' . 9.5 10 9.0 8.7 8.2 8.3
Carhonate (mg/l) ' 11.90 11 14 19 _ <1 <1
Bicarbonate (mg/1) . 208 200 190 180 202 201.0
Sulfate (mg/1). ' 250 40 38 1] 38 -8 4
Chloride (mg/1) o 250 4.6 9 8 12 12.) N ¥
" Ammonia-N (mg/1) ) <0.0% 0.1 - «o0.0% <0.0% . €0.0% <0.05
Nitrite-N (mg/1} 0,01 <0.01 - 0.22 0.01 0.02 0.01
Nitrate-N (mg/1) 10 1.% 0.46 0.77 <n.01 0.9 1.4
Fluoride (mg/l) - 1.4-2.4 0.% 0.44 0.5 0.4 0.6. 0.4
Silica (mg/l) 67 69 6) 63 61} 66
- TDS-~180°C (mg/1) o 500 306 - )8 3o 310 342 © e
. Conductivity - - - ) - ' -
' Fleld (umhos) - o L 380" -390 390 390
Conductivity - - . ) : \ o
Labh {umhos) - : 430 4668 R R} 456 425 © 460
" Conductivity - N : :
- Dilute (umhos) 430 488 - 467 492 466 480
- Alkalinity (mg/1) - - 195 182 180 180 176 118
. PH - Pleld ) . 8.9% . 8.9 - 8.95%. 8.9 8.9 8.8%
pH - Lab- : R 8.52 8.78 8.7 8.9 8.47 8.2)
Aluminum (mg/1) A _ . < <0.1} <0.1 <0.1 <0.1
Arnenic (mq/l) - 0.0% 0.01 0.009 . 0.008 -0.008 . <0.01 <0.00%
Bar{um (mg/1) 1 0.1 - 0,01 . «<O0.1 <0.1 <0.1 <0.1
- Cadmium (mg/1) 0.01° <0.01 <0.0001 . <D.001 <N.001 <0.01 <0.001
Chromlum (mg/1) 0.05 <0.01 0.003 - 0.00% 0.002 <0.00%
Cobalt (mg/l1) - <0,001 <0.001 <0.0% <0.00%
Copper (mg/1) 1 <0.0} 0.006 "0.004 0.004 <0.01 0.02
lron (mq/)) 0.3 0.09 - <0,01 " <€0.0% <0.0% - <0.95% - ¢0.03
Lead (mq/1) 0.0% <0,01 <0.901 0.005 ~ <¢0.005 . <0.01 <0.00%
Manganese (mq/1) 0.05 <0.01 <N.001 <0.1 <0.1 - <0.01 <0, 005
Mercury (mg/l) o 0.002 <0.0%003 <0.0001 0.0002 <0.0001 <0.000) <0.0002"
Molybdenum (mg/l) <0.1 <0.01 - 0.003 0.002 - «<0.1 <0.01
Nickel (mg/l) - <0.0% <0.01 <0.002 <0.002 <0.0% <0.01
Selenium (mg/1) - ° o0.01 <0.01 ¢0.001  <0.002 0.002 <0.01 0.002
Vanadinm (mg/1) . , <0.0!" ‘0.007 0.007 <0.1 0.0}
Zinc (mg/l) ) 5 , 0.0 0.270 0.12 0.29 0.22 n.06
Boron (mg/l) ] . 0.32 <0.01 0.3 <0.5 0.4 n,11
Ucanium (pg/l) . 12 7 1} 7 4 '3
" Rad{um 224 (pCt/1) 5 - 1.040.1 9.140.2 6.2+40.3 1.640.3 1.1+0.2

Tamperaturn (°C) . 14 14 "o " 1o 11

s

- - - . [

- RS T
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Well Number: PM-~6 Page 2
. EPA Standards SAMPLE RFSULTS MINTUM MAXIMUM  AVERAGFE
. Date Sampled and

Lab Name Critearis - -
Calcium (mg/1) 2.5 4.4 3.3
Magnesium (wg/1) 7 ) 0.1 0.2 v.2
Sotlum (mg/1) ’ . 97 . 100 98
Potassium img/1) : : 8.2 in.0 8.9
Carbonate (mg/1) A : <« 19 9.465
Bicarbonate (mg/1) ' o 180 205 196
Sulfate (mg/1) 250 - 38 Y »
Chlnride (mq/l) 250 : ' 4.6 12.3 e.7
Ammonia-N (mg/l) ' : : <0.0% 0.13 0.06
Nitcite-N (mg/1) : ¢0.01- 0.02 0.01
Kitrate-N (mg/1l) 10 . <0.01 1.5 0.84
Fluoride (mq/l} 1.4-2.4 ‘ n.4e 0.6 0.%
Sillca img/1) : 6 .69 L2
T05-180°C (mq/1) : 500 . 306 363 j2r
Conductivity -

Field (umhos) : , 380 390 . J8s
Conductivity - . : :

Lab (umhos) T o ' 425 466 445
Conductivity - . ’ . - e

Dilute (umhos) ) . ) ' . . : : . R 130 . 492 471 -
Alkallnity (mg/1) L . T T s 198 181
pH - Pleld , S , - - _ T 8.S . 8.9 8.8
pH - Lab , : ‘ R.2 - B.9 . 8.5
Aluminum (mg/1) . .1 <0.1 <0.1"
Arsenic (mg/l} 0.05 <0.005 0.01 0.y08
parium (mg/1) 1 0.01 <0.1 <0.09
Cadmium (mg/1) 0.01 . <0.0001 . <0.01 <0.004
Chromium {mqg/1) 0.05 : : L 0.002 <0.01 <0.005 -
Cobalt (mg/1) ) . : ' - - i o «¢0.001 - <0.0% " «<0.014 -
Copper (mg/l) 1 : . 0.004 - 0.02 0.009
Iron (mq/1) 0.1} <0.01 0.09 0.0%
Lead (mg/1) 0.0% <0.001 <0.01 <.006
Manganese (mg/1) 0.05 _ <0.001 <0.1 <0.0n4
Mercury (mg/l) . 0n.002 <0.n001 <0.000) <0.n002
Molybdenum (mq/1) . 0.002 <0.1 <0.04 -
Nickel (mg/1) : . . o <0.9n2 <0.05 <0.021
Selenium (mq/1) 0.01 ' ‘ <0.001 <0.01 <0.005
vanadlum t(mq/1) ) n.vo? <0.1 <1.03
Zinc (mq/1) - 5 o _ : 0.06 - 0,70 0.262
Boron (mq/1) ) <0.m - 0.8 ‘ v.31
Ucanfum (pg/l) . . <1 12 7.
Radium 226 (pCi/l) b . 1.0 9.1 3.9
Temparature 1°C) - T ) o ’ 1n S Y 1R}

water Level (fr) MSI, . ) M. 0 . INGR N man . -

1470



Well Number:
Well Type: BASFLINE

Formation: BRULF

Date Sampled
Lab Name

Calcium (mq/i)
Magneslium (ing/1)

Sodium (mq/1)

Potassium (mq/1)
Carhonate (mqg/1)
Bicarbonate (mg/1)
Sulfate (mg/1)
Chlocide (mg/l)
Ammonia-N (mq/1)
Nitrite-N (mg/1)
Nitrate-N (mg/1)
Fluocide (mg/1)
Silica (mg/l)

TDS-180°C (mg/1)

" Conductivity -

Fleld (umhos)
Conductivity -
Lab (umhos)
Conductivity =
Dilute (umhos)
Alkalinity (mg/1)
pH - Fleld
pH - Lab

Aluminum (mg/1)
Arsenic (mg/1)
Barium (mg/1)
Cadmium (mg/1)
Chromlum (mng/1)
Cobalt (mg/1)
Copper (mg/l)
Iron (mg/1)

Laad (mg/1}
Manganese (mg/1)
Mercury (mg/l)
Molybdenum (mn/I"
Nickel (mg/l)
Selanium (mg/1)
vanadium (mg/1)
2inc (ma/l)
Boron (mg/l)

Uranium (uq/1)
Radium 226 (pCi{/1)

Tempecatura {°C)
Water Level ((t) MSI,

EPA Standards

PM~T7_

and
Critearia

250
250

10

1.4-2.4

S

QO wm—O
P

Qo

Q0O O,
.

o
w

[V N

D00 w
[= RS ]

500

12721702
JORDAN

13
0.43
64
20
14
187
8

10
0.07
0.02
0.73
0.27
S9

Jol

396

4146
177
8.65
8.88

<0.001
0.07

<0.0001
0.007

0.011
0.02
<0.001
<0.001
<0.0001
<0.01
<0.01
<0.001 .
<0.01
0.01t

<0.0N1

25
1.140.1

14

K PROJ LT
MIALLTY

SAMPLE RESULTS

01/18/8B) 04/11/8)
NRL CORE,
15 22
0.44 0.29
68 68
18 20
7 <1l
200 219
7 . 5.3
18 5.6
<0.05 <0.05
0.21 0.06
2.0 2.9
0.2 0.4
54 ‘56
280 354
330 350
378 - 365
410 416
180 186
9.0% 8.95%
8.5 8,29
0.1 <0.1
<0.002 <0.01
<0.1 . «<0.1
<0.001 <0.01
0.010
<0.001 <0.05
0.002 <0.01
<0.05 <0.05
<0.008% ¢<0.01
<0.1 <0.01
0.0001 <0.0003
<0.002 <0.1
<0.002 <0.05
<0.002 <0.01
0.003 <0.1
0.01n <0.01
<0.5 0.20
27 14
9.0+0.2  0.740.1
12 9
3g4a5.7 J84r .0

Surface Elevatinn: 1869.0 ft MS),
well Denth: 129.6 ft
Distance From Wallfiald: n e
MINTHN MAZ T MUM
07/18/83
CORF,
15 15 22
0.13 0.1 0.4
67 (Y] 68
.18 18 20
<1 <1 14
216.0 187 219
9.6 5.3 9.6
9.1 S.6 18.0
<0.05 <0.05 0.07
0.19 0.02 0.21
4.4 0.7) 4.4
0.3 0.2 0.4
57 54 59
291 280 354
340 330 350
390 365 3196
430 410 430
188 177 138
9.50 8.6 9.5%
8.30 8.3 8.9
<0.1 <0.1 0.1
<0.00% <0.001 <0.01
<0.1 _ 0.07 <0.1
<0.001 ’ <0.0001 <0.01
<0.005 <0.005 0.010
<0.00% <0.001 <0.0%
0.01 ' ) n.002 0.011
<0.0) . 0.02 <0.05%
<0.008 o ¢<0.001 ¢<0.01
<0.005 <0.001 - <0.,1
<0.0002 <0.0001 <n.NGO}
<. 01 <0.002 <0.1 -
<0.01 <0.002 - <0.05
<0.001 " : <0.001 <0.01
<0.0]} ' 0.00) <0.1
<0.01 . <n. ot 0.011
0.09 <9.01 <nN.S
A ] 27
0.84+0.2 . 0.7 9.0
R g 1
JR4A . K IR4nH .7 }RANL .6

AVERAGE

17

€7
19

206

10.7
0.05
n.12
2.51

57
304
340
ja2

419
183 .

8.5

0.1
<0.00S
<0.09
<0.00)

0.007
<0.019

- 0.008

-<0.04
¢<N.00S
<0.03
¢0.0002
<0.03
<0.018
<0.004
<0.0}

0.010
<, 20

19.
2.9

12

LI
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PROJECT © ‘II"",v : : e .
ALITY _

Well Number: WELL 17 Surface Elevatinn: 3910.0 {t MsL -

Well Type: BASELINE WELL Well Depth: 80.1 ft

Formation: BRULE - . Distance From Wellfield: 3,000 ft

EPA Standards Sample Results

Date Sampled angd . 10/29/81 01/28/82 04/28/82 07/13/82 10/05/82 04/08/83 07/06/83 -
Lab Name ’ Criteria - NRL NRL NRL NRL NRL CONRE CCPE
Calcium (mg/1) ' 59 57 60 61 60 57 61
Magnesium (mg/1) L . 1.7 8.0 8.0 “8.0 9.0 1.7 8.0
Sodium (mg/1). i - 17 18 19 17 18 17 17.
Potassium (mg/1) A . 4.8 4.0 4.7 4.5 4.6 4.) 4.7
Carbonate (mg/1) <2 <? T2« <2 < <1
Bicarbonate (mg/1) . 250 240 240 240 250 249 - 243.0
Sulfate (mg/1) 250 10 13 1 10 11 . 8.6 12
Chloride (mg/1) 250 4 2 3 4 3 4.5 4.21
Ammonia-N (mg/1) » : 0.30 : <0.05% )
Nitrite~N (mg/1) <0.01 <0,01 <C.01 <0.01 <0.01 <0.01 <0.01
Nitrate-N (mg/1) 10 1.3 1.2 1.2 1.3 1.2 3.4 0.8
Fluoride (m3/1) 1.4-2.4 0.8 0.6 0.7 0.6 0.6 0.6 0.6
Silica (mg/1} 59 62 61 59 S9 54 62
TDS-180°C (mg/1) 500 310 - 260 280 330 320 . J22 294
Conductivity -

Pleld (umhos) 160 270 365 370 350 360 360
Conductivity - : :

Lab (umhos) 422 393 409 412 - 404 445 405
Conductivity - ' _ . . _ .

Dilute (umhos) A 451 450 448 . 438 450" R
Alkalinity (mg/1) ) 200 200 210 214 209 : T
pH - Pield 1.5 6.81 CT.45 7.1 6.9 6.9 1.2 o
pH - Lab 7.8 7.4 7.% : 7.4 7.6 . 1.94 7.52
Aluminum (mg/}) ‘ ‘ ' : <0.1
Arsenic (mg/1)- 0.05; ’ 0.00) i
Barium (mg/1) _ 1 0.2 .

Cadmium (mg/1) - 0.01 <0.001

Chromium (mg/1) 0.05 I <0.001

Cobalt (mg/1) . .. <0.001

Copper (mg/1) ‘ 1 . 0.002

Iron (mg/1) 0.3 <0.05 : <0.05

Lead (mg/1) 0.05 : <0.005

Manganese (mg/l) 0.05 : _ <0.1

Mercury (mg/l) 0.002 ' <0.0001

Molybdenum (mg/1) . . 0.002

Nickel (mg/1) . <0.002

Selenium (mg/1) 0.01 - ‘ <0.002

Vanadium (mg/1) i 0.005

Zinc (mg/l) . -5 . 0.024

Boron (mg/l) . <0.5

Uranium (ug/1) o 4 4 2 8 . 4 <1 <l

Radium 226 (pCi/l) 5 0.1+0.1 ~0.1+0.1 0.4+40.1 0.140.1 0.6:0.1 .0.2‘:0.1 2.3+0.1
* Temperature (°C) : 17 11 . Y 1y . 15 14

Water Level (ft) MSL 386) .4 3865.0 3862.7 3863.4 1863 .7 1864.7 31862.7
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Page 2

Well Number: WELL 17
EPA Standards : SAMPLE RESULTS MINIUM MAXIMUM  AVERAGE @

Date Sampled and
Lab Name : Criteria
Calcium (mg/1) : : : s? 61 59
Magnestum (mg/1) - ‘ 1.7 9.0 §.1
Sodium (mg/1) ) 17 19 18
Potassium (mg/l) 4.0 4.8 4.5
Carbonate (mg/1) . . : . <] <2 <2
Bicarbonate (mg/1) o 240 250 245
Sulfate (mg/1l) - 250 8.6 13 10.9
‘Chloride (mg/1)" 250 ) : : 2.0 4.5 3.5
Ammonia-N (mg/1) <0.05% 0.30 0.18
Nitrite-N (mg/1} <0.01 . <0.01 <0.01
Nitrate-N (mg/1) 10 ' 0.8 13 1.2
Fluoride (mg/1) 1.4-2.4 : 0.6 0.8 0.6
Silica tmg/1) ' sS4 62 59
TDS-180°C (mg/1) 500 260 330 302
Conductivity - .

Pield (umhos) 250 370 REL PR
Conductivity - ’ . ‘ .
Lab (umhos) . . 393 445 413

Conductivity - : : i
Dilute (umhos) . : ' 435 451 “7

Alkalinity (mg/1) ) : ) : ' . 200 "2l4 207
pH - Field - : o ' . : 7 6.8 1.5 7.1

" pH - Lab . , S~ ’ : ' 7.4 7.9 - 7.7
Aluminum (mg/1) : . _ L <0.1 <0.1 <0.1

- Arsenic-(mg/l) - 0,05 : : ’ -0 0.00) 0.003 0.003
Barium (mg/1) 1 o - 0.2 0.2 0.2
Cadmium (mg/1) 0.01 - ¢0.001 <0.001 <0.001
Chromium (mg/1) 0.05 : : ' : <0.001 <0.001 <0.001
Cobalt (mg/l) . : <0.001 <0.001 <0.001
Copper (mg/l) 1 ) 0.002 -0.002 0.002
Iron (mg/l) 0.3 <0.05 - <0.0% <0.0%
Lead (mg/l) 0.05 <0.005 <0.005% <0.005
Manganese (mg/1) 0.05 . <0.1 <0.1 <0.1
Mercury (mg/l) 0.002 ' <0.0001 <0.0001 <0.0001
Molybdenum (mg/1) ) 0.002 0.002 0.002
Nickel (mg/1) . <0.002 <0.002 <0.002
Selenium (mg/1) 0.01 . ’ . : <0.002 <0.002 <0.002
Vanadium (mg/1) . i 0.005 0.005 0.005
Zinc (mg/1) 5 ' i 0.024 0.024 0.024
Boron (mg/1) : - <0.5 " ¢0.5 <0.5%
Uranium (uq/l1) ‘ <1 8 3.
Radium 226 (pCi/l} 5 C o : : <0.1 2.) 0.5
Temparature {°C) ' 9 1?7 n

Water Level (ft) MSL ) 1862.7 3865.0 386].?
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i Well Number: ° WELL 25 Surface Elevation: 3904.7 ft MSL

Well Type: RASELINE WELL Well NDepth: 75.1 fe
Pormation: BRULE Distance From Wellfield: 3,000 ft
’ EPA Standards Sample Results
Date Sampled and 10/29/81 01/28/82  04/28/82 04/28/82 07/13/82 10/04/82 04/08/83 07/05/8)
" Lab Name - Criteria . NRL NRL NRL JORDAN . NRL NRL CORE COPF, ..
Calcium (mg/1) : 74 : 73 78 15 77 79 75 70
Magnesium (mg/1) 9.9 10.0 1t 10 10 12 10.1 10.2
sodium (mg/1) : 13 14 14 13 13 16 13 13
Potassfum (mg/1) ' 4.8 4.4 4.7 4.7 1.6. - 5,1 4.4 4.6
Carbonate (mg/1) i <2 - <2 <2 0 < <2 3! <1
Bicarbonate (mg/1) : 290 290 - 290 287 290 300 . 291 270.0
Sulfate (mg/1) 250 9 ? 7 8 ? 7 5.8 S
Chloride (mg/1) 250 5 4 5 7 y 5 5.6 9.9
Ammonia-N (mg/l) 0.0% - 0.08 <0.0% <0.05%
Nitrite-N (mg/1) <9,01 <0.01 <0.01 <0.01 <0,01 <0.01 <0,01 <0.01
Nitrate-N (mg/1) 10 3.8 3.8 4.6 4.0 3.9 4.5 6.4 2.3
Fluoride (mg/1) 1.4-2.4 0.8 0.6 0.7 0.71 0.6 . 0.6 0.6 0.7
Silica (mg/l) : 55 5S _ S4 52 .54 s2 . S0 $9
TDS-180°C (mg/1) 500 340 - 310 340 332 150 370 )56 328
Conductivity - : .
Field (umhos) . 418 290 390 390 460 430 380 400
Conductivity - . : '
Lab (umhos) : 488 470 496 475 49) 492 538 500
_Conductivity - . . ’
Dilute (umhos) . ) 546 494 541 546 499 510 o i
. Alkalinity (mg/1) » » 230 ‘235 240 - 240 - 246 23y o
pH - FPileld 7.4 6.9 7.3 7.3 7.0 6.6 ' 6.85 7.1%
PH - Lab 7.6 7.1 7.8 .44 7.8 7.4 .99 1.03
Aluminum (mg/1) - c <0.1 0.07
- Arsenic (mg/1) 0.05 : : 0.003 0.005 : . o
Barium (mg/1) 1 0.1 6.03 o . , .
Cadmium (mg/1) 0.01 B <0.001 <0.0001 . :
Chromium (mg/1) | 0.05 <0.001 <0.001
Cobalt (mg/l) : i : <0.001 <0.01
Copper (mg/l}) 1 , 0.004 0.007
Iron (mg/1) 0.3 <0.0S <0.05 0.02
Lead (mg/1) ) 0.05 o <0.005 <0.001
Manganese (mg/1) 0.05 . : <0.1 - 0.005
Mercury (mg/1) A 0.002 - <0.0001  <0.0001
Molybdenum (mg/1) ) . 0.002 <0.01
Nickel (mg/1) ' : ‘ <0.002 <0.01
Selenium (mg/1) 0.01 <0.002 <0.001
Vanadium (mg/1) - ©0.01) 0.01
Zinc (mg/l) 5 0.026 0.25
Boron (mg/1) . <0.5 0.02
Uranium (pg/l) -8 5 3 5 6 S 2 3
Radium 226 (pCi/l), S 0.1:0.1 0.1+40,1 0.3+0.1 0.1_:0.1 0.1+0.1 0.4:0.1 0.2+0.1 0.2+40.1
Temperature (°C) T 10 ? 4 4 16 14 8 13
‘Water Level (ft) MSL ' 3869.0 3869.9 1870.9 - 13870.9 31869.6 3870.6 3859.8 3g71.5




Ty e et

Well Number: WELL 25

EPA Standards

Date Sampled and
Lab Name Criterla
p~

Calcium (mg/l)

Magnesium (mg/1)

Sodium (mg/1)

Potassium (mg/1)

Carbonate (mg/l)

Bicarbonate (mg/l)

Sulfate (mg/1) _ 250
Chloride (mg/l) . 250
Ammonia-N (mg/1)

Nitrite-N (mg/1)

" Nitrate-N (mg/l1) 10
Fluoride (mg/1) 1.4-2.4
Silica (mg/1)

TDS-180°C (mg/l) 500 -
Conductivity -
Field (umhos)
Conductivity -
Lab (umhos)
Conductivity -
Dilute (umhos)
Alkalinity (mg/l)
pH - Field
pH - Lab

Aluminum (mg/1) :

Arsenic (mg/l) 0.05
Barium (mg/1) 1
Cadmium (mg/1) . 0.01
Chromium (mg/l) 0.05
Cobalt (mg/1)

Copper (mg/l) 1
Iron (mg/l) . 0.3
Lead (mg/l1) . 0.0%
Manganese (mg/l1) 0.05
Mercury (mg/1) ©0.002
‘Molybdenum (mg/1) -
Nickel (mg7/1)

Selenium (mg/1) . 0,01
vanadium (mg/1)} :
Zinc (mg/1) ]
Boron (mg/l)

Uranium (ug/1)
Radium 226 (pCi/l) S

Temperature {°C)
Water Level (ft) MSL

SAMPLE RESULTS

Page 2

MINTUM

290
470

494
230
6.6
7.0

MAX1MUM

79
12.0
16
5.1

3oo0

‘9.9
0.08
<0.01
6.4
0.8
59

370
460
538
546
246

7.4
8.0

0.1
0.005

<0.001
<0.001
<0.01
0.007.
<0.05
<0.005
<0.1
<0.0001
<0.01
<0.01
<0.002
0.013
0.2%
<0.5

6
0.4

16
1871.6

AVEMAGFE

340
395
494

s23
237
7.1 .
7.5

<0.09
0.004
0.06
<0.0006
<0.001
<0.006
~ 0.006
<0.04
<0.003
<0.05
<0.0001
<0.006

- ¢0.006

¢G.002.
0.012
0.138
<0.26
~
4.
0.2

10
JR69.0

S —



Well Number:

Well Type: BASELINE WELL

Formation:

Date Sampled
Lab Name

Calcium (mg/1)
Magnesium (mg/1)
Sodium (mg/1) it
Potassium (mg/1)
Carbonate (mg/l1)
Bicarbonate (mg/1)
Sulfate (mg/l)
Chloride (mg/1)
Ammonia-N (mg/l)

- Nitrite-N (mg/1)
Nitrate-N (mg/l)
Fluoride (mg/l1)
Silfca (mg/1)

TDS-180°C (mg/1)

Conductivity -
Field (umhos)

Conductivity -
Lab (umhos)

Conductivity -

. Dilute (umhos)

Alkalinity (mg/1)
pH -~ Fleld
pH - Lab

Aluminum (mg/l)
Arsenic (mg/1)
Bariuvm (mg/1)
Cadmium (mg/1)

" Chromium (mg/1)
Cobalt (mg/1)
Copper (mg/l)
Iron (mg/1)

Lead (mg/1)
Manganese (mg/l)
Mercury (mg/1)

" Molybdenum (mg/l)
Nickel (mg/1)
Selenium (mg/1)
Vanadium (mg/1)
Zinc (mg/1)
Boron (mg/1)

Uranlum (pg/l)
Radium 226 (pCi/1)

Temperature (°C)
Water Level (ft) MSL

BRULE

8 TE PROIECT

‘ R QUALITY
WELL 26
EPA Standards
and 10/29/81 01/28/82 04/28/82
Criteria - NRL NRL NRL
120 120 110
15 15 1%
15 15 15
6.9 S.7 6.5
- €2 <2 <2
340 360 350
250 28 21 21
250 33 33 24
0.14
<0.01 <0.01 <0.01
10 11.0 13.0 11
1.4-2.4 0.8 0.6 0.7
46 51 S1
500 500 480 470
700 510 700
751 740 720
810
290
7.3 “6.80 7.2
7.5 7.0 7.8
<0.1
0.05 0.003
1 0.3
0.01 <0.001
0.05 <0.001
) . <0.001
1 . : 0.007
0.3 ~ 0.05 <0.05
0.05 <0.00%
0.0S <0.1
0.002 <0.0001
0.002
<0.002
0.01 <0.002
0.007
5 0.046
<0.5
7 7 3
5 0.247.1 0.2+40.1 0.3:0.1 ©
13 11 v
N/A N/A N/A

surface Elevation:
‘Well Depth:

3820.1 ft mMsL

80.1 f¢t

Distance From Wellfield: 3,700 ft

Sample Results

07/14/82 10/05/82 04/08/83 07/05,83
_NRL - NRL CORE CORE
110 120 115 120

14 19 14 15
14 15 15 16
6.3 6.9 6.0 6.7
<2 <2 <l <l
350 330 363 370.0
21 36 1?7 28
28 38 22.4 38
<0.0S -
<0.01 <0.01 ¢0.01 <0.01
10 12~ 10.6 15.7
0.6 0.6 0.6 0.6
49 - 48 47 sS
490 550 500 510
700 700 700 - 725
699 802 780 770
779 926 789 880
290 270 303 316
6.9 6.9 6.9 7.0
7.3 . 7.2 7.82 7.85
6 8 3
240.1  0.4s0.1  ©0.3+0.1 0.34+0.1
15 1 11 13
N/A N/A N/A n/N



Well Number: ~ WELL 26

Dat~ Sampled
Lab Name

Calcium (mg/1)
Magnesium (mg/1)
Sodium (mg/}1)
Potassium (mg/1)
Carbonate (mg/1)
Bicarbonate (mg/1)
Sulfate (mg/l)
Chloride (mg/1}
Ammonia-N (mg/1)
Nitrite-N (mg/1)
Nitrate-N (mg/1)
Flvoride (mg/1)
Silica (mg/1)

TDS-180°C (mg/l)
Conductivity -
Pleld (umhos)
Conductivity -
Lab (umhos)
Conductlivity -
Dilute (umhos)
Alkalinity (mg/1)
pH - Field
pH - Lab .
Aluminum (mg/1)
Argsenic (mg/l1)
Barfum (mqg/1)
Cadmium. (mg/1)
Chromium (mg/1)
Cobalt (mg/l)
Copper (mg/l)
Iron (mg/1)
Lead (mg/l1)
Manganese (mg/l)
Mercury (mg/l)
Molybdenum (mg/l1)
Nickel (mg/1)
Selenfum (mg/1)
vanadium (mg/1)
Zinc (mg/1)
Boron (mg/l)

Uranium (ugq/l)

Radium 226 (pCi/l)

Temperature {(°C)

Water Level (ft) MSL

EPA Standards
and
Criteria

250
250

10.
1.4-2.4

500

TE PROJECT
QUALITY

SAMPLE RESULTS

Page 2

MINTUM

MAXTMUM

7.8

<0.1
0.003
0.3
<0.001
'<0.001
<0.001

0.007

0.05
<0.00S
<0.1
<0.0001

0.002

«0.002
<0.002

0.00?

0.046
<0.5

0.4

15
N/A

AVENAGE



well Nunmber: - WELL 27
well Type:

BASELINE wWELL,

Formation: BRULE

Date Sampled
Lab Name

Calcium (mg/1)
Maqgnesium (mq/1)
Solium tmg/1)
Potazsium (mg/1)
Carhonate (mg/1)})
Bicarbonate (mg/l)
Sulfate (mg/l)
Chlnride (mg/1)
Ammonia~-N (mq/1)
Nitrite-N (mg/1)
Nirrate-N (mg/1)
Fluoride (mg/1)
Silica (ma/l)

TDS-1R0°C (mg/1)
Conductivity =
Field (umhos)
Conductivity =
Lah (umhos)
Conductivity -
Dilute (vumhos)
Alkalinity (mg/l)
pH - Field
pH - Lab

Aluminum (ng/1)
Arsenisc (mg/1)
Darium (>»g3/1)
Cadmium (mg/1)
Chromium (mg/1)
Cobal® (mg/1)
Copper (mg/1)
1ron (mg/l)
Lead (mg/1)
Manganese (mg/1)
Mercury (mg/1)
Molybdenum (mg/1)
Nickel (mg/1)
Selenium {mg/1)
vanadium (mq/1)
Zinc (mg/1)
Boron (ng/1)

Uranium (ug/l)
Radium 226 (pCi/l)

Temperature t°c)

water Level (ft) MSL

EPA Staniards

and 05/08/82 04/0D8/R)
CORLE

Criteria - NRL

250
250 -

<
10
1.4-2.4 -
500

380

OO —~O
. . .
(=N [=]
W - w

- XX
hagi

cCoOow

oOWwWw

0.01

4 <1

69
9.0
16
4.7
<1
217
10
10.1
n.12
0.01
2.8
0.6
52

330
395
a4
445
239

7.1
8.18

5 0.3+0.1 0.340.1

9

-

9

-

) PROJCT
JALITY

SAMPLE RESILIS
07/95/8)
CORE

71
9.1
15
S.4
<1
260.0
18
7.4
<0.05
<0.01
0.8
0.7
59

336
3”2
480
51S
228

7.20
7.45

3
0.3+0.1
11

T

Surf4ace Elrvation: 3849.9 v MSL,

Aoll Depth: 30.1 ft

Distance Frow wallfinld: 2,400 (¢t

HMEium MA L) MUM

59

7}
9.0 9.1
16 1A
4.7 5.4
<1 <l
260 277
10 18
7.4 1.1
¢0.05 0.12
<0.01 <0.01
0.8 2.8
V.6 0.7
52 59
330 336
372 399
474 4R0
445 515 -
. 228 239 .
7.1 7.4
7.4 R.2
P
N
<1 ' 4
0.3 0.3
9 1t

AVERACE

269
0.09
«0.01

0.7
56

382 .
amn

480
233
7.2
7.8




Well Number: WELL %7
Well Type: BASELINE WELL
Pormation: BRULE

EPA Stahdards
and
Criteria

Date Sampled
Lab Name

Calciua ({mg/1)
Magnesium (mg/1)
Sodium (mg/1)
Potassium (mg/1)
Carbonate (mg/1)
Bicarbonate (mg/1)
Sulfate (mg/l)
Chloride (mg/1)
Ammonia-N (mg/1)
Nitrite-N (mg/})
Nitrate-N (mg/1)
Fluorfde (mg/1)
Sillcg {mg/1)

250
250

10
1.4-2.4

.TDS-180°C (mg/1) 500
Conductivity -~
" Field (umhos)
Conductivity -~
Lab  (umhos)
Conductivity -
pilute {(umhos)
Alkalinity (mg/1)
pH - Fleld :
pH - Lab

-

Aluminum (mg/1)
Arsenic (mg/l)
parium (mg/1)
Cadmium (mg/1)
Chromium (mg/1)
Cobalt (mg/l)

Copper (mg/1)

1ron (mg/1)"

Lead (mg/1)

Manganese (mg/1l)
Mercury (mg/l)
Molybdenum (mg/1)
Nickel (mg/1) -
Selenium (mg/1)
vanadium (mg/1)

Zinc tmg/l) S
Boron (mg/l)

. .
oo o
(VN g w

)

o e

OO0 O™ OO

OO0 W
o wnw

0.01

vranium tpug/l)
Radium 226 (pCi/l) 5

Temperature (°C)
water Level (ft) MSL

\

10/29/81 01/29/82
NRL NRL
64 62
7.4 7.6
17 17
6.5 5.6
’ <2 <2
260 260
11 16
4 <2
<0.01 <0.01
2.1. 2.2
0.6 0.5
Y 6
310 1320
92 315
30 as
1.6 6.89
7.6 1.2
(0.05
1 . 2
0.4+0.1 0.3+0.1
9 11
Ny N/A

A TTE PROJECT
R QUALITY

04/28/82
'NRL

v 65
7.6
- 17
6.1
2
260
b}

2
0.05
<0.01
2.2
0.6
59

310.
400
a7

468 .
210
1.6
8.0

<D.1
0.002
- 0.2
<0.001
.<0.001
<0.001
0.001
1 <0.05
<0.005%
<0.1
0.0002
<0.002
<0.002
<0.002
0.006
0.44
-¢0.5

7
0.4+0.1
9
“N/A

Suttace'tlevation: 3800.1 ft MSI
Well Depth: 24.9 (¢

Distance From Wellfield: 5,700 (¢
Sample Results
10/04/82 04/09/83 07/0%/83
NRL CORE CORE
64 63 63
8.5 7.3 .2
17 17 20
5.8 5.4 6.6
<2 <1 -l
310 257 254.0
7 7.0 10
3 2.2 5.6
. <0.05
<0.01 <0.01 <0.01
2.0 2.6 6.Ce
0.5 0.5% 0.6
s8 56 62
340 294 330
370 250 420
P 458 490
468 457 © 500
260 236 217
6.95 7.25 7.35
7.4 8.12 7.52
7 1 7
0.8s0.1 0.4+0.1 n.2+0.1
Y 10 12
N/A N/A N/A




Well Number:  WELL S7

Date Sampled
Lab Rame

Calcium (mg/1)
Magnesium (mg/1)
Sodium (mg/1)
Potassium (mg/1)
Carbonate (mg/1)
Bicarbonate (mg/l)
Sulfate (mg/1)
Chloride (mg/l)
Ammonia-N (mg/1)
Nitrite-N (mg/1)
Nitrate-N (mg/1)
Fluoride (mg/l)

Silica (mg/1)

TDS~180°C (mg/1)

Conductivity -
Field (umhos)

Conductivity -
Lab (umhos)

Conductivity -
Dilute (umhos)

Alkalinity (mg/1)

pH - lield

pH - Lab

Aluminum (mg/l)
Arsenic (mg/l)
Barium (mg/l)
Cadmium (mg/l)
Chromium (mg/l)
Cobalt (mg/1l)
Copper (mg/l)
Iron (mq/1) °
Lead (mg/1)
Manganese (mg/l)
Mercury (mg/l)
Molybdenum (mg/l)
Nickel (mg/l)
Selenium (mg/1)
Vanadium (mg/1)
Zinc (mg/1)
Boron. (mg/1)

Uranium (pg/l)
Radium 226 (pCi/l)

Temperature (*cr™
water Level (ft) MSL

EPA Standﬁrds
and
Criteria

250
250

10
i.4-2.4

500 |

BYTE PROJECT
QUALITY

SAMPLE RESULTS

Page 2

MIN{UM

7.2

<0.1
0.002
0.2 -
<0.001
<0.001
<0.001
0.001
<0.05

" ¢0.005

<0.1

0.0002 -

<0.002

- <0.002

<0.002
0.006
0.44

<0.5

9

N/A

MAXTMUM

500 .

260
7.6
8.1

<0.1
0.002
0.2
<0.001
<0.001}
<0.001
0.001
<0.05

<0.005

<0.1
0.0002
<0.002
<0.002
<0.002
0.006
0.44
<0.5

7
0.8

13
N/A

AVERAGEK

353
441

473
231 -
7.3
7.6

<0.1
0.002

<0.001
<0.001
<0.001 .
0.001
<0.05.
<0.005

<0.1 .

" 0.0002
<0.002
<0.002
<0.002

0.006
0.44
<0.%

0.4

11
H/A



Well Number:

Well Type: BASELINE WELL

WELL 62

Formation; CHADRON

EPA Standards

Date Sampled
Lab Name co

Calcium {(mq/1)»
Magnesium (mg/1)
Sodium (mg/1}
Totassium Img/1)
Carbonate (mg/1)
Bicarbonate (mg/l}
Sulfate (mg/1)
Chloride (mg/1)
Ammcnia-N img/1)
Nit:ite-N (mg/1)
Nitrate-N (mg/l)
Fluoride 'img/1)
Silica (mg/1)

TDS-180°C (mg/1)
Conductivity -
Field (umhos)
Conductivity -
Lab (umhos)
Conductivity -
Dilute (umhos?
Alkalinity (mg/1)
pH - Field
pH¥ - Lab

Aluminum (mg/1)
Arsenic (mg/1)
Barium (mg/1)
Cadmium (mg/1)
Chromium (mg/1)
Cobalt (mg/1)
Copper (mg/l)
Iron (mg/1)

Lead (mg/1)
Manganese (mg/1)
Mercury (mg/1)
Molybdenum (mg/1)
Nickel (mg/l)
Selenium (mg/1)
vanadium (mg/1)
Zinc (mg/l)
Boron (mg/l)

Uranium (pug/1)
Radium 226 (pCi/l)

Temperature (°C)
Water Level (ft) MSL

and
Criteria

250
250

1.4-2.4

500

S

Surface Elevation:
vell Depth:

3780.0 fr MSL

469.8 ft

Distance From Wellfield: 9,700 £t

Sample Results

10/30/81 01/28/82 04/27/82 04/27/82 07/13/82
" KRL “NRL NRL JORDAN NRL
12 15 1s 15 16
3.0 37 3. 3.4 3.7
400 380 390 396 380
9.2 9.5 9.8 14 10
<2 <« <« 0 <2
430 390 390 382 400
350 340 160 338 360
200 180 180 186 150
0.44 0.44
<0.01 <0.01 <0.01 <0.01 <0.01
0.03 <0.01 0.02 0.07 0.03
0.9 0.6 0.6 0.69 C.6
8.8 11 12 11 11
1200 1100 1100 1200 1200
1750 1400* 1700 - 1700 © 1650
1870 17:9 1900 1870 1890
Y 2140 2090 2180
) 320 313 330
8.4 7.46 7.5 7.75 7.8
8.3 7.9 8.0 8.13 7.8
<0.1 0.0?7
<0.002 <0.001
<0.1 0.04
<0.001 <0.0001
<0.001 <0.001
<0.001 <0.01
. 0.001 0.004
0.85 <0.05 .0.03
<0.005 . - <0.001
<0.1 0.013
0.0003 0.0004
0.022 <0.01
<0.002 <0.01
<0.002 <0.001
0.006 <0.01
0.11 0.11
1.2 0.73
17 27 35 31
15.240.3 18.0+40.4 13.840.%6 17.1+1
6 13 R} 11 13
3743.6 3744.6 37446 3T44.6 37443

10/04/82 04/08/83 07/05,83
CORE

NRL

16
4.3
400

11
<2

" 190
370
170

" ¢0.01

0.04
0.6
11

1200
1600
1800

2100

120

7.65
8.1

31 20
5.930.2* 16 920.5

12
3744.9

CORE

14
3.3
390
8.6

2

385
343
169.2
0.25
20.01
<0.1
0.8
11

1156
1700
1900
2002
328

7.85
8.34

17
1.5
400

10.0
<l

384.0 -

339
177

0. 20

<0.01
0.1
.6
12

1162

1600

1860

2120

331
7.95
8.03

10.330.8 16.0%

10
3743.3

14

3743.0




Well Number:

pate Sampled
Lab Name

Calcium (mg/1)
Magnesium (mg/1)
Sodium (mg/1)
potassium {(mg/1)
Carbonate (mg/l1)
Bicarbonate (mg/1)
Sulfate (mg/l)
Chloride (mg/1}
Armmnonia-N (mg/l)
Nitrite-N (mg/})
Nitzate-N (mg/1)
Fluoride (mg/1)
Silica (mg/1)

TpS-180°C (mg/1)
Conductivity -
Field (umhos)
Cenductivity -
Ladb (umhos)
Conductivity -
Dilute (umhos)
Alkalinity (mg/d)
pH - Field
pH - Lab

Aluminum t{mg/1)
Arsenic (mg/1l)
Barium (mg/1)
Cadmium (mg/l)
Chromium (mg/1)
Cobalt (mg/1)
Copper (mg/1)
lron (mg/1)

Lead img/1)
Manganese (mg/1)
Mercury (mg/1l) .~
Molybdenum (mg/1)
Nickel (mg/l1)
Selenium (mg/l)
vanadium (mg/1)
Zinc. (mg/1)
Boron (mg/l}

Uranium (pg/1)
Radium 226 (pCi/l)

Temperature (°C)
‘Wwater Level (ft) MSL

WELL 62

EPA Standards

and

Criteria

250
250

. 10
1.4-2.4

500

o
w

QOr o0
QO
[V o

OO0 M
PadPEPaE
OO0 w
QW

0.01

crow sURE® PROJECT
WATER QUALITY

SAMPLE RESULTS

Page 2

MINTUM

3743.0

MAXIMUM AVERAGE

18.0

14
3744.9

15
3.5
392

10.1
2

39)
350

. 176.5

0.3
<0.01
0.05
0.7
11.0

1165
1683.3
136v

2105
24
7.8
8.1

<0.09
<0.002
<0.07
<0.0006
<0.001
<0.006
0.003
0.31
<0.003
<0.06
0.0004
0.016
<0.006
¢0.002
20,008
0.11
0.97

25.
15.9

11
3744.)



Surf{ace Elrvatlinn: 1780.0 ft MSI.
well Nepth:  NA ft

Well Mumher: WELL R}

well Tyve: BASELINE WELL

Water Level (fr) MSL

-

Formatinn: BRULE Nnistance From wellfirld: 9,900 (¢

. : EPA StandarAds ' . 3ample Resnles
Date Sampled. and . 10/29/81 01/29/82 04/2R/82 07/13/82 10/04/82 04/08/33
Lab Name Critecia- NRL NRL ' NRL © MRL NRL CORE
Calcium (n/1) 67 65 68 6y 67 64
Magnesium (mg/1) 7.3 7.6 7.4 7.4 8.4 7.0
Solium (/1) 22 2} 2) 24 23 22
Potassium (mg/1) 8.6 8.1 8.7 8.7 8.% 7.6
Carbonate (mg/1) <2 <2 <2 <2 <2 <1
Bicarbonate (mg/1) 280 280 280 230 21 274
Sulfate (mg/1) 250 1 8 15 7 12 11 <10
Chloride (mg/1) 250 $ 4 Y | S 4 3.4
Ammonia-N (mg/1) : 0.0% <0.0
Nitrite-n (mg/1) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Nitrate-N (mg/1) : 10 1.9 - 2.0 2.0 1.9 1.9 2.1
Fluoride tmqg /1) 1.4-2.4 0.6 0.5 0.6 0.5 0.5 V.95
Silica (mg/1) 57 T 60 60 59 58 S4
TDS-180°C (mg/1) 500 40 330 340 360 390 ' 304
Conductivity -

Field (umhos) 410 335 420 420 405 190
Conductivity - , :

Lab (umhos) 479 467 489 471 45) 499
Conductivity - .

Dilute (umhos) 529 530 507 496
Alkalinity tmg/1) 230 230 220 242
pH .- Field 6.9 6.8 7.4 7.3 6.80 7.25
pd - Lah 7.7 1.2 7.% 7.3 7.4 7.72
Aluminum (mg/1) : <0.1
Arsenie (mq/1) 0.05 - 0.003
Barium (mg/1) 1 0.2
Cadmium (:g/1) 0.01 <0.001
Chromjum (mg/1) 0.05 <0.001
Cobals (mg/1) <0.001
Copper (mg/)) 1~ 0.002 /
‘Iron (mg/l) 0.3 <0.0S <0.05
Lesd (mgy/1) n.0% ’ <0.00%

Manianese (mg/l) 0.0% €0.1
Mercury (mg/1}) . 0.002 0.0001
Molybdenum (mg/l) <0.002
Nickel (mg/1) <0.002
Selenium (ng/1) 0.01" n.002
Vanadiun (mg/1) 0.00%
Zinc (mq/1) S .0.054
Boron (mg/l) <0.%
Uranium (ug/l) . 11 t1 1l 11 10 5
Radium 226 (pCi/l) 5 0.3$0.1 0.3+0.1  0.5s0.1 0.840.1 0.0s0.2 0.4+0.?
p :
" Temperatunra (°C) - - 1n 9 8 13 13 8



~ Copper (mg/1)

well Number: WELL 63

: EPA Stanldards
Late Sampled BELY
Lah Name Critmria

Calcium (mq/1)

Magnesium (mg/1)

Sodium (/1)

Potassium (mq/1)

Carbonate (mg/l)

Bicarbonate (mg/1)

Sulfate (mg/l) 250
Chloride (mg/l1) 250
Ammonia-N (»q/1)

Nitrite-N (mg/l)

Nitrate-N (mg/1) 10
Fluoride (mg/1) 1.4-2.4
Silica (mg/1) :

TDS-180°C (mg/1) 500
Conductivity -
Field (umhos)
Conductivity -
Lah (umhos)
Conductivity -
Dilnte (urhos)
Alkalinity (mg/1}
pH - Tield
pH - Lab

Aluminum (mg/1)
Arsenic (mg/})
Barium (mg/1)
Cadnium (mg/1)
Chromjum (mg/1)
Cobal” (mg/1)

COoO~rO
o .
[= 2 ] o

Iron (mq/l}

Lead (mg/1)
Manganese (mq/1)
Mercury (mq/1)
Molyblenum tmq/1)
Nickel img/l) _
Selenium (ma/1) . 0.01
vanadium (0ng/1)}

Zinc (mg/1) 5
Boron (mg/1)

DO
. . . .
OO O W
=R~ XV

uranfom (ug/l)
Radium 226 (pCi/1) S

Temperature (°C)
water Level (ft) HUSL

CHOW BUTTE PROJWCT
WATER CUALITY

SAMPLE RESDLTS

Page 2

MINTUM

64
7.0
22
7.6

bR L]

). 4

. <0.0

<0.01
1.9
0.5
54

304
390

153

196
220
6.8
7.2

<0.1
0.00)
0.2
<0.001}
<0.001
<0.001
0.002
<0.05

<0.00%

<0.1
0.0001

<N.N02

<L.002
0.002
0.006
0.054

©<U.5

S
0.3

MAX]NUM

390
420
499

- 530
242
7.4
7.7

<0.1
0.003}
0.2 .
<0.001
<0.001
<C.001
0.002
¢0.05%

A

€0.005

<0.1
0.0001
<0.002
<0.n02
0.nv2
0.006
0.054
<0.9

13
0.8

0

JRASE.



B BT PROIBCT
FER QUALLTY

Well Numher: WFELI, 6 . ~ Surface Elevatinn: Y704.9 (t MK,

well Type: BASELIKE WELI well Dapth: 0.0 f»

- Formatinn: dRULE nistance From wallfiald: 13,000 fr -
® EPA Stanlar-s Sanple R[esyleg
Date Sampled and 10/29/31 01/20/R2 04727782 07/131/82 10/04/32 08/971/7)
“ Lab Namw Criteria - NRL NRY NHL NRL NRL TONE
Caleium tmg/1) 99 .88 97 8? 100 99
Magnesium (mg/1) . 12 11 12 12 - 15 12
Sadium (mq/1) : b} ) 93 53 5) 52 56
Potassium (mg/1) By 12 %) 14 14 12
Carlonate (mg/\) : <2 2 €2 <2 3 <l
Bicarbonate (mg/1) 449 10 - 410 430 429 42)
.Sulfate (mg/1) 250 30 35 N 10 26 29
Chlorids (mq/1) 250 17 17 22 19 2) .2,
Asmonia~N (mg/1) - 0.08 ' - <0.05
Nitrite~-N (mg/1) . <0.01 <0.01 <0,01 <0.01 <0.01 <v,01
Nitrate-N (mq/1) .10 6£.% 5.) 4.1 4.2 9.2 8.7
Fluoride (mg/1) _ 1.4-2.4 0.7 0.% 0.6 0.6 ' 0.¢ 0.6
Silica (mq/1) 59 6l 60 $8 bL 5%
.TOS-1R0°C (mq/1) $00 T 540 480 $30 540 510 498
Conductivity - :

Field (umhos) 320 560 600 . 700 700 150
Conductivity - )

Lab (umhna) 800 738 767 728 7. 822
Conductivity - ) - :

Dilute (umhos) 89) 806 918 8%2
Alkalinity tmg/1) ) . 340 350 340 362
pH - FPield 7.% 7.0} 7.40 7.0 . 6.8  6.8%
pH - Lab 2.6 7.3 ' 7.7 7.3 T 7.61
Aluminum (mg/1) <0.1
Arsenic (ma/1) 0.05 0.005
sarium (mg/1) 1 : <0.1
Cadmium tmg/1) 0.01 0.002
Chromjum tmq/1) . 0.0% ' ) <0.001
Cobalt (mg/1) ’ <0.001
Coppar (mg/l) 1 0.006
Iron (mg/1) 0.3 <0.0% <0.0%

Lead (mg/l) 0.05 ' . 0.020

Manganese (mg/}) 0.0% <0.1

Mercury (mg/l) 0.002 0.0009

Molyblenum (»q/1) ) 0.004

Nickel (mg/1) <D. 002

Selenium (mng/1) 0.01 <0.002

.Vanadiuvm (ma/1) -0.016 .

2inc (mg/1) b o 5.2
_ Boron (mg/l) 0.5

Uranium tug/l) 31 2R 31 k3 27 26
Radium 226 (pCi/1) s 0.4+0.1 0.3+0.1 0.6:0.2 0.330.1. .0.9+0.2 0.330.2
Temperature (°C) 11 9 3 12 12 ' A

water Lavel (ft) MSL ) 3684.9 1685.9 3685.5 JRRA .2 3r84.9 =

e



Well Numhec:

pDate Sampledd
L.ab Name

Calrium Im/1)
Magnesium (mq/1)
Sodium (mg/1)
Potassium (mg/l1}
Carhonate Img/l}
Bicarbonate (mq/l)
Sulfate I1mg/1)
Chlaride tmg/1)
Ammonia-N (mg/1)
Nitcite-N tmg/l)
Nitrate~N t(mg/1)
Fluoride (mg/1)
Silica tmg/l)

THS-180°C (mqg/1)
Conductivity -«
Fileld t(umhos)
Conductivity =~
Lab (umhos)
Conductivity -
Dilute (umhos)
Alkalinlity (mg/l)
pH - FPleld
pH ~ Lab

Aluminum (mg/1)
Arsenic (mg/1)
Barium (mg/1)
Cadminm (/1)
Chromium (mg/})-
Cnbalt ({mg/1) '
Copver (mq/1)
1ron img/1)

Lead (mg/1)
Manganese (mg/l)
Mercory (mg/l)
Molybtlenum (mg/1)
Nickel (mg/1)
selenium (mg/1)
vanadium Img/1)
Zine (mg/1)

Boron imq/1)

Uranium (pg/l}
Radium 226 1pCi/1)

Tempsrature (°C)
water Level

1y ASL

WwWELL

and

Criteria

50
250

10
1.4-2.4

S00

S

66

EPA Standardis

PROJPCT
WATEH QUALITY

SAMPLE RESULSES

Pane 2

Mp UM

87

i1

52

12

<«

4an

6

17.0
<0.0

<0.01

3
InR4.9

MALlMUN

570
7501
822 .

915.
1162

7.5

7.7

<0.1
0.005
<0.1
0.002
<N.001
<0.001]
v.006
<0.05
0.02v
<0.1
0.0009
0.000
<0.002
¢0.002
v.016
5.2
0.%
3
0.9

12
J6RA,2

AVEIROY

95

42
IR
.2
€22
3¢
19.7
V.06
.01
65.)
0.%
. 59

$26
60%
173

857
148

~



TAKLE 1 ,
CROW PUTTE WATER QUALITY - PILOT WELL FIELD #1
DATE SAMFLED ittt ~12/03/R2~mncemmmmmns e 01/18/83—=-~c=cmmmens  mmem—==- 04/11 /0 -~mmo==s =
WELL NO. FT-2 PT-7 F1-8 FT-9 F1-2 FT-7 FT-8 FT-§ r-2 F1-7 rr-e F1-9
LARORATORY . JORDAN i . NRL . COKF
CALCIUM <Ms/)> 15 17 . 20 17 12 15 17 15 11 s 15 14
HAGNESIUN <Ma/1> 3.8 4 3.4 2.8 3 3.9 3.3 2.5 2.5 3.6 2.5 2
SODIUN <Me/1> 406 402 i8¢ 408 390 400 400 390 420 | 400 170 ac0
FOTASSIUM <Mg/1> 16 12 17 13 15 10 13 13 17 -10.6 12 12
CARKONATE <Hy/1> s 0 . 23 14 2 14 17 <! <1 <1 {1
BICARBONATE <(Mg/1> 348 383 343 353 350 380 350 350 - 353 373 364 179
SULFATE “Ms/1> : 355 355 341 35S 370 370 340 350 343 333 315 s
_ CHLORIDE <Ms/1> . 188 186 180 190 200 180 180 180 209 '178.1 17%.9  184.8
“AMMONIA-N <Me/1> 0.52 0.51 0.54 0.82 0.4 0.34 0.38 0.4 . 0.38 0.4 0.45 0.45
NITRITE-N <M9/1> €0.01  €0.01 0.01 <£0.01 <0.01 <0.0%t ¢0.03 €0.01 0.01 0.01 0.01 0.01
NITRATE-N <Mu/1> 0.0S3 0.04 0.03 (0.01 (0.01 - (0.01 0.04 (0.01 €0.1 €0.1 0.1 €0.1
SILICA <Mu/1> , 11 14 16 13 13 14 15 14 19 22 24 32
TNS-180 C ) 1220 1220 1190 1240 1100 1100 1100 1200 1184 1134 t170 1182
K-LAR <uahos> 1830 1810 1740 1900 1800 1790 1750 1820 1675 #1510 31510 #1590
»H-LAD 8,42 8.1 8.44 © 8.82 8.4 8.4 8.4 8.8 8.3 7.81 8.15 8.41
~ARSENIC <Ms/1> 0.006 ©0.001 - 0.00%5  0.014 0.004 <0.002 (0.002 0.007 <£0.01 (0.01 £0.01 (O0.01°
BARIUM <Ms/1> 0.09 . 0.04 0.11 0.1 .<0.18 <€0.1 €0.1 €0.1 <0.3 £0.1 €0.1 (.1
caDMIUN <He/1> <0.0001 0.0004 0,0001 £0.0001 (0.001 <£0.003 <£0.001 (0.001 (O. ox £0.01 ¢0.01 (£0.01
CHROMIUM <Ms/1> C€0.001 <0.001 (0.001 (0,001 (0.C01 0.003 <0.001 (0.001. K 2 L
COFFER <Mg/1> . 0,003 0.004 0,007 0,004 0,004 0,005 0.005 °0.005 <O. ox ¢0.01 ¢o0.01 <£o0.01
IRON <Ms/1> ) 0,02 0,01 0.01 0.02 <€0.05 (0.05 <(£0.05 ' €0.05 <0.,05 . O0.14 0.13  £0.05
LEAD <Hm/1> €0.001 <0.001 <0.001 0,001 <0.005 <0.005 <0.005 <0.005 <0.01 <0.01 <0.01 0.02 - .
MANGANESE <Ms/1> 0.00? 0.008 0.006 0,008 €<0.1 <0.1  <0.1 €0.1 <€0.01 . £0.01 <0.01 (0.0
MERCURY <Ms/1> - €0.0001 <0.0001 €0.0001 €0.0001 <0.0001 £0.0003 <0.0001 €0.0001 €0.0003 €0.0003 €0.0003 £0.0003
MOLYBDENUM <Mu/1> - 0,02 0.02 0,03 0.0%5 0,024 0,022 0.02F% 0.073 0.1 <0.1 £0.1 <0.1
NICKEL <Hg/1> . <€0.01 <0.01 £0.01 <€0.01 <0.002 ¢0.002 €0.002 <0.002 €0.05 <0.05 <0.05 <0.05
- "SELENIUM <Mu/1> €0.001 <0.001 <0.001 <0.001 ¢0.,002 <£0.002 <0.002 (0,002 <€0.01 <0.01 <0.1 . (0.01
VANADIUM <Mg/1> 0.01 <£0,01 (¢0.01  0.03 0,027 0.004 ©0.012 0,025 <0.1 <0.1 <0.1 . (0.}
ZINC <Hs/1> . 0.01  0.017 0.027 0.008 <0.005° 0.015 0.005 (0,003 <0.01 <(0.03 - 0.01 0.04,
BORON  <Mg/1> : 1 1.1 0.97 0.99 0.9 0.9 . 0.8 0.7 0.93 0.95 0.92 0.76
URANIUN <N2/1> 0.933 0.119 0.322 . 0,441 0.77? 0.085  0.29 0.39 0.64 0.07% 0.263 0.3a
RADIUM-228 <pCi/1> 134 39 151 802 48.1 280 8%.2 207 - 34.9 266 115 a9

2 - CHROMIUM NOT RUN IN THIS SAMPLE SET, CALCULATIONS PASED ON A %AHPLE SIZE OF TWELVE.

# - DENOTES OUTLIER (NOT USED IN CALCULATIONS)



B | 2 1. V4 1 k. B
£7-2 F1-2 r1-8 F1-9
» CORE
2.7 20 15 12
2.0% 3.5 2.18 1.5?
400 370 380 400
18 13 11 15
<1 1! <! <y
338 345 354 363
339 337 347 347
22 18S. 178 190
053‘ - 003 0033 o.‘l
£0.01 £0.01 €0.01 . <€0.01
0.1 <0.1 €0.1 0.1
0.6 0.5 0.5 0.4
15 14 19 17
1393 1127 1120 11%6
2000 1800 1900 1970
- 8.19 8.22 B.14 8.29
<0.1 €0.1 €0.1 0.1
£0.001 €0.001 <€0.001 «0.001
€0.005 €0.005 <€0.005 (0.003
0.0t <0.01 €0.01 (0.01
€0.,03 0.03 <€0.03 (0.03
€0.00%5 -<0.005 <£0.005 <0.005
<0.005 €0.005 <€0.005 <€0.,00%
€0.0002 €0.0002 £0.0002 €0.0002
£0.01 0.01 €0.01 €0.01
0.001 <0.001 0.001 <0.001
£0.01 0.02 0.0} 0.03
0.01 0.01 <€0.01 (0.01
0.81 0.79 - 0.88 0.86
0.3 0.72 0.2% 0.33
37.1 8A.7 116 349

MIN] MM

7.7
1.57
320
10

339
337
175.9
0.3
0.01%
0.01
0.5
13
1100
1673
?2.81
0.001
0.04
0.0001
0,001

RANGE

0.003

0.01
0.001
0.005

0.0001

0.01

. 0.002
0.001
0.004
0.00%3

0.7
0.07%
37.1

.~

MAXIHUM

~
“

420
18
-~

383

370

22

"0.82 .

0.01
0.1
0.7

37

1240

2000

8.82

0.11

0.01

0.003

0.01

0.14

0.02

0.0003
0.1
0.05
0.1
0.1
0.04
1.4
0.933
402

Hean

14.85605

2.9125

397.8125-

131.4

- 5\5
340.8123
352.6235
187.6123
0.43725
J.01
0.04623
0.63
17.432%
1163.3
>1829.4<
>8.3556<
>0.00483<
0.09623

- 20,0030¢

0.0023
>0.0073<

0.045825 -

0.005875

>0.03035<

0.000173
0.043873
0.018

.0.009123

0.0373735

0.0124823 -

0.90373
0.404873
215.373

S1aNbLALD
Pttt niid

~3.,1618.
1007545
,13.034-
“Y. 4494

034774.

T 13,545

10,4481
S11.975<
20.12272<
~0.,0000%
>0.0404%
30.08747
24.2393<
>46.082¢
91,6147
20.2850<
30.,0033< -
20.0154%
+0.,0041<
20.00197
30.0028<
>0.0344¢
~0.0040<
>0.0434%
+0.0000¢
~0.0373<_
20.0193<
>0.0244<
>0,0381<
>0,0090<
+0,0974¢
20.2510¢

>188.37¢



Location Number:

Ciztance From Wellfield: 1920

EFA Standird:

Date Sikeled

Aol STIE PRMJEST
SUFFATT WTER BASELINS WATER RLiTy

£-] ' Sincle Tups:  :TREAM
Mater Systes: .SHMUW CREER

CAMFLE RESIALTE - BINIY  MAYIMN  ATRAE

€2/25/82 €4/19/e2 B7/@3/21 1@/0Sr0l -

Lab Name HRL MFL HFL NFL

Calcium (pa/li bé 2% &e el _ & 43 04
Magnesium (pasl: 3.7 3.4 c.8 - 3.8 9.4 c.g 9.5
Sodive mar]} 12 12 13 1z R 13 1
Potaseiun (1a:]) l.a 5 L& A7 T4 3.8 3.8
Carbonate (s3/1) O {2 ~2 Wl 2 w o Q
Ficarbonate 1091} g\ 7 2:e 270 28 <70 218
Cultate 1m/) sy ¢ 8 0 ¢ 5 13 7
Chloride (pq/l} i) Vi Wy : i : . ki 3
famonia-N (p3:1) {€.05 «.ec _ <0.8% @.05 et
Nitrite-N 1pq/1: 0.0 .01 .04 «8. 0} <¢.C1 0.01 c.0!
Nitrate-N 1ag’1) 18 e.c” 2.33 0.1¢ ' 0.1? e.le 0.57 8.
Fluoride (mas1} 1a-2.4 e.6 0.¢ 0.5 .5 . 0S .5 0.8
Cilica 1#3,)) 83 52 b <1 Y &t 53
T02-180°C (8371) %00 280 o el e 7o ¥ <«
Conductivity -

Field (ushos) 420 20 3 . 333 330 L X20.
Conduztivity -

Lib tuphes’ 421 ATS 424 3o k&3 LY 8
Condyctivity - .

Dilute cushozi 44% 451 L 7T Y k1 4% 4tk ]
Alkalinity D) <10 210 e 2on 210 oy 21
oH - Field P | 7.0 8.2 T.E 7.3 8.1 7.t
pH -~ Lat 7 7.6 6.1 el T.a 8.1 7.0
Aluminue (a3/}) 0.1 .1 .1 8.1 ‘0.1
Arsenlc (za/]) g.0c 2,002 0.00s c.ea2 0. 004 C.033
Farium (aa/1} { c.1 R Y | g.1 0.1 g.:
Cadayun (#a)) e.01 <0. 00! C<e.edt : 0,001 0,001 «C. 001
Chrosium ing/]) L.e5 0. ecl <0, 094 €. 00) .00 <0.C2!
Cotalt (ma/l) <C.c0! <e,0s! <0.80! <G. 04

" Copper (ma/1]) 1 «¢. 00t g.e¢1 0, 00! 0,001 . 001
Iron (g3 2.2 0.08 .05 . : T 0,09 g.es p.0c
Lead (ma/l) c.cs <. 005 _ <o.ees 0.005  «<0.B05  <0.0CS
Manqanese o3/l e.05 @ .1 ' 0.1 0.1 0.1
Hercury (ng/]) £.00: 0. 808! ¢, 0021 v ' «€.0081  <0.0e0) 0. 0eQy
Nolybdenva (sa/]) ' 0,082 (€. 0802 ’ © <0002 <0.e0c  <C.222
Nickel (mi}) 0,032 «8.002 C.032  <C.e02  «<C.02:
Selenivs (m9/l) e.0! 0.0z : 0.002 0.002 0.8 0.0
Vanadium (nq/}) 0. 00s . 0.008 ‘ 0.egs g.eas £.004
Zinc (m3ily 5 10,002 0. 204 @.0m 0.204 08.c23
Poron (m:1) 0.5 o (0,5 _ .= 0.5 .S

“Uraniua (»q/]) { 4 -9 : : | s 3.
Radiem 228 (p(i/]) 5 C.4 8.3 p.4 S .2 " 0.4 8.4
Dizsolved Oryaen (ppa) 12.¢ 11,9 2.5 10.9 8.5 2.0 10.7
Temperature (*C) 4 ! 5 2 10 . 1 2 1



CROW MATTE PROJECT

SUFFACE WATER RASELINE WATER QALITY

{

Lecation Number: .2 Sieple Type:  STREAY
Distance Fros Wellfijeld: 632€ o Water Sustems SAM (FEEK-
EPA Standards SKMPLE PESULTS , HINIUN - MAXIMM  AVERAE

Late Sampled B2/25/82 04/19/82 @7/83/82 1@/05/82 :
Lat: Name HFL NRL NRL NRL
Calcivm ima/]) b b4 53 58 52 b 8
Migneziue taq/l) °.5 9.4 9.2 9.1 . 5.1 2.5 0.1
Sadivm (pa/]) 12 12 14 12 2 14 13
Fotassium (ma/]) ’ .9 40 4.0 4.3 3.5, 43 4.0
Carbenate (33/)) ’ Q@ Q o <o & 2 Q
Eicarbonate (aa/}) A =0 pa ) Yoy \ 0 >0 >
Sulfate (ra/]} S8 11 S 10 ¢ 10 i1 11
Chloride (ma/}) =0 62 14 2 Z 2 2 2
Aamonia-N (23/]) ' .85 <0.05 Q.20 3.0 <0.08
Hitrite—N tmasl) <0.e1 c.02 <e.0} €0.0! 0.0 0.8: 2.0t
Nitrate—N t(aq’]) 18 £.62 0.28 <g.¢! <g.e! <e.01 8.6 8.2
Fluoride (e3/1)} f.4~2.4 e.e 8.4 6.5 6.5 8.5 e.6 0.8
Silica (/1) bXi 51 50 48 1] 5T - 54
TD=-180°C (m3/}]} 509 Ipe 240 260 - 200 A0 R 270
Conductivity -

Field (umhos) 430 o0 J:0 Jog Jod - 438 X8
Conductivity -

Lab (umhos) 437 424 12 Xe X2 A7 oo
Conductaivity -

filute tushoz! 482 447 396 412 Ies 483 433
Alkalinity fa3/1) R 0 189 29 160 P xm
pH - Field 7.78 73 1.5 .85 7.5 7.8 7.7
M - Lab 7.8 7.8 8.1 £.1 7.8 - & 8.8
Aluminun (B9/)) {8.1 p.1 0.1 e.! 8.1
Arzenic 1aq/1) e.85 - p.eer e.004 . 2.002 0.08¢4 0.ee3
Rriwm (g/}) ! .2 a.! ¢! 8.2 8.2
Cadaivea (:9:]) g.¢c1 <C. A1 <0.001 0. 001 <8. 001 <C. 80!
Chromivm (aa/]) ! e.05 0.821 <0. 891 @.601  <p.e¢1  <0.e21
Cobalt (m/1) : ' 0. 001 .02l <p.0ey <e. 01
Copper (m3/1) ! <0. 001 8.001 €.co1  e.801  0.p3l
Iron (mg/]) e.2 p.cs <0.Ct <C.05 0.85 £.05
Lead (ma/)) 0.05 <0, 028 <B.005 €.005  <0.885  <D.OX%
Minzanese (m3/l1) .00 .1 9.1 (0.1 .1 .1
Hercury (#a/l) e.eqa2 <0, 8oe! <0.eco! ©.0001 <6.8601  <D.0COY
Molubdenus (23/1) €. 032 (8.002 0.802  <@.002  <0.e02
Nickel (ma/]) 0,092 <. 802 <0.002 <g.eg2 0.5z
Seleniua (mg/}) 8.04 g, ea2 8.802 <8.282  <0.002  <0.992
Vanadiua (m3/]) 0. 004 0.00% 0.284 8.80% 8. 005
linc (m9/1) 5 <p. €22 g.002 N 0,002 0.6 0.00:
Foron (e#a/]) £.5 8.4 0.5 0.5 0.6
Uraniva (Pg/]) . 2 2 4 2 4 L
Radivm 22¢ (gCi/]) 5 T R.A .1 8.4 8.1 0.4 8.3
Dizzolved Oxyaen (ppm) 12.1 12.4 - 8.6 18.4 9.8 12.4 .2
Teaperature (°C) ! 7 24 1 1N 1



Location Nusper:
Dittance From Hellfield: oI

' EFA Standards

€3

CPOW FUTTE FROJECT
CURFACE WATER PASELINE WATER GUALITY

Canoie Type:
Water Suctes:

SAMPLE PESLLTE

DRAFT |

STREM
SN (FEEY

BINIUN . mAYIMM AERAE

Date Saseled @2/2¢/62 BA/19/82 Q1/08/8% 18/0%/6.

Lab Name HPL HRL - NFL NRL

Calcium (ma?]) . 55 L) 49 &7 49 13 55
Mignesiua (83/]) 5,7 9.¢ 9.0 .4 °.0 7 .4
Codivm 1eq/ ]! W 12 14 13 12 14 13
Potaszium (m/]) 4,0 4.5 40 4,9 A2 4.5 4,3
Cirbonate (o3/]) {2 <2 ©2 2 2 Q <2
Ficarbonate (ag/1) 70 270 re 240 22 70 Yalt
Sultfate (aq/1) X : & 8 ¢ b £ 7
Chleride (ga/l) =0 Q Q 3 N 2 3 3
Avaonia~H (p9/]) .05 «.es. LS @B.05 (.05
Nitrite=N (m3.]) <0.81 e.n: <0.01 <0.¢1 <c.0! 0.00 0.01
Nitrate-H tmg/]) 10 2.4 .21 <0.04 g.es 0.0 2.4 £.49
Fluoride (me']) §.4-2.4 0.¢ 8.6 2.5 0.5 8.3 8.5 8.6
Cilica (m/1! M| 4B 1YY A8 ' 51 A5
TPE-18C°C img/])} sep e 280 280 ©x 260 i | 27e
{onductyvity - o

Field tushos) TR T 0 s 5 A2 S
Lonductivity - ' S ’

Lab (umhee! LY 432 n8 &7 8 LR REE
Conaductivity - : ’

D1lute (ukhosz) 470 44 391 213 Bl 470 Ay
Alkalinity (s3. 1) = 219 180 X0 180 AT by L
e - Field 7.82 7.80 8.4 o 7.8 £.4 8.0
tH - Lab 7.7 1.6 8.3 8.1 T.¢ 8.1 7.9
Alusinus (#3/]) : .1 <0.1 0.1 .1 .1
Arsenic (m/l) e.es 2.002 0.004 C.000 .04 £.e03
Rariva (sa/}) 1 g.2 8.1 () 0.2 8.2
Cadsiun (/1) g.61 {0. 0! <0.e3! .l .o .01
Chromius (m3/]) e.05 0,201 6. 021 @001 2.001 0.8
Cobalt tma/]) <0.ect 0.001 .08 <C.eg1
Corper (o3/]) 1 <. 001 0.821 0,224 £.0a £. 031
Iron (33/)) £.3 g.es @.05 Q.03 g.es e.es
Lead (ma/l]) 0.0% 0,00 .05 0,085  <C.08% <C, 0
Manqanese (83/]) 0.05 ‘e .1 .1 2.l .1
Mercury ing/}) ¢.082 <0.ee3! <C. 0231 <«€.0C2 <0.00C1  <0.e00!
Holubdenua (»3/1]) £.0e2 <0. 80z .02 £.002 8.e32
Nickel (mq/]) .00 <0. 002 @2 @882 | <6.002
Selenivn (ng/1 0.01 <e.ea2 ©.e02 ©.002 (8.002 BB
Vanadiva (a3/1) - c.egs 6.235 L0 C.e0S 0.e05
linc (ma/]) 3 <e.ec2 0.802 W.092 2.002 8.co2
Loron (ma/]) ¢.t 6.5 .5 e.5 e.5
Uranius (pqs]) : . 4 ) 4 12 7.
kadiva 228 (p{i/]) 9 £.3 8.2 c.4 8.2 8.2
Disselved Oxygen (ppm! 12,1 11.2 8.8 10.9 6.8 1.1 10.8
Teaperature (*°0) 1 "B = i | 3. {1



@

Location Nusber: ,
Dirtance From Welltield: 8305 »

EFA Standards

W-2

CROW FUTTE PROJECT
SUFFACE WATER TACELINE WATER GRLITY -

Sanpie Tyret  RIVER

Water Systes: WHITE RIVEE

SAMPLE RESILTE

07/89/82 10:05/82

MINIUM  MANIMM  AVERACE

Date Sampled 128782 BA/21/EC
Lab Mame HRL NRL NRL NREL .
Calcive (ag/)) -] 5% 57 52 s2 7 5
Macnetiva (ag/]) 8.8 .7 2.8 7.9 7 8.0 IA
Sedive (p9/)) 17 16 20 18 1¢ 2 1§
Potassius teg/l) 6.5 ¢8. 1.7 7.9 t.5 7.9 2
Carbonate (ag/l) Q@ Q @ €2 A2 «Q .
Bicarbenate tag/l) 230 230 240 23 S 240 273
Sultate (w3/]) x=e 12 (= 13 16 12 16 14
Chloride (aq/]) = 4 4 6 ¢ 4 ¢ 3
Aamcnia-N (m/]) <0.05 e.cs @.05 .05 8.05
Nitrite-N (sa/}) e.et <0.01 g.8} 8.40 .01 .40 £.11
Nitrate~N (ma/]) , 1@ 2.1 8.52 . C.e 0.40 8.40 2 8.%9
Fluoride (ga/}) 1.4-2,4 0.5 8.6 £.4 8.4 0.4 8.¢ e.s
Cilica vwa/l) 34 54 5¢ . - $ 54 54
S-180°C (ng/1!} 00 e 230 Jod 270 &) xa an
Conductivity -

Field tumhos) 350 I8 390 30 320 350 383
Conductivity - - .

tab (vohot! 294 412 420 3n Il 4C 48!
Conductivity - : .

Cilute (uahos) 435 43 459 422 A2 459 A7
Alkalinity (ag/1) 199 200 209 19¢ 190 x0 195
pH - Field 7.50 L g.2 8.2 7.8 £.3 1.6
pH - Lab 7.5 1.7 7.9 8.2 TS 8.2 7.8
Alusinum &3/]) 0.1 6.1 8.1 8.1 0.1
Arzenic (mq/]) g.cc 0.03< © 8.004 2.0¢2 0.804 €.%3
farive (es/1) { .2 (] @®.1 8.2 0.2
Cadaium (mq/l]} e.4 @.e21 49,801 <2.L01 <0. 00t 0.0
Chrenium tpa/l) e.es <g.83s <C. 801 ©oodp.ee! B.001 6.001
Cobait (xasl) <@. 001 0,001  <g.e81  <0.e0!
Copper (:3/1) 1 <0.801 p.es2 <0.£01 g.c02 ¢. 202
Iren (m/1) .3 p.es €.05 €.C5 8.0% 0.8 .
Lead (ma/]) 0.05 . (8.805 <®.095 @.005  <0.005 <C.0O5
Manqanese (31/]) 8.85 ®.1 .1 .1 0.1 <0.1
Bercury (mg/]) g.002 <0. 2001 <L.ecH <.0081 - <0.0081 <0.0001
Holybdenum (aa/]) : ¢8.e0? €0.002 <0.002 <@.202 0.8
Nickel (sm/1) <g.002 {0.002 ®.002  <|.002 <0.eC2
Selenive (29/]) ¢.01 <0.68: <8.902 .02 <. <a.022
Vinadiun (93/]) 8.087 g.018 8.00? 6.210 6.c93
1inc (my/]) S 0. 802 8.014 (8.002 B.816 8.909
Roron (mq/]) ®.5 8.3 RS 8.5 e.5
Uranium (»/]) | 7 b | 7 5.
Radiuve 226 (p(Ci/]) 3 L0 8.4 e.5 8.4 R 1.3
Disselved Oxyoen (ppe) 12.3 1.9 9.1 10.4 9.1 13.9 11.4
Temperature (°0) R} b 3 19 19

19 11
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Figure 1

Table 2. Steady-State Simulation of Fluid Flow in Pattern 2

Par:ir{xeter
day

. ' .l )
Non-Leaky Aquifer K‘/b = 3.98 X 10

-5

Streamline Arrival Times (hr):

Streamline
Streamline
Streamline
Streamline
Streamline
Streamline

DU L W -

Areal Sweep (f12):
Streamline 1
Streamline 2
Streamline 3
Streamline 4
Streamline 5
Streamline 6 ‘
Total for Quadrant

h at Production Well (ft):
h at Injection Well (ft):

Percentagé of Injected Fluid
Recovered after 8000 hrs. of
Operation:

Vertical Velocity through
Aquitard at Injection Well
(cm/yr):

2339.
2330.
661.
453.
453.
661.

1036.
4026.
1133.
-173.
772.
1133.
11874.

.-16.32

2.95

WUMHO =

N O D =

'85.6

- 2342.
2333.
661.
453.
453.
661.

NN O

4041.
4024,
1133.
713.
772.
1135.
11880.

= NWOW= b No

 -16.53

1 2.74

85.6

3.76
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permeability, computed f.om the geometric mean transmissivity is
approximately 3.4 darcys. Therefore, the aquifer is characterized by
extremely high permeability and very low compressibility. It is
underlain by an aquiciude and overlain by an aquitard of low
permeability and high compressibility. These conclusions are consistant
with geologic reports, geophysical logs, lithology of core samples from
borehole C6C, and pump test data.

Analysis of pump test data indicates that leakage accounted for
approximately 57.5% of the total volume of water pumped during the
2.09-day pump test. During the pump test, no water was injected into
the aquifer, and the water recovered from the pumping well originated
from only two sources: 1) storage within the aquifer and 2) storage
within the aquitard. Since the compressibility of the aquitard is several
orders of magnitude greater than that of the aquifer, it is reasonable to
expect a high volume of leakage.

During an in situ leaching operation, injection wells supply fluid to the
host aquifer. The fluid recovered from the production well is derived
from three sources. 1) s*orage within the aguifer (after water leveis
statilize, changes in storage occur predominently outside the well field),
2) leakage (from aquitard storage and/or recharge source); and 3)
injection wells. Computer simuiations indicate that leakage would have

negligible effects on the proposed ISL pumping-injection schemes. The

primary explanativn for the modeling results is that the extremely high

aquifer permeability provides excellent hydraulic connection between the

production well and the four in‘ection wells. DMost of the fluid recovered
is supplied by ,the injection wells. Other contributing factors include a
low value of K /b and the fact that the change in hydraulic head within
the aquifer is small.

CONCLWUSIONS AND RECOMMENDATIONS

1. The NRC staff analyses demonstrate that leakage due to water
released from aquitard storage is high. The effects of this type of
leakage probably would be significant during the initial phase of
well field operation. After water levels stabilize and the effects of
aquitard storage diminish, leakage would not affect wnll field
operations significantly. Therefore, we recommend that ground
waler be circulated through the system to stabilize water levels
befure lixiviant is introduced into the formationn. This requirement
shall be included as a license condition.

2. Effects of leakage on a multiple well system involving both recovery
and injection car. be minimized by maintaining aquifer permeability.




IS

The fact that leakage effects for simulated ISL operations were
negligible is due largely to the high permeability of the aquifer.
Severe reductions in the permeanility of the Basal Chadron would
produce increases in leakage that may affect sigaificantly the
operation of the iSL well field. Typical problems associated with
severe reductions in aquifer permeability include increased
movement of contaminants into the aqeitard and loss of control of
fluid flow due to channeling and leakage.

To minimize problsms associated with permeability loss, Wyoming
Fuels Company must carefully select soqutions which will minimize
expansion of clays and precipitation. To assure the careful
selection of solutions, the NRC staff will require Wyoming Fuels
Company to explain *;he eggects of proposed solution chemistries
(specifically pH, Na', Ca' ', CO,, and HCOS) on clay swelling and

calcite precipitation. Particular attention should be given to ion
exchange and precipitation reactions that may occur at the interface
of solutions of different composition.

3. The low velocities and long flow paths associated with exterior
streamlines in Wellfield No. 1 may pose potential problems for
aquifer restoration. During the proposed period of restoration,
contaainants on the periphery of the pattern may not be entirely
removed due to extremely low fluid velocities and long flow paths.
This probles is particularly severe tor species retarded by
adsorption. Accordingly, the applicant will be requested to provide
-additional information or modify the proposed pc*tern to allow
restoration within an acceptable time frame. Possible modifications
include reduction in well spacing, incorporation of additional wells,
and modifications to the pumping-injection scheme.

Additional Information on the Restoration of Wellfield No. 1 in Response
to Conclusion No. 3 above.

In response to conclusion No. 3, Wyoming Fuel Corporation submitted a
report April 1984, prepared by Canonie Engineers, entitled "Mining and
Aquifer Restoration Scheme, Crow Butte ISL Uranium Project, Crawford,
Nebra %a." The report proposes a restoration program which addresses
the N C's concerns regarding wellfield No. 1. This restoration scheme
incorporates injection of restored water in a central injection well (the
production well of the leaching phase) and overproduction from four
exterior wells (injection wells of the leaching phase). Computer
simulations presented in this report show that at least one pore volume
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of restored water would displace lixiviant along peripheral streamlines
and that restoration would be achieved within the allotted time frame.

Although the assumptions ard procedures of the Canonie report appear
to be reasonable, the NRC staff believes that the conclusion may be
overly optimistir There are two concerns associated with the proposed
restoration scheme which are paramount:

© that restoration along peripheral streamlines cannot be achieved
with one pore volume displacement; and

that contaminants transported outward along a path midway between
production wells may not be recovered by the production wells.

To address these concerns, the NRC will require that two observation
wells be installed to monitor restoration in the jpzripheral regions of
wellfield No. !. The locations of these wells should be proposed by
Wyoming Fuel and approved by the NRC. The wells should be 4 inches
in diameter and screened over the same interval as the pumping and
injection wells. Monitoring of these wells should be bi-weekly for first 4
months ~‘ restoration and monthly thereafter. Baseline data for these
wells should be collected in the same manner as the baseline data for
other wells. Monitoring_and _baseline analyses must include conductivity,
pH, total C03. Na ', SO,, cl , U, and Ra-226. If restoration monitoring
of the.2 observation wells indicates that restoration has not been
achieved at the completicn of the proposed restoration program, WFC
will be required to drill additional wells and modify the pumping-injection

scheme to restore the aquifer. These requirements will be included as a
license condition.




Appendix B-I

Unsteady-State Radial Flow in an Isotropic Leaky Artesian Aquifer with
Fully Penetrating Wells with Water Released {rom Storage in Aquitard.

The hydraulic model from which the Modified Hantush (1964) approach is
derived comprises an artesian aquifer overlain by an aquitard and
underlain by an aquiclude. Overlying the aquitard is a source of
recharge which enables the head at the upper boundary of the aquitard
to remain constant throughout the pump test. The aquifer is isotropic,
infinite in a real extent, and homogeneous with respect to thickness and
compositicn. The pumping well completely penetrates the aquifer and
flow in the aquifer is horizontal and radial. The flow lines within the
aquitard are vertical and are refracted at a right angle as they cross
the aquitard-aquifer interface. Before pumping begins, the hydraulic
heads within the aquifer, aquitard, and recharge source are equal.
During the pumping test, the hydraulic head within the aquifer
decreases while the head at the recharge source (upper boundary of the
aquitard) remains constant (h(b',t) = &4 ). The resultant gradient
within the aquitard induces the flow which constituzes leakage. This
flow can originate from the recharge source or from storage within the
aquitard.

During the early stages of the pump test, the discharge of the pumping
well is supplied entirely from storage within the aquifer and aquitard.
No water is withdrawn [rom the recharge source during this period. As
the pump test proceeds, the effects of storage diminish and leakage
derived from the recharge source becomes significant. Water levels
within the aquifer and aquitard eventually will stabilize when the total
discharge of the pumping well is derived from leakage. When the

. hydraulic heads within the aquifer and aquitard no longer change with
time, the system is considered to be at steady-state and nc water is
released from storage within aquifer or aquita .. At steady-state, all
leakage /s due to flow through the aquitard and is derived from the
recharge source.

Detailed explanations of the governing equations for all stages of the
pumping test (early, late, and steady-state) are presented by Hantush
(1964) and Walton (1970). Only the equaticas pertinent to this analysis
are provided here. For early times, when all leakage is derived from
storage within the aquitard, the drawdown withi> the aquifer can be
calculated by

s = 15.3187 31, W(uX)
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2
where u = !7r§- s

)‘ =F II.J..._L.K ‘ Sy .
4V s
i ¢) -y r.._—'
8 (‘ Z- [ 25
W(,r) = f erfc _ ————— dy,
o 1 UVrly-a)

and erfc(x) is the complimentary error function defined by

x
erfe(x) =1 - erf(x) =1 - 1,".;\'_. ﬁ-y dy.

o °
At steady-state, when all leakage occurs as flow from the recharge
source, the drawdown within the aquifer can be calculated by

= Q 5 (&
s = 30.6373 % K (f)

. r _ !
where B°= rl_’(l(v/b'; /T
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Appendix B-II

Water Released from Storage in an Aquitard Due to
One-Dimensional Consolidation

In D'Appolonia’s analysis, leakage was assumed to be derived entirely
from ajuitard storage and was approximated from an equation derived
from Terzaghi's Theory of one-dimensional consolidation. This theory,
as it is presented by Freeze and Cherry (1979), considers two cases.
One case is delined as a compressible aquitard of thickness b’ situated
between two incompressible aquifers. All three layers have initial
hydraulic heads of h _. At time t_, the heads at both aquitard
boundaries are reduced instantaneously (step function) to h_ - h and
the hydraulic head profile within the aquitard begins to diminish
gradually with time. One-dimensional flow through the aquitard can be
described by
2h _ 1 h
52 ° 0.01075 ov T
where h(z,0) =h
h(o,t) =h’ - h
h(b',t) =R - h

The second case is defined as a compressible aquitard underlain by an
incompressible aquifer and overlain by an aquiclude. In this case, water
released from storage in the aquitard drains into only one aquifer. The
flow equation for this case is the same as that of the first case.
However, a Neurann boundary (4}— = 0} is used for the upper
boundary in lieu of a Dirichlet boundary.

The solution to the flow equation provides a vertical profile of hydraulic
head within the aquitard as a function of time. The volume of water
released from aquitard storage can be described by

L

In computing the volume of water released from aquitard storage,
D'Appolonia used an equation which is derived from Terzaghi's theory of
one-dimensional consolidation and reported by Scott (1963). This
equation, rewritten to conform to the units of this report and to
describe the manner in which it was used, is

- 2 Ky'
VL = 2.8406 A_isi ?—}—T—ET—- t
where N = number of concentric regions in the approximation.

"' [}
V, = 8051.96 A Sss (z,t) dz
o
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Appendix B-III

Definition of Variables used in Equations

A = Area through which leakage occurs (acres)

C, = Coefficient of consolidation (cm2/sec)

Ko(x)= Zero order hyperbolic Bessel function of x (fraction)
K, = Hydraulic conductivity of aquifer (ft/day)

K v ° Vertical hydraulic conductivity of aquitard (ft/day)
Q = Discharge of pumping well (gpm)

QL = Recharge rate due to leakage (gpm)

Q s = Rate at whizh water is released from storage in aquifer (gpm)
S = Storage coefficient of aquifer (fraction)

§' = Storage coefficient of aquitard_{fraction)

S's = Specific storage of aquifer (ft _l

S = Specific storage of aquitard (ft ')

™ = Transmissivity of aquifer (ft2/day)

V = Volume of fluid pumped (gal)

VL = Volume of fluid supplied by leakage (gal)

Vs = Volume of fluid releasci from storage in aquifer (gal)
b = Thickness of aquifer (fi)

b = Thickness of aquitard (ft)

erfc{x) = Complimentary error function of x (g‘action)

g = Acceleration of gravity = 981 em/sec

E = Distance from pumping well to observation well (ft)

B8 - Leakage term under steady-state conditions (fraction)
s = Drawdown in aquifer (ft)

t = Time (days) 2

*x, = Compressibility of aquifer (m“/N)

X = Compressibility of aquitard (m“/N) .10 2

So= « 'mpressibility of water = 4.4 X 10 m /N

¢ = Porosity (fraction)

./ =  Densiiy of water = 1.0 g/cc

¥ = Same as used by Hantush (1964)(fraction)
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Appendix B-1V
Technical Peer Review of the
NRC Pump Test Analysis




Appendix B

Pump Test Analysis




On February 11, 1983, Wyoming Fuel Company (WFC) submitted an
application for a R&D Source Material License for the proposed Crow
Butte in situ leach (ISL) project. As part of this application, WFC
provided an analysis of the aquiler pump test conducted at the
proposed site.

WFC utilized the Theis non-equilibrium method and the Jacob straight
line method to analyze the Crow Butte pump test data and to estimate
transmissivity and storativity of the Basal Chadron aquifer. Potential
leakage from the underlying Pierre Shale aquitard and the overlying
Middle Chadron, Upper Chadron and Brule aquitazds to the
ore-bearing Basal Chadron aquifer was not analyzed by the applicant
as requested by the NRC staff during a preapplication review of their
proposed pump test design. WFC's method of evaluating the pump test
data did not lend itself to the analysis of leakage. The applicant
matched the pump test data to the Theis type curve by ignoring the
early time drawdown data and force fitting the late time drawdown
data. Using late time drawdown data results in over-estimates of
transmissivity of the Basal Chadron aquifer because the Theis solution
does not zccount for water supplied to the aquifer by leakage from the
aquitards. Matching the Theis curve to the early time drawdown data
can yield reasonable estimates of aquifer properties, but no information
about leakage.

The NRC staff performed an independent analysis of the pump test
data by utilizing the Hantush (1960) modified method. Tite Hantush
modified method accounts for additional water supplied to the aquifer
by compression ¢f the aquitards and leakage from overlying and/or
underlying aquifers, and allows use of all the pump test data to
provide estimates of transmissivity and storativity of the aquifer that
are much more reliable than values estimated by the Theis or Jacob
techniques as used by the applicant. This evaluation showed that 1)
WFC overestimated transmissivity, 2) leakage from storage was
occurring trom one or both aquitards. and 3) leakage may =ffect .
mining, excursion control. and restoration.

The NRC staff in a July 6, 1983 meeting requested that the applicant
reanalyze the pump test data and outlined additional information to be
provided as a result of the reanalysis. The applicant responded by
reanalyzing the pump test data for the four observation wells PTS.
PM1, PT2 and PM4; well PT7 is the pumping well. The applicant
reanalyzed all four of the drawdown curves but continued to use the
Theis curve matching technique which 2ssumes that no leakage occurs.
The applicant altered his original analysis by obtaining two matches
and two match points for each curve. The matches for each curve are
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for the early time drawdown data and for the late time drawdown data.
The applicant asserted that this approach was valid because the later
portions of the dr..down curves fall below the Theis curves due to
variations in thickness of the aquifer. The applicant noted that the
thickness of the aquifer at pumping well PTT is 41 feet and that the
thickness of the aquifer at observation well PT2 is 32 feet, which
indicates that the aquifer is thinning between the pumping well and
the observation well. However, the effect of thinning of the aquifer
between the pumping well and the observation well should be to make
the field data drawdown curve for the observation well rise above the
Theis curve during the late poxtion of the pump test, and this does
not occur in ine field data curve. The drawdown data for well PT2
fell below the Theis curve as would a curve for a leaky aquifer.
Consequently, it is not reasonable to explain the deviation of the field
data curve from the Theis curve by variations in thickness of the
aquifer.

The applicant also asser in their report that permeability varied
within the basal Chadron aquifer and that variation in permeability may
cause the drawdown curves for the observation wells to fall below the
Theis curve, giving the appearance of a leaky aquifer. The applicaat
bases this assertion on the fact that “core logs of both holes reveal a
marked change in the grain size and sorting of the material comprising
the aquifer.” In theory, increases in permeability in the direction
from the pumping well to an observation well would cause the
observation well drawdown data to give the appearance of a leaky
aquifer. In this case, that explanation would require that permeability
increase in all directions from pumping well PT7 because the drawdown
curves in all four observation wells fall below the Theis curve. The
NRC staff does not expect this to be the case since this sould not
occur under the conditions that controlled deposition of the formation.

At this point in the review, the NRC staff was of the opinion that one
must misinterpret the data base to discount the interpretation that the
vbservation well drawdown curves fall below the Theis curve because
of leakage from storage in the Middle Chadron.

The applicant's revised approach for analyzing the data using two
matches of the Theis curve to the observation well drawdown curves
yielded a range of transmissivity values for the Basal Chadron aquifer
of 2116 to 3986 gal/day/ft. The Theis curve, when matched with early
drawdown data, provides a rcasonable estimate of the transmissivity
because the effect of leakage is less pronounced at early time. The
transmissivity value of 2116 gal/day/ft obtained by the applicant from




carly time drawdown data compares well with the NRC's estimate based
on the Hantush modified method, which assumes leakage.

In response to NRC staff concern over leakage from the confining
beds, the applicant provided information on the competence of the
confining units.” The NRC staff evaluated the laboratory analyses by
which the applicant calculated the properties of the Pierre Shale and
the red clay and gray clay units in the Middle Chadron. The method
(Tarzaghi's theory of one dimensional consolidation) employed by the
applicant is used widely in the field of soil mechanics to analyze
consolidation and calculate settling. The applicant states that "The
two units of particular interest are the red clay which is a 10 to 25
foot thick bed immediately overlying the Chadron aquifer and the
1200 foot thick Pierre Shale." The applicant's analysis calculates the
hydraulic properties of the red clay layer based on laboratory tests of
a single core.

The NRC staff's concern regarding the applicant's analysis is two fold:
first in placing emphasis on a laboratory method over that of the pump
test method, and second in the interpretation of geophysical logs.

The NRC staff considers the laboratory analysis a corroborative tool,
not a primary method of analysis when a pump test has been
conducted. This is because experience has shown that laboratory
analysis does not often reflect actual field values. With regard to the -
interpretation of geophysical logs, the staff recognizes that the Basal
Chadron is immediately overlain by a red clay layer, but the definition
on the geophysical logs of site boreholes and the depositional history
of the layer indicate that the thickness of this unit is variable. In

‘combination with the significance of the interpretation of the pump

test, the aforementioned factors indicate that the contact between the
Basal Chadron aquifer and the Middle Chadron is gradational. The
existance of a sandy layer in the Middle Chadron may very well be a
source of leakage. . '

Based on the above analysis, it was the NRC's position that the only
technically sound interpretation of the pump test data for the Crow
Butte site was that of a leaky aquifer, where water is leaking into the
Basal Chadron aquifer from storage within the confining beds of the
Middle Chadron. Therefore, NRC staff instructed WFC to re-evaluate
its position on the issue of leakage and either provide us with a sound

'technical basis to show that it is not occurring or accept the fact that

leakage may be occurring and modify as appropriate their mining,
monitoring and restoration plans.




As a result, WFC reanalyzed the pump test data to take into account
Jeakage from storage from the upper aquitard. This reanalysis was
submitted in October 1983. The applicant used the consolidation
theory by Scott (1968) to calculate the amount of water derived from
leakage during the 2.09-day pump test. The method was based on the
laboratory testing of one core sample. 1\s a result of the analysis.
WFC concluded that the volume of water released from the storage in
the upper aquitard during the pump test was approximately 1000
gallons, or 1.4% of the total water produced during the pump test.

The NRC staff review of WFC's October 1983 reanalysis did not
disagree with the methodology used by WFC as it applies to the
analysis of a single core hole. However, the NRC staff did not agree
that a single borehole is adequate to define such values as the
hydraulic conductivity of the aquitard. The NRC staff position was
that the value of hydraulic conductivity should be derived directly
from the pump test to provide a value representative of the pump
test's area of influence. The biggest problem in estimating the amount
of leakage from storage is the fact that while the hydraulic
conductivity (K_) cf the aquitard can be determined directly from the
pump test, the specific storage {S_) has to be estimated. Therefore,
the NRC staff independently reanafyzed the pump test data assuming a
worst-case approach and using a unique methodolegy in order to
determine a technically defensible estimate of leakage from aquitard
storage as discussed in detail below.

NRC Staff Final Pump Test Evaluation

Uranium at the Crow Butte site exists in the lower 15 to 20 feet of the
Basal member of the Chadron Formation. The Basal Chadron Member
is a clean, coarse-grained, poorly-sorted sandstone with {requent
interbedded, thin lenses of silt and clay. Occasionally, the lower
portion comprises a very coarse-grained and very poorly-sorted
conglomerate (Witzel 1974, Wyoming Fuels Company 1983). However,
this basal conglomerate layer does not appear to be present within the
R&D project area.

The thickness of the Basal Chadron within the pump test area
averages 38 ft (arithmetic mean from logs of pump test wells) and
ranges from 30 to 44 ft. Regional variation in thickness is
considerably greater. Geophysical logs of wells within the R&D project
area and pump test data suggest that the Basal Chadron Member is
continuous throughout the R&D project area. but highly variable with
respect to thickness and composition.




About 1200 to 1500 feet of mastive, dark gray to black marine shale
comprising the Pierre Formation underlie the houst aquifer. This
formaation constitutes the lower confining bed for t.e host aquifer.

The contact between the Chadron Formation and the Pierre Shale marks
a maj unconformity and displays a distinctive pattern on geophysical
logs. ~ional geologic data and geophysical logs indicate that the
Pierre . .. is homogeneous and continuous throughout the R&D
project reca

The vertical hydraulic conductivity of a sample of the Pierr: Shale at
borehole _lgcation C6C (approximately S00 ft. from the pumping well) is
9.6 X 10 " ft/day (D'Appolonia, 1983). Although the formation
hydraulic conductivity may be somewhat higher, it is reasonable to
assume that it is insignificant relative to the aquifer hydraulic
conductivity of 9.42 ft/day (geometlric mean from pump test analysis).
Due to the homogeneous composition of the Pierre Shale, the hydraulic
conductivity within the pump test area is probably similar to the
hydraulic conductivity at borehole location C6C. For the purpose of
this analysis, the Pierre Shale is considered to act as an aquiclude.

Approximately 400 feet of clays, claystones, and siltstones overhe the
host aquifer. Stratigraphically, these sediments comprise the Middle
Chadron, Upper Chadron, and Lower Brule (Orella Member)
Formations These fine-grained sediments provide upper confinement
for the host aquifer and separate it from the water-bearing sands of
the Whitney Member of the Brule Formation (DeGraw, 1969; Witzel,
1974; Wyoming Fuels Company, 1983). Pump test data indicate that
this upper confining layer (or some portion of it) acts as a highly
compressible aquitard. However, the complex stratigraphy of this
layer makes it difficult te define the thickness of the aquitard.

Core samples of the Middle Chadron at borehole location C6C indicate
three distinct layers defined as the Red Clay (lower), the Sandy
Claystone (middle). and the Grey Claystone (upper). Thicknesses
within the pump test area were determined from geophysical logs and
are 15 ft, 25 ft, and 3G ft for the lower, middle, and upper layers,
respectively. Permeability tests performed by Core Laboratories
indicate that the Red Clay has a hydraulic conductivity which is less
than 0.3% of that of the overlying Sandy Claystone (D'Appolonia,
1983). This suggests that the upper confinement of the host aquifer
may be controlled by the Red Clay. .

Several assumptions are inherent in D'Appoionia's 1983 analysis:




1. The average hydraulic conductivity of the »aquitard system is
dominated by the least permeable unit, the Red Clay.

2. During the period of the pump test, transient pore pressure
changers induced by pumping did not propogate through the Red
Clay into the overlying Sandy Claystone. .

3. The Red Clay unit constitutes the aquitard for the hydrologic
system in the analysis.

4. Db'=15ft (thickness of Red Clay) (all variables are defined in
Appendix B-III)

5. K, =78X 1077 fr/day

6. S,=4.4X 107® £} (computed from C,=19X 1073 cm2/sec)
For all practical purposes, these assumptions can be considered valid
only if the hydraulic properties of the core samples collected at -
borehole location C6C are representative of the aquitard within the
area of the pump test. However, there are numerous reasons for
questioning this fundamental assumption.

1. The sampling location C6C is approximately 500 ft. from the
pumping well. Considering the variability in geophysical logs
within the R&D project area, it is conceivable that the composition
of the Middle Chadron within the pumping test area may be very
different from the composition at the sampling location.

2 One sample (from the Red Clay) cannot reflect the heterogeneities
of the aquitard.

3. Common limitations of laboratory testing of clays for permeability
:pay vesult in considerable error. These limitations include the
effects of expansive clays, partial saturation, entrapped air, and
sample compression on permeability.

4. The specific storage of the Red Clay (4.4 X 1070 £t"!) is only
slightly greater, than the specific storage of the aquifer
(4.2 X 10 ~ ft ). The specific Storage of a_éleng.? clay should
range from approximately 3 X 10 ¥ to 3 X 10 ¥ ft ° (Freeze and
Cherry. 1979).




Comparison of Laboratory and Pump Test Analyses

Because the pump test did not utilize any piezometers in the aquitard,
and the duration of the pump test was not long enough to nullify the
effects of aquitard storage, it is impossible to determine the hydraulic
parameters (K _and S ) of the aquitard from pump test data alone.
Consequently, it is nét possible to use K_and S_ as a basis for , ,
comparing laboratory and pump test data’ Howeger, the product KVS ,
which can be determined from both laboratory and pump test,data. S
provides an excellent means of comparison. The values of K VS
computed from the leakage term (Appendix B-l) are: s

Well No. K_§, (day™)
PM-1 2.95 X 1073
PM-4 1.76 X 1073
PT-2 6.18 X 1078
PT-8 3.76 X 107"
Geometric Mean 3.32 x 1078

Tt
The value of KVS for the core sample collected at borehole location
C6C can be detérmined from laboratory values of hydraulic
e~nduetivity and coefficient of consolidation. The coefficient of
wn for clay is defined as '
-3 kv’

‘.‘t, A

C, =3.53X10

v (Freeze and Cherry,
1979) (1)

‘In addition, it can be shown that

' ) ‘
Ss = 3.048 Cga (Domenico, 1972) (2)
Consequently, _
t oy v 2 ‘
KS_=0.011 (K)C, . (3)
V's.3.52X 15 2 day!

_ Because the laboratory product lies outside the product rwnge for the
pump test and is almost 4 orders of magnitude less than the geometric -
mean for the pump test, it is reasonable to conclude that the hydraulic -




characteristics of the Red Clay collected at borehole location C6C are
not representative of the aquitard within the pump test area.
Therefore, no values for b', K v ©°F Ss can be assumed when analyzing
leakage.

[} ]
Due to the hyperbolic relation of K to S, the minimum technically
defensible hydraulic conductivity of the aquitard can be estimated from
a value of S_which can be considered an upper limit for any geologic
material. THhe maximum compressibility fogsa clay, the most
compressible material, is approximately 10 = m2/N (Freeze and Cherry,
1979). 1t is unlikely that the compressibility 95 the aquitard will
exceed this value. A maximum S_of 3.0 X 10 ° is computed from
Equation 2. This value produces™ a minjmum aquitard hydraulic
conductivity of approximately 1.1 X 10™° ft/day, indicating that the
aquitard is probably mcre than 10 times as permeable as the value
calculated for the Red Clay in the D'Appoionia report. Therefore, the
effect of leakage on an ISL operation may be considerably greater than
the effect anticipated by D'Appolonia.

In approximating the volume of water released from aquitard storage,
D'Appolonia used an eguvation which is derived from Terzaghi's theory
of one-dimensional consolidation and reported by Scott (1963). The
substitution of the right side of Equation 3 into the leakage equation
in Appendix Il yields an equation which expresses the volume of
leakage as a function of K S_. In this way, the method used by
D'Appolonia can be expresgeﬁ by
* ‘ T 1

v = é 8051.96 A;S;, 1K S, t @)
where N = number of concentric regions in the approximstion used

by D'Appolonia (1983)

The estimated volume of leakage induced by the pump test, as
determined by D'Appolonia, is too small for three reasons:

1. Considerable error may result from discretizing the system into
concentric regions. A good approximation would require more
regions extending far beyond the 4000 ft radius used by
D'Appolonia.

2. The boundary conditions inherent in Terzaghi's theory are
different from the Hantush boundary conditions used in creating
the distance-drawdown curve.




approximately 57.5% leakage over 2.09

vt
3. The laboratory values of K S_used by D'Appolonia (1983) in
computing leakage differ from the pump test values of K S_ used
in creating the distance-drawdown curve by several orders of
magnitude. Since two completely different values of K S_are
used in the same calculation, mass is not conserved (i.e., V/ VL
+ Vo).
S

In analyzing leakage induced by the pump test, the NRC staff used,
exact solutions provided by Hantush (1964) and values of § and K S
derived from the pump test. No individual values are assumed for B,
K., or S. The exact solution for the total volume of water released
from aqu?tard storage during the pump test is

- R ! _ —
V. =1440.0 Qt 1 Frat * e (1 - experfe@yr))] (%)

where /7 = K;S JS

Tt
Substituting the geometric means of K‘ﬁ and S into Equation S yields
dgys. D'Appolonia's estimate
was 1.4% of the total volume pumped.

Up to this point, this analysis has been concerned with leakage during
the relatively short period of the pump test. During this period, the
hydraulic pressures in the aquifer and aquitard change significantly
with time, and leakage is derived entirely from storage in the
aquitard. To determine the effects of leakage on ISL operations, the
behavior of the aquitard as water levels stabilize and the hydrologic
system approaches steady-state must be considered. At steady-state,
the effects of storage are absent and leakage is a function of K‘/b .

It is evident from the stead)-state equations in Appendix 1 that a
maximum value of K /b will produce maximum leakage. A maximum
value of K‘/b can be computed from two equations:

The solution to the Modified Hantush leakage equation
8

K] -

KVSs =3.32X 10 (D)
and the limiting criterion for determining the applicability of the
Modified Hantush approach:

ro12 ot
t<0.15(b) /K, (8)

The solution to these equations,
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E/b < J332X 1001 , (9)

t ]
provides a maximum K ‘/b for which the Modified Hantush approach is
valid.

The maximum effects of leakage on ISL cperations can be simulated
with the ISL-50 Hydrology Model (Schmidt, 1980), which generates
streamlines (flow paths) resulting from stresses imposed by injection
and production. Simulations were performed for two five-spot patterns
proposed by Wyoming Fuels Company. Pertinent aguifer/aquitard
characteristics and wellfield specifications used in the simulations are
provided in the following table:

Wellfield No. 2 well spacing : 24.7 ft (distance between
' production well and
injection well for
35 X 35 pattern proposed
by WFC)

Wellficld No. 1 well spacing : 93.5 ft (distance between
production well and
injection well in
132 X 132 pattern
proposed by WFC)

Injection rate per well : 12.25 gpm (proposed by WFC)

Production rate : 50.00 gpm (proposed by WFC)
T : 358.1 ft2/day (geometric mean)
b ' : 38 ft (aggthmet.if mean )
Maximum K /b : 3.98 X 10 ¥ day ° (Eguation 9)
Aquifer Porosity :  0.25 (estimated for clean,
poorly-sorted sand)
Aquitard Porosity :  0.45 (estimated for clay)

Two simulations were performed for each five-spot pattern proposed.

The first simulation assumes a non-leaky aquifer, while the second
simulation models t)_)g effe_cf.s of maximum leakage

(K./b =3.98 X 10 " day ). The flow pattern for each injection well is
represented by six streamlines. Since anisotropy and baseline
ground-water flow are nnt considered by this analysis, the flow lines for
a square five-spot pattern are symmetric and only one quadrant needs to
be analyzed. Figure 1 illustrates the relative position of wells and the
orientation of streamlines in the quadrant analyzed.

Tables 1 and 2 summarize the results of the computer simulations and
depict the effect of leakage on the proposed wellfields. The arrival
times and areal sweeps of streamlines are indicators of the system's
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ability to contuin excursions whereas the drawdowns at pumping and
injection wells can be used to estimate the vertical movement of solutions
through the aquitard. Streamline arrival times also can be used to
estimate the time required to restore the aquifer. The percentage of
injected fluid recovered from the pumping well indicates the pattern's
efficiency with respect to the recovery of fluids from the aquifer.

The results of computer modeling indicate that maximum leakage i.as
essentially no effect on the cperation of Wellfield No. 2 and only a minor
effect on Wellfield No. 1. The vertical fluid velocity at the injection well
is small, indicating adequate vertical confinement of contaminants.
However, extremely long arrival times for exterior streamlines in Wellfield
No. 1 indicate that restoration of Wellfield No. 1 may not be possible
within the time.frame proposed by Wyoming Fuels Company. Additional
wells, or other modifications to the proposed pumping-~injection scheme
possibly could allow restoration within the proposed time frame.

Before any conclusions can be made regarding leakage to the Basal
Chadron Aquifer, the hydraulic behavior of the aquifer must be
understood. Since the specific storage of the aquifer can be derived
from the time-drawdown curves (geometric mean of ¢.15 X 10 = ft °),
the compres.ibility of the aquifer can be calculated from the equation

S, =3.048 g+ £5) (Freeze and Cherry, 197:3) (10)

‘The compx:sssipility of the host aquifer within the pump test area is

1.28 X 10 " m /N assuming an aquifer porosity of 0.25. The aquifer
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Table 1. Steady-State Simulation of Fluid Flow in Pattern 1

Parameter

- Non-Leaky Aquifer

K:/b' = 3.98 X 10°

5

day

Streamline Arrival Times (hr):
Streamline 1
Streamline 2
Streamline 3
Streamline 4
Streamline 5
Streamline 6

Areal Sweep (ft2):
Streamline 1
Streamline 2
Streamline 3
Streamline 4
Streamline 5
Streamline 6
Total for Quadrant

h at Production Well (ft):
h at Injection Well (ft):

Percentage of Injected Fluid
Recovered after 8000 hrs of
Operation:

Vertical Velocity through
Aquitard at Injection
Well (cm/yr):

185.0
184.3
49.1
31.8
31.7
49.1

320.0
318.6
84.0
53.6
53.6
84.0
913.7

-10.74
1.54

98.9

185.0
184.3
49.1
31.8
31.7
49.1

320.0
318.6
84.0
53.6
53.6
84.0
913.7

-10.95
1.33

1.82

-1




Appendix C
RADON RELEASES FROM IN SITU OPERATIONS

This appendix describes the assumptions, data, and equations used to
estimate the annual radon-222 released from the solution-mining and
restoration processes. The parameters used in the radon release
calculations were based on the data submitted by the applicant. The
principal parameters are listed below:

2

Average area to be mined per year, km .00405
Average production flow rate, gpm (lpm) 100 (378)
Average restoration flow rate, gpm (lpm) 50 (189)
Operating days per year 365
Formation porosity, % 28
Average ore thickn%ss, m 1.5
Rock density, g/cm 1.92
Residence time for production solution, d 7
Equiliorium value for radon for 7 d, % 72
Residence time for restoration solution, d 7
Equilibrium value for radon for 7 d, % 72

The staff assumed that the two cells would b~ leached at a 100 gpm rate
for 26 weeks. Then for a period of 22 weeks, one cell would be leached
at a production rate of 50 gpm, while the other would be restored at a
50 gpm rate. For the final 56 weeks, the remaining le::.hed cell would
be restored av a rate of 50 gpm. These assumptions i conjunction with
the above parameter values, were used to calculate the radon releases
from the pilot plant.

C.1 RADON RELEASE FROM OPERATION

For uranium-238 in equilibrium with all its daughters, an ore-body
concentraticn of 1012 pCi‘g of radon is estimated for an average ore
grade of 0.358%. One cubic meter of ore contains '

1.92 g/cm® X (1 - 0.28) X 1012 pCi/g X 1 X 10”12 ci/pCi

b em3/mS =1.40 X 1073 Ci/m®

X 10
The radon activity in the pore water is based on an emanation coefficient
of 0.20 of radon into the ore pore space (28% of the ore). Thus, the
pore water contains:

1.40 X 10-3

Y 3 . ~ .
Ci/m3 « .20 = 1.0 X 10”3 Ci/m3

0.28




of radon at equilibrium. The radon release from a production flow of
378 1pm (100 gpm) is calculated as

378 lpm X 10™3 m/1 X 1440 min/d X 365 d/year X 1.0
x 107 ci/m® = 198.7 Ci/year,
where 365 d/vear is the number of davs of annual operation.

For the pregnant leach solution, it is estimated that approxiamtely 72% of
the radon-222 remains undecayed at the time the leach solution is
depressurized by release into the production fluid surge tanks before
processing for uranium removal. The annual radon release per mining
unit is then calculated to be

198.7 Ci/yea: X 0.72 = 143 Ci/year.

In addition to the release of radon from the production solution, it is
estimated that one pore volume of non-productior water will be removed
as the R&D cells are put into service. The radon release from a
non-productive source resulting from this start-up procedures is as
follows:

.00405 km?/year X 10%m%/km® X 1.5 m X 0.28 X 1.0 X 10~2 Ci/m®
= 1.7 Ci/year,

where 1.5 m is the average thickness of the ore bodies and 0.28 is the
assumed formation porosity.

The above calculations are based on operations for a year. As discussed
earlier, the leaching/restoration scenario varies over the 2-year period
of consideration. In Section C.4 of this appendix, adjustments will be
made to account for the proposed schedule of operations.

The total release of radon from mining operations is:

Start-up solution 1.7 Ci/year
Production 143 Ci/year
Total 144.7 Ci/year

C.2 RADON RELEASE FROM RESTORATION

As mentioned in Section C.1, restoration will start 23 weeks after the
pilot plant will be put into operation. The pumping rate will be 50 gpm
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for each cell throughout the restoration period. Assuming an annual
basis for restoration, the radon release is calculated to be:

189 1pm X 10”5 mS/1 X 1440 min/d X 365 d/year X 1.0 X 10™° Ci/m®
X0.72 =172 Ci/year,‘
where 0.72 is the estimated degree of radon equilibrium.
In addition it is assumed that one pore volume of solution will be

removed before restoration begins. The total release of rador. from
restoration procedures is:

Start-up solution 1.7 Ci/year
Restoration solutior. 72 Ci/year
Total from restoration 73.7 Ci/year

C.3 RADON RELEASED FROM THE EVAPORATION PONDS

Radium solids are not leached in sufficient quantities to produce
significant amuunts of radon in the waste liquids; therefore, radon
emis ' ~ from the pond areas is negligible.

C.4 SuL, Ay

The radon annual release rate based on the first 22 weeks of operation
is 144.6 Ci/year as calculated in Section C.1. During the next 26
weeks the leaching rate is halved, then the radon corresponding to this
is also halved, or 72 Ci/year. Also during this time, restoration is
being performed at 50 gpm, which was estimated to produce 72 Ci/year
for a total radon release of 144.6 Ci/year corresponding to the next

26 weeks of operation. For this reason, the staff has modeled this pilot
plant to release 145 Ci/year for the duration of R&D operations. This
estimate will account for variations in restoration times for the smaller
cell.




Appendix D
DETAILED BASIS FOR RADIOLOGICAL ASSESSMENT

The staffts radiological impacts assessment is based on site-specific data
provided by the applicant (Table D.1) and on the models, data, and
assumptions discussed in "Calcui.tional Models for Estimating Radioactive
Materials Resulting from Uranium Milling Operations," (Regulatory Guide
! 3.5.1, March 1982). The prediction of offsite air concenirations of
r radioactive materials is based on joint relative frequency data gathered
from the National Weather Service Station at Scottsbluff, Nebraska, over
the period 1967 through 1971 (Table D.2). _




Table D.1. Parameters and conditions used in the
radiological assessment of the solution-mining project

Parameter Value
Average ore grade (U308), % 0.36
Ore activity, pCi/g 1012
Average production flow rate,

L/min (gpm) 378 (100)
Average restoration flow rate,

L/min (gpm) 189 (50)
Stack effluent height, m 1
Mixing height (annual average), m 522

Land use and grazing of cattle

Hectarage required to graze one animal unit

(<50 kg) for one month (AUM), ha 0.66
Fraction of year spent grazing locally, % 42
Fraction of stored feed grown locally, % 100
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TA BL! !2.

ANNUAL FREQUENCY DISTRIBUTION

Stability Class: A — Station: Scottsbluff NE
Number of Occurrences: 126 Period of Record: 1967-1971
Speed (KTS)
Direction 0-3 4 -6 7 - 10 11 - 16 17 - 21 >21 Total
N 0.000201 0.000068 0.000000 0.000000 0.000000 0.000000 0.000270
NNE 0.000066 0.000068 0.000000 0.000000 0.000000 0.000000 0.000}35
NE 0.600334 0.000205 0.000000 0.000000 0.000000 0.000000 0.000539
ENE 0.000133 0.000:37 0.000000 0.000000 0.000000 0.006600 0.000270
E 0.000268 0.000137 0.000000 0.000000 0.000000 0.000000 0.000405
ESE 0.000268 0.000137 0.0G60000 0.000000 0.000000 0.000000 0.000405
SE 0.000334 0.000205 0.000000 0.000000C 0.000000 0.000000 0.000539
SSE 0.000265 0.000274 0.000000 0.039000 0.000000 0.000000 0.000539
S 0.000464 0.000479 0.000000 0.000000 0.000000 0.000000 0.000944
Ssw 0.000201 0.000068 0.000000 0.000000 0.000000 0.000000 0.000270
SW 0.000201 0.000068 0.000000 0.000000 0.000000 0.000000 0.000270
LEL 0.000464 0.000479 0.000000 v.000000 0.G00000 0.000000 0.000944
W 0.000531 0.000548 0.0000060 0.000000 0.000G00 0.000000 0.001079
WNW 0.000803 0.000411 0.000000 0.000000 0.000000 '0.000000 0.001214
NW 0.000334 0.000205 0.000000 0.000000 0.000000 0.000000 0.000539
NNW 0.000201 0.000068 0.000000 0.000000 0.000000 0.000000 0.00027v
TOTAL 0.005068 0.003562 0.000000 0.000000 0.000000 0.000000
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Stability Class: Station: Scottsbluff NE
Number of Occurrences: 668 Period of Record: 1967-1971
Speed (KTS)
Direction 0-~3 4 - 6 7 - 10 11 - 16 17 - 21 >21 Total
N 0.000347 0.001096 0.000616 0.000000 0.000000 0.000Q00 G .00206G
NNE 0.000140 0.000822 $9.000274 0.000000 0.000000 0.000000 0.00123¢
NE 0.000553 0.000890 0.000205 0.000000 0.000000 0.000000 0.001649
ENE 0.000301 0.000822 0.000479 0.000000 n,000000 0.000000 0.001602
E. 0.000531 0.001233 0.001164 0.00000C 0.000000 0.000000 0.002928
ESE 0.000795 0.001370 0.001096 0.000000 0.000000 0.000000 0.003261
SE 0.000771 0.001233 0.001507 0.000000 0.000000 0.000000 0.003511
SSE 0.000588 0.001096 0.00:301 0.000000 0.000000 0.000000 0.002985
S ¢.000808 0.001918 0.000822 0.000000 0.000000 0.000000 0.003548
SSW 0.000438 0.000%L355 0.000685 0.000000 0.000000 0.000000 0.001807
SW 0.000404  0.00093% N.000342 0.000000 0.000000 0.000000 0.001705
WSW 0.000404 0.000959 0.000616 0.000000 0.000600 0.000000 0.001979
W 0.001052 0.002877 0.001781 0.000000 0.000000 0.000000 0.005709
WNW 0.001107 0.002260 0.001918 0.000000 0.000000 0.000000 0.005285
NW 0.000853 0:001712 0.001370 0.000000 0.000000 0.000000 0.003935
NNW 0.000634 0.001370 0.000548 0.000000 0.000000 0.000000 0.002552
TOTAL 0.009726 0.021301 0.014726 0.000000 0.000000

0.000000
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Sc-bility'61|as:

C

Number of Occurrences: 1403

Station: Scottsbluff NE

Period of Record: 1967-1971

Speed (KTS)

Direction 0-~-3 4 -6 7 - 10 11 - 16 17 - 21 221 Total
N 0.000238 0.000822 0.001370 0.000274 0.000000 0.006000 6G.002703
NNE 0.000112 0.000342 0.000822 0.000137 0.000000 0.000000 0.001&13
NE 0.000162 0.000822 0.001575 0.060000 0.000068 0.000000 0.002628
ENE 0.000169 0.000890 0.00L164 0,000205 0.000000 0.000000 0.002429
E 0.000187 8.001781 0.004110 0.000616 0.000000 0.000000 0.006694
ESE 0.000280 0.002671 0.007260 0.000685 0.000000 0.000000 0.010897
SE 0.000346 0.001849 0.005548 0.001096 0.000000 0.000000 0.008839
SSE 6.000137 0.001301 0.003493 0.001095 0.000068 0.000000 0.0606096
s 0.000317 0.001575  0.003904 0.000890 0.000000 0.063000 0.006687
55w 0.000043 0.000411 0.002096 0.000137 0.000000 0.000000 0.001687
sW 0.000162 0.000822 0.000685 0.000137 0.000000 0.000000 0.001806
WSW 0.000093 0.006b90 0.001233 0.000137 0.000000 0.000000 0.002354
W 0.000425 0.002603 0.006027 0.001096 0.000274 0.000137 0.010%62
WhW 0.000500 0.004041 0.008425 0.001438 0.000137 0.000068 0.014610
NW 0.000525 0.003562 0.005616 0,001370 0.000274 0.000000 0.011347
RNW 0.000483 0.001712 0.002260 0.000616 0.000205 0.0000638 0.005346

TOTAL 0.004178 0.026096 0.054589 0.009931 0.001027 0.000274
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Stability Class:

W e TEwR T -

Number of Occurrences: 1403

Station: Scottsbluff NE

- 0.006687 . 4

Period of Record: _1967-1971
| Speed(KTS) .
Direction 0-3 4 -6 7-10 11 - 16 17 - 21 1 Total
N © 0.000238  0.000822  0.001370 0.000274  0.000000  0.000000  0.002703
NNE 0.000112  0.000342  0.000822 0.000137  0.000000  0.000000  0.001413
NE 0.000162  0.000822  0.001575 0.000000  0.000068  0.000000  0.002628
ENE 0.000169  0.000890  0.001164 0.000205  0.000000  0.000000  0.002429
E 0.000187  0.001781  0.004110 0.000616  0.000000°  0.000000  0.00669%
ESE 1 0.000280  0.002671  0.007260 0.000685  0.000000  0.000000  0.010897
SE - 0.000346  0.001849  0.005548 ~  0.001096  0.000000  0.000000 . 0.008839
ssE. 10.000137  0.001301 ' 0.003493 . -..0.001096 = 0.000068 = :0.000000 " 0.006096
s 0.000317  0.001575  0.003904 - 0.000890  0.000000  0.000000 - O. f
SSW '0.000043  0.000411  0.001096  0.000137  0.000000  0.000000  0.001687
sW 0.000162  0.000822  0.000685 0.000137 ~ 0.000000  0.000000  0.001806
WSW 0.000093  0.000890  0.001233 0.000137  0.000000 ~ 0.000000 . 0.00235%
oW © 0.000425  0.002603  0.006027 0.001096 -~ 0.000274  0.000137 ~ 0.010562 -~
WNW 10.000500 - 0.004041  0.008425 .. 0.001438 0.000137  0.000068  0.014610
N 10.000525  0.003562  0.005616 0.001370  0.000276  0.000000  0.011347
NNW 0.000483  0.001712  0.002260 0.000616 0.000205 0.000068  0.005346
TOTAL 0.004178  0.026096  0.054589 0.009931  0.001C27  0.000274
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Stability Class: D

Station: Scottsbluff NE
?eriod of Record: 1967-1971

Number of Occurrences: 3863

Speed (KTS) ‘ ’

(92)5°2

. (£8/S2/10)

Direction 0-3 4 -6 7 - 10 11 - 16 17 - 21 >21 Total
N 0.000202  0.002260  0.003562 0.008562  0.003699  0.000959  0.019243
NNE 0.000104  0.000548 ~ 0.002123 0.002877 - 0.000411  0.000342  0.006405
NE 0.000110  0.001918  0.001438 0.002945  0.000685. - 0.000137  0.007233
ENE 0.000127  0.000959  0.001438 0.002877  0.000685  0.000274 _ 0.006360
. E 0.000312  0.001644  0.003836 0.005753  0.000479 0.000000  0.012024
ESE 0.000214  0.002466  0.007945 0.013014  0.002329  0.000000  0.025967
- SE 0.000210  0.002397  0.005274 0.012877  0.003425  0.000274 ~ 0.026457
| SSE 0.000196  0.000890 . 0.001918 0.007603  0.001918  0.000205  0.012730
s 10.000086  0.001507  0.002671 0.005068  0.001507  0.000137  0.010977
SSW 0.000108  0.000616. - 0.000616 0.001438  0.0600274 ~  0.000000  0.003053
W 0.000016  0.000274  0.000548 0.000822  0.000137 - 0.000000 - 0.001797
. WSW 0.000067  0.001164  0.000890 0.001301 ~  0.000548  0.000137  0.004108
W 0.000071  0.001233  0.004521 0.010205  0.007397 - 0.003625. . 0.026852
WNW 0.00023  0.002808  0.008014 0.020616  0.010000  0.005000  0.046672
W 0.000259  0.001986  0.006644  0.011986  0.008562 - 0.004726  0.034163
NN 0.000151  .0.001370  0.003014 0.008219  0.006575  0.003219  0.022548
TOTAL 0.002466  0.024041  0.054452 0.116164 0.018836

0.048630



Stability Class: E . Station: Scottsbluff NE

Period of Record: 1967-1971

Number of Occurreaces: 4127

0.005548

0.005499 -

Speed (KTS) _
Direction 0-3 4 ~ 6 7 - 10 11 - 16 17 - 21 >21 Total
N 0.001105  0.002055  0.007397 0.007123  0.001918 0.000479  0.020078
NNE 0.000356  0.001301  0.004247 0.004315 0.000822 0.000411  0.011450
NE 0.000333  0.001849  0.004452 0.003630  0.001301 0.000i37  0.011703
> ENE 0.000149  0.000753 ~ 0.004795  0.004315  0.000890 0.000205  0.011108
5 E 0.000497 - 0.001986  0.014521 0.0076H 0.000205  0.000000  0.024880
2 ESE . 0.000346 -0.001986  0.017945 0.020479 0.002536 0.0000000  0.043291
. SE - 0.000299 0.001507  0.009795  '0.011438  0.001986 0.000068  0.025093
e SSE 0.000170 - 0.000959 _ 0.002329 0.002466  0.000548  0.000000  0.006471
‘EE s '0.000088 - - 0.007.,90  0.002329 0.001712  0.000411 0.000068
& SSW 0.000102 - 0.000274  0.001233 0.000342 0.000274  0.000137  0.002363
< W 0.000116 ~ 0.000411  0.000753 0.000679  0.000000 = 0.000000  0.001760
WSW 0.000157 - . 0.000068  0.001027 0.001165  0.000342 0.000068  0.002828
W 0.000374 * 0.001507  0.006233 0.010890 0.004521  0.001507  0.025032
WNW 0.000661  0.002123  0.012055 0.016712 0.005205 0.002260  0.039017
W 0.000456  0.001575  0.009452 0.014247  0.005205 0.001575  0.032511
~ NNW 0.000340 =~ 0.001164  0.005548 0.007808 0.003288 0.001438  0.019587
TOTAL 0.020611  0.1040109  0.114794 0.029452 0.008356
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Stability Class: F Station: Scottsbluff NE
Period of Record: 1967-1971

Number of Occurrences: 4413

(82)s°¢

- (€£8/S2/10)

Speed (KTS)
Direction_ 0 -3 4~6 7 -10 11 - 16 17 - 21 >21 Total
N 0.004483  0.015958  0.007945 0.000000.  0.0G0000  0.000000 = 0.028387
NNE 0.002725  0.008973  0.003493 0.000000  0.000000  0.000000  0.015191
NE 0.003660 0.009246 0.003562 0.000000 0.000000 0.000000 0.016468
ENE 0.001541  0.007740  0.002945 0.000000 0.000000 - 0.000000  0.012226
E -0.005656  0.022055 . 0.016986  0.000000  0.000000 - 0.000000  0.044695
ESE 0.003083  0.017260 - 0.019795 1 0.000000  6.000000  0.000000 . 0.040137
SE - 10.001670  0.007672  0.004384 0.000000  0.000000  0.000000  0.01372% .-~
SSE 1 0.000930.  0.004178  0.002260 0.000000  0.000000  0.000000  0.007368 - -
s 0.002037  0.005822  0.001644 0.000000 0.000000  0.000000 - 0.009503
SSW © 0.000735  0.001369  0.001164 0.000000  0.000000 . 0.000000  0.003269
W 0.000754  0.002055  0.000274 0.000000 0.000000  0.000000  0.003083
HSW 0.000694  0.003219  0.000616 0.000000  0.000000 - 0.000000 = 0.004529
W 0.002530  0.007192  0.005000 0.000000 - 0.000000  0.000000  0.034722
WNW 0.003003  0.014315  0.014795 . 0.000000  0.000000  0.000000  0.032113
NW 0.003137  0.0i4658  0.013356 0.000000  0.000000  0.000000  0.03115
NNW 0.004187  0.013493  0.008014 0.000000  0.000000  0.000000  0.025694
TOTAL 0.040822  0.155205°  0.106233 0.000000  0.000000

0.000000
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United States Department of the Interior

GEOLOGICAL SU A}
BOX 25046  M.S. ‘}‘bk
DENVER FEDERAL CENTER
DENVER, COLORADO 8(122%

-

N REPLY N

alrea to

June 26, 1984

.Mr., Edward Hawkins

Uranium Recovery Field Office

U.S. Nuclear Regulatory Commxssxon
P.0. Box 25325

Denver, C0 80225

Dear Mr. Hawkins:

. o .
I have reviewed all of the material you provided on the aquifer tests

‘at the Crow Butte in-situ leaching progect. My principal conclusions are

as follows:

The drawdown data show no evidence of leakage sufficient to distort
the shape of the cone of depression or affect the transient response of
the observation wells. In other words, at the short radial distances
involved, values of 8 are less than 0.0l (probably much less).

Superimposing the log-log time-drawdown data for all four observation
vells on a common r?/t base (a so~called "mass plot") demonstrates the
late~time convergence of all data plots. The absence of an r—-dependent
separation of the drawdown curves confirms the lack of measurable leakage.:
The general appearance of the mass plot strongly suggests an influence of
partial penetration., The anomalously small drawdown values obtained

"during the first 15 minutes of pumping also may be attributable to

sluggish, inadequately developed observation wells. Data presented in the
several reports do not permit a thorough evaluatxon of these
possibilities. -

The apparent shaliness of parts of the Basal Chadron aquifer
indicates that the often quoted "r>2b" criterion for immunity from partial
penetration effects is not applicable. This criterion is based on an
assumption of an isotropic aquifer. More rigorously, the criterion may be
expressed as e ’ ‘

ar > 1.5b -

wvhere a is a measure of vertical-horizontal anistropy, defined as being
equal to,/Kz/Kr, r is the radial distance from pumped well to observatxon
well; b is the unlfer thickness; K, and K, are the hydraulic -
conduct;vxtxes 1n the vertical and horxzontal (radial) directions,

BY2RTO 05—
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respectively, If K > 2.3 K, the closer observation wells may shov
partial penetration effects; if K. 2 25 K,, the more distant wells may be
affected. The shaliness of the Basal Chadron, as suggested by the
electric logs and graphic logs, is certainly sufficient to produce an
overall K :K, ratio grester than 2.5, and probadbly greater than 25,

Distortions in the shape of a log-log time-drawdown plot (relative to the
Theis curve) that aere stiributable to partisl penetration or sluggish
cYervation-wvell response, become less significant with time. Therefore,
it is justifiadble to place some credence in a solution based on a
selective "late-data” curve match, if an internally consistent and
geologically reasonadble result is obtained. On this basis, transmissivity
and storage are estimated as follows:

' T = 480 f¢? /day
‘8§ =7 x10%

If £ at r = 293 ft is less than 0.01, as indicated by the drawdown dava,
then :

0.5 [(K'Sg* | o601

vhere (K'S_')* is the nve;E%e of the products of vertical hydraulic -
conductivity and specific storage for the upper and lower confining beds.

Thus .
(K'Sg")* < &4 x 10~ 1S/r?

(K'Sg")* < 1.6 x 10"%day™"

Then if So' is assumed to be S5 x 10-¢£t~!', K’ will be less than 3 x 10-°
ft/day. This assumed value for 8_' is supported by the results of the
consolidation test on a sample of middle Chadron clay (620.0-620.8 ft
belov land surface). The elastic compressibility during unloading from 389
to 69 psi is about 9 x 10-%in?/1b, which about 4 x 10-¢ft-! in terms of
the skeletal component of elastic specific storage (S'ske).

It is essential to note that the elastic (rebound) value of
compressibility, as calculated from a consolidation test, must be used for
any computations addressing transient aquitard leakage during pumping.
Values of compression index and consolidation coefficient (C,) commonly
provided as test results are based on the "virgin" compression
characteristics obtained after test pressures have been increased to
values substantially greater than the maximum past in-situ stress
(preconsolidation stress). For overconsolidated Tertiary aquifers,
estimates of compressidbility and specific storage based on nonrecoverable
virgin compression will typically be 10 to 100 times too large. A large
body of laboratory and in-situ test data demonstrates that the value of
aquitard specific storage at stresses less than the ?reconsolidation
stress typically ranges from 2 x 107%ft™! to 2 x 10~°fet~!, Much larger
values attributed to Domenico and Miflin (1965), Johason, et al (1968),



Freeze and Cherry (1979) are based on virgin compressibilities and are
seriously misleading, except in situations where large drawdowns cause
effective stresses to exceed the preconsolidation stress.

Por the 620.0-620.8 ft sample, the laboratory value of G, of 0.18 f£t?/day,
in conjunction with the rebound value of specific storage of 4 x 106 ft-! ,
produces the followving estimate of vertical hydraulic qonductivity:

R'e = Q8" = (.18) (4 x 10%) = 7.2 x 10~ "ft/day

This compares very favorably with the measured permeability reported for
the 615 8 - 616.0 ft sample, which is 2.6 x 10-*millidarcys, or about 7.0

‘x 1077 £t/day.

Thus, two independent laboratory procedures on two different samples of
the Rad Clay yield essentially identical values of K'y,and a K' S'g that
will not support a B value larger than 1. x 10}, The pumping test and
laboratory results are, therefore, in agreement. Although it is always
prudent to consider the possible nonrepresentativeneas of laboratory data
from a limited number of cores, there is nothing in the pumping test data
to support a specific challange of these 1lab results,

The Hantush criterion for determining the duration of "early time" may be
used to estimate the time required for the first detectable pressure
response to pumping to propagate to the top of the Red Clay, as follows:

t = 0.05b'2 §'/K',
= (.05)(202)(4 x 10-%)/7 x 10-’
= 114 days

Your staff report is based on sound principles, but is quantitatively wide
of the mark, primarily as a result of relying on a leaky aquifer solution
that is not supported by the data. It should be noted that the concept
represented by your equation 9 is very difficult to apply im practice,
because it usually is difficult to determine the time at which drawdown
dats first begin to depart from a given B curve (the end of "early time").

1 am not able to comhent on the mechanics of the ISL simulation modeling.
However, even when using a leakance (K%, /b') that probably is 3 orders of
magnitude too large, your results indicate that aquitard leakage is not a
significant concern. Thus, the conflicts among the several
interpretations of the pumping test and laboratory data are apparently
largely academic.

You will find a large number of marginal comments, queries, rough
calculations, etc. on the various reports and wmemoranda that you provided
me. Most of these represent my first-pass reactions and notes to myself
as I attenpted to get a handle on the problem. In a few 1nstances, they
may be inconsistent with the conclusions aummatzzed above, in which case,
ignore then.

7



I am also enclosing, for your general information, copies of some field
and laboratory-determined properties of late Cenozoic sediments.

Should any of my conclusions appear unclear or inadequately explained to
you or your staff, please call; if we can't resolve the problems over the
phone, I will be pleased to meet with you and go over the data in detail.

Sincerely,

F. S. Riley, Chief
Subsidence Research Project

ps

enclosures



286  PART IV SOIL WITH WATER—NO FLOW OR STEADY FLOW
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Fig. 19.5 Permeability test data.
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Soil Identification Code
10 Otitawa sand.
11 Sand—Gaspee Point
12 Sand—Franklin Falls
13 Sand—Scituate
'4 Sand—Plum Island
15 Sand--Fort Peck
16 S.'t—Boston
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Table 4.--Computer simulation of aquifer-system compaction

Monitored thickness

Momite: .- Recoverable (elastic) storage parameters of the compacting confined aquifer system
sit. of compacting sediments ,' - - -
. Component due to skeietal compressibility Total (skeletal plus water compressibility) storage
Well or Aggregate Aggregate Total X L s . c s ..
site number aquifer aquitard monitored Average specific storage Storage coefficients Average specific storage Storage coefficients
thichness thickness thickness Aquifers Aquitards Aquitard Aquifers Aquitards Aquifer Aquifers Aquuards Aquifer Aquifers Aquitards Aquifer
n:del system systen
Ib Ib! be S ske Shoe S*ye 1 s

(feet) - (feet) (feet) Q‘eet'l) (feet") (< Dimensionless——>) (feet"J (feet™ ) (fee:’ju—omensiénless >)

6 6 . 3 3 6 ) -~ 3 23

14/13-1103,6 303 274 578 6.53x10  7.01x10 1.31x10 1.79x10 1.92x10 7.10x10 3.86x10 2.83x10 1.95x10 2.23x10
: -6 5 ) 5 3 N It 23
10/15-34N4 421 670 1,297 .98x10 2.19x10 .92x10 .50x10 2.03x10 3.92x10 2.24x10 2.63x10
" 3 _6 - A 3 5 5 M A .3

18/19-20P2 263 154 417 .76x10 7.50x10 1.13x10 .15x10 .34x10 3.29x10 1. lelO 1.37x10
- 6 . 6 X 3 5 5 O |

19/16-23P2 636 1,324 1,960 .81x10 2.01x10 2.73x1i0 2. .66x10 .38x10 1.91x10 S. 92x10 3.15x10 3.74x10Q
: $ : $ 3 5 s 2 3

0/18-11Q1 232 388 620 .74x10  3.99x10 _1.55x10 .31x10 3.04x10 2. umo 1.67x10 1.89x10
$ 5 A 5 $ 5 3 3

23/25-16N1.3 127 278 40s .41x10°  4.60x10 .28x107 0.93x10° 4.98x10” 3.70x10 1 38x10° 1.50x10
5 Y 3 3 $ - B R 3 -3

11N/21w-381 30_3 367 670 .64x10 3.99x10 .47x10 L21x10 2.73x10 2.82x]10 _ 1.54x10 1.83x10

Pohnd and others {1975) and lhe present authors have
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Nonrecoverable (vi rgi;) ’

Ratio of‘virgin to
elastic specific

Vertical hydraulic
conductivity of

Time constants
for characteristic

Depth to water at which
nonrecoverable compaction

. “ storege for the- the squitards aquitard would begin during a cycle
Aquitard storage parameters aquitards of renewed drawdown
Skeletal Skeletal . Predicted 1974 Observed
specific storage, Elastic Virgin High . Low 1976-77
storage coefficient
kX [ ] 3
S.sk! S'kv 3 s slnv/S s x Yo v
(feet ) {(Dimensionless) (Dimensioniess) (feet/year) (years) (years) (feet) (feet)  (feet)
K oo .
.4.3x107 0.12 1 61 7.7x10 0.67 40 348 426 <330
~ b - - :
Flaxt0 g 94 5.2x10 .44 a2 377 520 as
. T Y e -
6.7x10 10 91 7.0x10 2.2 215 154 ‘163 160
. o e . .
3.0x10 40 " 126 0.2x10 10,7 1,350 361 509 520
.. 3 . :
1.4x10 0s 32 1.2x10 43 140 0 240 310
.. . . :
2.3x10 06 46 30.x10 A1 S 164 220 180
. i :
. : . i L .
2.5x10 09 $9 3.0x10 1.3 - 7S 33 392 <360

R A

v n




!'-"u‘f

u}& rologic —I'.:Albo.n-lt;ry
' Denver, Colorado

~

¢or samples from Texas City-Seabrook Subsidence Study

/ v e |
aboratory Depth Field Calculated field Vertical Inelastic Elastic. Void ratfo . Coefficient of
sanple (fe) nucber effective stress hydraulic specific specific at p congolfdation at
nunber - P conductivity storage at p .  storage at p e (KV'/ssi')
b psi at p S 1' S“‘ c
&' fz" fe-! N
m/day st /Aay
. &

‘ . N , (A3 x107d 4 x10"% ( &2 ¢.5°X10" )
73TEX188 163~ 164 1 s 80.0 9.73x10™ 3.29x107" 8.02x10"%/ 0.636 (9 71x10~?
73TEX189 256~ 257 - 2 136. 1.72x107¢ 1.21x10°" 9.01X10"* 0.636 4.66X10°2

: ' 5 - 1.55X10 ‘) 4.0 £ /0 3) 4.4 x/C7 2')
@ 73TEX190 ~ 423- 424 3 Texag, 215. 2.09X10 1.48X10~" 2,65X107 0.881 4 83x10
' ES : ; ’ Ios‘llo ) (.?-?x/a'-'" 2.2 %072
73TEX191  S12- 513 4 Texas 271. 7.00x10” (1.32x10% 2.53x10°° 0.565 2.05x10-?
- k] - - $4xq0°5 ( B x ) 1.7 t/o‘-"'}
73TEX197 - 619- 620 S Texas: 306. 2.77X10 S soxio" 3. oxlo-s 0.701 1.60x10°2
- 8l - 10 yro~¥ 2.1 X103 : 2x/
73TEX193°  700- 701 6 s 362, 1.76x1077 WY ) 2.20x(6-% ) 0.501 ' ({nxm" 7)
S “ : (2101007 ($FXr07¢) L7 Ysp"%*
73TEX194  978- 979 1 507. 1.72X107 4.04x10"% 6.33X107% . 0.323 1.40X1072
: . 3X /0 ’
73TEX195  1022-1023 2 512, . 3.98x10°°¢ 5.39x10°% @.?&sxm-‘ ) 0.525 2.42x10°
) : ? 10" 4 4 /07¢ 24 x10
731EX196  1058-1059 3 s27. EiHes) Fias™) @l 0.456 ANy
' 105" x10-4)9 ) /] 0K1072
@ 73TEX197  1249-1250 4 611. 3.66X1077 1.10x107" ) 1.11x10°¢ (o 763) 1.09X1072
.?.361/0'7 s5x10°% 2.8%x /0 6) ' -2
I3TEX198  1339-1340 5 650. '.32x10"7 ) 6 96X10-3 CRIR (-3 GG gaxo2 )




-

THOW3
%
=%
it
T A
P
o
R
i §;
AR
;.\. el
b g
ik
wer
i i
chﬁefx PR (TS T W S TR (771 H S TTI R I U HHE [TTS S W AN S W (VTR O W NI SH [T 7S U ST SR S 1YV B 6 AR SN 1Y T W L O TR [T Y T W B 1 O A N
10-} 1073 g -; 10-? 10°4 10-2 10-¢ 10-7 10-% 10-9 10~10
m/min l = g’ l ‘ l l
111 3 Ioegg g ot 1 Lo i 8% besstgr Loggag g g loaart to Losge g p g lysgege g g Lpggga 4 4 [ITTI N B B S (TT
10-“ 1072 H E 1o-'| 10-¢ 10-5| 10-¢ xo~7i 10-¢ 10-? - 1071
W : o . - ‘ .
::Ixici [ SR (TS R IS A lnu_u : [TTSTE N [ITSRS N S UG M [T TS O N I O Ladr 1t Dagrp e d 1 bLiygeepa oy leggge t 0 J
104 10 xo‘ 31 !», xr 1 xr" 1072 ©1073 10~ 103 107‘
f/sec | ' : |
/1 [ ITIS RN lulLLLl JJ'_ ﬁuu 14 ! Lgrp e 48 Ligagea g Dosead 4 “Groyy e 3 D oo Togag a1 Diesgp s -
10-2 . I . 10-3 10-% 10-¢ I 10~7 10-¢ 10~* 19-1¢ 1074
ft/mun . . A
Ligreta 1 3 (ITIIEE M AN B mltLl lL Digteg g g 4 TSN IR Lagaa (g TSI N I B R [T T I e bartsgy Linggt g
1 - - 10-¢ 10””' 10-3 10-¢ 10-3% 10-¢ 107 10-4 10-*
1y - gl |
111434 Lergags1 g llur}l_th gty Lintea g a4 Jl‘uujl I Lygses oo o loeses g 10 litgasg ot Ligart g4 3 -
104 108 10° ¢ ﬁ 10 102 10 1 10-t 102 1073
an’(fot\uterlt"m‘C) }) : | | I
ST I NI iITITS V1 54 TS Y TN S Liagat a0 1 TS I Lisgaty g b 31 Liigatg
10-% 10" 107 % g% 107 10-* 10-%0 10-1 10-12 10-1 T 10-14
oucy(fommrnzo'q g{ .| | | '
uuxx ) -ul 1A o i) funit g 1 TSN S S (TSR N A I | Litgig g g 1 Ligtatd oyt Loetog g0t leapaty 32
10 o & 1 ©107! 10-2 10°2 1074 10-% 10-¢
41
4,
l High I. :‘;': ‘L Low A,L Very low —— >|Lﬁ Practicalty impermesbls ~————-—
*For water 2t 20°C Tocomeet from cm/sec t:  m/min ulsec ftfsec  ft/min . ft/yr cm2e Darcy®
E; 5 Multiply by: 0,600 ¢ 00328 1968 1034 x xo‘ 1.031 x 10-%  1.045 x 103
gi d Fig. 19.6 Permeability conversion chart.
& *
£ g

Fe o O

88¢

MOTd AQVIIS MO MO1i ON—Y3LVM HLIM 110S Al 1¥vd

T




