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1.0 INTRODUCTION

In July 1984, Everest Minerals Corporation (EMC) applied for a new source
material license. Several corporate decisions were made by the EMC staff
which ultimately delayed the actual license issuance process until late
1985. However, by letter dated December 30, 1985, EMC submitted a
complete license application. Concurrent with this request, the USNRC
began environmental and safety review of the application materials.

1.1 Description of the Proposed Action

The proposed action is to secure a source material license for the
commercial operation of an in situ leach uranium mine at the
Highland Uranium project. Pending successful issuance of the
license, EMC intends to solution mine approximately 120 acres of
3400 acres over which they control mineral access.

1.2 Background Information

Two in situ pilot mines have been operated at the Highland Uranium
Project by Exxon Coal and Minerals Company. The first pilot,
described in the Final Environmental Statement Related to Operation
of Highland Uranium Solution Mining Project, November 1978,
NUREG-0489, was operated from March 1, 1972 to November 7, 1974, and
restored from 1974 through July 15, 1982. Because of the high
chemical concentrations utilized in the lixiviant, restoration was
unusually long and of marginal success. The second pilot, the R&D
Expanded Pilot, operated from December 16, 1978, to September 30,
1981. This pilot demonstrated the technical feasibility of mining,
the ability to control leach fluids within the mining zone, and the
restorability of the affected ground water. An indepth discussion
of the latter effort is included in the environmental assessment
which accompanies this Safety Evaluation Report.

EMC's proposed project will utilize the existing infrastructure of
the Highland facilities associated with Exxon's Operations. Within
this complex, which formerly housed a uranium mill, a solution
mining operation will be constructed and operated.

In situ mining is proposed for ore bodies distributed within a
3400 acre area with proposed wellfields covering approximately
120 acres, or 4 percent, of that total area.

1.3 Review Scope

This review will utilize the data collected during previous R&D
in situ mining efforts at the site as well as appropriated data
gathered from the operation of the Exxon Highland Uranium Mill.
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Much of this data is directly applicable to the EMC proposal because
they will be utilizing the equipment, buildings, and overall
infrastructure remaining from the Exxon project.

This document will therefore detail the staff's review of in-plant
radiological safety of the proposed commercial operation. The
review will include a staff analysis of the license application as
well as previous operational monitoring data for the facility.

2.0 AUTHORIZED ACTIVITIES

The pending review process and subsequent issuance of a source material
license will authorize commercial operation of the Highland facility.
Uranium will be extracted from the ore body by a sodium bicarbonate
lixiviant at a rate of up to 3200 gallons per minute (gpm). The uranium
rich solution will be extracted, concentrated, dried, and packaged
on-site into a final U308 product.

2.1 Facility Description

EMC's proposed in situ project is located in the southern Powder
River Basin of east central Wyoming, in central Converse County.
The project is about 25 miles north of Douglas and 24 miles
northeast of Glenrock. Access to the site is via Wyoming
Highways 95 and 93 and the Highland Loop Road which are all paved to
the EMC property.

Figure 1 shows the location of the project in eastern Wyoming, and
Figure 2 is a detailed location map of the proposed facilities at
the project site.

The research and development phase of the Highland facility occupied
approximately 10 surface acres. As previously discussed, two R&D
efforts were undertaken: the original R&D pilot and the expanded
R&D pilot. Concurrent with the early stages of the site research
and the testing in the patterns discussed above, data was being
gathered on the minability and restoration character of the ore
bearing zone. Additionally, operational data from components of the
mill which will support the commercial in situ development were also
being collected.

2.2 Operations

EMC proposes to proceed with commercial in situ mining operations
with the first phase of the commercial scale operation producing
approximately 500,000 pounds U30 8 per year; this production rate is
planned to expand to 1,000,000 pounds U3 08 per year after 4 years.
During commercial operation, injection wells, recovery wells, and
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monitor wells will be installed in the ore zones. The wellfield
size will be determined by the flows and concentrations achievable,
as demonstrated from the in situ pilot operation and the local
hydrologic data. In the first wellfield area, the recovered fluids
will flow to a header house via buried pipelines, and will then be
piped to the main process facility (MPF) which will be housed in the
existing mill building. Within the MPF, the recovered water will be
circulated through ion exchange (IX) columns where the uranium in
solution will be removed and loaded on the IX resin. Following the
loading, the IX resin will be stripped of the uranium. The
stripped, or barren, water will be fortified with carbon dioxide,
piped back to the wellfield via a return pipeline, and fortified
with gaseous oxygen prior to reinjection into the ore zone. This
procedure will continue until the mining area is depleted of
uranium.

The IX columns and elution equipment are to be located inside the
MPF. After loading of the IX resin, the resin will be eluted
(stripped). The pregnant eluate containing the uranium will then be
thickened, washed, dried, and packaged in preparation for market.
All process steps will be conducted on site.

The general process circuit configuration is shown in Figure 3. The
configuration of this process circuit has been reviewed by the USNRC
staff, and it represents a typical circuit for this type of
operation. To assure that the process circuit is not changed
without adequate health and safety considerations, the licensee will
be required by license condition to submit all proposed circuit
changes to the USNRC for review and approval.

The main process facility is designed for a 3200 gpm throughput
capacity with a nominal yellowcake production capacity of
1,000,000 pounds U30 8 per year. The estimated project schedule
projects 500,000 pounds U30 8 per year in years 1 and 2;
750,000 pounds U3 08 per year in years 3 and 4; and 1,000,000 pounds
U30 8 per year in subsequent years. To maintain 1,000,000 pounds
U3 08 per year throughput, additional wellfield areas on adjacent
lands controlled by EMC are anticipated to be added to the permit
area. To assure that these areas have similar mining
characteristics as the adjacent areas of the licensee will be
required to submit an appropriate license amendment for review and
approval. An indepth discussion of the mining characteristics
associated with the ore zone is contained in the accompanying
Environmental Assessment.
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3.0 FACILITY ORGANIZATION AND ADMINISTRATIVE PROCEDURES

3.1 Organization

A partial organization chart of EMC depicting the relationships of
the organizational components responsible for operations,
environmental protection, and radiation safety at the Highland site
is shown in Figure 4. The licensee will be required by license
condition to maintain this corporate structure. Should the licensee
seek to alter the organizational structure, an appropriate license
amendment will be required.

The Corporate Vice President/Production Manager (VP/PM) has the
executive authority and ultimate responsibility for all activities
at the Highland Uranium Project.

The Corporate Environmental Manager reports to the Corporate VP/PM
and is responsible for overall coordination of licensing,
permitting, environmental protection, and monitoring programs. He
advises all other Corporate functions on environmental protection,
radiation safety, and regulatory compliance matters.

The Corporate Chief Engineer reports to the Corporate VP/PM and has
overall responsibility for engineering and technical support for the
Highland Uranium Project.

The Corporate Radiation Safety Officer (RSO) reports to the
Corporate Environmental Manager and is responsible for establishing
and implementing effective environmental, radiation safety, and
license compliance programs. Further, until EMC commences uranium
production operations at the Highland Uranium Project, the Corporate
RSO will function as, and assume the responsibilities of the
Highland site RSO.

The Highland Uranium Project Mine Manager reports to the Corporate
VP/PM and is directly responsible for all Highland site activities,
including wellfield and process facilities operations, industrial
and radiation safety, and environmental protection.

The Highland Site RSO reports to the Highland Mine Manager and is
directly responsible for administering established environmental
protection and radiation safety programs for the Highland site. The
Highland Site RSO directs the activities of the Highland site
environmental/radiation safety staff who conduct radiological
surveys, collect environmental samples and data for radiation safety
programs, perform laboratory analyses and calculations of employee
radiation exposures, conduct radiation safety training, and maintain
respective records. Each member of the staff, including the RSO,
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has authority to suspend any operation of work activity that poses
potential radiation and/or environmental hazards until appropriate
resolution of the situation has been achieved.

3.2 Radiation Safety Staff and Responsibilities

The Highland Site RSO has direct responsibility for the
implementation of all radiation and safety protection procedures,
equipment and controls, including emergency procedures. As
previously discussed, the RSO is responsible for the collection and
interpreptation of employee exposure related monitoring data and the
proper recording and reporting of such. The RSO will conduct
routine training programs for the supervisors and employees with
regard to the proper application of radiation protection, nuclear
safety, and environmental control procedures. Peer reviews will be
supplied by the Corporate RSO.

The Corporate RSO is responsible for the development,
administration, and enforcement of all radiation protection programs
at the Highland site. The Corporate RSO will develop and administer
corporate radiation protection and nuclear safety programs to ensure
that (1) employees are afforded the optimum practical protection
against related hazards, (2) exposure of employees to radiation and
radioactive materials is as low as reasonable achievable, and
(3) all regulatory requirements are met.

3.3 Minimum Technical Qualifications for Radiation Safety Staff

EMC has proposed the following minimal qualifications and experience
for personnel that will be assigned the responsibility of
developing, conducting, and administering the Highland site
radiation safety program:

Highland Mine Manager

The position of Mine Manager requires a Bachelors degree in science
or engineering or equivalent work experience of 5 years supervisory
experience. Work experience should include industrial
process/production experience and industrial process/production
management.

Corporate Radiation Safety Officer

The Corporate RSO will have a bachelor's degree in the physical or
biological sciences, mathematics, or engineering from an accredited
college or university, and a minimum of 3 years of experience in
applied radiation protection work.
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Highland Site Radiation Safety Officer

The Highland Site RSO will have a bachelor's degree in the physical
or biological sciences, mathematics, or engineering from an
accredited college or university, or an equivalent combination of
professional education and experience. A year of experience in
applied radiation protection work is considered equivalent to
2 years of professional education.

The Highland Site RSO is the individual that carries full
responsibility of the day-to-day radiation safety aspects of the
operation. Due to this responsibility, the USNRC will require by
license condition that this individual receive a minimum of 2 weeks
of formal radiation safety or health physics training on an annual
basis. Prior to hiring of this individual, the staff will require
by license condition that the individual's experience, education,
and specialized training be submitted to the USNRC for review and
approval.

3.4 Administrative and Operating Procedures

All principal work assignments will be conducted in accordance with
written operating procedures. Supervisory and management personnel
will routinely observe their employees at work and thus will be able
to ensure adherence to the written procedures. All new operating
procedures which may affect radiation safety will be reviewed by the
radiation safety staff. Review and approval of operating procedures
by the RSO will be done at least annually to ensure that radiation
exposures are maintained as low as is reasonable achievable.

A copy of the updated written procedures will be required by license
condition to be kept in the areas of the production facility where
they are used. The licensee will be further required by license
condition to have all operational and nonoperational activities
reviewed and approved in writing by the RSO and the Corporate
Radiation Protection Officer prior to implementation.

Nonroutine work or maintenance activities which may result in
personnel exposure to radioactive materials will be carried out in
accordance with special work procedures. These procedures will
involve contacting the environmental/radiation protection staff
prior to the start of work. A member of the Highland
environmental/radiation protection staff will survey the area for
radiation and/or contamination levels, as appropriate, and conduct a
discussion of precautions to be taken during the activity to keep
personnel exposures as low as is reasonably achievable. Job
supervisors will direct the work in such a manner as to minimize
exposure to radiation or airborne radioactive materials. Air
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samples will be taken as necessary to evaluate the exposures of all
involved personnel. Additionally, techniques such as the use of
respirators will be used to reduce exposures.

To assure that nonroutine work or maintenance activities are
properly documented, the licensee will be required by license
condition to complete a special work procedure (Radiation Work
Permit) form prior to conducting the task. Furthermore, the review
of the work environment and radiation levels will be required by
license condition to be conducted by the RSO or a trained and
qualified designate.

3.5 Audits and Inspections

3.5.1 Inspections and Monthly Audit

The Highland Site RSO or designated health physics
technician will conduct a daily walk-through inspection of
all work and storage areas of the MPF to ensure proper
implementation of good radiation safety procedures.
Additionally, the Highland Site RSO will conduct weekly
inspections of all work and storage areas; his findings
pertaining to compliance with license requirements and
radiation safety practices will be documented.

A monthly compliance report will be prepared by the
Highland Site RSO; these reports will be submitted to the
Mine Manager and the Corporate RSO. The Corporate RSO
will review and evaluate these reports and consult with
the Highland Site RSO as appropriate. The reports, along
with any additional evaluation, will be forwarded to the
Corporate VP/PM, the Corporate Chief Engineer, and the
Corporate Environmental Manager for their review and
assessment. Additionally, the licensee will be required
by license condition to include a summary of all
inspection and audit results in the annual ALARA audit.

3.5.2 ALARA Audit

An annual ALARA audit of the plant operations will be
conducted under the direction of the Corporate RSO. The
licensee has committed to performing an annual ALARA audit
which addresses the topics discussed in Section 2.3.3 of
Regulatory Guide 8.31. This will include the following:

employee exposure records (external and time-weighted

calculations),
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o bioassay results,

" inspection log entries and summary reports of daily,

weekly, and monthly inspections,

o documented training program activities,

o radiation safety meeting reports,

o radiological survey and sampling data,

0 reports on overexposure of workers submitted to NRC,

Mine Safety and Health Administration (MSHA), or
State of Wyoming, and

o operating procedures that were reviewed during this

time period.

The report on the annual radiation protection and ALARA
audit should specifically discuss the following:

o trends in personnel exposures for identifiable
categories of workers and types of operational
activities,

o whether equipment for exposure control is being

properly used, maintained, and inspected, and

0 recommendations on ways to further reduce personnel

exposures from uranium and its daughters.

The licensee will be required by license condition to
submit a copy of the annual ALARA audit to the USNRC for
staff review. The submittal to the NRC will allow for
staff review of the licensee's ALARA audit program and
make an independent decision on the adequacy of the
program.

3.6 Radiation Safety Training

All site employees at the Highland plant will be administered a
training program on radioactive material handling and radiological
safety. This training will be administered in keeping with standard
radiological protection guidelines as detailed in Section 2.5 of
Regulatory Guide 8.31. Because the licensee has committed to this
program, the training will consist of the following:



9

o Fundamentals of Health Protection
o Personal Hygiene at Uranium Mills
o Facility Provided Protection
o Health Protection Measurements
o Radiation Protection Regulations
o Mill Emergency Procedures

Additionally, the licensee will be required by license condition to
document all training and maintain records on file of the content
and results of the training.

4.0 RADIATION SAFETY CONTROLS AND MONITORING

4.1 Ventilation and Effluent Control

At the Highland site, there are two major radioactive effluents:
radon gas from the production solutions and uranium particulates
from the drying and packaging area as well as the dryer stack.
Radon gas will be released primarily in the recovery tanks and
associated process equipment. To cope with this situation, all
tanks will be covered and individually vented to the atmosphere.

The atmospheric venting is designed to minimize personnel exposures.
In addition to the specific venting, the plant building is equipped
with five general area exhaust fans. These fans are 36-inch
diameter vents with a combined flow rate of 64,000 cfm. Due to the
heat load that these units would draw during winter months, they
will only be utilized if the individual venting fails to reduce
radon to acceptable levels.

In addition to the individual vents and general area exhaust fans,
two separate ventilation and exhaust systems are located in the
yellow cake drying and packaging area. As a consequence of their
negative pressure design, they will also draw air from the process
building and therefore aid in ventilation of the process building.

The packaging area ventilation/scrubber system collects and cleans
air fumes and particulates in these areas. Subsequently, the
exhaust is discharged to the atmosphere through a 6-inch diameter
stack with a flow rate of 600 cfm.

A second and independent duct system services the yellowcake dryer
area. Exhausts from this system are discharged to the atmosphere
through an 18.5-inch diameter stack which extends above the process
building roof. Design intake of the scrubber is 3,300 cfm with an
efficiency in excess of 99 percent. The licensee will be required
by license condition to have the scrubber in operation during all
times when product drying is taking place. Furthermore, the
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observations of the scrubber controls or an audible alarm will be
required to assure that the scrubber is functioning as designed.

4.2 In-Plant Monitoring Data

Previous in-plant monitoring for particulates and radon gas indicate
that the ventilation systems are very efficient in removing these
radionuclides from the process building. Because the previous
monitoring is based upon milling of uranium ore and not the proposed
solution extraction techniques, the data is not entirely applicable
to the proposed action.

To determine the levels of radon and uranium that are present within
the process building and associated ancillary facilities, EMC
proposes to sample the air in five locations: the elution area,
dryer room, drumming area, precipitant and clarification area, and
the satellite facilities.

The elution area and satellite facilities will have radon daughters
measured at floor level and on the upper catwalk equidistant from
the vessels. The dryer room and drumming area will have continuous
sampling of uranium during operation. This sampling will utilize a
low volume pump, the results of which will be used in determining
employee exposures.

Because the concentration of uranium particulates and radon can only
be predicted from previous operational data, the staff will require
by license condition that EMC sample at the previously discussed
locations on a weekly frequency to characterize the typical
concentrations with the facility. Furthermore, the licensee will be
required to submit this data to the USNRC for review within 30 days
of its collection. Staff review of this data will indicate if
additional areas will need to be sampled.

4.3 Personnel Monitoring Data

The calculation of internal exposure to radon or its daughters and
uranium will be based on a time-weighted exposure (TWE) calculation
incorporating a consideration of both occupancy time and average
airborne concentration. Occupancy factors will be determined from
actual time card data rather than based upon a time study approach.
Occupancy times will also additively consider exposures from
nonroutine or clean up operations that are covered by radiation work
permits. The licensee will also be required by license condition to
perform and document within 1 week of the end of each regulatory
period, occupational exposure calculations.
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Average airborne concentrations of radon or its daughters and
uranium will be determined based upon monthly air samples. An
exception to this is within the drying and packaging area where
employees will log in and out. Due to this, actual airborne
radionuclide concentrations will be utilized for these time periods
spent by employees in these areas.

Occupancy factors and airborne concentrations will be determined on
employee exposure. The exposure calculation will be based upon MPC
hours. All exposure calculations will be maintained in the
employee's personnel files and reviewed on a quarterly basis to
assure that no employee exceeds the regulatory limit of
520 MPC-hours in a calendar quarter. As previously discussed, a
weekly exposure determination will be required to assure that the
40-hour control limit for soluble uranium has not been exceeded.

Should exposures exceed applicable regulatory limits, EMC will be
required by license condition to conduct an investigation into the
possible causes. Additionally, necessary corrective actions will be
required by EMC to assure that future exposures are as low as
reasonably achievable. Furthermore, the licensee will be required
by license condition to maintain all survey and monitoring data as
well as reports on audits and operations for a minimal period of
5 years. This will allow the licensee to review operational records
and determine if the plant data shows any radionuclide concentration
trends.

EMC provided minimum details on the manner in which worker exposures
due to inhalation and ingestion of airborne radon or its daughters
and radioactive particulates of uranium would be determined. The
regulations within 10 CFR 20.103(a)(1) and (2) require the control
and assessment of exposure to radon and its daughters on a calendar
year basis; whereas, the soluble form of uranium (yellowcake) must
be evaluated and controlled on the basis of a 40-hour work week.
The staff will require by license condition that 90 days prior to
operation of the facility, a complete set of procedures for
determining internal exposure be submitted to the USNRC for review
and approval.

4.4 External Radiation Control Program

4.4.1 External Radiation Surveys

During previous commercial scale operations at the
Highland facility, area thermoluminescent dosimeters
(TLDs) were used to determine the need for personnel
monitoring throughout the plant. Several dosimeters were
placed in the processes and warehouse areas.
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As previously discussed, this mill monitoring data has
little or no application to the EMC proposal. Therefore,
the licensee will be required by license condition to
propose TLD monitoring locations based upon final facility
renovation.

4.4.2 Exposure to External Radiation

Limited external exposure records are available for the
previous operation of the Highland site; however, as
previously discussed, they have little or no application
to the renovated facility which will be utilized.
Therefore, the TLD monitoring sites, as proposed in the
previous section, will be evaluated by the staff.

The TLD data as well as the results of a gamma survey
throughout the monitored buildings will be evaluated to
identify any areas accessible to personnel where the gamma
exposure rates meet the definition of a "radiation area"
as stated in 10 CFR 20.202(b)(2). If such an area is
identified, EMC will appropriately post it.

4.5 Internal Radiation Control Program

4.5.1 Airborne Radioactivity Surveys

EMC's proposed in-plant air monitoring program consists of
monthly sampling for radon or its daughters and uranium.
However, as previously discussed, the staff considers this
frequency to be inadequate and will, therefore, require by
license condition that the licensee sample weekly to
characterize the air at the sample locations.

The process building is vented to the atmosphere to
control potential buildup of radon concentrations. Data
acquired during operations indicate that previous milling
particulates within the process building are extremely
low. The potential does, however, exist for significant
uranium particulate concentrations to exist in the drying
and packaging area. To help control this, air is drawn
through the drying and packaging area and, therefore,
maintains a lowered air pressure in this area. To ensure
that this negative pressure is maintained and that the
scrubbing system is functioning, the staff will require by
license condition that the system be equipped with an
audible alarm that will sense a drop in airflow rate or
other malfunction, or that the system have its operation
checked and documented every four (4) hours.
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4.5.2 Exposure to Internal Radiation

Radiation exposures at the various worker stations are
primarily a function of the time spent at the station and
the concentration of uranium and radon or its daughters.
As previously discussed, the licensee has provided venting
of the facility to limit the amount of radionuclides
contained in the facility as well as limit the amount of
radionuclides contained in the various enclosed areas.
EMC proposes to sample airborne uranium in the dryer room,
drumming area, and the precipitation and clarification
area monthly. The staff considers the proposed areas to
represent those locations in the process building where
uranium particulates could be present. However, as
previously discussed, EMC will be required by license
condition to perform air sampling on a weekly frequency.

EMC plans to utilize a special work permit for all
nonroutine work and maintenance tasks. They will consider
the exposure determinations associated with these requests
as an additional employee exposure. Due to this, each
special work permit will be required by license condition
to have a calculation of the radionuclides present in the
work environment air.

4.5.3 Respiratory Protection Program

No respiratory protection program has been proposed by
EMC. However, they have proposed in their application to
dry and package yellowcake on site. Therefore, the staff
will require by license condition that 3 months prior to
commercial operation of the facility, the licensee submit
for review and approval a respiratory protection program.
Furthermore, the licensee shall be prohibited from
utilizing the drying and packaging components of the
facility until an appropriate respiratory protection
program is reviewed and approved by the USNRC.

4.6 Bioassay

A. Urinalysis

The purpose of the bioassay program is to confirm the
effectiveness of the radiation protection programs and to
verify the results of the calculated exposures. EMC has
proposed to collect urine samples from all personnel. These
employees would then have an initial uranium action level of
15 micrograms per liter. The staff has determined that the
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routine urinalysis program is insufficient to adequately verify
calculated exposures. The staff will, therefore, require by
license condition all employees have a baseline urine sample
taken prior to their initial assignment at the site.
Furthermore, monthly samples will be required of all employees
routinely entering the process area. Sampling of all employees
working in the process area will assure that adequate data
exists to determine if a potential overexposure has been
caused.

The staff will further require by license condition that urine
samples be analyzed by vendors capable of detecting
5 micrograms of natural uranium per liter. Similarly, blanks
and spikes will be required to be submitted with each group of
urine samples as a quality control measure.

B. In Vivo Analysis

EMC has not proposed to perform in vivo counting. A staff
review indicates that it is not in conformance with Regulatory
Guide 8.22. The staff will, therefore, require by license
condition that EMC's bioassay program involve in vivo counting
of all personnel who routinely work in the mill process area
upon initial assignment to the facility and at least every
2 years thereafter.

4.7 Contamination Control

4.7.1 Personnel Contamination

EMC will require all employees leaving the yellowcake
production areas to change clothing and shower or monitor
themselves for alpha contamination. Failure to meet the
maximum radiation level of 1000 dpm/100 cm2 requires the
employees to decontaminate and resurvey themselves. The
staff has determined that the personnel contamination
program should include surveying of all people leaving the
process building and the yellowcake area and documented
alpha contamination spot checks on a quarterly frequency.
The staff will, therefore, require this procedure by
license condition.

4.7.2 Surface Contamination

EMC has proposed to survey designated eating areas, change
rooms, and office areas for contamination monthly.
Detection of alpha activity significantly above background
will be an indication that increased cleanup effort is
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warranted. A contamination level of 10 dpm/cm2 will be
used as a guideline for restricting use of areas for
eating purposes unless it is determined that the
contamination is fixed. For fixed activity, the guideline
will be an average value of 50 dpm/cm2 and a maximum level
of 150 dpm/cm2 . Detection of contamination in such areas
exceeding these levels will result in decontamination of
respective areas.

The staff has determined that this program is inadequate
to assure that areas are adequately sampled for
contamination. The staff will, therefore, require by
license condition that if removable alpha contamination
exceeds 1000 dpm/100 cm2 , the area will be decontaminated.
Furthermore, there is no commitment to survey the
production areas. The staff will, therefore, require by
license condition that the licensee daily inspect the
drying and packaging area for yellowcake and that all
other production areas be monitored monthly.

The staff will also require the licensee to propose
60 days prior to operation of the facility a designated
eating area.

4.7.3 Disposal of Contaminated Equipment

The licensee has not proposed a procedure to survey
equipment leaving the site. The staff will, therefore,
require by license condition that all equipment leaving
the facility shall be surveyed in accordance with
applicable procedures. Additionally, the licensee shall
be required by license condition, to dispose of all
contaminated materials in an approved disposal site.

4.8 Quality Assurance and Calibration

The EMC application contained a minimum discussion on a quality
assurance (QA) program for all sampling and analyses performed as
part of the radiation safety program. Therefore, the staff will
require by license condition that a QA program equivalent to all of
the recommended elements, as specified in Regulatory Guide 4.15,
"Quality Assurance for Radiological Monitoring Programs (Normal
Operations) - Effluent stream and the Environment," be submitted to
the NRC for review and approval.

EMC has committed that all radiation monitoring, sampling, and
detection equipment shall be recalibrated on a regularly scheduled
basis. The staff has determined, and will require by license
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condition, that the equipment be recalibrated after each repair and
as recommended by the manufacturer or at least semiannually,
whichever is more frequent. In addition, all radiation survey
instruments shall be operationally checked with a radiation source
before each use.

5.0 RESTRICTED AREA MARKINGS AND ACCESS CONTROL

The EMC process facility and solution disposal system are located over a
several-acre area and are, in several instances, surrounded by individual
fences which are posted in accordance with 10 CFR 20.203(e). Signs
reading "CAUTION - RADIOACTIVE MATERIALS" are maintained along the fence
and are visible to individuals as they approach the fence. EMC has
committed to maintaining adequate posting for the site.

Security for the site is provided by personnel working at the facility.
Considering the remote location of the site and the private access road
leading to it, such security measures are adequate. EMC will control
access to the site by way of a locked gate at the main access road.
Visitors will be required to contact EMC personnel to open the gate for
site entry.

The staff concludes that the above markings and access control are
adequate. A more complete discussion of the restricted area is contained
in the accompanying Environmental Assessment. A license condition will
be issued which exempts the licensee from the requirements of
Section 20.203(e)(2) of 10 CFR 20 for areas within the facility, provided
that all entrances to the facility are conspicuously posted in accordance
with Section 20.203(e)(2) and with the words, "ANY AREA WITHIN THE
FACILITY MAY CONTAIN RADIOACTIVE MATERIAL."

6.0 EMERGENCY PROCEDURES AND PREVENTATIVE MEASURES

EMC has established emergency procedures for natural disasters,
significant equipment or facility damage, uncontrolled plant shut downs,
yellowcake spills, loss or theft of yellowcake or sealed sources,
employee overexposure, and unauthorized discharges of radioactive
materials. The procedures to be followed specify appropriate individuals
to contact and health and decontamination procedures as well as area
clean up methods.

Accidents involving the uncontrolled discharge of waste solutions would
be extremely remote. As required by license condition, the licensee will
perform a daily inspection of the solution disposal system. The licensee
will also be required by license condition to immediately notify the
USNRC by telephone of any failure of the solution disposal system which
results in a release of radioactive material and/or of any unusual
conditions which if not corrected could lead to such a failure.
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7.0 EVAPORATION POND EVALUATION

EMC has proposed two different methods for disposal of process water:
deep well injection and land spreading. A complete discussion of these
methods is contained in the accompanying Environmental Assessment.
Therefore, these facilities will not be discussed here.

8.0 DECOMMISSIONING AND RECLAMATION

EMC will be required by license condition to decommission and reclaim the
site to appropriate radiation protection standards. Additionally, the
well fields will be required to be abandoned in accordance with the State
of Wyoming standards. Additional site reclamation and aquifer
restoration information is contained in the accompanying Environmental
Assessment.

9.0 SURETY REQUIREMENTS

The staff will require by license condition that the applicant submit to
the NRC a copy of a surety bond, or other acceptable financial
instrument, for reclamation and decommissioning costs of the facility.
The bond amount shall be calculated based on hiring a contractor to
perform the work. The bond shall be renewed annually in order to allow
readjustment of the bond total value due to changing conditions,
inflation, and other similar considerations.

10.0 CONCLUSION INCLUDING SAFETY LICENSE CONDITIONS

Upon completion of the safety review of EMC's application for source
material license, the staff has concluded that the operation of the
Highland site, in accordance with the following license conditions, will
be protective of health and safety and fulfills the requirements of
10 CFR Part 20. The staff, therefore, recommends that EMC be issued a
source material license subject to the following conditions:

1. Any significant changes in the process circuit as illustrated and
described in Figure 3.2 of the renewal application shall require
approval by the USNRC in the form of a license amendment.

2. Release of equipment or packages from the restricted area shall be
in accordance with Attachment No. 1, "Guidelines for Decontamination
of Facilities and Equipment Prior to Release for Unrestricted Use or
Termination of Licenses for Byproduct or Source Materials," dated
September 1984.

3. The licensee is hereby exempted from the requirements of
Section 20.203(e)(2) of 10 CFR 20 for areas within the facility,
provided that all entrances to the facility are conspicuously posted
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in accordance with Section 20.203(e)(2) and with the words, "Any
area within this facility may contain radioactive material."

4. The results of sampling, analyses, surveys and monitoring, and
calibration of equipment and reports on audits and inspections, all
meetings and training courses required by this license and any
subsequent reviews, investigations, and corrective actions, shall be
documented. Unless otherwise specified in the USNRC regulations,
all such documentation shall be maintained for a period of at least
five (5) years.

5. Standard operating procedures (SOPs) shall be established for all
operational process activities involving radioactive materials that
are handled, processed, or stored. Standard operating procedures
for operational activities shall enumerate pertinent radiation
safety practices to be followed. Additionally, written procedures
shall be established for nonoperational activities to include
in-plant and environmental monitoring, bioassay analyses, and
instrument calibrations. An up-to-date copy of each written
procedure shall be kept in the process area to which it applies.

6. All written procedures for both operational and nonoperational
activities shall be reviewed and approved in writing by the RSO and
the Corporate RSO before implementation and whenever a change in a
procedure is proposed to ensure that proper radiation protection
principles are being applied. In addition, the Corporate RSO shall
perform a documented review of all existing operating procedures at
least annually.

7. The licensee shall be required to use a Radiation Work Permit (RWP)
for all work or nonroutine maintenance jobs where the potential for
significant exposure to radioactive material exists and for which no
standard written operating procedure exists. All RWPs shall be
accompanied by a breathing zone air sample or an applicable area air
sample. The RWP shall be issued by the Highland Site RSO or his
designate, qualified by way of specialized radiation protection
training, and shall at least describe the following:

A. The scope of the work to be performed

B. Any precautions necessary to reduce exposure to uranium and its
daughters

C. The supplemental radiological monitoring and sampling necessary
prior to, during, and following completion of the work

D. In addition, the RSO's review of all nonroutine activities
shall be documented.
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8. The licensee shall maintain effluent control systems as specified in
Section 4.4.3 of the licensee's application with the following
additions:

A. Operations shall be immediately suspended in the dry/pack area
of the facility if any of the emission control equipment for
the yellowcake drying or packaging areas is not operating
within specifications for design performance.

B. The licensee shall, during all periods of yellowcake drying
operations, assure that the scrubber is operating within the
manufacturer's recommended ranges for water flow and air
pressure differential necessary to achieve design performance.
This shall be accomplished by either (1) performing and
documenting checks of water flow and air pressure differential
approximately every four (4) hours during operation, or
(2) installing instrumentation which will signal an audible
alarm if either water flow or air pressure differential fall
below the manufacturer's recommended levels. If an audible
alarm is used, its operation shall be checked and documented
daily.

C. Air pressure differential gauges for other emission control
equipment shall be read and the readings documented once per
shift during operations.

9. Occupational exposure calculations shall be performed and documented
within 1 week of the end of each regulatory compliance period as
specified in 10 CFR 20.103(a)(2) and 10 CFR 20.103(b)(2). Routine
radon daughter and particulate samples shall be analyzed in a timely
manner to allow exposure calculations to be performed in accordance
with this condition. Nonroutine samples shall be analyzed and the
results reviewed by the RSO within two (2) working days after sample
collection.

10. The licensee shall submit a detailed decommissioning plan to the
USNRC at least twelve (12) months prior to planned final shutdown of
mining operations.

11. The licensee shall perform and document a daily visual inspection of
the waste solution disposal system. Should the inspection indicate
that a discharge has taken place, the USNRC, Uranium Recovery Field
Office, shall be notified by telephone within 48 hours.

A written report shall be filed with the USNRC, Uranium Recovery
Field Office, within 30 days of first notifying the USNRC that a
discharge occurred. This report shall include analytical data and
describe the mitigative actions and the results of that action.
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12. The licensee shall maintain an area within the restricted area
boundary for storage of contaminated materials prior to their
disposal. All contaminated wastes and evaporation pond residues
shall be disposed at a licensed radioactive waste disposal site.

13. The licensee shall maintain an NRC-approved financial surety
arrangement, consistent with 10 CFR 40, Appendix A, Criterion 9,
adequate to cover the estimated costs, if accomplished by a third
party, for completion of the NRC-approved site closure plan
including; above ground decommissioning and decontamination, the
cost of offsite disposal of radioactive solid process or evaporation
pond residues, and ground-water restoration as warranted. Within
three (3) months of NRC approval of a revised closure plan and cost
estimate, the licensee shall submit, for NRC review and approval, a
proposed revision to the financial surety arrangement if estimated
costs in the newly approved site closure plan exceed the amount
covered in the existing financial surety. The revised surety shall
then be in effect within three (3) months of written NRC approval.
Annual updates to the surety amount, required by 10 CFR 40,
Appendix A, Criterion 9, shall be provided to the NRC at least three
(3) months prior to the anniversary of the effective date of the
existing surety instrument. If the NRC has not approved a proposed
revision 30 days prior to the expiration date of the existing surety
arrangement, the licensee shall extend the existing arrangement,
prior to expiration, for 1 year.

Along with each proposed revision or annual update, the licensee
shall submit supporting documentation showing a breakdown of the
costs and the basis for the cost estimates with adjustments for
inflation, maintenance of a minimum 15 percent contingency, changes
in engineering plans, activities performed and any other conditions
affecting estimated costs for site closure. The licensee shall also
provide the NRC with copies of surety related correspondence
submitted to the State, a copy of the State's surety review and the
final approved surety arrangement. The licensee must also ensure
that the surety, where authorized to be held by the State, expressly
identifies the NRC related portion of the surety and covers the
above ground decommissioning and decontamination, the cost of
offsite disposal, soil and water sample analyses and ground-water
restoration associated with the site. The basis for the cost
estimate is the NRC approved site closure plan or the NRC approved
revisions to the plan.

Prior to actual operation, Everest Minerals Corporation shall submit
a surety instrument acceptable to the State of Wyoming and the NRC
for an amount not less than $2,233,000, in favor of the State of
Wyoming, and shall be continuously maintained for the purpose of
complying with 10 CFR 40, Appendix A, Criterion 9, until a
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replacement is authorized by both the State and the NRC. The NRC's
site closure estimate represents $2,233,000 of this surety
arrangement.

Attachment No. 3 "outlines the minimum considerations used by the
NRC in the review of site closure estimates."
Reclamation/decommissioning plans and annual updates should follow
this outline.

14. In addition to the inspection and audit program described in
Section 4.7 of the application, the RSO or his designate shall
document a daily walkthrough of the facility to determine if
radiation control practices are being implemented.

15. The licensee shall submit to the USNRC, Uranium Recovery Field
Office, a copy of the ALARA report as specified in Section 4.7 of
the application within two (2) months of the end of the reporting
period. The report shall also include a summary of the daily
walkthrough inspections.

16. The licensee shall submit to the USNRC, Uranium Recovery Field
Office, particulate and radon sampling locations as well as
designated eating areas at least two (2) months prior to beginning
uranium recovery. The locations, as a minimum, shall include the
drying and packaging area and all worker occupied stations
associated with the uranium recovery process. Radon daughters shall
be sampled weekly, and particulates shall be sampled weekly in the
dry/pack area and monthly in the process areas.

17. 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 for the week or the calendar quarter,
dependent on the solubility of the material, the RSO 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 that future
exposures are as low as is reasonably achievable. Records shall be
maintained of these investigations and results furnished to the
USNRC, Uranium Recovery Field Office, in the semiannual 10 CFR 40.65
report.

18. In addition to the bioassay program discussed in Section 4.7.5 of
the application, the licensee shall comply with the following:

A. Anytime an action level of 15 ug/l uranium for urinalysis or
9 nCi of natural uranium for in vivo measurement is reached or
exceeded, the licensee shall document the corrective actions
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which have been performed in accordance with Revision 1 of
Regulatory Guide 8.22, dated January 1987. This documentation
shall be submitted to the USNRC, Uranium Recovery Field Office,
as part of the semiannual report required by 10 CFR 40.65.

B. Anytime an action level of 35 ug/l for two consecutive
specimens or 130 ug/l uranium for one specimen for urinalysis
or 16 nCi uranium for an in vivo measurement is reached or
exceeded, the licensee shall document the corrective actions
which have been performed in accordance with Revision 1 of
Regulatory Guide 8.22. This documentation shall be submitted
to the NRC, Uranium Recovery Field Office, within thirty
(30) days of exceeding the action level.

C. All in vivo measurements shall be performed in accordance with
the recommendations contained in Revision 1 of Regulatory
Guide 8.22.

19. If employees do not shower prior to leaving the main process
facility, they shall monitor themselves with an alpha survey
instrument prior to exiting. Should the results of monitoring
exceed an action level of 1000 dpm/100 cm2 , employees shall
decontaminate themselves to less than the action level. If
decontamination cannot be accomplished, the employee shall report
the incident to the RSO for investigation. Additionally, the RSO
shall perform and document unannounced quarterly spot checks of
employees leaving the process area.

20. All radiation monitoring, sampling, and detection equipment shall be
recalibrated after each repair and as recommended by the
manufacturer or at least semiannually. In addition, all radiation
survey instruments shall be operationally checked with a radiation
source before each use.

21. Any changes to the organizational chart as illustrated in Figure 4.1
of the application shall require approval by the USNRC in the form
of a license amendment.

22. The licensee shall submit for USNRC review and approval,
three (3) months prior to lixiviant injection, a written procedure
for determining employee exposures.

23. The licensee shall, two (2) months prior to lixiviant injection,
propose a surface contamination program which includes inspection
frequency and utilizes and action level of 1000 dpm/100 cm2

removable alpha. The licensee shall also prohibit eating in all but
designated eating areas.
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1.0 INTRODUCTION

1.1 Background

By application dated December 30, 1985, Everest Minerals Corporation
(EMC) applied to the USNRC for a commercial source material license to
extract uranium by means of in situ leaching. The project area was
formerly licensed and utilized by Exxon Corporation for the purpose of
uranium mining and processing. Exxon also had research and development
in situ leach (R&D ISL) project on the site.

The EMC site consists of about 3400 acres with the proposed well fields
covering approximately 120 acres. EMC's proposed in situ leach project is
located in central Converse County, Wyoming, approximately 25 miles north
of Douglas and 24 miles northeast of Glenrock (Figure 1).

EMC proposes to extract uranium contained in the ore zone. The ore zone
is named the Highland Sand Group and is basically made up of three
separate sands; Lower, Middle and Upper, which vary from 0 to 50 feet in
thickness. The extraction process will consist of injecting lixiviant
comprised of native ground water containing gaseous carbon dioxide and
oxygen into the ore zone through a series of well patterns.

The well patterns will be made up of four injection wells at the corners
of a 70-foot square with one production well centrally located. The main
process facility is designed to operate at a maximum throughput capacity
of 3200 gallons per minute (gpm).

1.2 Proposed Action

This Environmental Assessment (EA) discusses the environmental and safety
aspects of the application proposal. The proposed action would be to
grant a commercial in situ leach source material license to EMC. The
license would allow the facility to be operated at 3200 gpm. To assure
that the process emmissions associated with this project are accurate,
the licensee will be prohibited by license condition from exceeding the
3200 gpm process rate.
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1.3 Review Scope

1.3.1 Federal and State Authorities

Under Title 10 CFR Part 40, a NRC source material license is
required in order to "...receive, possess, use, transfer... any
source material..." (i.e., uranium and/or thorium in any form, or
ores containing 0.05 percent or more by weight of those substances).
In addition, the Uranium Mill Tailings Radiation Control Act of 1978
(UMTRCA) requires persons who conduct uranium source material
operations to obtain a byproduct material license to own, use or
possess tailings and wastes generated by the operation (including
aboveground wastes from in situ operations). This environmental
assessment has been prepared under 10 CFR Part 51. In accordance
with 10 CFR Part 51, an EA serves to (a) briefly provide sufficient
evidence and analysis for determining whether to prepare an
environmental impact statement or a finding of no significant
impact, (b) aid the NRC's compliance with NEPA when no environmental
impact statement is necessary, and (c) facilitate preparation of an
environmental impact statement when one is necessary.

The commercial scale operation of the EMC site was previously
evaluated in a Final Environmental Statement dated November, 1978
(NUREG-0489). A Safety Evaluation Report will accompany this
Environmental Assessment. The staff preparation of these two
documents will evaluate the potential impacts associated with the
commercial operation of the EMC site. Should the NRC issue a
Finding of No Significant Impact, based upon the licensee's
application materials, previous operational data and the former
environmental impact statement, a commercial source material license
would be issued to EMC.

The Wyoming Department of Environmental Quality (WDEQ) administers
and implements the State's rules and regulations. EMC has applied
for a commercial permit from WDEQ for the site. The WDEQ is
currently in the process of reviewing the EMC application.

1.3.2 Basis of USNRC Review

An impact appraisal for the commercial licensing of the EMC site has
been performed by the USNRC, Uranium Recovery Field Office. This
report documents that appraisal. The staff has performed the
appraisal of environmental and safety considerations associated with
the proposed license in accordance with Title 10, Code of Federal
Regulations (10 CFR Part 51, Licensing and Regulatory Policy and
Procedures for Environmental Protection).
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In conducting this appraisal, the staff considered the following:

0 Environmental and operational information submitted by EMC for

the research and developmental stages of the project, as well
as the proposed commercial operation of the site.

o Additional information submitted in the licensee's application.

o Information derived from professional papers, journals and text
books; USNRC Regulations and Regulatory Guides; as well as other
Federal, State and local agencies, and independent consultants.

2.0 SITE DESCRIPTION

2.1 Location and Land Use

The proposed commercial in situ leach facility is located in central
Converse County, Wyoming, approximately 25 miles north of Douglas and
24 miles northeast of Glenrock (Figure 1). The land at the proposed
facility has historically been used for seasonal sheep and cattle
grazing. The EMC property includes approximately 14,500 acres of leases
and claims.

Due to the extent of land ownership, the licensee will be required by
license condition to propose a restricted area boundary for inclusion
into their license prior to operation of the facility.

The research and development (R&D) phase of the EMC facility occupied
approximately 7.3 acres and was primarily conducted by Exxon Corporation.
The R&D well field consisted of 7 ground water, 11 production, 4
injection and 11 monitoring wells. The R&D, at the time of this report,
is in the last phases of restoration.

2.2 Geology and Hydrogeology of the Ore Body

2.1.1 Geologic and Hydrogeologic Setting

The EMC facility is located in the southern portion of the Powder
River Basin. The land surface at the site is characterized by
gently rolling uplands which have been extensively dissected. The
Highland Sand Group contains the economic mineralization and is
comprised of fluvial sandstones of the Fort Union Formation. The
regional dip in this area is in a northwesterly direction at
approximately 0.6 degree. There is no known faulting in the
immediate area of the Highland operation.

The Highland Sand Group is mapped throughout the area, and
regionally forms a single aquifer. Some of the sand within the
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group does exhibit interfingering. The Highland Group is
made up of three separate sands; Lower, Middle and Upper.
are generally separated by 10 to 20 feet of siltstone and

basically
The sands

shales.

The Highland Sand Group is confined on top and bottom by shale
units. Measured permeability of shale units was found to be less
than 0.0018 gpd/ft 2 . The permeability of the sandstone averaged
between 9.1 to 36 gpd/ft 2 . The generalized stratigraphic column and
cross section describing the mined area are shown in Figures 2 and 3.
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Although premining data on the original ground-water regime is
limited, the Highland Sandstones, which are of fluvial origin, are
known to be nonhomogeneous and variations in the rate and direction
of ground-water movements in the area are typical.

2.1.2 Water Quality and Aquifer Testing

In the Highland project area, there are three possible aquifers
which could potentially be affected by the proposed operations.
These are:

A. Shallow (less than 200 feet) Holocene alluvial deposits.

B. Intermediate (200 to 400 feet) Eocene Wasatch Formation.

C. Deep (400+ feet) Paleocene Fort Union Formation ore sand
aquifer.

These first two are relatively insignificant as there are no
continuous, well-developed aquifers in either Holocene or Eocene
Formations at the Highland project area. The deeper ore sand
aquifer is the only ground-water system that could be affected by in
situ mining.

Exxon Corporation had previously operated an R&D pilot in situ leach
facility (ISL) at the proposed mining area. The R&D pilot ISL was
in operation for 3 years and restoration was started at the site in _
1981. Ground-water restoration was conducted using ion exchange,
reverse osmosis and ground-water sweep from September 1981 through
January 1987. Stability sampling is being conducted monthly.
Restoration has progressed to the point where all 28 monitored
ground-water constituents have been returned to baseline
concentration, with the exception of slightly elevated iron and
manganese concentrations in three production wells.

Trends indicate that the iron and manganese will probably stabilize
within a short period of time. Table 1 shows the analytical results
of the latest stability monitoring. Table 2 summarizes the baseline
ground-water quality obtained from Sections 21 and 24 mine areas.

Aquifer testing at the EMC facility has shown that confinement of
the ore zone is being provided by shale sections which have
hydraulic conductivities that average 2.5E-7 cm/s. This is in
extreme contrast to the hydraulic conductivity values measured in
the ore zone, which average 2.2E-3 cm/s.



Table 1

H/I-06-07 IWellfield Data After 1986 Active Restoration Proqrae Everest Minerals Corporation
fMter, FIVREST Saimple date I Oct 1996

Lell limber 2-1 1-2 1-3 1-4 P-I P-2 P-3 P-4 P-5 P-6 P-7 P-1 P-9 P-I0 "P-Il A-I 11-2 M-3 M-4 A-5 6-5 6-2. 6-8 6-9

-----------------------------------.~~---- - - - - - - - - - - - -~- - - -- ~ -- ~----~ -----.--
---ast 407,700 407,612 407,526 407,489 407,719 407,742 407,686 407,584 407,516 407,463 407,407 407497 407,554 407,6,- 407,569 407,655 407,501 407,532 407.544 407,534 407,4-7 407,746 407,496 407.565

Tvi-tb 878,920 678,971 878,840 871,892 878,998 818,905 87,8953 878,811 879,759 879,934 9791,19 871,972 871,890 978,939 879,957 878,891 878,855 872,822 879,827 879,816 878,692 879,953 879,065 879,950

Atuasing -0.1 -0.1 -0.1 0.2 -0.1 -0.1 '0.1 -0.1 0.2 -0.1 -0.1 0.3 .0.1 0.4 -0.1 0.2 0.2 -0.1 -0.1 -0.2 -0.1 .0.1 -0.1 0.1
Arsenic -0.004 -0.004 0.004 -0.004 -0.004 0.005 0.004 0.006 0.005 -0.004 0.007 -0.004 0.005 -0.004 -0.004 -0.004 -0.004 -0,004 -0.004 -0.004 -0.004 -0.004 -0.004 -0.004
Iliert 268 249 220 17& 46 220 116 1t 40 20 48 20 55 78 121 176 161 171 176 177 165 201 2:8 295
Porto -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 0.1 -0.1 0.1 -0.1 0.1 -0.1 -0.1 -0.1 0.1 ,0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -4.1
Cadmium -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01
calcium 53 62 37 21 17 14 29
C.arkonate -1 -1 -1. -1 -1 -1 -1 -t -1 -1 - --t -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 2 2
Chloride 7 8 5 8 3 3 3 4 3 3 3 9 3 5 5 5 12 7 20 9 5 2 3 6
Chrouima -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05
Coler 0.02 -0.01 0.02 -0.01 -0.01 4.01 -0.01 -0.01 0.02 -0.01 -0.01 -0.01 0.02 -0.01 -0.01 -0.01 -0.01 -0.01 -0.08 -0.01 -0.01 -0.01 -0.01 -0.01
fluoride 0.40 0.40 0.20 0.20 -0.10 -0,01 0.6 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10 0.10 0.20 8.80 0.20 0.20 0.10 0.39 0.20 0.20 0.30

Iran 0.45 -0.05 0.25 -0.05 0.44 -0.05 10.80 0.67 10.00 0.12 5.40 -0.05 1.80 0.47 -0.05 -0.05 0.67 -0.05 -0.03 -0.05 -0.05 -0.05 -0.05 -0.05
Lead -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05
laingaaese 0.13 0.06 0.19 0.21 0.04 0.47 0.51 -0.01 0.32 0.02 0.17 -0.01 0.07 0.04 0.10 0.02 0.23 -0.01 -0.01 0.02 0.06 0.02 0.02 0.88
Rercury -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0. .0 0 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.O4
fta-226 83 106 64 13 46 64 142 19 231 49 96 25 9 46 7 1.7 0.9, 7 18.8 7.6 399 199 16 64
Ra-226 errmo 4.1 2.2 3.0 1.1 1.3 2.7 3.9 0.8 5 1.9 4.1 1.0 1.0 1.3 0.9 0.3 0.2 0.6 0.7 0.6 4 3.0 1.1 1.6
Ra-226 ULL 1.3 0.4 0.7 0.0 0.2 0.8 0.7 0.2 0.7 0.5 1.3 0.2 0.7 0.2 0.7 0.2 0.2 0.4 0.4 0.4 0.2 0.2 0.5 0.2
Selentiu -0.001 -0.001 -0.001 -0.001 -0.001 0.002 -0.001 0.002 0.001 -0.001 -0.001 0.006 -0.001 0.001 -0.001 -0.001 -0.001 0.002 -0.001 4.001 -0.001 0.002 -0.001 0.168
Sodium 76 54 20 13 17. is 33
50 96 74 90 123 14 74 55 -2 52 is 49 96 44 22 44 179 76 268 230 348 114 ?8 84 87
TD1 422 378 394 438 70 266 240 22 124 56 162 198 184 100 275 442 306 578 492 658 440 332 330 404
utnat) 0.23 0.59 0.14 0.56 0.08 0.62 0.70 0.61 0.23 0.00 0.25 0.05 0.26 1.30 0.12 0.001 -0.001 0.09 0.150 0.014 0.062 0.470 0.24 0.600
Zinc -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 0.71 -0.08 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01
pH 7.2 8.2 7.3 7.5 6.3 7.3 7.2 6.0 7.1 6.5 7.0 7.1 6.7 6.7 6.9 8.2 8.8 9.2 8.0 8.2. 8.4 8.3 8.4 8.4

1. a mints sign indicates the constituent is present in concentrations below the lower detection limit
2. units are an/I except Ra-226 in pCill and pH in standard units



TABLE 2

Wellfield Monitored Parameters, Wyoming Water Quality Standards, and Baseline Concentrations

Al umi num
Arsenic
Barium
Boron
Bicarbonate
Carbonate
Cadmium
Calcium
Chloride
Chromium
Copper
Fluoride
Iron
Lead
Manganese
Magnesium
Mercury
Molybdenum
Nitrate
Selenium
Silver
Sodium
Sulfate
Zinc
Uranium
Radium-226 (pCi/l)
TOS
Conductivity

umhos/un)PH (std. units)

Wellfield Baseline
Range

<0.05 to 1.75
<0.01 to 0.02
<0.05 to 0.28

<1.0
73.0 to 268.0

<1.0 to 48.0
<0.002

4.0 to 60.0
6.0 to 81.0
<0.01

<0.01 to 0.01
0.01 to 0.37

<0.01 to 0.83
<0.05

<0.01 to 0.39
2.0 to 14.0

< 0.001
<0.05

<0.01 to 0.70
<0.01 to 0.01

<0.02
54.0 to 129.0

62 to 224
<0.01 to 0.14
0.001 to 8.10
0.01 to 320.0

116 to 516

330 - 575
7.7 - 10.1

Wellfield Baseline
Mean

State
Drinking Water

(Class I) Agriculture

<0.18
<0.01
< 0.06
< 1.0

165
< 16.0
< 0. 002

32.0
21.0

<0.01
<0.01

0.15
<0.09
<0.05

0.03
7.0

<0.001
< 0.05
< 0.04
<0.01
< 0.02

87.0
124

<0.02
0.33

73.8
370

4378. a

of Wyoming Standards

0.05
1.0
0.75

0.01

250
0.05
1.0

1.4 - 2.4
0.3
0.05
0.05

*

0.002
.

10.0
0.01
0.05

250

55
500

6.5 to 9

5.0
0.1

0.75

0.01

100
0.01
0.2

*.

5.0
5.0
0.2

0.02

200

2
5
5

2000

4.5 to 9

Livestock

5.0
0.2

*

5.0
*

0.05

2000
0.05
0.5

0.1

0.00005

0.05

3000
25
5
5

5000

6.5 to 8.5

o-

All units in mg/l except as noted

*No established water use standard
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2.1.3 Confinement of the Ore Zone

Confinement of the ore zone is accomplished by naturally occurring
formations which have very low hydraulic conductivities.
Confinement below the Highland Sandstone has been demonstrated by
the underlying shale unit. Aquifer tests conducted in this zone
indicate that its hydraulic conductivity is 10E-7 cm/sec. Aquifer
tests conducted on the shale unit above the Highland sandstone
indicate hydraulic conductivities of IOE-7 cm/sec.

Lateral confinement is accomplished by pumping of the recovery
wells. This procedure maintains a small cone of depression around
each production well, causing a hydraulic potential towards the
production well.

3.0 PROCESS DESCRIPTION

3.1 In Situ Leaching Process

The in situ leaching methods involve: (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, with a chemical
carrier, and (3) surface recovery of the solution bearing the uranium
complex via recovery wells. Uranium is then separated from the leach
solution by conventional milling methods (ion exchange) in a surface
facility. The barren solution, which carries some unutilized lixiviant
is then returned to the mining zone for additional uranium recovery.
This cycle continues until the ore zone is depleted or the uranium is no
longer feasible to recover.

There can be many environmental advantages to in situ leaching of
uranium. Conventional extraction methods, which usually result in large
amounts of spoil and tailings, can produce a significant impact on the
environment. However, if hydrogeologic conditions are favorable, the
impacts from solution mining are much less. The greatest impact of the
in situ leach extraction method is to the ore zone ground-water quality
which, in most instances, can be restored to baseline quality, premining
quality use, or potential use category. Compared with conventional
uranium mining and milling operations, in situ leaching will also permit
economical recovery of currently unrecoverable, deep, low-grade sandstone
uranium deposits. The extent to which in situ mining can be conducted is
limited in that the ore zone conditions must be suitable for containing
and controlling the leach solutions during the mining process.

The ore body at the EMC site, based upon the Exxon expanded pilot R&D ISL
as well as recent testing, appears to exhibit favorable mining
characteristics.
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3.2 The Ore Body

At the EMC site, the Highland sandstone contains a roll front uranium
deposit which is generally associated with fluvial sanstones and
conglomerates.

The mineral in the ore was concentrated by uranium-rich, oxidized ground
water moving down the hydrologic gradient into a reducing environment.
The interface is referred to as the oxidizing front. The physical shape
of an ore zone is dependent on the local permeability of the matrix
material and its continuity and distribution in the geologic unit. Such
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 adequate
permeability, and (4) the ore deposit must be amenable to chemical
leaching.

The ore of the Highland Sandstone at the EMC site appears to have been
deposited as described above. Previous operational data from the Exxon
R&D ISL confirms that the deposit has the chemical characteristics
necessary to allow in situ leaching of uranium. Aquifer testing
indicates the ore zone is saturated, permeability is adequate and the ore
zone is adequately confined. The licensee will be required by license
condition to submit an aquifer testing proposal that identifies the
hydraulic characteristics of all areas proposed to be mined. Similarly,
the licensee will be required by license condition to submit baseline
water quality data as well as propose upper control limits prior to
lixiviant injection in a mining area.

3.3 Well Field Design and Operation

The operation of the R&D ISL at the EMC site has yielded a considerable
amount of data from the ore zone. This data is instrumental in EMC's
proposed well field design and operational strategy.

Everest proposes to develop well fields in four general areas. Each well
field will consist of groups of five-spot patterns as shown in Figure 4.
Generally, the pattern consists of a single centrally-located production
well with four injection wells at each corner of a 70-foot square. In
areas which occur along the perimeter of the mining units, the
configuration deviates from this pattern.
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Everest proposes to progressively recover uranium from the individual
mine units. Upon completing the mining process, EMC will recirculate
lixiviant-rich solution into the next mining unit and begin the
ground-water restoration process in the previously mined unit.

The injection wells will be cased with 5-inch diameter polyvinyl chloride
(PVC) casing and the production wells will be cased with 6-inch diameter
PVC casing. The casings for injection and production wells will be run
from the top of the production zone to approximately 2 feet above ground
level. Injection and production wells will have screened intervals
through the production zone.

To assure that the wells are appropriately completed and are free of
leaks which could cause lixiviant to enter an unmonitored formation, all
wells will be required by license condition to undergo mechanical
integrity testing. These tests will indicate if a leak exists. In the
event that the integrity test is failed, the licensee will be required to
repair and retest the well or appropriately abandon it.

In addition to the production and injection wells, monitoring wells will
be located along the perimeters of the mining units. The licensee will
be required by license condition to submit upper control limit data for
all monitor wells to be utlized for operational monitoring. Monitoring
wells will be cased with 5-inch PVC casing from the top of the ore zone
to 2 feet above ground level and the screened interval will go through
the production zone. These wells will be utilized in collecting water
quality and water level data as well as monitoring potential lixiviant
movement out of the mining units. Baseline water quality data will be
obtained for selective wells. This data will serve as the basis to
determine if any unpredictable lixiviant movement has taken place.
Monitoring wells will also be completed in the overlying and underlying
confining zones to insure that containment of the mining fluids is
achieved.

3.4 Lixiviant Chemistry

The leach solution or lixiviant to be used for dissolution and recovery
of uranium at the EMC facility, will be provided by bicarbonate solution
formed by adding gaseous carbon dioxide. Oxidation of the formation will
be provided by adding gaseous oxygen. Previous mining operations have
demonstrated that this lixiviant will recover uranium and that it leaves
the production zone in such a state that restoration of the affected
water will be successful. To assure that the formation geochemically
responds as previously observed, the licensee will be prohibited by
license condition from altering lixiviants.
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3.5 Uranium Recovery Process

The uranium recovery process involves three primary steps: (1) uranium
absorption; (2) resin elution; and (3) precipitation of uranium. The
following discussion provides more detail.

Soluble uranium that is recovered as a carbonate complex will be
produced from the well fields and directed at a flow rate equal to or
less than the maximum design capacity of 3200 gpm to the ion exchange
circuit. Table 3 shows the typical process plant chemical reactions in
the recovery operation.
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Table 3

Typical Process Plant Chemical Reactions

Reconstitute Leach Solution

CO2 + H2 0 -----. HCO- + H+

Uranium Extraction from Leach Solution

U02 (CO3 )2 2+ 2RC1 ---- e.2CI-+ R2 UO2 (CO3 )2

Resin Stripping

R2U02 (C03 )2 + 2Na Cl ----.. Na2 UO2(CO3 )2 " 2RCl

Acidification

Na2 UO2 (C03 )2 + 4H2 S04 ----- U02 (SO4 )4 + 2C0 2 + Na2 SO4 +

4H+ + 2H2 0

Precipitation

U02 (So 4 •4 + xH202 ÷ H2 0 U 3 - H202 - H2 0 + H2SO4
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The recovered fluid will be introduced into a series of pressurized
downflow ion exchange columns where uranium will be adsorbed onto resin
beads. Following this, barren leach solution exiting the columns will be
reconstituted with carbon dioxide and returned to the well field for
oxygen addition and reinjection into the mining units to repeat the leach
cycle.

Upon fully loading the resin with uranium, it will be transferred to the
elution circuit. During this process, the uranium will be stripped from
the resin beads with a brine-soda ash-sodium sesquicarbonate solution.
The uranium will then be precipitated with ammonia or hydrogen peroxide.
The resultant yellowcake slurry will then undergo washing and centrifuge
dewatering. At this point, the yellowcake slurry will be dried and
packaged on site.

The general layout of the process plant is as shown on Figure 5. A
schematic flow diagram of the process circuit is shown in Figure 6. The
licensee will be required to maintain this process circuit. Any changes
to it will require appropriate license amendment.

3.6 Settling Ponds and Reservoirs

EMC proposes to construct and utilize two small radium settling ponds and
a 54 acre-foot reservoir to store treated water after radium and uranium
removal for irrigation disposal.

The two small ponds will be used to remove radium-226 through a process
of coprecipitation with barium sulfate and settling. Only one pond will
be required at any one time, which would allow for emergency evacuation
of contents if problems arose. The ponds will be lined with 2 feet of
compacted clay and liner permeability will be at least 1OE-7 cm/sec.
Each pond will be excavated into low permeability claystone with
underdrain leak detection systems. To assure that the ponds are
functioning as designed and that no releases of solution are taking
place, the licensee will be required by license condition to observe the
pond's operation status daily.

The storage reservoir will be used to store treated water (with
radium-226 below 30 pCi/l and uranium below 3 mg/l). This water will be
disposed of through irrigation during the May-September time period.
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Detailed information on both ponds and storage reservoirs is listed
below.

Size Depth Freeboard Total Max
(feet) (feet) (feet) Capacity Inflow

(acre/ft) (gpm)

Ponds 10OX160 7½ to 10½ 3 1.87 100

Reservoir 750X500 10 4 permitted 54.7 120
overflow 81.8

The licensee will be required by license condition to maintain these
minimal freeboards at all times.
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3.7 Generation and Management of Wastes

3.7.1 Preoperational Wastes

Preoperational wastes generated during well field development will
include the solid debris from land clearing activity and small
one-time quantities of solid and liquid wastes that will be produced
during land and process plant construction. These will be
nonradiological in nature and appropriately disposed of or
stockpiled for future utilization. To assure that any radioactive
wastes associated with the preoperation of the project are not
improperly disposed of, the licensee will be required by license
condition to designate an area within the restricted area boundary
for storage of contaminated materials prior to their disposal.

3.7.2 Gaseous Effluents

Gaseous waste from the in situ mining operation will be in the form
of radon-222. At the well field, the radon-222 will be vented
directly from storage tanks and header houses to the atmosphere.
Additionally, there will be small quantities of nontoxic gases (CO2
and 02) released from gas traps on the injection well pipelines.

3.7.3 Liquid Wastes

Liquid wastes from the operation will consist of two types of waste
water: (1) a fresh water stream and (2) a salt water stream.

The fresh water stream will consist of well field purge and
represents approximately 3 percent of the fluids produced during the
in situ operation. This stream is removed from the process solution
after pumping through the ion exchange system and will range from 50
to 100 gpm. Fluids produced by ground-water sweep during the
restoration process will range from 90 gpm to 360 gpm. These two
purge water components will make up the irrigation water source.

The salt water waste will be produced from several sources in the
uranium recovery and yellowcake production process. The sources
that make up this waste stream include laundry and analytical
laboratory wastes, elution agents decanted from the precipitation
circuit, yellowcake wash water, reject solutions from the water
treatment process and process area runoff. It is expected that
these combined waste streams will yield approximately 15 gpm. EMC
will store these wastes in tanks at the main process facility until
disposal is initiated through deep well injection. Salt water
storage tanks will be permitted through the State of Wyoming
Department of Environmental Quality.
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The licensee will be required by license condition to direct all
liquid wastes to an approved disposal site (land spreading or deep
injection well) or return the liquid wastes to the process circuit.

3.7.4 Solid Wastes

Solid waste that is contaminated with natural uranium and/or
radioactive daughters will be disposed of in an authorized waste
disposal facility. Furthermore, the release of equipment or
packages from the restricted area will require by license condition
that appropriately documented radiation surveys be conducted.
Noncontaminated solid waste will be disposed of in a licensed
municipal landfill offsite.

3.8 Proposed Waste Disposal Methods

3.8.1 Land Irrigation Disposal Wastes

The two major liquid waste streams are the process purge and
restoration waste waters. The process purge will be approximately
2 percent of the throughput of the main process facility. The purge
stream will be generated after the uranium has been removed by the
ion exchange resin. This stream will be continuous throughout the
production phase of the project and will range from 35 to 50 gpm.

An additional waste stream will be generated from fluids associated
with well cleanup operations. The volume of this waste stream is
included in the purge volume.

The second waste stream will entail restoration fluids. This stream
will be generated from activities associated with the restoration of
a depleted ore zone. This restoration will be conducted through
ground-water sweep. Initial phases of restoration will be the
ground-water sweep, followed by a later phase of reverse osmosis to
reduce ion concentrations as well as radium-226 and uranium.

3.8.1.1 Pretreatment Facility

Based on experience gained during the R&D ISL project, it will
be necessary to pretreat the waste streams to insure that the
radium-226 concentrations are below 30 pCi/l prior to
irrigation. The method of pretreatment proposed is the
coprecipitation of radium-226 with BaS0 4 and the removal of the
BaS0 4 solid in settling ponds.

The pretreatment involves the addition of a small amount of
BaCl 2 to the irrigation fluid. The soluble barium quickly
forms an insoluble BaS0 4 compound which coprecipitates the
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radium-226. The fluid is then pumped to settling ponds
designed to allow the solid Ba(Ra)S0 4 to settle.

Prior to the BaCl 2 addition, the uranium will be removed by
passing the fluid through an ion exchange column. The column
will contain an anionic resin. This resin will be eluted
periodically to restore its full capacity. This process will
maintain the average uranium concentrations in the irrigation
fluid below 3 mg/l.

In the winter months during the production phase of the
project, the fluid from the settling ponds will be pumped to
the storage impoundment. In the warmer months, the irrigation
fluid can be pumped from either the storage impoundment or the
outlet of the settling ponds. During restoration which will
only be active 6 months of the year, the irrigation fluid will
normally be pumped from the settling ponds to the storage
impoundment and then to the irrigation site. The solids
precipitated from the irrigation fluid and settled in the
process pond will be periodically removed and transported to a
licensed low level radioactive waste facility or mill tailings
impoundment.

3.8.1.2 Irrigation Site and Facilities

The proposed irrigation site comprises approximately 58 acres
and is located in Section 21 as shown in Figure 7. The
elevational changes across the area total approximately 16 feet-
over the 1000-foot diameter of the site. The nearest resident
is located approximately 1 mile to the northeast of the
irrigation site.

The irrigated area will be kept under vegetative cover except
for those times required to perform necessary field cultivation
and planting activities. Grasses grown primarily for cover
will be clipped on a monthly basis and the clippings returned
to the irrigation area soils. In no case will forage materials
be released for consumption outside of the project area unless
they meet required standards for unrestricted use. Water
delivery will be by a method that will provide adequate
coverage and minimize overspray. Total water delivered to any
one irrigation area will be dictated by loading requirements
and hydraulic balance. The method proposed is the center pivot
irrigator with a radius of approxiamtely 866 feet.

EMC has proposed working with the county agent in exploring the
responses of various grasses and crops to irrigation with the
fluid that will be used at this proposed project. This type of
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research would generally involve small plots of approximately
an acre in size in which different species may be grown.
Forage and hay grasses will be sampled and monitored for
unrestricted use throughout the operation.

3.8.1.3 Barium Pretreatment Facility

An ion exchange resin will be used to reduce the uranium
concentration in the irrigation fluid. The fluid will pass
through the ion exchange column and then to the radium removal
circuit. Periodically, the loaded resin will be removed from
the column and replaced with freshly eluted resin. The loaded
resin will be transported to the process facility where it will
be combined with normal production resin and eluted.

Barium chloride will be added to the irrigation fluid to reduce
the radium-226 concentration through coprecipitation with BaS04
as Ba(Ra)S0 4 . The barium chloride dehydrate, a soluble barium
salt, will be utilized in granular form. A stock solution
containing approximately 200 g/l of BaCl 2 will be prepared in a
chemical mix tank and as soon as dissolution is complete,
transferred to the chemical addition tank. The BaCl 2 will be
metered into the irrigation fluid stream at a rate that will
insure a barium concentration in the irrigation fluid of
between 50 and 100 ppm. Adequate mixing will be provided by an
in-line static mixer at the barium chloride injection point.

3.8.1.4 Settling Ponds

The fluid from the barium pretreatment facility will be pumped
to the first of two settling ponds. The ponds will be operated
in series with each pond providing sufficient retention time to
allow the solids to settle. The fluid from the outlet of the
second pond can be pumped either to the irrigation site for
immediate application or to the storage impoundment for
application at a later time. When the barium sulfate solids
accumulate in the first pond to the point that the efficiency
of the settling pond is impaired, that pond will be taken out
of service temporarily and the solids removed. The operation
of only one pond will not decrease the settling efficiency
significantly and it will be possible to maintain the average
radium concentration below 30 pCi/l.

3.8.1.5 Well Field Purge Storage Impoundment

During the winter months when irrigation is not feasible, the
fluid from the outlet of the second pond will be pumped to the
well field purge storage impoundment. It will be stored in



26

this impoundment until spring, when it can be pumped to the
irrigation site for application.

The impoundment will have a capacity of approximately
54 acre-feet. The liner will be constructed from compacted
natural soil. The fluid stored in the pond will have already
been processed through the barium pretreatment facility and
settling ponds and the radium-226 concentration reduced below
30 pCi/l and therefore, a synthetic liner will not be needed
for this impoundment. A fence will be constructed around the
impoundment to exclude livestock and wild game.

3.8.1.6 Irrigation Area

The proposed irrigation site is approximately 58 acres and is
shown in Figure 7. A small berm of 6-12 inches will be
constructed around the site to insure that fluids applied to
the site will remain within the perimeter of the site. A fence
to restrict livestock will also be constructed around the
irrigation site.

The method of application of the fluid to the soils in the
irrigation area will be by a center pivot irrigator. The
proposed irrigator will be a low profile system with 42 inch
drop pipes. This system, used in combination with low pressure
360 degree nozzles, will minimize overspray due to wind drift
of the fluid. The proposed system will include five, 170-foot
spans, with a 16-foot overhang which results in an irrigator
with a length of 865 feet.

The rotation time of the system is approximately 21.8 hours and
at the minimum flow rate of 300 gpm, this will result in an
application rate of 0.27 inches per complete revolution. The
actual delivery rate is adjustable from the main control box
which is equipped with a percentage timer which controls the
percentage of time the end tower is allowed to run each minute.

3.8.1.7 Irrigation Fluid Volumes

During the production phase of the project, the well field
purge and well workover fluids will be disposed of at the
proposed irrigation facility. This waste stream is continuous
and is estimated to be 35 gpm for the first 2 years of
production. During the third year, the mine plan requires
approximately a 50 percent increase in production and
therefore, this waste stream is estimated to be about 50 gpm
for the third year of production.
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During the winter months, the well field purge will run through
the barium pretreatment facility to reduce the radium-226 and
uranium concentration and then it will be pumped to the storage
impoundment. During the summer months, fluid will be pumped to
the irrigation site from the storage pond. There will also be
provisions to pump directly from the outlet of the settling
ponds at the barium pretreatment facility to the irrigation
site.

After production ceases at the end of the third year,
restoration will begin. In this estimate, it is assumed that
ground-water sweep will be used for the first three pore
volumes (volume of water that occupies the pore space of the
ore zone and host rock collectively) and then a combination of
ground-water sweep and reverse osmosis (RO) will be used for
the next two pore volumes.

During the restoration phase of the project, it is estimated
that the actual withdrawal of fluid from the well field will be
conducted during 6 months of the year. It is estimated that
the continuous withdrawal of 90 gpm for a 6-month period will
produce one pore volume of restoration fluid. During the first
three pore volumes (first 3 years at 90 gpm), the restoration
fluid will be pumped from the well field to the barium
pretreatment facility and settling ponds. After the
pretreatment, the fluid will be pumped to the storage
impoundment and applied to the irrigation site during the
irrigation season.

During the fourth and fifth pore volume, an RO unit will be
used. The withdrawal from the well field is still anticipated
to be 90 gpm, but the restoration fluids will be processed
through the RO. It is estimated that the product stream from
the RO will be 67 percent of the volume of fluid processed by
the RO and the reject stream volume will be the remaining
33 percent. The product stream from the RO will be reinjected
in the well field to aid final restoration. The reject stream
will be processed through the barium pretreatment facility to
reduce the radium-226 concentration, but prior to application
at the irrigation site, the fluid will be mixed with native
ground water pumped from the Highland Sandstone aquifer. The
amount of native ground water that will be used will be equal
to the volume of the product stream from the RO. The net
result will be a waste stream of 90 gpm that will be used for
irrigation.

In summary, Table 4 lists the estimated volumes of fluid used
for irrigation for each year of the project life. Also shown
in the table are the estimated rate of production of the fluid
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TABLE 4

Estimated Volumes.and Rates of Production
of Fluid for Irrigation

Project Phase Year

Production

Restoration

1
2
3

1
2
3
4
5

Volume
Cgal)

18,396,000
18,396,000
26,280,000

23,652,000
23,652,000
23,652,000
23,652,000
23,652,000

Annual
Production

Rate
(gpm)

35
35
50

4S
45
4S
45
45

Average
Irrigation
Application

Rate
(gpm)

105
105
150

13S
135
135
135
135
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on a yearly average the the average irrigation application rate
for each year of the operation, assuming a 4-month application
season.

3.8.1.8 Estimate of Irrigation Fluid Quality

An estimate of the quality of the irrigation fluid must be made
in order to evaluate the impact of this irrigation project on
the environment. Table 5 lists the concentrations of various
parameters that were used in the estimate of the quality of the
production purge and well workover fluid. To assure that these
predictions are indicative of the waste water from actual
production, the licensee will be required by license condition
to sample the discharge monthly and report the results in the
semiannual environmental monitoring reports. These
concentrations are based largely on results obtained from the
analysis of injection fluid samples collected during operation
of the R&D ISL. During the commercial scale operation, the
well field purge will be taken after the uranium has been
removed and therefore, the quality should be similar to the
injection fluid. For these estimates, the well workover fluid
composition is assumed to be the same as the well field purge,
since the fluid pumped from the injection wells should be
similar to the injection fluid. The relatively small amount of
acid used to clean the wells will be partially neutralized by
the calcium carbonate in the well bore and formation and the
bicarbonate in the solution. Any remaining acid will be
neutralized with sodium hydroxide.

The acid and base will increase the concentrations of chloride
and sodium slightly, but this will not be considered in these
estimates because their contribution would be insignificant
compared to the concentrations already present in the injection
fluid.

The concentrations of the following constituents were changed
from those experienced during the R&D project to more closely
reflect the anticipated concentrations expected during the
commercial scale operations.

A. Sodium was reduced from 664 mg/l to 392 mg/l due to the
use of a sodium carbonate compound as a source of
carbonate in the leach solution. EMC proposes to use
carbon dioxide as the source of carbonate for the
commercial scale mine.
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TABLE 5

Estimated Concentrations of Various
in the Wellfield Purge

Parameters

pH
Cond.
TDS
Na
Ca
Mg
K
Cl
S04
HC03

6.65
3675
2390
392
391
10
33
565
203
1000

umhos/cm
mg/I
mg/-i
mg/l
mg/I
mg/l
mg/l
mg/i
mg/l

As (acid)
B (acid)
Cr
Cu
Ni
Se
Zn
U308

Ra-226

0.018
0 .654

0 .001

0 .001

0 .05

0 .56
0 .001
3.6
30

mg/I
mg/l
mg/i
mg/l
mg/l
mg/i
mg/i
mg/l
pCi/1
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B. The bicarbonate concentration was reduced from 1337 mg/l
to 1000 mg/l to more closely simulate the carbonate levels
that EMC will use during commercial scale operations.

C. The calcium was increased from 193 mg/l to 391 mg/l to
adjust the ion balance to zero and compensate for the
changes described in A and B above.

D. The radium-226 was assumed to be 30 pCi/l which is the
proposed maximum concentration after barium pretreatment
and settling.

To estimate the quality of the restoration fluids, a model was
developed based on an empirical fit of the R&D restoration
data. Several assumptions were made which included the
following:

A. The water quality at the start of restoration is the same
quality as that estimated for the well field bleed. The
only exception to this is selenium. During Exxon's R&D
project, the selenium concentration increased at the
beginning of production, reached a peak and then started
decreasing. At the start of restoration the selenium was
0.33 ppm, so this is the value used for these estimates
instead of the average selenium concentration during
production of 0.56 ppm.

B. During ground-water sweep, the water quality at the end of
a pore volume is equal to the average of the water quality
at the beginning of the pore volume and the baseline water
quality.

C. During the use of the RO unit, it is assumed that the
product stream will represent 67 percent of the volume of
the feed stream and contain only 10 percent of the
dissolved constituents which were present in the feed
stream to the RO. The reject stream will be 33 percent of
the volume and contain the remaining 90 percent of the
dissolved constituents.

D. The average quality of the fluid within a pore volume is
taken as the average of the quality at the beginning and
at the end of the pore volume.

E. The quality of the fluid used for irrigation during the
first three pore volumes is taken as the average quality
of the respective pore volume.
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Table 6 is a summary of the estimated quality of the irrigation
fluid for each pore volume during restoration. During the
first three pore volumes, the quality of the irrigation fluid
is represented by the average quality for each pore volume.
During the fourth and fifth pore volumes, the irrigation fluid
composition is represented by the quality of the RO waste
stream with the addition of ground water.

3.8.1.9 Proposed Monitoring Program

In order to properly monitor the impacts of this project,
samples will be taken of the irrigation fluid, soil and
vegetation, on a regular basis. Results of the chemical
analyses performed on the samples will be used for management
purposes and to ensure soil loading and vegetation
concentrations are within acceptable limits.

Reports on the results of the monitoring program will be
submitted for review. These reports will be prepared at the
end of each irrigation season. Table 7 details the proposed
monitoring program.

Samples of the fluid after the barium pretreatment facility
will be composited on a daily basis and analyzed monthly for
the specified metals. A grab sample will be collected monthly
and analyzed. If the results of the analysis of this grab
sample indicate any other parameters that may be potential
problems, then these parameters will be added to the list of
analyses to be performed on the monthly composite sample.

The soil samples will be collected toward the end of the
irrigation season. The results of the estimated rate of heavy
metal and radionuclide buildup in the soils (addressed under
Environmental Impacts) indicates very slow buildup in the soils
and does not warrant more frequent sampling.

The vegetation sampling will also be conducted at the end of an
irrigation season. Samples will be collected at soil sample
locations and will be composite samples of the vegetation
present at the location.
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TABLE 7

Proposed Monitoring Program
Highland Irrigation Project

SAMPLE LOCATION FREQUENCY ANALYSES

Irrigation Fluid After
Barium

Pretreatment
Facility

Monthly-Composited
Daily

At the end of an
irrigation season

Irrigated Soil
(Thoroughly
blended

composite 0-15 cm
depth)

Irrigated Soil
(Thoroughly
blended

composite 15-30 cm
depth)

One per
4 acres

One per
4 acres

At the end of an
irrigation season

Na, Ca, Mg,
Cl, SO4,
As, Se, U,
Ra-226

Na, Ca, Mg,
As, Se, B,
Ra-226, U,

Conductivity,
SAR, pH

Na, Ca, Mg,
As, Se, B,
Ra-226, U,

Electrical
Conductivity,

SAR, Ph

As, Se, B,
Ra-226, U

Check for
runoff

Irrigated
Vegetation

Visual
Inspections

Composite
from soil
sampling
locations

Irrigation
Perimeter

At the end of an
irrigation season

Daily during
irrigation season
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3.9 Injection Waste Disposal Well Solution Zones

3.9.1 Regional Hydrogeologic Setting

The Highland Uranium project is located in the southern Powder River
Basin. The Powder River Basin is a large northwestward trending
downfold created during the Laramide Orogeny. It contains a section
of sedimentary rocks that is approximately 16,000 feet thick in the
vicinity of the Highland Project (Figure 8).

Recognized aquifer systems in the Powder River Basin are presented
in Figure 9. Recharge to these aquifers occurs principally along
the basin flank with ground water flow toward the center of the
basin and northward. The Upper Cretaceous shale sequence, including
the Lewis and Cody Shales, is an effective aquitard separating the
deep Madison and Dakota aquifer systems and the shallow Fox
Hills/Lance and Wasatch/Fort Union aquifer systems.

Suitable receiver zones are limited by WDEQ regulations to
formations containing Class VI ground water (known as exempted
aquifers in the EPA underground injection (UIC) program). Class VI
ground waters are unusable or unsuitable for use because of:

1. high total dissolved solids (TDS) concentrations (more than
10,000 mg/l),

2. contamination that is economically or technologically
impractical to remove, or

3. location or depth that make use economically and
technologically impractical.

Based on a review of the water quality data available from oil wells
in the project vicinity, water with quality better than Class VI
occurs in formations above the Lewis Shale and ground water of
Class VI generally occurs below it. The available water quality
data are presented in Appendix A which contains a summary table for
data from each geologic unit, together with the results of
statistical analysis of the data.

Aquifers above the Lewis Shale include the Fox Hills/Lance and
Wasatch/Fort Union. TDS values average 525 mg/l for these units
and, therefore, are not suitable for waste injection based on WDEQ
guidelines. Additionally, these units are currently used for
drinking water supplies in the area.

Below the Lewis Shale, water quality deteriorates with most zones
producing poor quality water. The Teapot and Parkman Sandstones of
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the Mesaverde Formation, and the Teckla Sanstone of the Lewis Shale,
generally produce waters with TDS concentrations greater than
10,000 mg/l in the project area. At the Highland site, the Teapot
and Parkman Sandstones have average TDS concentrations of
15,552 mg/l and 14,631 mg/l, respectively. These waters meet
requirements for classification as Class VI ground waters.

The underlying Cody Shale Sands including the Sussex and Shannon
Sandstones, have reported TDS concentrations ranging from 2,132 mg/l
to 14,694 mg/l. Because of the range of TDS values these waters
cannot be uniformly classified as Class VI.

Geologic units below the Cody Shale are generally quite briney.
However, because they occur at depths greater than 12,000 feet, they
are too deep to be economically used as receivers.

The units below the Lewis Shale that contain WDEQ Class VI ground
water are also exempted aquifers according to EPA UIC criteria.
These units are not currently used as drinking water sources in the
area and are situated at depths that preclude their future
development. Several of these formations are also hydrocarbon
producing.

Based on the presence of Class VI ground water and on EPA exemption
criteria, it is concluded that suitable receiver formations include
all permeable zones below the top of the Lewis Shale. Due to
technical and economic constraints, the most suitable receivers are
the Teapot and Parkman Sandstones.

3.9.2 Target Formations

In addition to containing Class VI ground water, the target receiver
formations, the Teapot and Parkman Sandstones, must meet the
following WDEQ, WQD hydrogeologic criteria:

A. large areal extent of the receiver formation and absence of
complex folding and faulting,

B. hydraulic separation from usable aquifers located above and

below,

C. slow movement of ground water under natural conditions, and

D. located away from ground-water recharge and discharge areas for
the receiver formation.

The following describes the hydrogeologic setting of the Teapot and
Parkman relative to these criteria.
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The receiver formations fall within a sequence of upper Cretaceous
sediments that includes geologic units from the Lance Formation to
the Frontier Formation and ranges in depth from approximately 7,000
to 13,500 feet.

The Teapot and Parkman Sandstones are members of the Mesaverde
Formation, which occur between the Lewis and Cody Shales. The
Mesaverde is approximately 1,000 feet thick and ranges in depth from
about 8,600 to 9,700 feet in the project area. The Teapot and
Parkman Sandstones can be found throughout the southern Powder River
Basin.

The Mesaverde Formation, a continental-marine unit derived from
source areas to the south and west, has a large areal extent and

*laterally grades into the Pierre Shale toward the east. The Teapot
and Parkman Sandstones represent deltaic deposition during
regressions of the sea which deposited the Pierre Shale.

The Teapot Sandstone is 350 feet thick and is comprised of silty,
very fine-to fine-grained, subangular to subrounded, moderately
sorted, friable, glauconitic sandstone with thin siltstone and
bentonitic shale beds. Sandstones comprise about 200 feet of the
total Teapot thickness. Underlying the Teapot is a marine shale
that is about 75 feet thick.

The Parkman Sandstone (650 feet thick) is lithologically similar to
the Teapot Sandstone and has been subdivided into upper and lower
sandstone beds separated by a 75-foot thick shale. The proposed
injection well (Morton 1-20) penetrates approximately 110 feet of
sandstone in the top of the Parkman.

The structural dip in the vicinity of the project is westward at
approximately 4 degrees (350 feet/mile) toward the axis of the
Powder River Basin syncline, which trends northwestward in the
northwestern corner of the proejct area. No faults or prominent
fracture systems have been identified in the area.

Ground water flow in both the Teapot and Parkman is generally toward
the north in the vicinity of the project. the hydraulic gradient is
about 150 and 200 feet per mile in the Teapot and Parkman,
respectively. The horizontal flow velocity in both the Teapot and
Parkman is estimated to about 0.5 feet per year.

The Mesaverde is hydraulically isolated from aquifers above and
below by the thick Lewis and Cody Shales, respectively. Recharge of
the Mesaverde occurs along the basin flanks, 50 to 200 miles from
the Highland project. The discharge area for the Mesaverde in the
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Powder River Basin is unknown, but is assumed to be in the northern
part of the basin.

3.9.3 Injection Waste Water Fluid Characteristics

The injected waste water fluid is compatible with the native fluids
in the Parkman and Teapot Sandstones, as required by WDEQ
regulations. This was evaluated using WATEQ, a chemical equilibrium
computer program that models the thermodynamic speciation of
inorganic ions, complex species and minerals in water.

WATEQ calculates the states of saturation of water with respect to
different solid phases (minerals) based on the concentrations of the
various ions in solution and the equilibrium constants for the
solution/precipitation reactions. The state of saturation of a
solution (undersaturated or supersaturated with respect to a
mineral) is determined from the saturation index.

The chemistry of the fluid for which saturation states were analyzed
was developed as follows:

A. the chemistry of the waste stream was assumed similar to that
at Everest's Hobson, Texas, facility, and is summarized in
Table 8,

B. the chemistry of the formation fluids was established from a
review of Oil and Gas Commission data from the two closest
wells, and

C. the fluids were assumed to mix in equal proportions.

Additional assumptions were required relative to temperature and
pressure conditions. The temperature of the mixture was assumed to
be the same as the bottom hole temperature in the well. The effect
of pressure at depth was not considered, and the reactions were
modeled at a pressure of one atmosphere. This assumption is
conservative as higher pressures increase solubility, thereby
decreasing the potential for precipitation.

The chemical analyses of the waste water, Parkman and Teapot waters
and the mixtures used in the model are given in Table 9. Ground
waters from both the Parkman and Teapot formations are classified as
saline and are sodium chloride type waters. The waste water is a
concentrated brine water, which is also a sodium chloride type.

Saturation indices of minerals from the two injection mixtures are
presented in Table 10. These values indicate that all mineral
phases from the two solution mixtures are undersaturated. Based on



Table 8

Estimated Composition of Highland Project Waste Water

Parameter Eluate Purge

GPM 18

Calcium, mg/i 50

Sodium, mg/i 20,000

Potassium, mg/i 50

Magnesium, mg/I 20

Sulfate, mg/i 5000

Carbonate, mg/1 0

Bicarbonate, mg/I 0

Chloride, mg/i 60,000

TDS, mg/i 80,000

Ra pCi/i 100-300

U, rng/'l 5-15

pH (uilts) 5.5-6.5

Yel lowcake
_Wash

5

3000-4000

0

0

4000-6000

10,000

20-50

3-5

7-8

Washdown
Wastes

10

10-1000

10-1000

1-100

10-100

50-1000

0

0-1000

50-5000

500-5000

1-10

I

5-8

Weighted
Average
Range

33

30-330

11,000-12,000

28-58

14-41

2700-3030

0

0-300

33,000-35,000

45,000-47,000

57-174

3-9

5.6-7.2

Expected
Ave rage

33

50

8000

50

25

4000

0

0

35,000

50,000

100

5

6

Hobson
Table 3-3

47

31,700

50

23

5797

0

0

53,440

93,300

314

5.51

4.48

Conservative
Design

Waste Stream

50

50

31,700

50

25

5797

0

0

53,440

93,300

314

5.51

6



Table 9

Chemical Analyses of Highland Project Waste Water,
Parkman and Teapot Formation Waters and Hypothetical Mixture Solutions

Parameter1 )

Calcium
Sodium

Potassium

Magnesium

Sulfate

Carbonate

Bicarbonate

Chloride

Parkman Formation
7-32 Scott Federal

Waste Water T36N, R71W, SEC 32

50 75

31700 5974

50 180

25 10

5797 0

0 0

0 1445

53440 8700

32
6200

62

8

10

0

1174

8976

Teapot Formation
No. 14-1 Dougaard Federal

T37N, R71W, SEC 14

Waste Water and
Parkman Formation

Water Mixture

61
18837

115

17
2899

0
1445

31070

Waste Water and
Teapot Formation

Water Mixture

40

18950

56

16

2904

0

1174

31208

Temperature (CO)2 )

pH (units)

Total Dissolved Solids

6
93300

85
7

15650

63
8.4

16482

85
6.5

54475

63
7.7

54891

1)
2)

Chemical parameters are in milligrams per li.ter unless otherwise indicated.

Temperatures used are bottom hole temperatures from Parkman and Teapot Formation wells.
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Table 10

Saturation Indices for Minerals from Mixture Solutions of Waste
Water, and Parkman and Teapot Formation Water

Mineral

Anhydri te

Aragonite

Calcite

Brucite

Dolomite

Gypsum

Hal ite

Mirabilite

Nahcol ite

Natron

Thenardi te

Thermonatrite

Trona

Formula

CaSO 4

CaCO3

CaCO3

Mg(OH)2

Caf~g(C0 3)2

Caso 4  2H20

NaCl

Na 2S04  10H20

NaHCO 3

Na2CO3  10H 20

Na2SO4

Na 2CO3  H 20

NaHCO 3 Na 2CO3 2H20

Parkman Formation
Water and Waste

Water Mixture

-1.33

-0.92

-0.81

-1.46

-2.26

-4.54.

-2.07

--7.57

-2.94

-6.61

-5.99

Teapot Formation
Water and Waste
Water Mixture

-1.61

-0.74

-0.62

-5.60

-1.09

-1.68

-2.20

-3.72

* -2.00 "

-6.32

-2.90

-6.10

-6.17

Note: Negative saturation indices indicate undersaturated conditions for
respective mineral species.
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these results, the waste water from the Highlands project is
considered compatible with Parkman and Teapot formation ground
waters. Mixing of waste water with these formation waters should
not cause any significant mineral precipitation near the point of
injection.

3.9.4 Injection Fluid Rate Analysis

Injectivity analysis shows that the Teapot and Parkman Sandstones
are capable of accepting the design flow rate (50 gpm) for a
proposed design life (20 years) at an injection pressure less than
the hydrofracturing pressure.

The hydraulic parameters that control the allowable rate of
injection are transmissivity (the product of conductivity and
receiver thickness), storage coefficient and the formation pressure.
Described below are the means by which values for these parameters
were developed.

The conductivity of the Teapot and Parkman, relative to brine, was
estimated from Drill Stem Test (DST) results and from average
operating oil field values. Results of the DST are presented in
Table 11 and average operating field values are shown in Table 12.

The intrinsic permeability (a property of the formation itself) can
be calculated if these two factors are known. Approximately
9.5 lb/gal drilling mud appears to have been the most frequently
produced fluid. The viscosity of such a mud ranges from about 8 to
12 centipoise (cp). If the geometric means of the DST results
presented in Table ii are corrected for a viscosity of 10 cp and the
produced fluid is assumed incompressible, the intrinsic
permeabilities of the Teapot and Parkman are about 0.34 and
2.9 millidarcies (md), respectively.

Conductivity is related to intrinsic permeability by the inclusion
of the above fluid properties and the fluid density. The injection
brine has a TDS concentration of about 55,000 mg/l. The brine
temperature will increase from its up-hole temperature as it flows
down the injection tubing because of the geothermal gradient. It is
assumed that the brine will be injected into the receivers at about
125 degrees Fahrenheit, which is less than the undisturbed formation
temperature of about 170 degrees Fahrenheit.

Using these values the brine will likely have a viscosity of 0.36 cp
and a specific gravity of about 1.05. The brine is assumed to be
incompressible, resulting in brine conductivities of 0.58 and
4.9 md/cp for the Teapot and Parkman, respectively, based on DST
results.
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TABLE 11 Hydraulic properties determined from drill-stem tests for sandstone units below Lewis Shale.

Weil Number. Name

13-16 Bear State

8-20 Southland Fed.

8-21 Feimont Corey

I Federal X

14-1 Dougaard Fed.

I Fiddleback

5-33 Scott Fed.

43-11 Federal

1-24 Federal

I Federal Z

I Fed. Weimer

I Strock

13-16 Beard State

8-20 Southland Fed.

14-29 Merle Fed.

15-30 Scott Fed.

7-32 Scott Fed.

5-33 Scott Fed.

1-21 Drew Fed.

1-23 Federal

Reynolds W.

I Baker

31-21 Waters Fee

15-30 Scott Fed.

Location
T R Sec 1/4 1/4

(n)(W)

36 70 16 SW SW

36

36

36

36

36

36

36

36

36

37

35

36

36

36

36

36

36

36

36

37

37

37

36

70 20

70 21

70 22

71 14

71 26

71 33

72 II

72 24

is 11

72 8

7234

70 16

70 20

71 29

71 30

71 32

71 33

72 21

72 23

72 6

73 1

74 21

71 30

SE NE

SE FE

SE SE

SE ME

NW SE

SW NW

SE SE

SW SE

SW SW

SE SE

SE SE

S-I 5V

SE HE

SW SW

SW SE

SW NE

SW fNW

HE SE

NE SE

RE MW

NE NE

SW. SE

SW SE

Formation

Teapot

Teapot

Teapot

Teapot

Teapot

Teapot

Teapot

Teapot

Teapot

Teapot

Teapot

Parkman

Parkman

Parkman

Parkman

Parkman

Parkman

Parkman

Pa rkman

Parkman

Pa rkman

Parkman

Parkman

Sussex

Fluid
Conductivity Transmissivity-(md/cp) (wd-ft/cp)

0.74 14.7

9x!O"310 0.37

3.58 147.0

lxl0o3  O.17

8xio"4 0.05

0.17 3.3

0.055 3.3

0.566 5.66

0.22 ' 3.99

4x10"3  11.0

0.61 0.26

0.09 2.6

0.06 V.53

5xlO"3 0.3

0.5 4.0

0.011 1O05

39.4 394.0

0.56 17.7

0.10 1.04

.4.1 49.0

10.97 .1io.0

Porosity

2-19

6-19

18

13-16

12-14

3-16

8-12

6;14

4-19

8-21

8-13

Damage
Ratio

1.85

0.32

0.60

0.97

0.91

0.34

0.41

0.683

0.78

3.9

1.96

0.24

0.8

Potentiometric
Elevation

(ft. above asl)

3629

3443

3850

3608

3667

3711

3314

3621

4320

3545

4227

4361

4044

3653

3778

4942

3947

4557

4591

4381

6085

Fluid Produced

Oil & ofl cut mud.

Oil A gas cut mud.

Mud and muddy toter.

Mud

Mud with trace oil.

Oil and water.

Water and mud.

Mud cut water.

Mud.

Gas cut oil.

Oil I oil cut mud.

Oil I gas cut mud.

Oil A water.

Oil A gas cut mud.

Gas cut muddy water.

Oil cut watery mud.

Gas, oil, Ater, mud.

Water. oil, mud.

Oil and water.

Ub



Table 12

Average Water Conductivities of Operating Oil Fields

Field

Scott

Brush Creek

Manning

Well Draw

Flat Top

ProduingSnon§e__

Parkman Sandstone

Parkman Sandstone

Parkman Sandstone

Teapot Sandstone

Teapot Sandstone

Average
Porosity

£_in___

8 - 18

18

18.2

Average Water
Conductivity

.1 - 3

9 - 10

0.5 - 10

WG Sources

WGA Source Book

WGA Source Book

Jim Neunner.
Champlin Petroleum

Dick King. Inexco

Steve Howe. Terra
Resources

Greg Frazer.1
Mitchell Energy

14

12

1.1 - 1.76

2
4t'CY)

Mikes Draw Teapot Sandstone 4
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The values presented above are supportive of average water
conductivities reported by the operators of nearby oil fields. The
geometric means of the values reported are 2.0 and 2.3 md/cp for the
Teapot and Parkman, respectively. These do not require correction
for viscosity since they have been developed for water being
injected at the injection temperature. The oil field values are
within a factor of three of the values obtained from the DST
results. Because the water conductivities reported by the operators
are based on the long term response of the formations to induced
hydraulic stresses, these values are considered more reliable than
the DST values. However, the Parkman conductivity based on operator
reports, may be slightly low because the DST results (which normally
underestimate conductivity) imply a slightly higher value on
average. Therefore, brine conductivity values of 2 and 3 md/cp
(Teapot and Parkman, respectively) are used in the following
analysis.

The Morton 1-20 is an abandoned well which was drilled in 1981, and
is the proposed injection well for the Everest operation. The total
thickness of sandstone penetrated by the Morton 1-20 well is
approximately 200 feet in the Teapot and 110 feet in the Parkman.
The total thickness of sandstone in the Parkman is actually greater
than this, but is not fully penetrated by the well. The storage
coefficients of the Teapot and Parkman are estimated to be 1E-4 per
foot of thickness.

3.9.5 Injection Well Pressure Buildup

The pressure in the well required to maintain the design injection
rate will increase with time, as will the pressure in the receivers
at specific radial distances. However, the pressure in the
receivers will decrease with radial distance at any specific time.

Pressure in the well was estimated using the Theis (1935) transient
expression which predicts head (pressure) response to well flows.
The expression was originally derived based on similitude with
temperature responses near a line source or sink (a heat flow
problem) and is equally appropriate for injected flows as it is for
withdrawn flows. Petroleum engineering analytical techniques were
also used and yielded results very similar to those generated from
the Theis equation.

An effective well radius (r) of 5 feet was used to simulate the
effects of hydraulic fracturing. Because the permeability increase
only occurs near the well in the region actually fractured, this
effect can be appropriately simulated.
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The calculation of pressure buildup in the well is complicated by
the fact that the fluid is injected at a constant rate under a
single wellhead pressure into two receivers with different hydraulic
properties. This situation was simulated by setting the sum of the
flows equal to the design injection rate (50 gpm) at several times
during the 20-year design life. Each flow is represented by a Theis
expression using either Teapot or Parkman hydraulic properties. The
two driving heads reduce to a single unknown (the pressure in the
well) because only one pressure is acting inside the well and the
undistrubed formation pressures are known.

This simulation results in both flows and heads that vary with time
(Figures 10 and 11). The flows that are predicted are average flows
that would produce the predicted heads if they had been injected
since injection began. Thus, the prediction of both heads and flows
lags slightly behind the expected performance.

The maximum formation pressures developed in the above analyses
(5,761 and 5,927 psi in the Teapot and Parkman, respectively) are
less than the anticipated hydraulic fracturing pressures (6,041 and
6,310 psi, respectively). For comparison with Figure 10, the Teapot
is likely to fracture at a wellhead pressure of 2,145 psi
(considering the pressure of the brine column in the well).

The anticipated fracture pressures were developed using a fracture
gradient (fracture pressure divided by the depth of the unit) of
0.7 psi per foot of depth. The top of the Parkman in Morton 1-20
was fractured for permeability enhancement at a gradient of
0.72 psi/ft.

The radial distribution of pressure increases is shown for the
Teapot in Figure 12 and for the Parkman in Figure 13. These were
developed using the Theis equation after 20 years of injection with
the average injection rates calculated for that time (29.5 and
20.5 gpm into the Teapot and Parkman, respectively).

3.9.6 Radius of Influence and Radius of Injection

Based on the pressure distributions shown on Figures 12 and 13, in
situ pressure conditions are unaffected at distances greater than
about 5 miles from the injection well.

The injection radius in the Teapot and Parkman are estimated to be
about 800 and 900 feet, respectively. These are based on the
theoretical pore volume of formation occupied by the injected brine
if no mixing or dispersion occurs. The injected volumes were
calculated using the average 20-year flow rates times the 20 years
of operation. The distance of penetration was calculated assuming
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that the injected fluid occupies a cylindrical volume of pore space
in the formation, of a length equal to the sandstone thickness. The
pore volume was assumed equal to 10 percent of the total formation
volume based on Table 12.

Some advection of the fluid and some dispersion at the leading edge
of the injected volume is likely to increase the travel distance of
the brine away from the well. However, these effects are considered
negligible for the reasons listed below.

A. Advective transport depends upon the regional velocity of
ground-water flow (about 0.5 feet per year). Over 20 years,
this amounts to only 10 feet of movement.

B. The standard theory of dispersive transport involves two
transport mechanisms: dispersion and diffusion. Dispersion is
a mechanical phenomenon and it depends upon the tortuosity of
the flow paths and the velocity of flow (negligible in this
case because of the low velocity of flow). Diffusion is a
chemical phenomenon on the molecular level produced by
concentration gradients.

Therefore, the injection radii estimated above are felt to be
reasonably accurate.

3.9.7 Suitability Summary

The Teapot and Parkman Sandstone members of the Mesaverde Formation
are suitable receivers for the Highland brine because:

A. they contain Class VI ground water and are at such depth that
they would never be developed as water supplies even if they
did contain better quality water,

B. thick shale sequences above and below them will provide
containment of the injected fluid,

C. the injected fluid is compatible with the formation fluids,

D. the units will accept the design flow rate at pressures less
than that of hydraulic fracturing, and

E. the injected fluid is expected to migrate approxiamtely
1,000 feet in 20 years.
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3.9.8 Waste Disposal Injection Well

The well proposed for conversion to a waste disposal well is the
Morton 1-20, drilled by Southport Exploration, Inc., in 1981, and
abandoned in 1983. The objective sands are in the Parkman and
Teapot members of the Mesaverde Formation from 8630 to 9000 and 9015
to 9141 feet. As described in Section 3.9.5, the Parkman and Teapot
sands are normally pressured.

The Morton 1-20 well was drilled as an oil and gas test in 1981, and
produced intermittently from 1981 to 1983, at which time it was
plugged and abandoned.

The drilling and completion of this well is summarized below:

Surface conductor - 16 inch, set to 68 feet.

Surface casing - From 0-1015 feet, 26 joints of 8-5/8 inch,
24#/ft K-55, ST&C, set at 1000 feet with float collar at
947 feet. Cemented with 400 sacks of Howco Lite and 200 sacks
of class "G" cement, both with 2 percent CaC1 2 . Good returns
to surface with 40 barrels returned to the pit. Top plug
bumped with 1000 psi, cement set 2 days. Drilled cement to top
of shoe and tested okay at 1500 psi.

3.9.9 Use of Morton 1-20 for a Disposal Well

The Morton 1-20 well has suitable integrity for re-entry and
conversion to a waste disposal well. The aspects of the well which
support such a recompletion are discussed below.

Surface conductor - 60 feet of 16-inch surface conductor around
the 6-5/8 inch surface casing and the 5½ inch protection casing
provide mechanical support for the wellhead and tubing hangers.
The conductor also provides mechanical protection of the
surface casing and the protection string.

Surface Casing - 1000 feet of 8-5/8 inch, 24#/ft, K-55, ST&C
surface casing was set in a 12¼ inch drill hole and cemented
from bottom to top with 400 sacks of Howco Lite and 200 sacks
of Class "G" cement, with 40 barrels of cement returned to the
pit. This casing string is important because it provides a
third barrier beyong the injection tubing and the protection
casing to the potential contamination of shallow, potable
aquifers from a leak in the injection and protection strings.

Within 5 miles of the proposed facility, 132 water wells are
registered with the State Engineer. Eighty-seven of these 132 are
associated with existing mining operations, and 34 of these 87 are
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in EMC's name. The volume of water in the Highland aquifers alone
is conservatively estimated as 260,000 acre-feet. In addition to
this, is the water contained in shallower aquifers, that are
currently in use for agricultural and ranching applications.
Therefore, the quantity of usable ground water in aquifers at depths
less than 750 feet in the project area makes the economic
development of water below 1000 feet depth extremely unlikely.

In support of this reasoning is the fact that many oil wells
completed in this area have less than 1000 feet of surface casing.
The surface casing in these wells is also intended to protect
shallow aquifers from contamination by oil field brines of similar
salinities to the proposed injection fluid. As shown on the
completion records at the Wyoming Oil and Gas Commission, of 96 oil
wells within 5 miles of the proposed injection well, 28 wells have
less than 900 feet of surface casing (average of these 28 is
513 feet), 58 wells have from 900 to 1100 feet of surface casing
(average of these 58 is 1018 feet), and 10 wells have more than
1100 feet (average of these 10 wells is 1300 feet). The Morton 1-20
surface casing provides the same degree of protection for shallow
aquifers as all the surrounding oil and gas wells within a 5-mile
radius. Therefore, 1000 feet of cemented surface casing around the
protection and the injection tubing strings is believed to be
adequate protection of the shallow aquifers.

3.9.10 Morton 1-20 Recompletion Summary

The following steps are proposed to convert the Morton 1-20 to an
acceptable disposal well utilizing the Teapot and Parkman sands:

A. Move on a workover rig with circulating head, mud tank, mud
pump, 2-7/8 inch tubing, drill collars, and BOP and clean
oilfield brine for pressuring casing,

B. weld on 8-5/8 inch casing stub with flange at ground level,

C. drill out surface cement plug,

D. Seat 5½ inch casing and set on casing slips,

E. pressurize 5½ inch casing to verify casing integrity,

F. drill out cement and cast iron bridge plug from 8765 to
8800 feet; run casing scraper from 8768 to 8800,

G. perforate 8630 to 9000 and 9015 to 9141 with four-shot per
foot, 90-degree phasing,
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H. run 5½ inch casing caliper survey to verify casing and joint
integrity to 8800 feet,

I. clean hole and run baseline temperature survey,

J. run packer (Baker 45A4 Lock Set or equivalent) in on 2-7/8 inch
6.4# J-55 EUE 8RD tubing, pressure testing tubing, joints an
tubing to packer connections as the tubing is run into the
hole, and

K. fill annulus with inhibited brine and circulate past packer,
set packer, pressurize with nitrogen to test annulus, tubing
and packer integrity.

Figure 14 is a sketch of the completed well, and Figure 15 is a

detail'of the wellhead construction.

3.9.11 Reservoir Stimulation and Injection Analysis

After recompletion of the Morton 1-20 well, the following reservoir
stimulation and injectivity test will be run:

A. run the nitrogen coiled tubing unit to the bottom of the
perforation zone, circulate hydrochloric acid followed by
mud-acid while raising the tubing unit past the perforations,

B. pressure the mud-acid into the formation with a diverting agent-
and let set,

C. nitrogen jet the formation to return the mud-acid and sand
returns to the mud tanks,

D. after the mud-acid returns, continue to nitrogen jet to recover
1000 barrels of formation brine into a clean mud tank and
sample formation fluid,

E. set tandem bottom hole pressure bombs and with a rental
injection pump inject the 1000 barrels of formation fluid, and

F. shut in the well for a 24-hour pressure decay and to run the
radioactive tracer survey. The radioactive tracer survey will
be as follows:

- bottom hole pressure bombs will be in place,
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1. Tubing Pressure Gauge 0-3000 psi
and Pressure Transmitter

2

2. Bull Plug 3"

3. Swab Valve 3" Gate Valve 3000 psi
W.P.

4. Flow Tee
4

5. Wing Valve 3" Gate Valve 3000 psi
W.P.

6. Master Valve 3" Gate Valve 3000 psi
W.P.

7. Tubing Head Bonnet. for Extended
Neck Hanger

8. Tubing Head

9. Annulus Pressure Gauge 0-3000 psi

10. Gate Valve 2" 3000 psi W.P.

111. Casing Head 11".3000lpsi W.P_

12. Pressure Gauge 0-3000 psi 8-5/8"
x 5-1/2" Annulus

EVEREST MINERALS CORPORATION

HIGHLAND IN-SITU URANIUM PROJECT

WELLHEAD DESIGN

DATE FIGURE 15
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- the radioactive tracer tool will be run through the tubing
to the perforated zone during injection,

- while the well is pressurized, the tracer tool will emit a
"slug" of gamma-emitting radioactive iodine into the fluid
at the perforated zone,

- as pressure is maintained, the radioactive "slug" will be
repeatedly logged by raising and lowering the logging tool
through the perforated zone,

- integrity of the cement will be verified if the
radioactive "slug" moves out through the perforations,
into the receiver formations and dissipates, and no gamma
activity is recorded above the base of the Lewis shale at
8630 feet depth,

if the radioactive "slug" is logged above the base of the
Lewis shale at 8630 feet depth, this would indicate
leakage of fluid between the formation and the 5½ inch
casing. This would likely indicate a faulty cement bond
and would require analysis and correction before well
completion.

At the conclusion of these tests, the well will be shut-in and the
results of the cement bond log, caliper log, injectivity analysis,
water analysis and tracer tests submitted to the Wyoming Water
Quality Division. The well will remain shut-in until the final
approval to inject is received from the Wyoming Land Quality
Division.

3.9.12 Pretreatment Facilities for Disposal Well Waste Stream

In many disposal well designs, pretreatment of the waste stream is
necessary to clarify the fluid and achieve chemical compatibility
between the waste stream and the connate waters of the receiver
formation. This pretreatment reduces plugging and chemical
precipitation in the receiver near the well face which would reduce
the injectivity of the well.

Specifically, pH sensors and provisions for pH adjustment (control)
will be included in the circuit as well as provisions for addition
of either corrosion or scale inhibitor chemicals as required.

Filtration to remove suspended solids from the fluid prior to
injection is required. An upflow sand filter with a spare will be
employed as the primary filtration device. Suspended solids in the
sand filter effluent should average less than 2 microns in size.
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Second stage filtration to reduce particle size below 1 micron will
utilize a cartridge filter with spare. Periodically, the sand
filters will be backwashed with unfiltered waste water to remove
entrained solids which will be collected in a separate settling tank
for disposal.

Following filtration, either corrosion or scale inhibitor chemicals
will be added as required to the fluid. These chemicals will be
selected from the suite of commercially available additives. Final
selection will be based on field evaluations and recommendations
provided by the various chemcial suppliers. Only chemicals approved
for use in industrial disposal well service will be utilized.
Treated fluid will be transferred via a polyethylene pipeline to the
injection well site where it is pressurized via a positive
displacement pump prior to actual injection.

The pipeline will be buried approximately 6 feet below surface and
monitored by comparing volumetric totalizer readings and pressures
at each end. Discharge from the injection pump will be metered.
Pressure indicating gauges will be installed on both the annulus and
tubing sides of the well. These pressures as well as the injection
flow rate will continuously be recorded. All high pressure piping
and fittings will be 304 stainless steel, all low pressure piping
will be PVC or polyethylene. A schematic facilities layout is shown
on Figure 16.

3.9.13 Disposal Well Operation

The Teapot and Parkman Sands at the Morton 1-20 will accept 50 gpm
of injected fluids for 20 years at pressures below the formation
fracture pressure. After completion of the disposal well in both
the Teapot and Parkman Sands, injectivity of 50 gpm can be achieved
with wellhead pressures after 20 years of approximately 2000 psi.
During injection, monitoring of the facility is required to verify
proper operation. This verification is provided by monitoring of
the system at ten points, three of which would automatically
shutdown the injection well system if unusual operation conditions
occur. Figure 17 shows these ten monitor points and the following
sections expand on the monitoring program.

Waste stream samples will be taken once per month and analyzed for
radium-226, U-nat, conductivity, calcium, potassium, sodium,
magnesium, sulfate, carbonate, bicarbonate, chloride, silica and pH.

Water will be pumped from a 30,000-gallon storage tank to the
injection well site through a 7200-foot polyethelene buried line.
Comparison of the withdrawal flow meter volumes and the injection
flow meter will be made once per operating day. Deviations in
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excess of 3 percent of the total flow for the past operating day
will be considered a system malfunction. The transfer line will be
shut down until the cause is determined and repaired. The transfer
line route will be visually inspected once per week to check for
small leaks which cannot be detected by comparison of flow meter
total i zers.

Pressure drop across the pretreatment filter will be monitored to
detect filter plugging. The limits will be set in accordance with
the filter manufacturer's specifications.

Transfer line pressure will be monitored continuously at its inlet.
High.pressure, specified as 125 percent of the working pressure of
the transfer line, will shut down all transfer pumps and signal a
shutdown alarm. The pumps may be restarted to troubleshoot, but
will not be returned to normal service until the problem is detected
and corrected.

The injection pump will pump directly to the injection well. The
flow and pressure from the injection pump to the injection tubing
will be continuously monitored and recorded and visually checked
once per operating day. Excessively high pressure in the injection
tubing will shut down the injection pump and all transfer pumps and
actuate shutdown alarms in the resin processing facility. The
facility will be shut-in until the cause can be determined and
corrected.

The annulus between the 5½ inch and 2-7/8 inch casings will be
filled with corrosion-inhibiting fluid. The annulus fluid will be
pressurized with a nitrogen gas cap which will be maintained on top
of the corrosion-inhibiting fluid to provide dampening for thermal
expansion and contraction of the annulus fluid and the injection
tubing. The annulus pressure will be maintained below injection
pressure. The nitrogen cap pressure will be continuously monitored
and recorded to verify the mechanical integrity of the 5½ inch
protection casing, the 2-7/8 inch injection tubing and the tubing
packer. This assures that the injected fluids are entering the
receiver formation and not the annulus. The annulus pressure will
be manually checked once per operating day.

3.9.14 Potential Injection System Malfunctions

In all cases in which an unscheduled system shut down occurs, the
system will not be returned to normal operation until the cause of
the shut down is determined and corrected. Failed systems may be
reactivated to troubleshoot.
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3.10 Records and Reporting

Operating records for the monitoring described here will be maintained on
site. Reports of the operation will be made available to USNRC and
WDEQ/WQD.

3.11 Disposal of Solid or Semisolid Waste

All radioactive solid waste will periodically be removed and disposed in
a radioactive disposal site licensed to accept such materials by the
USNRC.

3.12 Closure

Upon conclusion of the mining operation, the disposal well will be
plugged and abandoned by the following procedure:

A. the preinjection facilities and the well head will be dismantled,
checked for residual radioactivity, decontaminated where required by
flushing and then disposed of,

B. the tubing and packer will be removed from the well and subjected to
the same treatment as in (1) above,

C. any remaining radioactive waste in the well will be displaced into
the receiver sands with brine,

D. a bottom plug will be set directly above the top of the uppermost
performations at 8630 feet,

E. to insure long-term protection of useable quality water strata, a
second plug will be set in the Lewis Shale at the top of cemented
protective 7650 feet casing string,

F. since sufficient surface casing has been set to protect the shallow
usable quality water strata, the third plug will be set across the
shoe of the surface casing and will extend at least 50 feet above
and below the shoe,

G. a 10-foot cement plug will be placed in the top of the well and the
casing will be cut off 3 feet below the ground surface,

H. all cement plugs, except No. 4, will be placed by the circulation
method through tubing or drill pipe,

I. all cement for plugging will be an appropriate API oil well cement
without volume extenders and mixed in accordance with API standards,
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J. all cement plugs, except No. 4, will have sufficient volume to fill
100 foot of casing, plus 10 percent for each 1,000 feet of depth to
the bottom of the plug,

K. mud-laden fluid of at least 9½ pounds per gallon shall be placed in
all portions of the well not filled with cement, and

L. a monument will be permanently installed indicating the location and
nature of the abandoned well.

4.0 GROUND-WATER RESTORATION, RECLAMATION AND DECOMMISSIONING

4.1 Ground-Water Restoration and Technology

Restoration is defined as the returning of affected ground water to its
baseline condition. If that is determined to not be reasonably
achievable, the goal will be to return ground water to a condition
consistent with its premining use (or potential use) upon completion of
leaching activities. Restoration is intended to reduce the concentration
of toxic contaminants remaining in the ground water to acceptable levels.

There are three basic methods of ground-water restoration applicable to
in situ mining:

A. ground-water sweep, where native ground water is drawn into the
mined out area by pumping the production wells within the mining
zone,

B. producing water from the production zone, treating it to improve its
quality, and reinjecting this cleaner water into the formation, and

C. chemical treatment of the formation (normally by introduction of a
reductant) to alter the mined out area to return it more closely to
premining conditions.

Each of these methods have advantages and disadvantages, which are
summarized in Table 13.

The Exxon R&D Pilot and its ground-water restoration effort are being
used by EMC to support production scale insitu mining at the Highland
site. The R&D Pilot was operated from December 16, 1978 to September 30,
1981, during which time 60.5 M gals were injected into the aquifer and
67.1 M gals were produced. Sodium carbonate-sodium bicarbonate, hydrogen
peroxide and gaseous oxygen were tested as lixiviants. The R&D Pilot
consisted of four 100 X 100-foot patterns which, over the 3-year life,
produced 74,600 pounds of U3 0 8 . After operation, restoration began in
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Table 13

Comparison of Ground-Water
Restoration Technologies

Method Advantages Disadvantages

1. Ground- 1. Allows beneficial use of
Water Sweep restoration fluids for

irrigation
2. Utilizes native ground water

to reduce formation
3. Does not introduct oxygenated

water
4. Proeuces more uniform pattern

of restoration
5. Most cost-effective method

2. Treatment 1. Lower ground water
and Reinjection consumption

3. Chemical 1. Returns formation to a
reduced condition, thereby
immobilizing redox-sensitive
parameters

2. Can be used to treat
isolated "hot spots"

1. Higher consumption
of ground water

1. Requires significant
energy input

2. High capital costs
3. Generates concentrated

waste stream
4. Re-injection of pure

water
5. Introduces oxygenated

water
6. Results in clean water

between injection and
production wells with
contaminated water out-
side this zone

1. High cost for chemicals
2. Requires inherently

hazardous chemicals in
an otherwise safe process

3. Increases TDS and lowers
pH of ground water



67

October, 1981, and actively progressed through May, 1984. The details of
the restoration, including extensive analytical data, are given in
"Restoration Achievement at Exxon's Expanded R&D Pilot, July 3, 1984,"
and "Supplemental Report to Restoration Achievement, August 19, 1985."
The three basic methods of restoration were utilized during the
restoration period.

Beginning in October, 1981, through May, 1982, a 60 GPM reverse osmosis
(RO) unit was being debugged and being made operational. During this
time period, water was produced from wells P-i, P-2, P-3, P-4, P-5, P-6,
P-10 and P-11, treated for uranium removal through the ion exchange (IX)
facility and reinjected through wells I-1, 1-2 and 1-3. During this
8-month period, 4.7 pore volumes (PV) were produced, 4.0 PV's were run
through IX and reinjected, and 0.7 PV's, or 15 percent of the produced
fluid, was discharged to the evaporation pond.

The RO and IX form of restoration was utilized from June, 1982, through
May 1983. The RO unit, with a nominal capacity of 60 GPM, was never
fully functional but operated approximatley half of the time during this
period. There were 6.2 PV's produced from wells P-i, P-2, P-3, P-4, P-5,
P-6, P-7, P-8, P-9, P-iO and P-11, treated through IX for uranium
removal, routed through RO for all other contaminant removal and
reinjected through wells I-i, 1-2, 1-3 and 1-4. There were 4.4 PV's
reinjected and 1.8 PV's were sent to the evaporation pond. The RO was
designed to return 80 percent of the feed water (20 percent RO bleed)
with 90 percent of the dissolved constituents removed.

It was found restoration using the RO left a "bubble" of very clean water
between the injection and production wells where most of the flow was
concentrated because of the higher pressure gradient between these two
points. However, water between these flowlines was not being adequately
cleaned. It was decided to initiate ground-water sweep to draw water
uniformly from the ore zone around the pumped wells, providing a more
thorough aquifer clean up.

Since May, 1984, additional ground-water restoration efforts have been
required at the R&D Pilot to further reduce the concentrations of
elevated parameters within the mined zone.

Figure 18 shows the wells associated with the Exxon facility. The wells
are broken down into three categories: production, injection and
monitor. The monitor wells are further subdivided into M, G and 0 prefix
wells. The M-wells were used to monitor above and below the production
zone, the G-wells are designated as guard wells to warn of potential
excursions and the 0-wells represent routine observation wells.

The original agreement between Exxon, the WDEQ and the NRC indicated that
the determination of successful restoration and stability would be based
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upon water quality data derived from the injection and production wells,
specifically wells I-1, 1-3-2, P-3-2, P-5, P-7 and P-9-2. The objective
was to restore all ground water to baseline levels or Wyoming Class I
Water Quality Standards based on a well field average. Table 14 shows
the baseline (restoration) values by parameter for the well field through
July 1985.

Determination of successful operation of Exxon's R&D Pilot project was
based upon maximum uranium recovery while minimizing excursions of
lixiviant as well as restoration and stabilization of the ground water to
baseline levels. Wells are sited around the project to determine the
success of the uranium recovery. Ideally, in the absence of excursions,
only the injection and production wells will be influenced by the
lixiviant. This was very nearly the case for the expanded pilot project
since there were only four minor excursions throughout the project life.
Table 14 compares those constituents which appear to be elevated with the
baseline concentrations (through July 1985).

As can be seen in Table 15, 15 of the 28 monitored parameters are
elevated in comparison to baseline mean well field concentrations. This
conclusion is rather different from EMC's statement that "restoration has
progressed to a point where 23 of the 28 constituents have been returned
to below baseline or Class I standards," A close examination of the data
in Table 15 and a comparison with the State of Wyoming's Class I Water
Quality Standards as well as baseline concentrations, whichever is
higher, indicates that bicarbonate, calcium, iron, manganese, magnesium,
selenium, sodium, radium-226, TDS and conductivity remain elevated above
the least restrictive of these two values, while chloride, fluoride,
nitrate and U-nat have been lowered below the Class I water quality
standard. EMC, however, concluded in their July 1985, ground-water
restoration submittal that only bicarbonate, calcium, iron, manganese and
radium-226 remain elevated after restoration.

Based upon the July 1985 restoration data, NRC determined that further
restoration work was necessary. Because of the elevated nature of
radium-226, selenium, TDS and U-nat, it was concluded that additional
restoration should be conducted to further reduce the above named
constituents.

The latest restoration work consisted of circulating three PVs through
the well field with the injection of H2 S to reduce and stabilize



TABLE 14

Comparison of Elevated Constituents with Baseline Concentrations and Class I Water Quality Standards

WDEQ
Drinking Water

Standard
Baseline (Class I)

End Restoration
May 1984

ubservatio5n
Wellfield Wells

Post Restoration
December 1984

ubservatton
Welifleld Wells

Post Restoration
.July 1985

Observation
Wellfield Wells

Bicarbonate
Calcium
Chloride
Fluoride
Iron
Maganese
Magnesium
Nitrate
Selenium
Sodium
Sulfate
Uranium
Radium-226
(pCi/1)

Ms
Conductivity
(unios/cm)

All units in

165
32
21

<0.15
0.09
0.03
7.0

<0.04
<0.01

87
124
0.33

73.8

370

437

250
1.4 to 2.4

0.3
0.05

10.0
.01

250
5
5

500

228
51

19.7
0.61
0.01
0.25

13.3
0.16
0.06
98

137
2.3

460
448

895

140
42

10.2
0.46
0.01
0.03

10.2
0.16

<0.001
67.5

119.2
<0.9

25.2
331.7

486.7

344
59.2
34.5
0.56
1.8
0.13

14.5
0.20
0.01

121.2
133.2

1.52

162.2
548.3

800

191.2
43.2

9.8
0.32
0.96
0.04

11.3
0.06

<0.001
57.8.

109.3
0.02

23.8
342.7

513.3

349.3
60.1
24.2
0.58
1.1
0.08

12.6
0.19
0.02

115.1
132.3

4.47

291.2
532.7

788

190.1
46.5

5.2
0.47
0.35
0.04
9.5
0.05

<0.001
57.3

117.7
0.02

24.8
362

521.7

Rq/1 except as noted

* no value established
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;LILY 1985 ALL WELLS SAMPLED filenase JULIFO SPH 8/8i85
I-1 1-3 P-3 P-5 P-7 P-9 0-2 0-3 0-5 0-6 0-8 0-9

MAX VARIANICE STD MAX HIN STO ERROR ROT TOP
AVG DEV VALUE VALUE OF WEAN 901 90%

10east 407,700 407,531 407,686 407,516 407,407 407,545 407,867 407,955 407,552 407,337 407,244 407,452
Yenortb 870,920 878,827 878,853 878,759 878,919 878,885 879,126 878,B50 879,553 878,642 079,031 879,174

Aluminum -0.10 0.20 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10
Arsenic 0.001 0.017 0.003 0.027 -0.001 0.005 -0.001 -0.DO1 -0.001 0.002 0.001 0.004
Birtius -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1
8icarb 304.B 385.5 322.7 218.4 497.6 366.6 193.2 J93.7 184.5 173.0 204.6 191.3
Boron -0.10 -0.10 -0.10 -0.10 -0.10 -0. 10 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10
Cadmium -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.010 -0.010 -0.010 -0.010 -0.010 -0.010
Calcium 47.0 77.7 38.0 58.4 86.5 57.9 46.5 41.3 43.2 58.0 46.5 43.2
Carbonate 0 0 0 0 0 0 0 0 0 0 0 0
Cnloride 18.8 34.4 14.7 8.2 48.3 20.6 4 4 6 7 5 5
Chromium -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05
Copper -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01
Fluoride 0.63 0.78 0.64 0.35 0.50 0.56 0.22 0.22 0.22 0.20 0.23 1.75
Iron 0.04 3.05 0.14 . 0.19 2.53 0.35 0.53 0.22 0.14 0.44 0.31 0.44
Lead -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05
Manganese 0.05 0.06 0.07 0.06 0.14 0.08 0.04 0.03 0.05 0.05 0.04 0.04
Magnesium 10.9 13.9 8.7 12.0 1B.1 12.2 9.1 8.6 9.3 10.6 9.8 9.7
Mercury -0.0002 -0.0002 -0.0002 -0.0002 -0.0002 -0.0002 -0.0002 -0.0002 -0.0002 -0.0002 -0.0002 -0.0002
Molybdenum -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05
Nitrate 0.03 0.16 -0.01 -0.01 0.90 0.02. 0.07 0.09 0.04 0.02 0.02 0.05
Ra-226 112 237 136 811 197 258 54 6 34 47 3 2
Selenium 0.019 0.055 0.016 0.002 0.038 0.015 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001

0.11 0.00 0.03 0.20 -0.10 0.01 0.09 0.12
0.005 0.000 0.008 0.027 -0.001 0.003 0.001 0.009

0.1 0.0 ERR -0.1' -0.1 0.0 0.1 0.1
269.7 10912.1 104.5 497.6 173.0 30.2 220.2 319.1
0.10 0.00 ERR -0.10 -0.10 0.00 0.10 0.10

0.010 0,000 0.000 -0.010 -0.010 0.001 0.009 0.011
53.7 225.4 15.0 86.5 39.0 4.3 46.6 60.8

0 0 0 0 0 0 0 0
15 196 14 48 4 4.04 9 21

0.05 0.00 ERR -0.05 -0.05 0.00 0.05 0.05
0.01 0.00 0.00 -0.01 -0.01 0.00 0.01 0.01
0.53 0.19 0.44 1.75 0.20 0.13 0.32 0.73
0.70 0.99 0.99 3.05 0.04 0.29 0.23 1.17
0.05 0.00 ERR -0.05 -0.05 0.00 0.05 0.05
0.06 0.00 0.03 0.14 0.03 0.01 0.05 0.07
11.1 7.5 2.7 18.1 8.6 0.8 9.8 12.4

0.0002 0.0000 ERR -0.0002 -0.0002 0.0000 0.0002 0.0002
0.05 0.00 ERR -0.05 -0.05 0.00 0.05 0.05
0.12 0.06 0.25 0.90 -0.01 0.07 0.00 0.24

158 50614 225 811 2 65 52 265
0.013 0.000 0.018 0.055 -0.001 0.005 0.004 0.021

ERR ERR ERR ERR ERR ERR ERR ERR
86.2 1192.2 34.5 145.0 49.8 10.0 69.8 102.5

125.2 848.1 29.1 180.0 91.0 8.4 111.4 139.0
447 12986 114 682 310 33 393 501

3.025 9.410 3.068 7.848 0.011 1.023 1.398 4.702
0.01 0.00 0.00 0.01 -0.01 0.00 0.01 0.01

658 34124 185 1078 474 53 570 745
7.65 0.03 0.16 7.90 7.38 0.05 7.57 7.72

-,.4

Silver
SodiuA
SD4
TOS
Ulnat}
Zinc

Conduct'y
pH

107.0 121.0 128.0 75.4 145.0 114.0 54.5 51.6 70.1 66.2 49.8 51.5
117 133 134 171 133 10 111.0 91.0 139.0 180.0 91.2 94.4
492 604 466 428 682 524 368 310 396 434 326 338

2.943 7.848 1.328 5.293 7.118 2.739 0.011 0.011 0.032
-0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 0.01 -0.01 -0.01 -0.01 -0.01

670 893 670 659 1078 795 501 474 566 604 495 490
7.90 7.80 7.42 7.56 7.44 7.38 7.66 7.70 7.76 7.6B 7.74 7.70

Notes:
I. a minus sign indicates the constituent is present in concentrations below the lower detection limit
2. units are mgi/ except Ra-226 in pCi/I and pH in standard units
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the well field. The analytical results are presented in Table 16. These
latest restoration results indicate that the well field is restored to
baseline with the exception of wells P-3, P-5 and P-7 which indicate
slightly elevated iron and manganese. The cause of iron and manganese
elevation is thought to be remanent metals dissolved from old steel well
casings and screens previously used in the well field. All indications
are that the iron and manganese will reduce and stabilize to baseline
concentrations as shown by other monitoring wells within the well field.

The restoration work done at the Expanded Pilot R&D ISL indicates that
the ground-water monitoring parameters can be reduced to baseline
concentrations or class-of-use standards. Final evaluation of the
restoration was not complete by the NRC staff or the State of Wyoming.
However, preliminary review of water quality data taken during the
stabilization phase seem to indicate that ground-water parameters have
been reduced to acceptable levels.

4.2 Ground-Water Restoration Plan

After mining is completed in a defined portion of the well field, EMC
proposes to initiate ground-water restoration in that depleted mining
area. Restoration goals will be established for each mining area based
on premining samples. To assure that restoration goals are met the
licensee will be required by license condition to propose a ground water
restoration plan at least 6 months prior to initial restoration efforts.

At the conclusion of mining, the affected ground water will be elevated
in both the mobilized parameters from the ore zone aquifer and
bicarbonate from the mining process. Based upon an empirical model
derived from the R&D operating data, EMC proposes a ground-water
restoration program utilizing both ground-water sweep water treatment and
reinjection.

If necessary, final treatment of elevated "hot spots" with a chemical
reductant may be done. The reductant would reverse the oxidation of the
formation which had occurred as a result of mining. Reducing the
formation would immobilize those parameters that are sensitive to the
oxidation potential, especially iron, manganese, selenium and possibly
radium-226.

The withdrawn water will be treated with barium chloride to reduce the
radium concentrations. After treatment, this water will be directed to
the land spreading site. Ground water will be withdrawn at the maximum
achievable rate which leaves the ore zone fully saturated, to prevent
oxidation of the formation.
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4.2.1 Water Use

Over the life of the proposed project, approximately 1,550 acre-feet
of water will be utilized for ground-water restoration. EMC
proposes to utilize this restoration water in the irrigation of
crops in a controlled fashion. Prior to application, the water will
be treated for reduction in radium concentrations.



Table 16

5P1HI-06-97 lVelfield Data After 1996 Actiyt Restoration Proqram Everest Minerals Corporation
filenate FINIRSI Sasple date I Oct 1986

Nell uaber 1-I 1-2 1-3 1-4 P-1 P-2 P-3 P-4 P-S P-6 P-7 P.- P-9 P-20 P-If 9-I M 1 -2. M-3 M-4 M-S 9-5 6-2 6-9 6-9

T-north 878,720 979,871 878,840 979,892 878,988 978,905 978,853 878,811 879,759 879,834 979,919 979,972 978,890 978,938 978,957 678,998 87B,855 9789,22 878,627 97,016 979,,692 978,953 879,065 878,9?

Aleaioum -0.1 -0.1 -0.2 0.2 -0.1 -0.1 -0.1 -0.1 0.2 -0.1 -0.1 0.3 -0.1 0.4 -0.1 0.2 0.2 -0.1 -0.1 -0.1 -0.1 -0.1 -0.1 0.1
Arseic -0.004 -0.004 0.004 -0.004 -0.004 0.005 0.004 0.006 0.005 -0.004 0.007 -0.004 0.005 -0.004 -0.004 -0.004 -0.004 -0.004 -0.004 -0.004 -0.004 -0.004 -0.004 -0.004
1irar 268 249 220 176 46 220 116 is 40 20 48 20 55 79 121 176 161 171 176 177 265 201 238 295
Dorm -0.1 -0.1 -0.2 -0.1 -0.1 -0.1 0.1 -0.1 0.1 -0.1 0.1 -0.1 -0.1 -0.1 0.2 -0.2 -0.1 -0.1 -0.1 -0.1 -0.1 -0.2 -0.1 -0.1
Cadidiu, -0.02 -0.01 -0.01 -0.01 -0.02 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.09 -0.01 -0.01
Calciun 53 62 37 21 17 14 29
Carbonate -t -1 -I -1 -t -1 -1 -1 -t -1 -1 -1 -1 -1 -1 -i -1 -1 -1 -2 -1 -2 2 2
Cn ar ide 7 1 5 1 3 3 3 4 3 3 3 9 3 5 5 5 12 7 10 9 5 2 3 6
Ckroeium -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05
Copper 0.02 -0.01 0.02 -0.Ot -0.01 -0.01 -0.01 -0.01 0.02 -0.01 -0.01 -0.01 0.02 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.0t -0.01 -0.01 -0.01 -0.01
Fluoride 0.40 0.40 0.20 0.20 -0.20 -0.01 0.60 -0.10 -0.10 -0.10 -0.10 -0.10 -0.10 -0.20 0.10 0.20 0.90 0.20 0.20 0.10 0.39 0.20 0.20 0.30
Iron 0.45 -0.05 0.25 -0.05 0.44 -0.05 10.90 0.67 10.00 0.12 5.40 -0.05 2.80 0.47 -0.05 -0.05 0.67 -0.05 -0.03 -0.05 -0.05 -0.05 -0.05 -0.05
Lead -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05 -0.05
Alangauese 0.13 0.06 0.19 0.21 0.04 0.47 0.51 -0.01 0.32 0.02 0.17 -0.01 0.07 0.04 0.10 0.02 0.23 -0.01 -0.01 0.02 0.06 0.02 0.02 0.01
Mercury -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004 -0.0004
RA-226 83 106 84 13 46 64 142 29 231 49 96 25 9 46 7 1.7 0.9 7 11.8 7.6 399 199 16 64
Ra-226 error 4.1 2.2 3.0 2.1 1.3 2.7 3.9 0.0 5 1.9 4.1 1.0 1.0 1.3 0.9 0.3 0.2 0.6 0.7 0.6 4 3.0 1.1 2.6
Ra-226 LLD 2.3 0.4 0.7 0.9 0.2 0.8 0.7 0.2 0.7 0.5 1.3 0.2 0.7 0.2 0.7 0.2 0.2 0.4 0.4 0.4 0.2 0.2 0.5 0.2
Seleium -0.001 -0.001 -0.001 -0.001 -0.001 0.002 -0.001 0.002 0.001 -0.001 -0.001 0.006 -0.001 0.001 -0.001 -0.001 -0.001 0.002 -0.001 -0.001 -0.001 0.002 -0.001 0.261
Sodiu• 76 54 20 U3 17 . 1 is

S04 96 74 90 123 14 74 55 -2 52 i1 49 96 44 22 44 299 76 261 230 349 224 9] 14 07
TDS 422 378 374 438 70 266 240 22 194 56 162 19" 194 109 275 442 306 578 492 650 440 332 330 404

Uln(lt) 0.23 0.59 0.14 0.56 0.09 0.62 0.70 0.61 0.23 0.00 0.25 0.05 0.26 1.30 0.12 0.001 -0.002 0.090 0.150 0.014 0.062 0.470 0.24 0.900
Zinc -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.02 -0.01 0.71 -0.01 -0.01 -0.02 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01 -0.01
pH 7.2 B.2 7.3 7.5 6.3 7.3 7.2 6.0 7.1 6.5 7.0 7.1 6.7 6.7 6.9 8.2 8.8 8.2 8.0 8.2 8.4 9.3 8.4 8.4

1. a minns siqn indicates the constituent is Present in concentrations belon the lower detection lieit

2. units are %VI eicep•t Ra-22 in pCilt and pH is standard units
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4.2.2 Ground-Water Restoration Stability

After a volume of affected water has been returned to its premining
baseline average quality or use-suitability, a monitoring program
with monthly sampling of the restoration verification wells will be
initiated to ensure that this is a stabilized condition. If water
quality is not stabilized, further restoration work may be required,
if warranted.

4.2.3 Surface Reclamation

Surface reclamation of an area will be initiated after the aquifer
cleanup has been completed and aquifer stabilization has been
verified. All wells will be plugged in accordance with State of
Wyoming regulations with records of hole plugging and abandonment
procedures maintained at the project site.

In situ mining does not require extensive excavation for well field
installation. Therefore, postmining contours will be very much like
the present contours.

Impoundments will be required for the radium removal system and to
store well field bleed fluids in each of the four well field areas.
During reclamation, the radioactive wastes within these impoundments
and any contaminated soil in the well field will be removed to a
licensed low-level radioactive waste disposal site. The
impoundments will be removed or backfilled, topsoiled and
revegetated.

The areas from which topsoil has been removed will be ripped where
compacted, contoured to blend with the surrounding topography, and
covered with at least 6 inches of topsoil which was stripped before
the operations commenced. After topsoil placement, the ground will
be prepared for reseeding by discing and mulching where needed.

Currently, final reclamation of the site can only be estimated. The
extent of land disturbance, volumes of materials to be moved, and
actual well abandonment procedures at each individual mining unit
are subject to change. To cope with this situation, the licensee
will be required by license condition to submit a detailed final
decommissioning plan at least 12 months prior to shut down of the
facility. This plan will then be reviewed and incorporated as a
portion of the source material license.

4.2.4 Plant Site Reclamation

After the well field areas have been reclaimed, the plant site
reclamation program will be initiated. This will include pumping
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all liquid wastes down the waste disposal well and decommissioning
of the plant by decontaminating all buildings, process vessels and
other structures. Equipment which cannot be decontaminated will be
dismantled and disposed of in a licensed low-level waste disposal
facility or utilized at another licensed uranium facility.
Chemicals will be removed or neutralized. All contaminated
foundations will be removed or broken up and buried. If it is found
that certain facilities will be beneficial to the future landowner,
they may be left after verification that levels of radioactivity are
below levels which meet NRC criteria for unrestricted release.

5.0 EVALUATION OF ENVIRONMENTAL IMPACTS

5.1 Introduction

In situ leaching of uranium is a relatively new and developing
technology. Major human health and environmental concerns with this
technique of mining are the potential impacts of mining on ground water
quality, the impacts of potential evaporation pond leakage, radiological
impacts and disposal of wastes.

The previous uranium recovery operations which were active in this area
included (1) an underground uranium mine, (2) open-pit mining operations,
and (3) a uranium mill. The environmental impacts of these activities
were addressed in the "Final Environmental Statement for the Highland
Uranium Mill" and included (1) temporary change in land use of
3200 acres, (2) a change in local topography involving about 830 acres,
(3) removal of approximately 1000 GPM of local ground water from the
mine, (4) creation of a tailings pile covering about 250 acres and
involving 11 million tons of tailings, and (5) atmospheric discharge of
small quantities of chemicals and radioactive materials into the local
envi ronment.

The licensee will be required by license condition to monitor all process
streams and the environment which they could possibly affect.
Additionally, the licensee will be required to submit this monitoring
data for review on a semiannual frequency.

The proposed in situ mining activities for the area will include (1) the
temporary change in land use of about 300 acres, (2) no significant
change in topography, (3) the removal of approximately 50 to 100 GPM of
local ground water during operation and 90 to 360 GPM during restoration
activities, and (4) the temporary contamination of about 300 acre-feet of
local ground water. To assure that no unassessed activities are
associated with the project, the licensee will be required by license
condition to conduct an environmental appraisal of any proposed site
changes.
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Environmental reports (and supplements) pertaining to operations of the
previous uranium recovery as well as commercial scale in situ uranium
mining have previously been prepared and submitted to the NRC.
Subsequently, the NRC has issued final environmental statements for those
operations. The following is a list of published documents which
discusses the environmental impacts associated with these activities:

A. "Final Environmental Statement related to operation of the Highland
Uranium Mill by The Exxon Company, U.S.A.," March 1983, along with
the base documents referred to in the Forward of the FES,

B. "Supplemental Environmental Report, Application for amendment to
Source Material License SUA-1139 for solution mining of uranium,
Highland Uranium Mill, Docket No. 40-8102," August 1977,

C. "Final Environmental Statement (NUREG-0489) related to operation of
Highland Uranium Solution Mining Project, Exxon Minerals Company,
U.S.A.," November 1978, along with the base documents referred to
in the Forward of the FES.

5.2 Air Quality Impacts

5.2.1 Construction-Related

Construction and development of the proposed project could affect
air quality by the release of diesel emissions from drilling and
construction equipment and by releases of dust. Diesel emissions
should be considered minor and will be readily dispersed. Dust
generated from construction and development of the project will be
insignificant.

5.2.2 Operation-Related

The main nonradiologic gaseous effluent to be released from
operation of the uranium recovery plant will be ammonia, used for
yellowcake precipitation. Ammonia vapors will be passed through a
fresh water scrubbing system before being vented to the atmosphere.

5.3 Land Use Impacts

The major impact on land use from the proposed project will be the
removal of land from grazing. To protect both equipment and livestock,
the area surrounding all of the in situ mining activities will be fenced
to prevent livestock access. Thus, an estimated 300 acres that presently
are available for grazing will be removed from grazing during the life of
the project.
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The in situ mining project will not result in a significant increase in
traffic. Utilities required for the proposed uranium recovery plant are
available from existing facilities and are currently in place.

5.4 Water Impacts

5.4.1 Surface Water Impacts

Vegetation removal is not expected to significantly change peak
surface-water flows because of the relatively flat topography of the
area, the low regional precipitation, the absorptive capacity of the
soils, and the small area of disturbance relative to the total
drainage area. For the same reasons, increased suspended sediment
during periods of runoff is expected to be slight. Therefore,
surface-related construction activities for the proposed mining
project will not result in significant long-term impact to the
surface water.

There are no perennial or frequently-flowing intermittent streams
within the proposed project area. The probability of surface water
contamination is extremely remote.

5.4.2 Ground-Water Impacts

5.4.2.1 Excursions

Excursions of contaminated ground water in a well field could
be caused by improper balances between injection/extraction
rates, undetected high permeability 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. Quality control of the well
field at the EMC site drastically reduces the probability of
these situations occuring.

5.4.2.2 Evaporation Pond Seepage and Spills

Accidental leaks from the purge storage reservoir and settling
basins could, if uncontrolled, contaminate shallow aquifers and
locally reduce ground-water quality. The quality control and
the maintenance programs associated with the installation of
the impermeable bottom liners in the previously described
impoundments should minimize or eliminate such seepage.
Furthermore, if an impoundment leak were to develop, the
monitoring program described in Section 7.1 would allow for
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early detection and repair of the leak; thereby minimizing the
impacts and the quantity of leakage.

Spills from the purge storage reservoir and settling basins
resulting from dam failure could result in unacceptable
contamination of surface and ground water. However, since the
purge storage reservoir and settling basin's effluent water
levels will be controlled with adequate freeboard requirements,
the likelihood of a dam failure is very remote.

5.4.3 Ground Water

Approximately 300 acre-feet of ground water in the ore sand aquifer
will be affected by the proposed operation. During mining, the
affected ground water in the mining zone will contain elevated
concentrations of mobilized metals and radioactive elements. In
addition, small portions of the surrounding ground water may
occasionally be affected by excursions.

Excursions of contaminated ground water from the mining zone are
possible. However, excursion monitoring and control will be
implemented at all well fields. The degree of excursion monitoring
and corrective action that will be implemented is sufficient that
such occurrences would result in minimal environmental impacts.

Another impact that solution mining will have on ground water is the
quality of the water that remains in the leach area at the
completion of ground-water restoration. The native formation waters
in the ore zones of the Highland aquifers are not suitable for human
consumption because of naturally high levels of dissolved
radioactive materials. Radium-226 and thorium-230 levels in the
pilot area prior to solution mining were 120 pCi/l and 86 pCi/l,
respectively. Baseline water samples taken from ore zones in the
proposed solution mining areas also reflect high radium levels.

Data from the pilot testing program has indicated that the only
other elements mobilized in sufficiently high concentrations to
justify concern with regard to water quality are uranium, arsenic
and selenium. The current pilot restoration data strongly indicate
that the aquifer can be returned to acceptable conditions utilizing
ground-water sweep and treatment and reinjection to flush the area,
thereby reducing the concentrations of the above materials to
acceptable levels. Because the native water within the ore zones is
unsuitable for human consumption due to high levels of natural
radioactivity and because concentrations of the above materials will
be reduced to acceptable levels before ground-water restoration is
terminated, no increase in the potential hazard to any future water
user is expected.
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5.4.3.1 Ground-Water Use

During the mining phase of the proposed project, water
consumption will be about 50 to 100 GPM due to well field
bleed. During ground-water restoration, however, the applicant
anticipates consumption of an estimated 90 to 360 GPM, for
6 months of the year, over an 8-year period. The volume of
ground water to be extracted during in situ mining activities
from both well field bleed and ground-water restoration is
estimated to be about 2300 acre-feet over the life of the
project.

5.5 Impacts on Soils

The proposed project will require minimal disturbance of soils. Soil
horizons will be disrupted locally as a result of excavation of about
2 miles of pipelines. Soil disturbance on well fields will be limited to
excavation of small drilling pits and permanent access roads. Total area
affected is expected to be less than 50 percent of the proposed pattern
areas. The proposed irrigation project will be monitored and controlled
to maintain levels of toxic and radioactive constituents below allowable
release standards.

5.6 Impacts on Ecological Systems

Vegetation will be cleared from a total of about 120 acres as a result of
drilling activities, construction of header houses, plant, roads, and
pipelines. The disturbance will not occur as one block, but as a number
of small cleared parcels surrounded by undisturbed land. Reclamation and
reseeding of all disturbed land will occur after the project has ceased
operation or sooner when possible, as in the case of pipelines. The
undisturbed land surrounding the cleared parcels will serve as an
additional source for recolonization of the reclaimed land. All of the
land to be disturbed by the proposed project is within the
sagebrush/grassland vegetation type, which is widely distributed over the
region surrounding the site. Alteration of 120 acres of this vegetation
type should not constitute a significant adverse impact.

5.6.1 Endangered Species

There are no identified endangered plant or animal species that
occur on or near the EMC site.

5.6.2 Aquatic Biota

The North Fork of Box Creek is located approximately ½ mile south of
the proposed EMC facility. There will be no significant adverse
impact to the water quality of the North Fork of Box Creek due to
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either construction activities or mining operations. Further,
because of the intermittent nature of Box Creek, suitable habitat
for sensitive aquatic biota is lacking. Therefore, no significant
impact to the aquatic ecological systems on the Highland site
associated with the proposed mining activities is anticipated.

5.7 Radiological Impacts

5.7.1 Introduction

Estimates of radiation doses from the operation and the steps taken
by the licensee to maintain doses are considered in this section.
Individuals living in the area may be potentially exposed to minor
amounts of airborne radionuclides or radioactive material on the
land surface or in the ground water.

5.7.2 Offsite Impacts

The release of airborne radioactive particles to the atmosphere from
this in situ operation are substantially lower than those occurring
at a conventional uranium mining/milling operation since only
solutions are brought to the surface during mining and there is a
lesser amount of product drying. Radon will be released from leach
solutions and vented from satellite buildings to the atmosphere.
Because these releases will be small, there will be no significant
radiological impacts offsite. More specifically, based on the
MILDOS computer program and its associated calculated exposures, the-
effluent limits specified in 10 CFR 20 and 40 CFR 190 will not be
exceeded. A considerable discussion on radiological impacts is
contained in Appendix B to this report.

The estimation of radiation doses resulting from operation of the
EMC facility are based on operational data supplied by EMC. Table 1
of Appendix B lists the parameters and conditions used in the
radiological assessment of the solution mining project. Estimates
of doses assumed exposure to contaminated air and ground 100 percent
of the time. A similar situation was considered in the food
pathway.

The radiological impact of the routine releases of radionuclides was
assessed by estimating radiation dose commitments to individuals and
to the surrounding population from the radioactivity released from
the site. Since radioactive materials taken into the body by
inhalation and ingestion continuously irradiate the body until
removed, the estimate of the total dose an individual will receive
from 1 year's intake is integrated over 50 years (remaining lifetime
of the individual) and is called a dose commitment. All of the
internal doses estimated represent 50-year dose commitments. For
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those materials which have a short radioactive half-life or those,
such as uranium, which are eliminated rapidly from the body,
essentially all of the dose is received in the year in which the
radionuclide enters the body; therefore, the annual dose rate is
about the same as the dose commitment.

The primary sources of radiological impact to the environment in the
vicinity of the plant are naturally occurring cosmic and terrestrial
radiation and naturally occurring radon-222. The average annual
whole body dose rate from natural background radiation to the
population in the site vicinity is estimated to be about
174 millirems. The average annual background dose to the bronchial
epithelium of the population is 560 mrem/person.

The release of radon gas and uranium particulates to the atmosphere
are assumed to be the primary mode of environmental contamination.
The estimated annual releases are shown in the table below.

The release estimates are based on maximum operational parameters
which include the concurrent operation of three well fields, three
satellite ion exchange facilities and two radium settling ponds. A
maximum flow rate of 3000 gallons per minute from the well fields is
assumed for calculation of the release rates presented below.

Release Rates of Radionuclides from the
Everest Well Field and Recovery Plant

Estimated Releases (Curies/year)

Source Name U-238 Th-230 Ra-226 Pb-210 Rn-222

Yellowcake
Dryer Stack

Yellowcake
Pkg. Stack

Satellite #1
Well Field #2
Ra Settling
Basin (21)

Satellite #2
Well Field #24
Ra Settling
Basin (24)

Satellite #3
Well Field Nos.

19, 29 & 30

3.20E-01 1.67E-04 9.80E-05 9.80E-05 0.

5. OOE-03
0.
0.

8. OOE-06
0.
0.

1.60E-06
0.
0.

1.60E-06
0.
0.

0.
0.
0.

0.
0.

0.
0.
0.

0.
0.

0.
0.
0.

0.
0.

0.
0.
0.

0.
0.

0.
1. 28E+03
1. 24E+03

9.70E+01
2. 07E+03
2. OOE+03

9. 80E+01
1. 21E+03

0. 0. 0. 0. 1. 17E+03
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The estimated radiation dose at a reference point depends on the
distance and direction of the point with respect to the source and
the wind direction. Doses are higher at locations downwind from the
plant since radon progeny ingrow as the radon gas released from the
site decays.

The maximum annual dose commitments would be received by individuals
living at the Fowler Ranch, the nearest residence to the plant site.
The ranch is 4.4 km northeast of the EMC site.

The highest organ dose is estimated to be 4.29 millirem per year to
the lung resulting from uranium releases associated with yellowcake
drying and packaging, and 40.0 millirem per year to the bronchi from
radon progeny. Other organ doses and the whole body dose are much
lower (people actually occupy this ranch site less than 6 months of
each year).

These predicted annual individual dose commitments, as shown in
Table 2 (Appendix B), are only a small fraction of the present dose
limits for members of the public, as specified in 40 CFR Part 190.
An estimate of the annual dose commitments to individuals from full
operation of the EMC plant is presented in Table 3 of Appendix B.

The maximum annual dose commitments are also shown for individuals
living at the Vollman Ranch which is 6.4 km northwest of the EMC
facility. The maximum organ dose is estimated to be 1.44 mrem per
year to the lung. Whole body doses did not exceed 61 percent of the-
doses estimated for the Fowler Ranch.

5.7.3 Dose to the Population

The annual dose commitments from the airborne effluents to the
population living within 80 km (50 miles) of the facility are
summarized in Table 4 (Appendix B). The whole body dose commitment
calculated was 1.26 person-rem/year. The comparable dose from
natural background in the same area is 13,162 person-rem/year. The
highest population organ dose was 5.1 persom-rem per year to the
bone. This person-rem dose is 3.2E-4 percent of the natural
background dose to the bone for the area (15,809 person-rem/year to
the bone from natural background radiation which is based on
209 mrem/year to a population of 75,641 people). Except for the
nearest residences, population doses are low due to the relative
isolation of the project and because the population density for the
area is low.

Doses to people living within 80 km and beyond 80 km of the project
site are contained in Table 5 (Appendix B). These totals are
compared to the natural background doses for the respective areas.
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As can be seen, doses resulting from operation of the Everest
facility are only small fractions of the natural background dose
contribution.

Table 6 in Appendix B presents the airborne concentrations of
radionuclides at eight restricted area boundary locations from 0.2
to 5.6 km from the yellowcake stack. The restricted area air
concentrations are compared to the maximum permissible
concentrations (MPCs) for each radionuclide. Additionally, the sum
of the fractions of MPCs are presented for each location. In no
case did the sum of the radionuclide concentrations exceed 1 MPC.
Therefore, the model indicates an acceptable restricted area
boundary of at least 217 feet from the yellowcake stack in any
direction.

5.7.4 Radiological Impact on Biota Other Than Man

Although no guidelines concerning acceptable limits of radiation
exposure have been established for 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.

Additionally, the licensee will conduct an environmental monitoring
program that will evaluate the concentrations of radionuclides in
the environment that could lead to offsite exposures (see
Section 7.3). The staff considers that the environmental monitoring
program will be sufficient to evaluate the radiological impact of
the in situ leaching operations at the EMC site.

The staff reviewed the potential impacts of two grazing areas
specified by Everest. One grazing area was proposed near well field
Nos. 19, 29 and 30. The environmental dose rates estimated for this
location were significantly above the limits prescribed for an
unrestricted area. Also, the population within a 50-mile radius of
the mine generally consumes locally-grown beef more than beef raised
elsewhere. Therefore, the staff recommends that Everest not permit
cattle grazing in this part of the restricted area.

5.8 In-Plant Safety

The licensee will establish and conduct an in-plant radiation safety
program. The USNRC, through license conditions, will require a program
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that contains the basic elements required for and found to be effective
at other uranium recovery operations to assure that exposures are kept as
low as reasonably achievable (ALARA). Therefore, an in-plant radiation
safety program including the following will be required:

0 airborne and surface contamination sampling and monitoring,

o personnel exposure monitoring,

0 qualified management of the radiation safety program and

appropriate training of personnel,

o written radiation protection procedures, and

periodic audits by individuals meeting certain qualifications

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

The USNRC considers the program of in-plant safety, as required by
license conditions, sufficient to protect in-plant personnel by keeping
radiation exposures as low as reasonably achievable. The staff
evaluation of this program and the associated license conditions will be
discussed in Safety Evaluation Report.

5.9 Waste Disposal

The USNRC has taken the position in its 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 other licensed burial grounds to
avoid proliferation of waste sites. The USNRC will require that the
solid wastes generated at the EMC site, as described in Section 8.5, be
disposed of at an existing licensed tailings disposal site.

5.10 Surface Discharges

No surface-water discharges are currently planned for the EMC site.
Should the licensee propose to increase the capacity of the facility,
additional waste water disposal facilities will be required. Any changes
to the process evaluated within this document will require environmental
evaluation.

6.0 ENVIRONMENTAL EFFECTS OF ACCIDENTS

6.1 Failure of Chemical Storage Tanks

The largest storage tank will have a 9000 barrel capacity and this would
be the maximum volume that would reasonably be expected to be lost to the
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surface. The probability that a tank which is vented to the atmosphere
would rupture is considered very small. A much more likely accident
would be for the tank to develop a small leak. In either case, the
environmental consequence of such a failure is considered to be minor as
all fluids from the plant site will be diverted to the existing lined
pit, where such fluids would be contained. The contingency plans for the
plant also include automatic shutdown controls on critical levels and
equipment which will further reduce the potential impact of a failure of
this type.

6.2 Pipeline Failure

The rupture of a pipeline between the main process facility and the well
field could result in a loss of either pregnant or barren solutions on
the surface. To minimize the volume of fluid that could be lost, the
pipeline systems will be equipped with automatic high pressure and low
pressure shutdown systems and flow switches. These systems will also be
equipped with alarms. In the event of a failure, the operator will be
alerted and the malfunction corrected immediately. If sufficient volumes
and concentrations of solution released did constitute an environmental
concern, the area would be surveyed and contaminated soils would be
removed and disposed of according to USNRC regulations.

6.3 Fires and Explosions

The fire and explosion hazard of the uranium recovery plant will be
minimal. The plant will not use flammable liquids in the uranium
sorption, elution or precipitation processes. Gases such as ammonia and
propane will be stored in pressure tanks a safe distance away from the
process building. In the uranium recovery plan (except in the drying
facilities), the uranium will be in solution, absorbed on ion exchange
resin or in the form of a yellowcake slurry. An explosion would not
appreciably disperse the uranium to the environment. Spilled liquids or
slurries would be confined to the building sump or to the runoff pond.

6.4 Injection Well Failure

A casing failure would be most significant in the injection wells where
the leach fluid is being injected under pressure. It is possible that
this type failure could occur and continue for several days before being
detected. A very conservative estimate, assuming the failure was not
detected for 30 days, could result 380,000 gallons of fluid lost to
another formation. With proper casing, cementing and test procedures,
the probability of such a failure is very low. Only one casing failure
occurred in the EMC pilot program where a total of 15 wells were operated
and/or monitored for a period of over 6 years.
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If such a failure did occur, the defective well would be either repaired
or plugged. If contamination of another aquifer were indicated,
additional wells would be drilled in the contaminated aquifer and
produced until concentrations of leach solution constituents were reduced
to acceptable levels.

To minimize the risk of such a failure, monitor wells will be completed
in the aquifers above and below the ore zone. The hydrostatic pressure
and chemical composition of the water in the adjacent aquifers will be
analyzed periodically to check for fluid movement into the aquifers. In
addition, casing integrity tests will be performed on all production and
injection wells after completion and after any work that includes
entering the well with a cutting tool, such as a drill bit or
under-reamer.

6.5 Production Well Failure

Failure of a production well could not cause an excursion because
production wells operate at pressures lower than the aquifer pressures.

6.6 Hydraulic Fracturing

If the injection pressure exceeds the fracturing pressure of the
formation, fractures could be produced and they could result in
undetected excursions or loss of leach solution to overlying units. Such
an event is highly unlikely with the proposed project because injection
pressures will be maintained at levels well below the formation
fracturing pressure.

7.0 WATER QUALITY OF THE WELL FIELDS

Baseline water quality samples will be collected from ore zone monitor
wells, the overlying and underlying aquifer monitor wells, and the
mineralized zone wells. Collected ground-water samples will be analyzed
for the following listed parameters: alkalinity, ammonia, arsenic,
barium, bicarbonate, cadmium, calcium, carbonate, chloride, chromium,
copper, electrical conductivity, fluoride, iron, lead, magnesium,
manganese, mercury, molybdenum, nickel, nitrate, pH, potassium,
radium-226, selenium, sodium, sulfate, total dissolved solids, uranium,
and vanadium. In addition, each of these wells will be sampled
additional times and analyzed for conductivity, sulfate, chloride,
bicarbonate, radium-226, total dissolved solids, and selenium. These
additional data will be used to confirm the first analysis, to minimize
errors, and to provide a larger data set for selecting upper control
limits (UCL).

Everest proposes the following program to determine background for
definition of restoration and UCLs:
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After regulatory approval of the monitor wells around the production
area, additional monitor wells will be completed in the aquifers directly
above and below the ore sand aquifer. A minimum of five mineralized zone
(pattern area) wells will be installed, uniformly spaced in the ore body,
with a minimum density of one well per each acre of area under production
patterns. Baseline for the ore zone aquifer will be determined from
baseline water quality samples collected from the ore zone minotor wells
and the five or more mineralized zone production area wells. These wells
will be sampled, preserved, and analyzed in accordance with current EPA
procedures. Additionally, these monitoring wells will be sampled two
additional times for sulfate, conductivity, chloride, and bicarbonate.

Changes in potentiometric levels in the monitor wells and ore zone
perimeter monitor wells may be an early indication of an excursion. Some
caution must, however, be utilized when evaluating water level data. If
the water level in a monitor well rises or falls significantly above or
below the natural premining baseline levels for an extended time period,
the change may be indicating inefficiency in adjustment of well field
flow rates, insufficient geologic confinement, a potential excursion or a
seasonal variation in ground-water levels. To determine the actual cause
of the water level change, water quality data is extremely valuable.

The licensee will be required by license condition to set upper control
limits (UCLs) for each individual mining area. The UCL will be defined
as the baseline high established for each individual parameter within a
mine area, plus 20 percent. During operation, all ore zone, overlying
aquifer, underlying aquifer monitoring wells will be sampled twice every -

month. An excursion will be assumed if the UCLs are exceeded in any two
of the excursion control parameters. Once an excursion is confirmed, the
USNRC will be notified within 24 hours and corrective action undertaken.
Sampling will be conducted twice weekly at all affected monitoring wells
until sampling indicates parameter concentrations are below UCL.

7.1 Hydrologic Monitoring

EMC proposes to develop well fields starting in the Section 21 area, in
late 1987, with mining of these four well field areas extending through
1993. Prior to initiating well field development activities in a new
well field, EMC will drill delineation holes in a uniform pattern over
the prospective ore bodies to determine the then-current economic mining
limits of the ore body and the detailed geologic information necessary
for excursion monitoring and pattern emplacement.

EMC will then prepare a plan view map outlining the proposed production
area which will include ore zone and overlying and underlying aquifer
monitor well locations. After USNRC approval, the ore zone monitor wells
will be completed around the production area. Ore zone monitor wells
will be located no more than 400 feet from the proposed outside injection



89

or production wells in the production area with spacing between wells
limited to 500 feet. Additional monitor wells will be completed in the
aquifers directly above and below the mined aquifer. These wells will be
completed near the center line through the proposed production area with
one well installed for each 2 acres of well field. Where the aquitard
between the ore zone and the overlying or underlying aquifer is thin
(less than 5 feet thick) or absent over a small area, monitor wells will
be completed at the top or bottom of the ore sand aquifer to verify that
no lixiviant is moving up or down from the ore zone. Such monitor wells
would be in addition to the normal overlying or underlying aquifer
monitor wells. Where the aquitard is absent over extensive areas, it
will not be considered an effective aquitard and the next
overlying/underlying aquitard will be used, subject to USNRC approval.
Finally, aquitard monitor wells will be completed in each aquitard which
has not previously been tested to allow Neuman-Witherspoon analysis of
the aquitard hydraulic characteristics.

The locations of the ore zone monitor well ring will be determined by a
line around the outermost production and/or injection well locations,
circumscribing the actual production zone. Spaced out from this line,
the ore sand monitor well ring will be located as follows:

regional hydraulic distance to distance between
gradient monitor wells monitor wells

1. upgradient 400 feet 500 feet
2. parallel to gradient 300 feet 300 feet
3. downgradient 250 feet 300 feet

The locations of the overlying and underlying aquifer monitor wells will
be centered over the pattern areas. One overlying and one underlying
aquifer monitor well will be installed for each 2 acres of pattern area.

After monitor well completion, at least five mineralized zone wells, with
one well per acre of well field area, will be completed uniformly spaced
in the ore body. Antecedent water levels will be monitored in each
aquifer prior to aquifer testing. Following antecedent monitoring, a
hydrology test will be conducted. The purpose of the test will be to
verify hydraulic communications between the ore zone and wells installed
to monitor the ore zone, determine the hydraulic gradient and
ground-water velocity of the aquifer, develop transmissivity and storage
coefficients representative of the aquifer, verify hydraulic isolation of
the production zone from overlying and underlying aquifers, and evaluate
the hydraulic characteristics of the aquitards.
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7.2 Settling Pond and Purge Reservoir Leak Detection Systems

EMC proposes to use underdrain leak detection monitoring at the radium
settling ponds. The underdrain leak detection system(s) will consist of
four underdrains which will run the length of the ponds. Sumps will be
incorporated at the drainage end points so that if any fluid is detected
in the drainage system, it can be pumped out.

The purge reservoir will utilize a leak detection monitoring well. This
well will be strategically located so that leaks can be readily detected.
The well will be installed in an unsaturated zone adjacent to the
reservoir.

7.3 Environmental Monitoring

The radiological
outlined below:

Environmental
Element

Gaseous
Effluent

Surface Water

environmental monitoring program proposed by the EMC is

Sampling
Location

Yellowcake dryer and
packaging room exhaust
air stacks

Surface impoundments
and affected drainage

Sampling
Frequency

Quarterly

Quarterly

Type of
Measurement

Ground Water Mill water well No. 11 Quarterly

Ra-226, Th-230,
U-nat

Ra-226, U-nat

Ra-226, U-nat

pH, conductivity,
Cl, SO4 , Co3 ,
B, U, Ra-226

As, Se, B, Ra-226,
U

Soil Irrigation site

At soil sites

Seasonal

Vegetation Seasonal

Note: This does not include the in situ ground-water monitoring program.

8.0 ALTERNATIVES

8.1 Mining Alternatives

Conventional surface and/or underground mining of the ore deposits in the
initial in situ mining areas are not economically feasible due to the
depth, size and shape of the deposits. Development costs for both
surface and underground mines make these methods uneconomical for small
(1 to 2 million pound) deposits. A surface mine for the deposit would
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incur an overburden removal ratio of about 75 cubic yards of earth per
pound of uranium produced. With a $1.50 per cubic yard removal cost,
this would make the total project uneconomical without even considering
the mining and milling costs.

For an underground mine, the physical characteristics of the deposit
would require extensive drifting. A preliminary evaluation of the
development costs of an underground mine for this deposit including the
surface facilities, shaft, subsurface station development, ventilation
system and drifting indicate the cost would be $45 to $50 per pound of
uranium produced. Again, these costs do not include the mining or
milling costs.

8.2 Process Alternatives

To date, most uranium in situ mine pilot programs and all known
commercial projects have used an alkaline leach solution comprised of
various combinations of carbonates, bicarbonates and oxidizers. An
acidic leach solution could be used in place of the alkaline solution;
however, the limited data available on pilot programs using acidic
solutions indicates only limited success. EMC's decision to utilize an
alkaline leach solution containing carbon dioxide and oxygen is based on
the favorable response and experience obtained in the operation of the
Pilot ISL.

8.3 Ground-Water Restoration Alternative

Everest has proposed a ground-water restoration program utilizing
ground-water sweep, followed by water treatment and reinjection. If
necessary, final treatment of elevated "hot spots" with a chemical
reductant may be done.

Alternatives to the proposed method of ground-water restoration consist
of varying the proportion of each process which is used. The only
advantage of an increased use of the treatment and reinjection method
would be decreased consumption of ground water. However, the consumption
of ground water of the proposed mining and restoration is already quite
conservative relative to conventional mining.

The ground-water restoration for the initial in situ mining areas are
expected to withdraw approximately 1550 acre-feet of water from the
Highland aquifers. Surface or underground mining of these deposits, if
economically feasible, would require three to five times these water
withdrawals. Based on past dewatering rates of uranium recovery by
underground and surface mining, the volume of water withdrawals from the
Highland aquifers required to mine these deposits were estimated at 6000
to 9000 acre-feet and 9000 to 13000 acre-feet, respectively, for
underground mining and surface mining.
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Therefore, EMC proposes the method of ground-water sweep utilizing the
restoration fluids in a controlled irrigation project, followed by
treatment and reinjection for ground-water restoration.

8.4 Waste Management Alternatives

Two liquid waste streams will be generated by the proposed in situ mining
project: (1) a fresh water waste stream comprised initially of 50 to
100 GPM well field purge and eventually up to 360 GPM restoration fluids,
and (2) a salt water waste stream of up to 50 GPM of spent eluate,
yellowcake wash and miscellaneous process wastes.

The fresh water waste stream will be utilized in a controlled irrigation
project. The two alternative waste management methods would be natural
evaporation in ponds or deep well disposal. Evaporation of up to 360 GPM
would require approximately 70 acres of evaporative surface, more than is
required for the irrigation project. In addition, evaporation would
result in loss of the water resource whereas irrigation will provide a
beneficial use for this fresh water stream. Disposal into deep wells
would require six to eight disposal wells of 9000 foot depth, based upon
injectivity analyses for the most shallow suitable receiver formations
(Wyoming Ground Water Pollution Control Permit Application, December
1985). Because these disposal wells would cost approximately $750,000
each, this alternative is not economically feasible.

The salt water waste stream will be injected into a disposal well
completed in the Teapot and Parkman members of the Mesaverde Formation at-
a depth of 8600 to 9100 feet. Alternative disposal practices for this
waste stream include natural evaporation in ponds, process evaporation,
reverse osmosis or repeated precipitation. Natural evaporation would
require a 20 to 30-acre evaporation pond and would result in a
concentrated sludge. This waste would need to be stored indefinitely.
In addition, an 11 million gallon storage pond would be required to hold
process wastes accumulated from November through March. Process
evaporation is similar to natural evaporation except that water removal
is accomplished by process heat input into multieffect evaporators. This
has the disadvantage of high energy input and the same resultant slurry
as natural evaporation. Reverse osmosis is sensitive to input stream
quality, costly to operate and also results in a concentrated waste
product requiring ultimate disposal. Repeated precipitation is
accomplished by the addition of selected metal salts which precipitate
with radionuclides to form solid radioactive salts. This process has a
high cost and results in a concentrated radioactive waste. Based on the
waste disposal alternatives which are available, EMC believes that the
preferred method of disposal is into a subsurface brine-bearing formation
via an injection well.
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8.5 Solid Waste Disposal Alternatives

Radioactive solid wastes are limited to scale and other solid material
cleaned from process vessels, spent ion-exchange resin and
equipment/parts which have become coated with deposits of radioactive
materials. Disposal will be in a USNRC licensed low-level radioactive
waste disposal site. There are no disposal alternatives for such
material.

Nonradioactive solid wastes will be limited to paper, trash, rags,
packing materials, etc., and will be of limited volume due to the small
size of the operation. Disposal of such waste is proposed in a licensed
municipal landfill. Alternative waste disposal would be in a licensed
on-site landfill. The small volume of such wastes make this alternative
uneconomic.

9.0 FINANCIAL SURETY

10 CFR 40, Appendix A, Criterion 9, requires that the licensee establish
financial surety for above-ground decommissioning and decontamination,
the cost of offsite disposal of radioactive solid process or evaporation
pond residues, and ground-water restoration of the site to levels which
would allow unrestricted use. The amount of funds must be based on a
USNRC-approved plan in conformance with 10 CFR Part 40 and be in the form
of a surety instrument acceptable to the USNRC. The funds must be
sufficient to cover the costs that would be incurred if an independent
contractor was hired to perform the work upon closure or abandonment of
the facility.

EMC has estimated the total cost for above-ground decommissioning and
decontamination, offsite disposal of radioactive solid process or
evaporation pond residues and ground-water restoration to be $2,233,000
(Everest, March 4, 1987). The USNRC is reviewing the
decommissioning/restoration plan and cost estimate submitted by EMC to
determine the required amount of the surety. EMC is required annually by
10 CFR 40, Appendix A, Criterion 9, as well as by license condition, to
adjust their surety to recognize any increases or decreases resulting
from inflation, changes in engineering plans, activities performed and
any other conditions affecting costs. Surety requirements will be
reviewed at least annually by the USNRC to ensure that funds and the
surety instrument are adequate.

10.0 FINDING OF NO SIGNIFICANT IMPACT

EMC has applied to the USNRC to obtain a source material license
permitting in situ leach uranium mining at the Highland site in Converse
County, Wyoming.
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The USNRC has examined actual and potential environmental impacts
associated with the proposed project and has determined that issuance of
a source material license (1) will be consistent with requirements of
10 CFR Part 40, (2) will not be inimical to the public health and safety,
or (3) have long-term detrimental impacts on the environment. Specific
reasons for drawing this conclusion are:

o The proposed control and monitoring program for ground water is
sufficient for detecting any excursion, either vertical or

-- horizontal;

o The solution evaporation ponds are clay lined to minimize seepage of
waste solutions; a monitoring system below the liner should detect
any leakage which may occur;

Radiological releases from the uranium extraction operations will be
very small (exposures which are small fractions of radiological
exposure standards will result) and will be closely monitored to
detect any problems;

o All radioactive wastes will be disposed of at an existing USNRC
licensed tailings disposal site; and

The proposed restoration plan as demonstrated by the R&D ISL should
be sufficient to return the ground water to its premining use (or
potential use). On a parameter-by-parameter basis, ground-water
quality will be returned to as close to baseline as reasonably
achievable.

Based on this finding, the USNRC staff recommends that EMC be issued a
source material license for commercial scale operation of the Highland
site. The source material license shall be based upon the licensee's
I lication, the Environmental Assessment and Safety Evaluation Report,
as well as the following license conditions:

1. The authorized place of use shall be the licensee's Highland project
facilities in Converse County, Wyoming.

2. For use in accordance with statements, representations, and
conditions contained in Sections 3 and 4 of the licensee renewal
application dated December 1985, and the licensee's submittal dated
June 12, 1987, except where superseded by license conditions below.

3. The plant throughput shall not exceed a flow rate of 3200 gallons
per minute.

4. The licensee shall sample irrigation fluid water quality monthly for
pH, conductivity, TDS, Na, Ca, Mg, K, Cl, S04 , HCO3 , As, B, Cr, Cu,
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11. The licensee shall utilize a carbon dioxide solution with an oxygen
or hydrogen peroxide oxidant. Any variation from this combination
shall require a license amendment.

12. Each radium settling pond shall have three (3) feet of freeboard
required. The storage reservoir shall have four (4) feet of
freeboard required.

13. The licensee shall perform and document a daily visual inspection of
the radium settling ponds and the storage reservoir embankments,
fences and liners, as well as measurements of pond freeboard and
checks of the leak detection system. Should analyses indicate that
the pond is leaking, the USNRC, Uranium Recovery Field Office, shall
be notified by telephone within 48 hours of verification and the
pond level shall be lowered by transferring its contents into the
other cell. Water quality samples taken at the standpipe shall be
analyzed for chloride and conductivity once every 7 days during the
leak period for at least 2 weeks following repairs. Additionally,
water samples collected at the settling basin standpipes shall be
analyzed for the full suite of parameters as defined in WDEQ/LQD
Guideline 8, Appendix 1, at least once per month during the leak
period.

A written report shall be filed with the USNRC, Uranium Recovery
Field Office, within 30 days of first notifying the USNRC that a
leak exists. This report shall include analytical data and describe
the mitigative actions and the results of that action.

14. The licensee shall notify the USNRC, Uranium Recovery Field Office,
by telephone within 48 hours of any failure of a solution storage
pond, any break or rupture of any pipeline or any similar failure of
any other fluid or material conduit or storage facility which
results in an uncontrolled release of radioactive materials, or of
any unusual conditions which if not corrected could lead to such a
failure. Such notification shall be followed, within 7 days, by
submittal of a written report detailing the conditions 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.

15. At least six (6) months prior to termination of uranium recovery in
a mining area, the licensee shall submit to the USNRC, Uranium
Recovery Field Office, in the form of a license amendment, a plan
for ground-water restoration and post restoration monitoring. The
goal of restoration shall be to return the ground-water quality, on
a mining unit average, to baseline concentrations. Additionally,
failure to restore ground-water quality to baseline concentrations
shall require the licensee to submit a report describing the
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methodology actually implemented during the restoration attempt,
predicted results of any subsequent restoration efforts to further
lower ground-water concentrations and an evaluation of the impacts
of the remaining ground-water contamination.

16. The results of all effluent and environmental monitoring required by
this license shall be reported in accordance with 10 CFR 40,
Section 40.65 with copies of the report sent to the USNRC, Uranium
Recovery Field Office. Monitoring data shall be reported in the
format shown in the Attachment No. 2, "Sample Format for Reporting
Monitoring Data."

17. The licensee shall implement the effluent and environmental
monitoring program specified in Section No. 4 of the December 1985
renewal application, as well as Section No. 2 of the July 1986
Wastewater Land Disposal Application, and Section No. 7 of the April
1986, Wyoming Groundwater Pollution Control Permit for Subsurface
Injection of Mineral Processing Waste. Additionally, the licensee
shall implement an air particulate monitoring program external to
the main processing facility in accordance with 10 CFR Part 20.

ilomas I. ulsen, -Froject"Mana4
Z Licensing Branch 1

Uranium Recovery Field Office
Segion IV

Edvard F Hawkiiis, Chief
Licensing Branch 1
Uranium Recovery Field Office, Region IV

Approved by:
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1. SUMMARY AND CONCLUSIO__

The Expanded R&D Pilot at the Highland Uranium Operations was
mined for three years and underwent various groundwater
restoration efforts from 1981 to 1984. Both the Wyoming
Department of Environmental Quality and the U.S. Nuclear
Regulatory Commission staffs determined that further groundwater
restoration would be required for this Pilot to support a
commercial in situ mining application. The goals of this final
program would be to return the groundwater to baseline
concentrations or original class of use, to evaluate the
effectiveness of reverse osmosis treatment and injection of a
chemical reductant. and to develop cost and operating data on
these methodologies for use in the commercial in situ mine
applications.

Everest Minerals Corporation designed and implemented a final
groundwater restoration program in 1986 that achieved these
goals. In both the wellfield area and the surrounding
observation well ring, the groundwater quality was returned to
baseline in the target parameters of uranium, radium-226, total
dissolved solids, and selenium. Dat'a to support the
effectiveness of each phase of this program are included in this
report.

This groundwater restoration effort has successfully demonstrated
the restoration technology and application of that technology to
restore groundwater after in situ uranium mining, and has met the
goals established by the regulatory agencies to support a
commercial license application for the Highland Uranium Project.

2. INTRODUCTION

2.1 Pilot Operating History

In October, 1977, Exxon Minerals Company (Exxon) requested
approval from the Wyoming Department of Environmental Quality
(WDEQ) to drill wells to collect baseline water quality samples
for the proposed Expanded R&D In Situ Uranium Pilot at the
Highland Uranium Operations. Exxon proposed an R&D facility with
four 100 foot square patterns covering 0.9 acres encircled with
nine observation wells approximately 200 feet from the four
patterns enclosing 7.6 acres. The production wells, E-P-1
through E-P-10, and the injection wells, E-I-1 through E-I-4,
were to be completed in the lower or "30" member of the Highland
ore sand. The nine observation wells, E-O-1 through E-O-9, were
all completed in this same "30" sand member in a ring
approximately 200 feet from the test patterns. In addition, two
monitor wells, E-M-1 and E-M-2 were completed in sandstone
members directly above (the "40" sand) and below (the "20" sand)
the ore member in the wellfield area. The "E" prefix on the well
names. denoting the Expanded R&D Pilot. is left off of the well
designations throughout this report. Figure 1 shows the general
wellfield layout, and Table 1 summarizes the wells, the completion
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intervals, and any replacement wells that were later installed to
replace wells which experienced operating problems. The details
of the wellfield are provided in information provided to WDEQ in
1977 and 1978. in materials provided to the USNRC in January.
1978. for amendment of Source Material License SUA-1064. in
Exxon's Restoration Achievement document supplied to USNRC and
WDEQ in July, 1984, and in the Supplemental Report to Restoration
Achievement dated August 19, 1985.

Operation of the R&D Pilot was approved by USNRC and WDEQ with
Amendment No. 2 to SUA-1064 issued May 24, 1978 and modification
of Mining Permit 218-C approved October 26. 1978. The R&D Pilot
was operated from December 16, 1978 to September 30, 1981. during
which time 60.5 M gals were injected and 67.1 M gals were
produced. Sodium carbonate-sodium bicarbonate, hydrogen peroxide,
and gaseous oxygen were tested as lixiviants. The sodium
bicarbonate was produced at the mine by adding carbon dioxide to
the sodium carbonate. The R&D Pilot successfully demonstrated
that uranium leaching was technically feasible.

During this three year operating period, two actual horizontal
excursions occurred and three false excursions occurred from
changes in groundwater quality at the observation ("O") wells
(USNRC NUREG/CR 3967, 1986, pages A-112 to A-il1). The two
actual excursions occurred as a result of pumping from an
injection well. 1-4 (referred to at that time as P-I-4), to test
if lixiviant could be circulated more effectively in the region
between injection wells. During this test, proper hydraulic
gradients were not maintained and elevated bicarbonate (up to 262
mg/i), chloride (up to 110 mg/l), and sulfate (up to 14Z mg/l)
were detected at wells 0-7 and 0-8. These concentrations are
below the concentrations of these parameters in the lixiviant.
which in the first half of 1981 ranged from 1300 to 1500 mg/l
bicarbonate, 400 to 600 mg/l chloride, and about 250 mg/l
sulfate. In response to these data. the injection/production
ratio in the 1-4 pattern was decreased. and by August 1981, the
chloride and bicarbonate levels in wells 0-7 and 0-8 dropped
below the UCL's. Sulfate was eventually deleted as a single
excursion monitor because of its poor reliability, high
reactivity, and high variability. Overall. the three years of
operation indicate that lixiviant could be controlled effectively
and that when an excursion did occur. adjusting pumping and
injection rates was effective in mitigating the excursion.

2.2 Groundwater Restoration History

When the R&D Pilot was permitted in 1978. specific target
restoration values (TRV's) were agreed to with the WDEQ, and
these are summarized in Section 2 of Exxon's July 3, 1984
Restoration Achievement document. The basic restoration goal was
to achieve the greater of WDEQ Livestock Standards or 1.2 times
baseline. These TRV's were defined as the arithmetic average of
the values for each parameter in the production and injection
wells only. In addition to these original TRV's, special targets
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TABLE 1

EXPANDED R&D PILOT
WELL SUMMARY

Well Name
Date

Completed
Sand

Completed In
Collar

ElevationX Coord Y Coord

Injection Wells

I-1
1-2*
1-2-2
1-3*
1-3-2
1-4*
I-4-2**

11/30/77
1/11/78
1/23/80
12/2/77
1/11/80
12/28/77
1/16/80

30
30
30
30
30
30
30

407700
407616
407612
407531
407526
407479
407489

878920
878870
878871
878827
878840
878903
878892

5282
5275
5277
5270
5271
5266
5269

Production Wells

P-I
P-2*
P-2-2
P-3*
P-3-2
P-4*
P-4-2
P-5*
P-5-2
P-6
P-7
P-8
P-9*
P-9-2
P-10
P-11-2

1/3/78
12/20/77
8/17/78.
11/18/77
7/17/79
12/15/77
1/2/80
11/29/77
8/17/78
12/22/77
11/18/77
12/29/77
12/15/77
7/18/79
12/22/77
11/10/80

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

407719
407765
407742
407686
407672
407600
407584
407518
407516
407463
407407
407497
407545
407554
407633
407569

878988
878904
878905
878853
878877
878801
878811
878758
878759
878834
878919
878972
878885
878890
878938
878857

5287
5281
5281
5275
5277
52,69
5271
5267
5267
5267
5268
5274
5269
5269
5282
5280

Observatlion Wells

0-1
0-2*
0-2-2
0-3
0-4*
0-4-2
0-5
0-6
0-7
0-8
0-9

1/4/78
11/14/77
9/26/78
12/21/77
1/4/78
7/26/78
11/23/77
12/3/77
12/12/77
12/12/77
12/19/77

30
30
30
30
30
30
30
30
30
30
30

407678
407870
407867
407955
407781
407788
407552
407337
407250
407244
407452

879187
879119
879126
878850
878671
878676
878553
878642
878830
879031
879174

5299
5298
5299
5277
5263
5265
5263
5264
5268
5274
5282
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Date Sand Collar
Well Name Completed Completed In X Coord Y Coord Elevation

Monitor Wells

M-1 12/19/77 40 407655 878898 5279
M-2* 12/21/77 20 407512 878856 5270
M-2-2 2/10/78 20 407501 878855 5269
M-3 12/18/79 50 407532 878822 5270
M-4 12/22/79 40 407544 878827 5271
M-5* 12/20/79 TDS 407535 878818 5270
M-5-2 12/24/79 TDS 407534 878816 5270

Guard Wells

G-2 11/9/78 30 407786 878953 5285
G-5 11/17/78 30 407497 878682 5265
G-8 3/8/79 30 407496 879065 5280
G-9 11/2/78 30 407565 878950 5278

* Well abandoned--plugged and reclaimed.
** Converted to a Production Well in October, 1980; P-7 & -8
were removed from service at the same time; Exxon decided that
the associated well spot was not needed for research purposes, but
wanted to produce 1-4-2 since it was the best well in the well
spot.
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of 500 mg/i total dissolved solids and 5 mg/l uranium were set by
WDEQ. During their 1982 renewal of SUA-1064. the USNRC
additionally imposed License Condition 28 which more stringently
set the goal of groundwater restoration as the greater of
baseline or drinking water standards, but also stated in
Amendment No. 2 to the renewal license that "the proposed target
restoration values represented the average restored wellfield
concentrations acceptable for bond release and license
termination only if best practical technology fails to return
parameters to baseline or drinking water standards." Therefore,
the apparent goal of groundwater restoration was changed during
restoration.

Groundwater restoration at the Expanded R&D Pilot began in
October, 1981, and was actively pursued through May, 1984. Up to
this time, three modes of groundwater restoration had been used;
these are described below.

2.2.1 Ion Exchange Only - Oxidant addition to the wellfield was
discontinued on September 23, 1981. From October, 1981, through
May, 1982. a 60 GPM reverse osmosis (RO) unit was being debugged
and being made operational. During this 1fime period, water was
produced from wells P-1, P-2, P-3, P-4, P-5, P-6. P-9, P-10,
P-li, and P-I-4. treated for uranium removal only through the ion
exchange (IX) facility in the pilot facility, and re-injected
through wells I-1. 1-2. and I-3. During this 8 month period, 4.7
pore volumes (PV) were produced, 4.0 PV's were run through IX and
reinjected, and 0.7 PV's, or 15% of the produced fluid. were
wasted to the tailings facility.

Although only IX was in use and only 0.7 PV of groundwater sweep
was used. many parameters other than uranium dropped to less than
half of their levels at the start of restoration. This is
attributable to at least four things:

1) the effectiveness of groundwater sweep at the beginning of
groundwater restoration to reduce the original high
concentrations of contaminants through displacement with native
groundwater

2) decrease in oxidation potential in the formation water due to
termination of oxidant introduction and drawing in of native
groundwater. This causes reprecipitation of some mobilized
species, but the effectiveness of this mechanism is somewhat
reduced by the reinjection of water which has been aerated during
the IX process

3) the ability of ion exchange to remove cations other than
uranium and

4) natural restoration by adsorption of cations onto clays
within the ore zone.

The IX-only phase terminated at the end of May 1982 when the RO
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unit was considered operational.

2.2.2 RO and IX operation was used from June, 1982, through May
4, 1983. The RO unit, with a nominal capacity of 60 GPM, was
never fully functional but operated approximately half of the
time during this period. 6.2 PV's were produced from wells P-1,
P-2, P-3. P-4. P-5, P-6. P-7, P-8. P-9, P-10. and P-11. treated
through the IX for uranium removal, through the RO for other
contaminant removal, and reinjected through wells I-1, 1-2, 1-3,
and 1-4. 4.4 PV's were reinjected and 1.8 PV's were sent to the
tailings basin from wellfield bleed and RO bleed. The RO was
designed to return 80% of the feed water (20% RO bleed) with 90%
of the dissolved constituents removed. Theoretically, the RO
could achieve concentrations of i/ion , where n=number of pore
volumes. Actual experience showed a 3- to 7-fold reduction in
most parameters during this 11 month period when 4.4 PV's were
reinjected. Actual performance during this period was far short
of theoretical for at least three reasons:

1) each PV removed, treated, and reinjected was not an actual
"turnover" of water from the ore zone. Native water was drawn in,
and the volumes between injector and froduction wells were
preferentially cleaned because of the higher pressure gradients
and attendant higher flows between those two points

2) as very clean, oxygenated water was reinjected, the oxygen
tented to reinitiate the leaching process that the restoration
was trying to clean up

3) the RO only operated about half the time and may not have
achieved 90% extraction of all contaminants

The RO and IX phase was terminated in May 1983 when continued
reduction of TDS and selenium concentrations had slowed markedly
and these constituents were approaching baseline. Groundwater
sweep was used to complete the restoration.

2.2.3 Groundwater sweep was initiated May 5, 1983, when it was
believed that significant improvement from the RO was unlikely.
Groundwater sweep at this time was favored for two reasons:

1) the RO had left a "bubble" of very clean water between the
injection and production wells where most of the flow was
concentrated because of the higher pressure gradient between
these two points. However, water in between these flowlines may
not have been adequately cleaned. Groundwater sweep would draw
water uniformly from the ore zone around the pumped wells,
providing a more thorough aquifer clean up

2) terminating injection would allow the natural reductant in
the groundwater to help reverse the leaching process and improve
restoration success

When groundwater sweep is initiated, all parameters normally will
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increase as the "bubble" of clean water is displaced and the less
clean water between injectors and producers is drawn out. This
expected trend was noted in many parameters, including arsenic.
radium, selenium, sulfate. TDS. and uranium. Following this
initial increase, all parameters showed a gradual declining trend
as native groundwater was swept through the ore zone.
Groundwater sweep was used for 3.1 PV's produced from wells P-1
through P-10 until May 11. 1984. when all active restoration
efforts were terminated.

2.2.4 Claim of Restoration Made - At that time, it was felt that
for two reasons groundwater restoration had been successfully
achieved: 1) because the target restoration values (TRV's)
defined in the original amendment to WDEQ/LQD Mining Permit 218C
had been achieved, and 2) because Amendment No. 2 to NRC Source
Material License SUA-1064 stated that these TRV's were acceptable
for bond release and that best practical technology had been
utilized.

In July, 1984. Exxon submitted to WDEQ and USNRC the "Restoration
Achievement at Exxon Minerals Company's Expanded R&D Pilot In
Situ Uranium Mine at Highland." WDEQ responded on February 11,
1985. asserting that restoration to baseline or drinking water
standards must be achieved for the operation to be a successful
test for a commercial scale permit. WDEQ compared each parameter
in each well to eight various baseline measurements, and stated
that each parameter that exceeded some baseline criterion was a"problem parameter." On this well-by-well.
parameter-by-parameter basis, WDEQ concluded that Exxon needed to
continue restoration until the "problem parameters" were
returned to baseline.

The USNRC responded on January 14, 1985, stating that each
parameter in each well needed to be returned to baseline. This
evaluation was similar to WDEQ's, in which any single analysis in
any single well exceeding some baseline criteria was considered
problematical.

These two responses are included as Attachments 1 and 2 in this
document.

Additional groundwater quality data were collected throughout the
period from May 1984 through July 1985, with major sample sets
collected in December. 1984, and July, 1985. This last set was
split with WDEQ and USNRC and was intended to be the 12 month
stability sampling if the claim of restoration was accepted.
These data were supplied to both agencies in the "Supplemental
Report to Restoration Achievement" dated August 19, 1985. In this
Supplemental Report, restoration achievement was again claimed,
based on the average quality of all the affected groundwater
where this was defined as the groundwater out to and including
the ore sand monitor wells, Wells 0-1 through 0-9. WDEQ's
response in a letter of January 10. 1986, again stated that
individual well values which exceeded baseline mean for that well
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were not acceptable: a copy of that letter is included as
Attachment 3.

After joint meetings between WDEQ and USNRC on January 10,
February 19, and February 27, 1986, it was determined that
additional groundwater restoration at the R&D Pilot would be
required to demonstrate groundwater restoration which could be
utilized for a commercial operation. The essence of these
meetings is summarized in a memo to file from Mr. Gary R.
Konwinski. USNRC. dated March 5. 1986. A copy of memo is
included with this document as Attachment 4.

3. CURRENT RESTORATION PROGRAM

3.1 Goals of Program

Attachment 4 summarized the goals of the additional groundwater
restoration as agreed to by all in attendance at the February 27
meeting. These goals can be summarized as follows:

1) the baseline values in Appendix I of the August 19, 1985
"Supplemental Report to Restoration Achiev4ment" would represent
target values for Judging restoration success

2) the restoration success would be determined from water quality
data collected from wells I-1, 1-3, P-3, P-5, P-7, P-9, 0-2, and
0-6

3) the goal of additional restoration efforts would be to target
key parameters: Ra-226, selenium, TDS, and U-nat. If these
parameters were reduced to baseline or some other agreed to
level, other elevated parameters should also be lowered and the
restoration of the wellfield would most likely be a success.

4) in addition, this program would collect data on the
effectiveness of the reinJection of reverse osmosis-treated
water, and on the introduction of a chemical reductant (H2S)
into the mined aquifer, and collect cost data on these activities
to allow optimization of the groundwater restoration program.
With the goal of achieving baseline groundwater quality
throughout the wellfield, a plan for additional groundwater
restoration was formulated and submitted to WDEQ and USNRC.

3.2 Proposed Plan for Final Groundwater Restoration

Attachment 5 outlines the plan proposed for the final groundwater
restoration of the R&D Pilot. As pointed out in that letter,
the additional groundwater restoration effort was intended to
demonstrate restoration capability in support of a commercial
size operation. The proposed operating description follows:

1) Reverse Osmosis System Only - The entire wellfield, wells P-I
through P-1O, would be pumped at maximum achievable flowrate,
estimated at approximately 60 GPM. This stream would be treated
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through the reverse osmosis system. Reject would be directed to
the tailings impoundment and make-up water would be added to the
injection stream from the potable water well at the Solution Mine
Process Building. Reinjection would be in Wells I-I through 1-4.
This configuration was identical to that used in the past and
authorized by Source Material License SUA-1064. One pore volume
would be treated in this manner.

2) Reverse Osmosis plus Chemical Reductant - After approximately
one pore volume was produced, treated with the reverse osmosis
system, and reinjected, this process would be enhanced by the
addition of a chemical reductant. Hydrogen sulfide gas would be
dissolved in the injection stream at approximately 800 ppm. The
dissolved hydrogen sulfide would decrease the oxidation potential
of the mined aquifer to reduce the solubility of redox-sensitive
parameters, especially selenium, radium, and uranium.
Approximately two pore volumes would be treated in this manner.

3) Pumping configuration - The pumped wells and the injection
wells would have flow rates adjusted to maximize the sweep
efficiency within the entire area of the affected aquifer. To
achieve this maximum sweep, wells could be switched; the necessity
for such switching would be evaluated on individual well
performance and the degree of restoration improvement as the
program proceeded.

The sampling program which was proposed with this operating plan
was designed to evaluate the effectiveness of each stage of the
restoration program, and to allow a final determination of
groundwater restoration success and stability.

3.3 Actual Groundwater Restoration Program Implemented

The final groundwater restoration program adhered to the proposed
plan in concept and in implementing the authorized activities.
However, to maximize the effectiveness of the program, several
additional steps were taken. This section describes the actual
program in more detail.

3.3.1 Equipment/Wellfield Workover

3.3.1.1 Wellfield Workover - All of the wellfield piping,
including the pipe the pumps were hung on, were mild carbon
steel. Corrosion of this piping caused significant dissolved
iron in the production stream which represented a major foulant
to the reverse osmosis (RO) membranes. To verify that the iron
was not caused by bacterial action, bacteria analysis was
conducted on water from the production wells, at the process
building, and at the injection wells; these results are
Attachment 6. No Clostridium iron bacteria were present, so the
source of the iron was known to be the wellfield piping.

All of the steel piping was removed and replaced with high
density polyethylene (HDPE) tubing, PVC, and fiberglass. Steel

-10-



liners in wells P-7 and P-8 were retrieved and replaced with PVC
liner assemblies. Wells were acidized with a 15% HCl - citric
acid with corrosion inhibitor supplied by Dowell Schlumberger.
Spent acid solution was pumped directly to the tailings basin for
disposal. The acid treatment improved well productivity in wells
which historically were poor producers.

3.3.1.2 Header House Piping/Production Lines Workover - In the
effort to remove all steel and to improve flow control and
stability of the wellfield, all steel piping was removed from the
header house and replaced with PVC metering and valving.
Diaphragm valves were installed to provide accurate flow control
so that wellfield flows would remain stable and could be balanced
with the reverse osmosis and H2S metering equipment. All process
lines were flushed for several hours with the HCl-citric acid
solution to remove iron and scale deposits.

3.3.1.3 Reverse Osmosis/Process Building - Steel production and
injection piping was replaced with PVC. Steel storage tankage
was replaced with fiberglass. All valving was replaced with
stainless' steel or internally coated valves. The RO sand filter
housings were sandblasted and recoated. All low pressure piping
on the RO was replaced with increased diameter PVC piping to
reduce friction losses and improve RO throughput. The RO unit,
which had a nominal 60 gpm capacity and had historically operated
at 45 gpm maximum was increased to 85 gpm to accelerate the
groundwater restoration process.

3.3.1.4 System Instrumentation - To allow the wellfield, RO
unit, injection pumps, and H2S injection system to operate
safely and effectively with minimum operator attention, the
overall system was instrumented with shutdown controls. 'Figure 2
is the piping and instrumentation drawing for the facility.

3.3.2 Operating Schedule - Following completion of the equipment
and wellfield workover,: the wellfield and RO were made
operational on May 24. From May 24 to October 1, the facilities
operated a total of 2665 hours, or 21.3 hours per day for an
average availability of 89%. Six days of shut-down were required
for installation of the H2S injection, reversal of the
pumping/injection configuration, and re-installation of the RO
following H2S injection.

Table 2 summarizes the daily flows and key operating parameters
for the May 24 to October 1 period. Figure 3 summarizes the 4
operating modes that were employed in this time period, and these
are discussed below.

3.3.2.1 Mode 1. RO Treatment - From May 24 to July 21. wells P-1
through P-10 were pumped at an average flow of 78.4 gpm, treated
through the RO with an average efficiency of 61.9% and an average
rejection of 20.0:1. 2.23 pore volumes were produced from the
wellfield and treated through the RO, 0.55 pore volumes of
make-up water added to the RO product stream, and 1.93 pore
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late W21 Acerox ft DAIS CUB Gall CUB PY Glsi I1RD Cog als DAIS CUBMlas lAIS CUB DAIS CoxPY U/p
hllfield Dorratino Produced Produced Produced RD Product Efficinacy RD Product llakem 220 Maims~ 120 injected Injected Injected Ratio

PPm Feod Product RejectJon
H2S Conducty Conducty 1:1

24-MAY-86
25-Rn y-9626•-Ray-SI

27-Ray-h
23-Ray-h
21-RAy-h6
2?-M&rliWRHAT-6

32-RAy-96

02-Jus-S
03-261-04
04-Ja-h6
05-JUR-9i
06-Jun-h
07-in-6S
09-Jon-h6
01-Jn-U
10-Jun-86
11-JUV-34
122-J-m-6
13-Jun-16

I 4-Jun-h6
z:; 5-,Jon-SI

S 15-Jun-06
17-Jom-h6

11-Jun-SI

20--Jun-0I
21-Jun-h
22-Jun-86
23-Jo,--9&
24-Jun-96

2*-Jam-SI

27-J,,m-6I

_ 30-Jn-S-b
0l-,,ul-Si

12-,Iu1-SI
83-Jul-15
04-Ju,1-86
05-Jul-36
06-Jul-96
07-Jul-96
0N-Jul-h6
09-Jul-166
10-Ju1"Il
11-Jul-16
12-JuI-h6

72.9
32.4
51.4
66.0
68.8

71.3
76.1
73.3
79.1
72.9
80.0
14.5
81.2

84.6
35.5
34.4
35.9
30.3
71.1
73.4
01.9
32.0
11.7
79.8
11.0
73.8
35.1
35.1
60.8
17.0
13.0
83.3
35.8
35.8
32.8
71.4
60.?
33.4
83. b

85.5
33.3
36.1
33.3
35.0
15.2
13.3•
31.2
35.3
13.0
35.3

24 105,022 105.022
15 48,701 123.730
12 31,113 1"9.713
1 31.469 222.182

24 99,062 321,244
24 102.605 423.349
22 19.,01 523.050
16 71.853 594. "3
24 113,599 708.501
12 50,274 75I,773
24 115,252 874,027
23 119,083 913.110
20 104,114 1M .094
24 121.833 1.219.927
23 118.051 1.33.973
24 121.623 1.459,601
24 123,33 1.593.234
14 69.826 1,03.060
24 2131,4? 1,767.009
24 105.65 1,72.674
21 103,247 1.975.921
24 116.239 2.092.260
24 115,273 2.207,533
24 114,911 2.322,5•4
24 114.845 2.437.359
9 40.765 2.479.124
24 49.719 2.527,.23
23 47.915 2.57.838
14 50.010 2,625.848
12 61.010 2,606.938
15 73.183 2.760.124
24 117.968 2.978.092
21 109,210 2,987.302
23 118.363 3.105.65
22 201.134 3.212.5"1
20 92.977 3,3.576
21 77,228 3,382,904
24 119.737 3.501.561
23 115,725 3,M27.296
22 115.404 3.732.6"0
11 91,527 3.324,207
24 123.945 3,9431.52
24 120,068 4.068,220
24 122,173 4,110.313
15 74.157 4.264.50
1 43,113 4.307.663

22 109.173 "4.416,.33
15 74.735 4,411.571
24 119,509 4,611,080
24 1- 123,637 4,734,717

0.040 $1.337
0.059 33.404
0.073 27.432
0.0C 19.390
0.124 60.301
0.163 6`O,15
0.201 15,413
0.229 47.7"5
0.273 72,381
0.212 35.254
0.336 U,971
0.392 79.769
0.422 5.406
0.469 77.114
0.515 73.692
0.561 75.2?7
0.609 77.579
0,.63 45,043
0.190 70,252
0.720 60.334
0.760 U.90
0.805 71,774
0.849 69,542
0.893 69.001
0.937 68.706
0.953 J9.902
0.972 32,105
0.o91 29.738
1.010 32.768
1.033 38.467
1.062 45.049
1.107 75.0?9
1.149 70.213
1.194 76.326
1.236. 67.467
1.271 59.520
1.301 40.225
1.347 76.85
1.391 73.179
1.406 71,9M
1.471 55.54
1.519 72.602
1.565 72.067
1.612 0.120
1.640 41,325
1.657 24,300
1.619 61,694
1.728 43.237
1.773 70.142
J.821 72,551

55.11 58.5'7 28,U5 29,3385 36.942 86,942
72.71 93,962 17.120 45.505 52.524 239.466
74.1 121.393 1,310 54.815 36.742 171.209
if.6? 140.773 8.511 63.326 27,812 204.0
60.9? 201,074 29.471 92.797 89.772 213,871
59.12 261.689 30.T26 123.723 91,541 385.412
65.91 327,107 27,159 150.091 12.576, 477.999
66. 5 374.902 29,080 169.961 66875 544.163
63.71 447.293 29,964 199.925 102.345 647.208
70.11 492.537 14,204 214.129 49.459 696.166
51.91 551.509 26.351 240.480 15,322 711o919
66.21 630.277 31.615 272.0?5 110,304 902.372
62.31 095.693 24,960 297.055 90.361 992.IM
63.42 772,867 31,957 329.012 109,141 1,101.179
62.41 341.559 28.960 357,.92 102.672 1,204.551
61.9? 921.856 30.240 399.232 105.537 1.310099
62.71 999.434 30,240 418,472 107,081 1.417.901
64.5? 1.044,477 18,270 436.742 63.313 1.481,219
11.71 1.114.721 16.109 4.4.951 86.361 1.591.590
57.12 1,175.063 24,708 479,559 85,042 1.654.622
61.89 1.238.913 21,296 500.945 85.136 1.739.756
62.7? 1.310.687 29.376 530.221 101,150 1,840,900
10.3? 1.390.229 21,518 551,739 91.010 2,131,119
60.0? 1,449.238 21.121 5889.60 "9.130 2,038.098
59.31 1,517,944 23.499 617.359 17,205 2.133.303
49.8? 1.537,846 9.761 627.125 21,613 2.164.971
64.51 1.519.951 21.392 649.017 53,97 2.219,819
612.11 1,599.689 20,464 669,491 50,202 2.269.170
65.51 1,632,457 14.125 683,606 46,,813 2.316,0063
63.02 1,670,924 15.480 6"1.066 53.947 2,370.010
61.61 1,715,973 19,794 717,870 63.33 2.433,843
63.1 1.711.071 29.401 747.271 104.4919 2.538.342
64.41 1.861.364 26.572 773,943 96.095 2,633.207
64.51 1.937.690 28,764 902.607 105.010 2.70.297
63.1? 2.005.157 25.900 923,407 13,267 2.33.564
62.1? 2.063,677 21.49 950.251 80.369 2.913.933
63.7n 2,112.902 10,140 168.391 67,365 2.911.299
64.7 2.111,750 27,746 896.142 104.02 3,065.900
63. 9 2.263,736 27,100 923.242 101,073 3,196,171
62.41 2.315.724 27.360 950.602 ".343 3.2•61321
60.71 2.391.270 21,435 972.037 708991 3.363.307
58.6? 2.463.372 21,037 1.001,074 1012,63 3.464.946
60.01 2.535,139 2. 900 1.027.174 100,867 3,65.113
56.6? 2.605.05 28.090 1.057.54 97,200 3.663.013
55.7? 2.646.334 16,067 1,074.641 57,412 3,720.423
56.41 2.670,684' 9.713 1.083,754 34,013 3.754.438
56.51 2,732.3H 24,311 1.109,065 8351,5 3.940.433
57.1n 2.775.6 16,644 1.124.709 5t9.81 3.900.314
58.7n 2.845,747 27.907 1.152.616 9".041 3.91.3U3
58.7 2.99.29 2730 1.179.976 91,911 4.0".274

0.033
0.054
0.061
0.071
0.113
0.149
0.124
0.210
0.249
0.263
0.305
0.347
0.382
0.424
0.413
0.504
0.545
0.570
0.604
0.36M
0.669
0.708
0.746
0.784
0.921
0.033
0.853
0.373
0.I31
0.912
0.931
0.9f76
1.014
1.054
1.0"0
1.121

1.147
1.137

2.264

1.294
1.333
1.3"1
1.40"
1.431
1.444
1.477
1.500
1.538
1.576

1.83
1.08

0.81
0.91
0.81
0.1
0.93
0.90
0.91
0.83
0.93

0.86
0.90

0.17
0.87
0.17
0.92

0.79
0.90
0.82
0.97

0.950.35

0.73
1.01
1.05
0.94
0.99

0.81
0.99

0.87
0.84
0.67
0.116.97
0.86
0.84
0.82
0.94
f.30
0.77
0.71
0.79
0.90
0.82
0.31

710
730
7-9o
790750
750
770

740
725
744
675
690
690
173
6o0
695
660
6,75

640
640
640
125
640
610
64o
51
595

595
675
,75
600
5?0
500
570
570
560
550

590
510

595
6No
600

5?5
510
5"
60o
600
600

I%



TABLE 2 CONTINUED

* PWorsance gsary SWS ky 36 0 Ilnau RDPUF

Rate MRi AuetRrsh Sals CAR 6als en PY Bali t too Cutl% Bals CUs als B~ale too gals C"mP"
hillfield Doeratino Produced Produced Produced RO Produt Efficiuacy R0 Product Makino HM2 fakig 1(20 Injected Injected Injected

If? P91 Fwt" Product Rejection
Ratio 32 Conducty Cooducty III

23-J.2 -U
14-31l-14
13-Jul-U
B11-1 -16
17-Jul-36

33-Jut-UM
11-Jol-fl

31211-Ju-3

23Jl-U"

23-Jul-U
29-hat-Il

3"W"
nuftr

35.4
15.0
15.4
14.,
13.4
31.0
12.3
33.0

12.6

1.0
11.7
91.0
91.0
919.4

77.1
51.2

47.2
S3.7
41.1
3.7
0.,

4.7

40.2
44.3
40.,
40.1

42.1
39.7
42.1
42.1
42.4
41.4
41.4
31.2

31.543.3

38.0

43.5

33.6

41.1
47.2
47.9

- 7

122,911 4,857,635
122.331 4,971.l71
122,450 •5,.102.921
122,278 5.223.1"
1INA06& 5,345,265
100.579 5.445,844
11.349 5.565.213
119,573 5.6a4.71
119,014 5,203.803

5.644 5.83n.469
I 5,33W.469

50.23 5,310,012
111,414 6.001.506
73.57 6,075.033

105.123 4,130,356

* 6.13.356

77,35 6.493.050
57.413 6.55.5"33
52.367 .6,2100P~

* 6.602,900
11.600 6,64. 2 14
57.33•413,722,53
5,.?? 6.77.517

I,412 64137.052
3,414 6,390.545

53.063 6,943,0.
61,642 7,010.290
54,361 7.0.5,141
4612.6 7,117.01
43,313 7,141,614
41,313 7.249,785
51,640 7.301.425
59,551 7.318.17•

55,016 7,423.,1
56,31. 7.420,931
57,485 7,538,614

55,45.2 7,514,268!
5,517 7.60,09,
54.6? 7.704.974
5,851 7.743,105
55,542 7,4213,47

S '7,113.,471
57,648 7,376,537

3,3037 7,544,626
6,317 1,033,65 3

1.068 71,611
1.t15 70,922
1.163 73.068
2.010 71.766
2.056 71.683
2.0LM 72.662
2.140 75,623
2.186 75.310
2.232 75.240
2.244 21,412

2.241 0
2.2115
2.301 6
2.337
2.377
2.377 0
2.421 0
2.445 0
2.445 1
2.418 0
2.497
2.519
2.540
2.540
2.50 0

2.531
2.10 0
2.630 1
2.450 0
2.473

2.696 3
2.717 0
2.741 1
2.765 0
2.711 0

2.811 0
2.834

2. In 62.377 0
2.31?
2,923

2.942 0
2. W 3
2. M4 1
3.007 0
3.007 1
3.027 61.142
3.056 67.5??
&.06 679460

So. 3 2.M81.916 27,647 1,207.623 1,265 4.197.S31
53.0n 3.060.013 27.723 1.235.346 1.645 4.216.134
P..41 3.133. 90 27.344 1,262.610 100.412 4,391.,6
58.71 3.205.672 27,39• 3,210.02 3 " ,164 4.4".760
9.71 3,277.355 21,311 1.316.479 ".074 4.5M93.34

72.21 3.350,017 22,253 1,338,732 94,915 4,183.749
63.41 3.425J40 27.288 3,364,020 J02,ll 4.7"1.460
63.01 3.500.M 26,72.2 M ,2,742 102.032 4,373.692
63.2? 3,576.190 23.090 1,420.322 103.320 4,997,012
60.3? 3.•%71,622 7,160 1.428.612 2,292 5.,026304
1.01 3,597,622 0 1.421.692 0 5.026.304
0.01 3.517,322 32,160 1.437.842 61,783 5.03,037
0.01 3.597.622 20,520 1.460,362 131.934 5,220.021
0.0? 3.517.622 22.352 1.432.724 5.371 5.3153.00
I.M1 3.597.622 21,T32 1.504.446 127.M3 5,443.435
0.01 31.597622 0 1.304.446 0 5.443.455
0.01 3.317,622 3,546 1.507.M2 113,155 3,561.610
0.01. 3,577,622 0 1.507,92 60.334 ,621.•944
0.0? 3,577.622 0 1.507. "2 0 5.62.9144
0.01 3,537,422 0 1.507,92 5T.MI 5,6811.35
1.0t 3.597,322 0 1.507.92 77.350 5,759.113
L.a 3.5 I7,622 0 1.507.92 57,483 5.116,017
3.01 1.597.622 1 1,507,92 52.367 5.169.045
1.01 3.511.622 0 1.507.92 S.3169.045
0.01 3.317,622 0 1,507,992 0 5.369.041
6.01. 3,59,622 25,171 t.53:3t143 8.3l5t 555,iI.
.X 3.5M7.622 231.2 1.557.015 11.370 6.037.166

1.0? 3.5•7.622 23.732 1.581.027 30.93I b.111.697
0.01 3.317.622 23.932 1.60.159 11,544 6,200.241

.01 3.517.622 23.100 1.623,05 76,516 6.276.757
0.0? 3,57.4622 24,763 1.454.322 14.354 61,31613
3.31 3,597.622 28.900 1.6A3.722 "01593 6452.1355
0.01 3,5"7.622 27.745 1,711.467 32.624 4,534.711
3.0Z 3,517.622 21.924 1.740,411 1,584 61625.365
3.01 3.517.422 20,168 1,768.57" 3.981 1,715.346
1.0 3,517.622 27.947 1.79.5246 31.113 &.304,464
3.O1 3.517.622 27.907 1.824.433 87,547 6.372.011
0.01 3.517.622 26,156 1.850,581 83.707 4.9.711
0.01 3,517.n62 24.19, 1M,376.74 31.211 7.0••.2M
0.01 3.•57,622 27,034 1.103.368 34.023 7.142.952
0.0I 3.5"7.M2 27,302 1.931,670 85.487 7,221,4V
3.0% 3.517,622 26,619 1.9.289 32,271 7.310,710
0.01 3.597,622 27,333 2,15,622 13.150 7.3M3.360
1.0% 3.537,322 24,580 2.010.2M2 71.249 7.473.109
0.01 3,517.622 4.B62 2,0135064 63.213 7,53•.3n2
3.01 3.537,622 0 2.015.064 55.542 7,5111,0
Eft .517.42n 0 2.015.064 4 7,511.M64

70.13 3.658.764 2?.244 2.044.30N 61.142 7.60.3 .6
67.9? 3,726•.33 23.711 2,73,019. 67.51 7,7720.60
7M3.01 3,7•,331 27.173 2.101,012 67,961 7.718.53

1.614

1.691

1.767
1.303
1.843
1.182

I,m2

2.0012.933

2.045
2.014
2. 3M

2.162
2.362
2.112

2.215
2.237
2.257
2.257
2.257
2.291
2.322
2.353
2.383
2.414
2.447
2.482
2.513
2.L548
2.l33

2.617
2.651
2. 684

2.747
2.7310

2.812
2.L44
2.874

2.920
2.920
2. 943
2.169

2. "6

3.12

0.81
M.20.14

1.16
0.13
3,94

0.12
1.00
1.22
1.11
1.30
1.21
1.00
1.03
I.
1.00
1.00
1.0A
1.00
1.00
1.0
1.00
1.41
1.42
1.42

1.43
1.44
1.47
1.51
1.47

1.46

J.47
1.44
1.41
1.41

1.43
1.48
1.49
1.45
1.06
1.00
Emf

1.06
I.9"
0.18

595
515

580

560
550

33
32
35
33
35
30
33
21
30

27
It
17
Is
17
19
17

20
19

400
400

40

400
n
073

0
0

300
25020

300
400
400

400
400

40
400
400
400
400
400

200
200
20200

I 6" 54 13

644
53
53

13
12



TABLE Z .uNTINUED

IS Prforsance Snowy SPHS n 84S fi IeuauROPERFI

Sate IM Apo Rrs Bill Sale g h le I uP to Y 1 Re C akll Bill Cue Bll Ball Cat ll CooP? 11U
bllfifld 0otratlls Produced Produced Prducd t0 Product Efficiecy AC Product Makveu 20 Makeup R20 Injected InJtcte Injected Rtle

PPM Feed Product Rejection
Nn9 Condectv Coeductv 1:1

12-s"pI
03-swpu
14-Sep-I

@5-Sep-U
31-Seu-8

1N-Set-U
10-Sep-96

13-Seq-86

21-sep-sh
29-sep-96
20-Sel-86
21-Se,-166

47.3
41.3
"4.5
47.3
47.7
47.4
41.5
46.2
40.3
47.5
48.7
4.0
47.1
47.7
46.4
47.6
48.6
43.3
48.1
47.7
46.7
41.3
47.6
48.2
44.9
46.7
47.1
41.6
47.3
46.7
46.0

24 48,12 1,0111,1ml
12 30,324 1.112,113
24 04,112 3.M1,1,247
23 65,242 1.211.417
24 68.672 1.310,I1l
24 68,211 1.371.402
24 69,844 1,448,246
24 66,535 1.514.711
24 16.740 1,5331.3
24 6.4271 1.649.56
23 37,429 3.6&9.3u6
24 70.511 83.7'90,4
24 67.7M 1.8232.657
9 27.167 1,854,824

24 ".7617 1.1,21.591
24 68,580 94"..171
24 079,15 9,060.156
24 60,493 9.129.649
24 69,161 9.197,615
23 65,63I 9.20.454
24 70,113 9,33.5•17
25 44,873 9.380.440
24 68.65 9,449.092
24 69.415 9.513.507
12 31,564 9.550,071
23 64,529 9.614.5"7
24 67,286 9.682.527
24 70.007 ,752.534
24 68,147 9.620,691
24 67,211 9.897.9M2
& 16,579 9,904,471

3.108 1,400 70.62 3,062,731 2.730 2.129.142 1,400 7,.56,73
3.212 31.310 70.43 3.874.591 14.01S 2.144,,0 321,60 7,013.933
L 145 1a.441 70.0? I.953o.04 2,417 2.171.137 63,443 7.M.276
3.170 64,106 70.51 4.022.140 26.642 2.197.771 4.06 1,017.032
3.196 67.124 70.21 4.090,664 21,055 2,225.134 67.24 3,4014.96
3.222 WM.236 71.02 4.l•25.90 27.30 2.253.730 68.284 1,153.192
3.249 69.844 72.9I 4.228,774 25.916 2.27",044 69,344 1,223.036
3.275 61." 73.11 4.2V7,384 26.345 2.30S.71I 68.370 3.211.626
3.301 67.131 71.0, 4.365.215 21. 72 2.334.733 67.131 1.3P.457
3.327 66.428 70.31 4.433.43 21.217 2.U3,W 0 63.428 3 1,42.395
3.342 38,05W 69.23 4.471,96 15,594 2.373 .54 31•053 1.46.J38
3.369 6W.734 71.02 4.540.450 26,277 2,404,171 63.754 3.534,602
3.375 67.644 71.2n 4.609,074 27,226 2.432,097 7,644 3.602.336
3.406 26.371 71.41 4.634,463 9,750 2,441,347 26.37t 3.423.767
3.431 67,443 71.21 4,702,109 29.384 2,470,131 67,643 .696,350
3.451 69,32M 712.1 4,771.433 28.913 2.4"7.044 69.325 1,765.037
3.435 75.502 71.31 4.841,935 23.141 2.5.7.185 70.502 1.333,277
3.511 70.693 71.93 4.9122.62 28,780 2,55".965 70,69 I 6,1.70
3.533 70.604 72.01 4,983,232 26.163 2,584.123 70.604 1.977.474
3.564 67.524 72.01 5.050,756 277.98 2,612.116 67,524 9.044,973
3.T91 70.729 71.7? 5.121,435 2.274 2,640.410 70.729 9.11S.727
3.608 45,057 71.81 5.2IM.542 17.848 2.051,253 45.057 9.160.734
3.634 70.902 72.12 5.237,444 29.733 2.607."1 70.902 9.231.606
3.661 69.39 71.93 5.307.233 27,633 2,715.674 69,839 9.301,523
3.673 33..111 72.3n 5.340.394 14.209 2.729.812 33,1 I 9,334.63&
3. 6" 67,482 72.92 5.407.876 27.977 2.757.357 67,482 9.402.118
3.724 70,032 72.73 5.477.900 20.442 2.786.301 70.032 9.472.150
3.751 71,040 72.2? 5.548.746 2n.434 2.14.735 71.040 9.543.190
3.777 70,162 72.71 5.61,9110 28,412 2.943,147 70.162 9613.3352
3.003 69,491 72.6! 5.688,601 20.469 2,71.616 69.491 1.632.843
3.3a" 17,571 72.22 5.706,180 7,773 2.879,387 17,57 9,700,422

A

3.022
3.034
3.,
3.II3
3.120
3.113

3.157

3.215

3.241
3.2%6
3.2M3
3.30"
3.319
3.345
3.371
3.3"
3.426
3.453
3.479
3.501
3.52I
3.552

3.570
3.616
3.643
3.670
3. 97
3.724
3.731

1.00
1.02

1.09I.97

0.9f9
1.00

1.02
1.00
0.97
0.97

1.00

1.01
2.06
1.01
1.02
1.01
2.03
1.05
1.00
1.03
2.01
2.05
2.05
2.03
2.0L
1.03
1.03
1.06

640
645
600

600

590
573

560
560

560
560sso

560

550

540

540
550

550

550

550
54%

545
540

545

540

42
50
4s
44
42
46
43
43
3?
42
52
42
42
46
43
40
41
40
42
33
33
33
35
37
37
40
33
33
34
37
37

617 36 17



APPENDIX B



I. DETAILED BASIS FOR RADIOLOGICAL ASSESSMENT

The staff's radiological impact assessment is based on site-specific data
provided by the applicant (Table 1) and on the models, data and
assumptions discussed in "Calculational Models for Estimating Radioactive
Materials Resulting from Uranium Milling Operations". (Regulatory
Guide 3.5.1, March 1982).

Table 1

Parameters and Conditions
Radiological Assessment of

Mining Project

Used in the
the Solution

Parameter Value Units

Maximum Production rate (U30 8 )
Average ore grade
Uranium concentration in lixiviant
entering plant (average)

Maximum production flow rate
Packaging stack and yellowcake
stack heights

Effluent flow rate through stacks (yc/pkg)
Emission rate (US0 8 ) of yellowcake stack
Emission rate of packaging stack
Fraction of release which is Th-230.
Fraction of release which is Pb-210
Fraction of release which is Ra-222
Mixing height (annual average)
Plant operating time
Dryer operating time
Area of satellites
Area of settling basins

Land use and grazing of cattle
Hectarage required to graze one animal
Fraction of year open to grazing locally
Fraction of stored feed grown locally

861
0.12

100
3000

18.3
0. 90/0. 55

0.15
0.023
0.005
0. 001
0.001

528
365
112

0.1
0.0275

Metric tons/year
Percent

mg/l
gpm

meters
m3 /second

kg/hour
kg/hour

meters
days/year
days/year

km2

km2

0.66
66
75

ha
percent
percent
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Table 2

Comparison of Annual Dose Commitments to Individuals
with EPA Radiation Protection Standards

(40 CFR Part 190)*

Annual Dose Commitment," mrem/year
Location Exposure Pathway Body Bone Lung

EPA limits
(40 CFR 190)

1. Fowler
Ranch

4.4 km NE
Nearest
Resident

25.0 25.0 25.0

Inhal.
Ground
Cloud

+Veg. Ing.
+Meat Ing.

Milk Ing.

#3.95E-02
2.20E-03
1. 90E-07
7.14E-03
6.25E-04
1.84E-03

6. 55E-01
2.20E-03
1. 90E-07
1.17E-01
1.03E-02
3. 02E-02

4. 28E+00
2. 20E-03
1. 90E-07
7. 14E-03
6. 25E-04
1.84E-03

Totals

Fraction of limit

2. Vollman
Ranch

6.4 km NW

Inhal.
Ground
Cloud
Veg. Ing.
Meat Ing.
Milk Ing.

5.13E-02 8.15E-01 4.29E+00

0.0021 0.033 0.172

1.20E-02 1.98E-01 1.29E+00
6.65E-04 6.65E-04 6.65E-04
5.76E-08 5.76E-08 5.76E-08-
2.16E-03 3.55E-02 2.16E-03
1.89E-04 3.11E-03 1.89E-04
5.57E-04 9.15E-03 5.57E-04

Totals 1. 55E-02 2.47E-01 1. 30E+00

Fraction of limit 0.0006 0.010 0.052

140 CFR Part 190 specifically excludes any dose
the release of radon and its daughters.

commitments arising from

#Read as 3.95 X 10 , or .0395

+Food ingestion impacts result from the assumed consumption of meat from
cattle grazed within 1 km of the Everest facility.
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Table 3

Annual Dose Commitments to Individuals
in the Vicinity of the Everest Facility

Annual Dose Commitment,* mrem/year

Exposure +Whole + + +Bronchial
Location Pathway Body Bone Avg. Lung Epithelium

Fowler Ranch
4.4 km NE
Nearest
resident

Vollman Ranch
6.4 km NW

Inhal.
Ground
Cloud

§Veg. Ing.
Meat Ing.
Milk Ing.

3.99E-02
1. 06E-02
1. 91E-01
7. 50E-03
6.93E-04
1. 86E-03

6.67E-01
1. 06E-02
1. 91E-01
1.26E-01
1.19E-02
3.07E-02

4. 28E+00
1.06E-02
1. 91E-01
7.50E-03
6.93E-04
1. 86E-03

3. 98E+1

Total 2.52E-01 1.04E+00 4.49E+00 3.98E+1

Inhal. 1.22E-02 2.05E-01 1.30E+00 2.43E+1
Ground 6.02E-02 6.02E-03 6.02E-03 --

Cloud 1.33E-01 1.33E-01 1.33E-01 --

Veg. Ing. 2.38E-03 4.10E-02 2.38E-03 --

Meat Ing. 2.30E-04 4.12E-03 2.30E-04 --

Milk Ing. 5.69E-04 9.44E-03 5.69E-04 --

Total* 1.54E-01 3.99E-01 1.44E+00 2.43E+1

'Dose commitments are integrated over a 50-year period
exposure. Occupancy is assumed to be 24 hours/day.

from 1 year of

+Doses to the whole body, lungs and bone are those resulting from the
inhalation of particulates of U-238, U-234, Th-230, Ra-226, Pb-210 and
Po-210. Doses to the bronchial epithelium are those resulting from the
inhalation of radon daughters.

§Ingestion impacts result from the assumed consumption of meat from
cattle grazed within 1 km of the Everest facility.
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Table 4

Annual 100-year Environmental Dose Commitments
to Regional Population within 80-km Radius

of the Everest Facility

Annual Environmental Dose Commitments (EDC), person-rem*
year

Bronchial
Exposure Pathway Whole Body* Bone* Lung* Epithelium*

Inhal.
Ground
Cloud
Veg. Ing.
Meat Ing.
Milk Ing.

Totals

4. 625E-02
5. 311E-02
9.842E-01
1. 111E-01
1. 664E-02
4.466E-03

1. 208E+00
5. 311E-02
9. 842E-01
2. 347E+00
3.763E-01
8. 358E-02

1. 968E-00
5. 311E-02
9.842E-01
1. I11E-OI
1. 664E-02
4.466E-03

5. 697E+1

1. 216E+00 5. 053E+00 3. 137E+00 5. 697E+1

Estimated population
dose from natural
background 13,162

Ratio of total EDC
to background
population doset 0.00009

13,237

0.00038

15,809

0.00020

42,359

0.00134

'Doses to the whole body, lung and bone are those resulting from the
releases of particulates of U-238, U-234, Th-230, Ra-226 and Pb-210.
Inhalation doses to the bronchial epithelium are those resulting from the
inhalation of radon daughters.

tBackground doses are based on the regional population size of 75,641 and
natural background organ doses as follows:

Whole Body - 174 mrem/yr
Bone - 209 mrem/yr

Lung - 175 mrem/yr
Bronchial Epithelium - 560 mrem/yr

Source: G. L. Montet el al., "Description of United States Uranium
Resource Areas, a Supplement to the Generic Environmental
Impact Statement on Uranium Milling," Report NUREG/CR-0597,
ANL/ES-75, prepared by Argonne National Laboratory for the
U.S. Nuclear Regulatory Commission, June 1979. The staff
assumes the population dose due to background is equivalent to
the general background dose for the Colorado Plateau.
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Table 5

Total Environmental Dose Commitments (EDC) over the
5 Operational Years of the Everest Facility

EDC to each organ, person-rem
Bronchial

Whole Body Bone Lung Epithelium

EDCs received by
population within
80 km of mill 1.216 5.053 3.137 5. 697E+1

EDCs received by
population beyond
80 km of mill

Total EDCs received
by continental
population

Fraction of Background#

9. 084E+3

9. 086E+3

0.00039

1.238E+5 2.063E+3 5.802E+4

1.238E+5 2.067E+3 5.808E+4

0.0050 0.00008 0.00047

#Background values estimated on the basis of year 1991, a continental
population of 245.5 million persons receiving 100 millirem/year to the
whole body, bone and lung, and 500 millirem/year to the bronchial
epithelium.

NOTE: The 5-year operational life of the facility is the authorized
period of operation of the license, not the entire life of the project.
Environmental impacts will be re-evaluated upon renewal of the license.



TABLE 6

COMPARISON OF PREDICTED AIR CONCENTRATIONS DURING THE FINAL YEAR
OF OPERATION WITH 10 CFR 20 LIMITS FOR SELECTED RESTRICTED AREA
BOUNDARIES

KAME-N X- O.OKM, Ye I.9KM, Z', I.OM, DIST- 1.9KM.

RESULTS Ol UPC CHECK AT THIS LOCATION

U-238 * U-2$4 TH-230 RA-226 RN-222(WL) P8-210 01-210 PO-210

COliC.. PCI/M3 2.00E-03 2.001-03 1.08E-06 6.13Z-07 3.901-04 3.491-05 6.90E-07 6.12E-07

MPC. PCI/MS3 S.OOE00 4.00E+00 8.00E-02 2.00E+00 3.331-02 4.00*+00 2.00E+02 7.001+00

FRACTION OF MPC 4.00E-04 5.001-04 1.351-05 3.06Z-07 1.17E-02 0.731-06 3.45E-09 8.74E-08

------------------------------------0----------------------------------------------------------------------------------

SUM OF FRACTIONS EQUALS 1.26E-02

REGIONwEVEREST MINERALS COM'L CODEuMILDOS,REV0 (7/79) DATE= 87/03/12.METSETs CASPER UETDATA PAGE NO. 20TIME STEP NUMBER 1, IN ANY YEAR DURATION IN YRS IS... 2.0

NUMBER 9 NAMEN$ X. OOKM, Yu -. 6KM, Zu -I.O0, DISTs .6KM, IRTYPEs 0

RESULTS OF MPC CHECK AT THIS LOCATION

U-238 U-234 TH-230 RA-226 RN-222(WL) PB-210 81-210 PO-210
---------------------------------- ------------------------------------------------------------------------------------

CONC.. PCI/M3 5.37E-02 5.37E-02 2.89E-05 1'.64E-05 6.58E-04 6.72E-05 1.65E-05 1.64E-05

MPC, PCI/M3 5.OOE+00 4.0OE+00 8.00E-02 2.00E+00 3.33E-02 4.00E+00 2.OOE+02 7.OOE+00

FRACTION OF MPC 1.07E-02 1.34E-02 3.61E-04 8.22E-06 1.98E-02 1.68E-05 8.26E-08 2.34E-06

SUM OF FRACTIONS EQUALS 4.43E-02



6 (cont.)

NUMBER 10 NAMEzE Xx .3KM. Yu O.OKM, Zz" -I.0M, DISTa .3KM. IRTYPE= 0

RESULTS OF MPC CHECK AT THIS LOCATION

U-238 U-234 TH-230 RA-226 RN-222(WL) P5-210 BI-210 PO-210

CONC., PCI/M3 2.86E-01 2.86E-01 1.54E-04 8.78E-05 8.34E-04 1.37E-04 8.77E-05 8.76E-05

UPC, PCI/M3 5.00E+00 4.00E+00 8.00E-02 2.00E+00 3.33E-02 4.00E+00 2.00E+02 ?.OOE+O0

FRACTION OF MPC 5.73E-02 7.16E-02 1.93E-03 4.39E-05 2.51E-02 3.41E-05 4.38E-07 1.25E-05

SUM OF FRACTIONS EQUALS 1.56E-01

REGIONsEVEREST MINERALS COML CODE=MILDOSREVO (7/79) DATE* 87/03/12.
METSETs CASPER METDATA PAGE HO. 21

TIME STEP NUMBER I, IN ANY YEAR DURATION IN YRS IS... 2.0

NUMBER 11 NAME-W X= -2.4KM. Yu 0.0KM. Zu -I.OM, DIST= 2.4KM, IRTYPEu 0

RESULTS OF MPC CHECK AT THIS LOCATION

U-238 U-234 TH-230 RA-226 RN-222(WL) P8-210 51-210 P0-210

CONC.. PCI/M3 3.64E-03 3.64E-03 1.96E-06 1.12E-06 7.30E-04 2.63E-05 1.15E-06 1.11E-06

MPC, PCI/M3 5.OOE+00 4.00E+00 6.00E-02 2.00E+00 3.33E-02 4.00E+00 2.00E+02 7.00E+00

FRACTION OF MPC 7.29E-04 9.11E-04 2.45E-05 5.58E-07 2.19E-02 6.57E-06 5.77E-09 1.69E-07

SUM OF FRACTIONS EQUALS 2.36E-02

NUMBER 12 NAME-NE Xm 2.6KM, Yu 2.7KM, Z=" 1.OM, DISTs 3.7KM, IRTYPEu 0

RESULTS OF UPC CHECK AT THIS LOCATION
---- - -- -- -....... ... .--- ----- -------- --- ---- - --- -- -- ----- -- -- ---. _. _--- -- ------ - _ _--- -- --------- - ..... .....--- .......- -----

U-238 U-234 TH-230 RA-226 RN-222(WL) PS-210 BI-210 PO-210
--------------------------------------------------------------------------------------------------------------------------------

CONC., PCI/' 3 3.49E-03 3.49E-03 1.88E-06 1.07E-06 3.71E-04 5.58E-05 1.29E-06 1.07E-06

MPC. PCI/M3 5.OOE÷Ou 4.00E+00 8.00E-02 2.00E+00 3.33E-02 4.00E+00 2.OOE÷02 7.00E+00

FRACTION OF MPC 6.98E-04 8.73E-04 2.35E-65 5.35E-07 1.11E-02 1.39E-05 6.46E-09 1.52E-07

-----------------------------------------------------------------------------------------------------------------------

SUM OF FRACTIONS EQUALS 1.27E-02



6 (cont.)

REGIONwEVEREST MINERALS COM'L CODE-MILDOS,REVO (7/79) DATE= 87/03/12.
METSETs CASPER METDATA PAGE NO. 22

TIME STEP NUMBER 1, IN ANY YEAR DURATION IN YRS IS... 2.0

NUMBER 13 NAME=SW Xu -. 6KM, YV -. 6KM. Za -1.OM, DISTo .8KM, IRTYPEw 0

RESULTS OF MPC CHECK AT THIS LOCATION
---------------------------------------------------------------------------------------

U-238 U-234 TH-230 RA-226 RN-222(WL) P3-210 91-210 PO-210
------------------------------------------------------------------------------------------------------------------------------

CONC., PCI/M3 2.60E-02 2.6OE-02 1.40E-05 7:986-06 6.71E-04 5.48E-05 8.06E-06 7.96E-06

MPC, PCX/M3 5.00E+00 4.00E+00 6.00E-02 2.O0E+00 3.33E-02 4.00E+00 2.00E+02 7.00E+00

FRACTION OF MPC 5.21E-03 6.512-03 1.75E-04 3.99E-05 2.01E-02 1.37E-05 4.03E-08 l.14E-06

SUM OF FRACTIONS EQUALS 3.21E-02

NUMBER 14 NAMEmSE Xw .2KM, Yu -. 2KM, Za' -t.OM, DISTv .2KM, IRTYPE- 0

RESULTS OF MPC CHECK AT THIS LOCATION

U-238 U-234 TH-230 RA-226 RN-222(WL) P3-210 BI-210 PO-210

CONC., PCI/M3 2.02E-01 2.02E-01 1.09E-04 6.19E-05 8.40E-04 1.12E-04 6.19E-05 6.18E-05

MPC, PCI/M3 5.OOE+00 4.00E+00 8.00E-02 2.00E+00 3.33E-02 4.O0E+00 2.00E+02 7.0OE+O0

FRACTION OF MPC 4.04E-02 5.05E-02 1.36E-03 3.10E-05 2.52E-02 2.79E-05 3.10E-07 8.83E-06

SUM Of FRACTIONS EQUALS 1.16E-O0

REGIONaEVEREST MINERALS COM'L CODE=MILDOSREVO (7/79) DATE= 87/03/12.
METSETw CASPER METDATA PAGE NO. 23

TIME STEP NUMBER 1, IN ANY YEAR DURATION IN YRS IS... 2.0

NUMBER 15 NAME-NW Xs -1.5KM, Yu 1.5KM, Zo 1.0M, DIST= 2.1KM, IRTYPEw 0

RESULTS OF MPC CHECK AT THIS LOCATION

U-238 U-234 TH-230 RA-226 RN-222(WL) P5-210 81-210 P0-210

CONC.. PCI/M3 1.15E-03 1.15E-03 6.251-07 3.56E-07 4.741-04 2.60E-05 3.91E-07 3.55E-07

UPC, PCI/M3 5.O0E+00 4.00E+00 8.00E-02 2.OOE+00 3.33E-02 4.00E+00 2.00E+02 7.00E+00

FRACTION OF MPC 2.32E-04 2.90E-04 7.821-06 1.78E-07 1.42E-02 6.51E-06 1.95E-09 5.07E-08

-----------------------------------------------------------------------------------------------------------------------

.SUM OF FRACTIONS EQUALS 1.48E-02
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laole 6 (cont.)

NUMBER 16 NAME=E2 Xu 2.6KM, VS 1.5KM, Zz' O.OM, DIST= 3.0KM, IRTYPE* 0

RESULTS OF MPC CHECK AT THIS LOCATION
-----------------------------------------------------------------------------------------------------------------------------

U-238 U-234 TH-230 RA-226 RH-222(WL) PB-210 BI-210 PO-210
-----------------------------------------------------------------------------------------------------------------------------

CONC.. PCI/M3 4.93E-03 4.93E-03 2.GGE-06 1.51E-06 6.39E-04 6.77E-05 1.75E-06 1.51E-06

MPC, PCI/M3 5.OOE+O0 4.OOE+00 8.00E-02 2.OOE+00 3.33E-02 4.OOE÷OO 2.OOE+02 7.0OE÷OO

FRACTION OF APC 9.86E-04 1.23E-03 3.32E-05 7.55E-07 1.92E-02 1.69E-05 8.74E-09 2.15E-07

----------------------------------- ----------------------------------------------------------------------------------------

SUM OF FRACTIONS EQUALS 2.15E-02

NUMBER 17 NAME-W2 Xw -5.6KM, Yx .7KM, Z* O.OM, DIST= 5.6KM, IRTYPE* U

RESULTS OF MPC CHECK AT THIS LOCATION
-------------------------------------------------------------- --------------------------------------------------------------

U-238 U-234 TH-230 RA-226 RN-222(WL) PB-210 BI-210 P0-210
------------------------------------------------------------------------------------------------------------------------------

CONC., PCI/M3 6.38E-04 6.38E-04 3.44E-07 1.96E-07 2.04E-04 2.33E-05 2.80E-07 1.95E-07

MPC. PCI/M3 5.OOE+00 4.OOE+OO &.OOE-02 2.OOE+00 3.33E-02 4.OOE+00 2.OOE+02 7.OOE+O0

FRACTION OF MPC 1.28E-04 1.59E-04 4.30E-06 9.78E-08 6.13E-03 5.83E-06 1.40E-09 2.79E-o08

-----------------------------------------------------------------------------------------------------------------------

SUM OF FRACTIONS EQUALS 6.43E-03



10

II. ATMOSPHERIC TRANSPORT

The staff analysis of offsite air concentrations of radioactive materials
has been based on several years of meteorological data collected at
Casper, Wyoming. Modeling the Everest site using MILDOS relies totally
on meteorological data, and a flat terrain is assumed. Doses are
representative of the model only and are in no way estimates of real
doses likely to be received by the population within 80 km. The
collected meteorological data are entered into the MILDOS code as input
in the form of a joint frequency distribution by stability class, wind
speed group and direction. The joint frequency data employed by the
staff for this analysis are presented in Table 7.



IIAULt Y
REGION=EvEREST MINERALS COM'L CODE OOS,REVO (7/79) DATE= 87/03/12.
METSETr 'PER METDATA PAGE NO. 2

JO REQUENCY IN PERCENT, DIRECTION It, ATES WH ERE WIND AOM FREQWS= .L -16, .23526, k..28483, .25706, .11293, .,-#793
MPH N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW TOTALS

-------------------------------------------------------------------------------------------------------------------------------------------
STABILITY CLASS 1
1.5 .0287 .0059 .0059 .0544 0.0000 0.0000 .0030 .0089 .0119 0.0000 .0257 .0030 0.0000 .0317 .0030 0.0000 .1821
5.5 .0228 .0455 .0455 .0228 0.0000 0.0000 .0228 .0683 .0911 0.0000 0.0000 .0228 0.0000 .0455 .0228 0.0000 .4099

10.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ALL .0515 .0514 .0514 .0772 0.0000 0.0000 .0258 .0772 .1030 0.0000 .0257 .0258 0.0000 .0772 .0258 0.0000 .5920

STABILITY CLASS 2
1.5 .0371 .0115 .0498 .0527 .1610 .1481 .0798 .0798 .0642 .0826 .0599 .1282 .0627 .0570 .0541 .0783 1.2068
5.5 .2049 .1821 .0268 .0683 .2505 .0455 .1138 .1138 .2505 .1594 .1821 .1138 .2277 .1366 .0911 .0911 2.2600
10.0 .0455 .0683 .0455 .0228 .0911 .0683 .0228 .0228 0.0000 .0228 .2277 .1138 .1366 .0683 0.0000 .0228 .9791
15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ALL .2875 .2619 .1241 .1438 .5026 .2619 .2164 .2164 .3147 .2648 .4697 .3558 .4270 .2619 .1452 .1922 4.4459
....................................................................................................................................

STABILITY CLASS 3
1.5 .0083 .0279 .0787 .0083 .0279 .0062 .0497 .0083 .0062 .0497 .0083 .0072 .0580 .0300 .0041 .0083 .3871
5.5 .1821 .0911 .1594 .1821 .0911 .1366 .0455 .1821 .1366 .0455 .1821 .1594 .2277 .1366 .0911 .1821 2.2311

10.0 .2049 .2732 .1366 .2277 .4326 .1594 .0455 .0683 .2277 .1594 .5464 .3643 .6603 .3415 .3643 .1366 4.3487
15.5 0.0000 .0228 .0455 .0455 .0455 .0228 0.0000 0.0000 .0228 .1821 .4098 .0683 .0683 .0911 0.0000 .0228 1.0473
21.5 0.0000 .0228 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 .0455 .0911 .1366 0.0000 .0455 0.0000 0.0000 .3415
28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 .0455 .0288 0.0000 0.0000 0.0000 .0743
ALL .3953 .4378 .4202 .4636 .5971 .3250 .1407 .2587 .3933 .4822 1.2377 .7813 1.0431 .6447 .4595 .3498 8.4300

STABILITY CLASS 4
1.5 .0902 .0429 .0666 .0595 .0429 .1068 .0517 .0499 .0315 0.0000 .0114 .0438 .0613 .0604 .0832 .1086 .9107
5.5 .5009 .5009 .5009 .3188 .5009 .3188 .1138 .0683 .2049 0.0000 .2960 .5237 .3643 .3415 .3188 .3643 5.2368
10.0 1.1840 1.4344 1.4117 1.1384 1.1384 .3871 .1138 .0683 .2960 .4781 1.8670 1.9809 1.0246 .7058 .4326 .5692 14.2303
15.5 .8424 1.8215 1.3661 1.0929 1.7077 .3871 .0683 0.0000 .2960 2,0492 7.5820 3.4608 2.0947 .7514 .6831 .4554 24.6586
21.5 .3188 .1821 .0911 .1594 .4098 .0455 0.0000 0.0000 .0683 1.5483 5.8060 1.1612 .7741 .1594 .1594 .0683 10.9517
28.0 .0683 .0455 .0228 0.0000 .0455 .0288 0.0000 0.0000 .0455 .6831 3.0055 .3415 .2049 .1594 .0455 .0228 4.7191
ALL 3.0046 4.0273 3.4592 2.7690 3,8452 1.2741 .3476 .1865 .9422 4.758718.5679 7.5119 4.5239 2.1779 1.7226 1.5886 60.7072

STABILITY CLASS 5
1.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
5.5 .5009 .4554 .2960 .2049 .3188 .2049 .1821 .1821 .0455 .0911 .3871 .4326 .5692 .2277 .5237 .3188 4.9408

10.0 .4098 .2960 .2732 .3415 .7969 .1594 .0455 0.0000 .1366 .2732 1.6849 2.5956 1.0701 .4098 .2505 .1821 8.9251
15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ALL .9107 .7514 .5692 .5464 1.1157 .3643 .2276 .1821 .1821 .3643 2.0720 3.0282 1.6393 .6375 .7742 .5009 13.8659

STABILITY CLASS 6
1.5 .1794 .2184 .2638 .1792 .1174 .0359 .0717 .1205 .1498 .1889 .1825 .3519 .4627 .5310 .3000 .1761 3.5292
5.5 .7058 .6148 .3871 .3415 .4554 .2505 .1366 .1138 .1366 .2277 .5464 .8197 1.0474 .9791 1.0018 .6831 8.4473

10.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
15.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
21.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
28.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ALL .8852 .8332 .6509 .5207 .5728 .2864 .2083 .2343 .2864 .4166 .7289 1.1716 1.5101 1.5101 1.3018 .8592 11.9765

ALL 5.5348 6.3630 5.2750 4.5207 6.6334 2.5117 1.1664 1.15952 2.2217 6.286623.101912.8746 9.1434 5.3093 4.4291 3.4907 100.0175
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Table 8

Physical Characteristics Assumed for
Particulate Material Releases

Deposition
Diameter Density Velocity AMAD*

Activity source (um) (g/cm3 ) (cm/s) (um)

Yellowcake dusts 1.0 8.9 1.0 2.98

Ingrown radon
daughters 0 1.0 0.3 0.3

*Aerodynamic equivalent diameter, used in calculating inhalation
doses.

III. CONCENTRATION IN ENVIRONMENTAL MEDIA

Information provided below describes the methods and data used by the
staff to determine the concentrations of radioactive materials in the
environmental media of concern in the vicinity of the site. These
include concentrations in the air (for inhalation and direct external
exposure), on the gr6und (for direct external exposure), and in meat and
vegetables (for ingestion exposure). Concentration values are computed
explicitly by the MILDOS code for U-238, Th-230, Ra-226, Rn-222 (air
only), and Pb-210. Concentrations of Th-234, Pa-234 and U-234 are
assumed to equal that of U-238. Concentrations of Bi-210 and Po-210 are
assumed to equal that of Pb-210.

A. Air Concentrations

Ordinary, direct air concentrations are computed by the MILDOS code
for each receptor location from each activity source by particle
size (for particulates). Direct air concentrations computed by
MILDOS include depletion by deposition (particulates) or the effects
of ingrowth and decay in transit (radon and daughters). To compute
inhalation doses, the total air concentration of each isotope at
each location as a function of particle size, is computed as the sum
of the direct air concentration and the resuspended air
concentration

Caip(t) = Caipd + Caipr(t), (B- 3)
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where

C aip(t) = total air concentration of isotope i, particle
size p, at time t' pCi/m 3 ;

Caipd = direct air concentration of isotope i, particle

size p, at time t, pCi/M 3 ;

C (t) = resuspended air concentration of isotope i, particle
aipr~t size p, at time t, pCi/M 3 .

The resuspended air concentration is computed using a time-dependent
resuspension factor, R p(t), defined by

RP(t) = (In )107'5 e" Rt for t K 1.82 years

= (/V )1O-9 for t > 1.83 year, (8-4)

where

R pt) = ratio of the resuspended air concentration to the
ground concentration, for a ground concentration of
age t years, of particle size p, ml;

Vp = deposition velocity of particle size p, cm/s;

R = assumed decay constant of the resuspension factor
(equivalent to a 50-d half-life), 5.06 years;

0 -= initial value of the resuspension factor (for
10 particles with a deposition velocity of 1 cm/s), ml;

1.82 = time required to reach the terminal resuspension
factor, years.

The basic formulation of the above expression for the resuspension
factor, the initial and final values, and the assigned decay
constant derive from experimental observations. 4 The inverse
relationship to deposition velocity eliminates mass balance problems
involving resuspenesion of more than 100 percent of the initial
ground deposition for the 35-pm particle size (see Table 8). Based
on this formulation, the resuspended air concentration is given by

1 - exp[-(A( 1A + AR) (t - a)]

exp[-At*(t - 0)3 - exp(-,i t) r .OI mDI
V (.A-bX A Jp Iu-j.
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where

a = (t - 1.82) if t > 1.82, years;

6(t) = 0 if t > 1.82 and is unity otherwise, dimensionless;

xi = effective decay constant for isotope i on soil, year

0.01 = deposition velocity for the particle sizesfor which the
initial resuspension factor value is 10 per meter,
m/s;

3.156 X 107 = s/year.

Total air concentrations are computed using Eqs. B-3 and B-5 for all
particulate effluents. Radon daughters that grow in from released
radon are not depleted because of deposition losses and are
therefore not assumed to resuspend.

B. Ground Concentrations

Radionuclide ground concentrations are computed from the calculated
airborae particulate concentrations arising directly from onsite
sources (not including air concentrations resulting from
resuspension). Resuspended particulate concentrations are not
considered for evaluating ground concentrations. The direct
deposition rate of radionuclide i is calculated using the following
relationship:

Ddi I Cadip Vp (B-6)

where

C a = direct sir concentration of radionuclide i, particle
Cadip size p, pCi/m 3 ;

Ddi = resulting direct deposition rate of radionuclide i,
pCi/m2 .s;

V = deposition velocity of particle size p, m/s (see
ref. 4).

The concentration of radionuclide i on a ground surface resulting
from constant deposition at the rate Ddi over time interval t is
obtained from

I - ÷ e )t
A1 9 M (B-7)



15

where

Cgi(t) = ground surface concentration of radionuclide i at
time t, pCi/m 2 ;

t = time interval over which deposition has occurred, s;
-I

A e = assumed rate constant for environmental loss, s
.1

A i = radioactive decay constant 5 for radionuclide i, s

The environmental loss constant Xe corresponds to an assumed
half-time for loss of environmental availability of 50 years.4 This
parameter accounts for downward migration in soil and loss of
availability caused by chemical binding. It is assumed to apply to
all radionuclides deposited on the ground.

Ground concentrations are explicitly computed only for U-238,
Th-230, Ra-226 and Pb-210. For all other radionuclides, the ground
concentration is assumed equal to that of the first parent
radionuclide for which the ground concentration is explicitly
calculated. For lead-210, ingrowth from deposited radium-226 can be
significant. The concentration of lead-210 on the ground caused by
radium-226 deposition is calculated by the staff using the standard
Bateman formulation and assuming that radium-226 decays directly to
lead-210. If i = 6 for radium-226 and i = 12 for lead-2101, the
following equation is obtained:

C (p6.?a) 1 -W *xp- t) +eXP(-);*t) e-XP(8-8)t

C-g12 (fto*tRa) n Incremental lea4-210 ground concentration resulting from
radium-226 deposition. pCi/On;

effective rate constant for loss by radioactive decay and
n migration of a ground-deposited radionuclide and

A a*+eA es
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C. Vegetation Concentrations

Vegetation concentrations are derived from ground concentrations and
total deposition rates. Total deposition rates are given by the
following summation:

Di = cV (B-9)aipp

where 0. is the total deposition rate, including deposition of
resuspe1 ded activity, of radionuclide i, pCi/m 2 .s.

Concentrations of released particulate materials can be
environmentally transferred to the edible portions of vegetables or
to hay or pasture grass consumed by animals by two mechanisms:
direct folair retention and root uptake. Five categories of
vegetation are treated by the staff: edible above-ground
vegetables, potatoes, other edible below-ground vegetables, pasture
grass and hay. Vegetation concentrations are computed using the
following equation:

C DiErEr v ' coi(Bvi/P) (8-10)Yv W

where

B vi = soil-to-plant transfer factor for isotope i, vegetation
type v, dimensionless;

C vi = resulting concentration of isotope i, in vegetation v,
pCi/kg;

E = fraction of foliar deposition reaching edible portions
v of vegetation v, dimensionless;

Er = fraction of total deposition retained on plant surfaces,

0.2, dimensionless;

P = assumed areal soil density for surface mixing, 240 kg/m 2 ;

t = assumed duration of exposure while growing for
vegetation v, s;

Y = assumed yield density of vegetation v, kg/m 2 ;v

w
= decay constant accounting for weathering losses
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-7
(equivalent to a 14-d half-life), 5.73 x 10 per
second.

The value of Ev is assumed to be 1.0 for all above-ground vegetation
and 0.1 for all below-ground vegetables. The value of t is taken
to be 60 d, except for pasture grass, where a value of3 d is
assumed. The yield density, Yv' is taken to be 2.0 kg/m 2 , except
for pasture grass, where a value of 0.75 kg/m 2 is applied. Values
of the soil to plant transfer coefficients, Bvi, are provided in
Table 9.

D. Meat and Milk Concentrations

Radioactive materials can be deposited on grasses, hay or silage,
which are eaten by meat animals, which are, in turn, eaten by man.
It has been assumed that meat animals obtain 50 percent of their
feed requirements by open grazing and by eating non-locally grown
stored feed for the remaining portion of their feed requirement.
The equation used to estimate meat concentrations is

Cbi = QFbi(O.5OCpgi + 0.50Chi), (B-11)

where

Cpgi concentration of isotope i in pasture grass, pCi/kg;

Chi = concentration of isotope i in hay (or other stored
feed), pCi/kg;

Cbi = resulting concentration of isotope i in meat, pCi/kg;

Fbi = feed-to-meat transfer for isotope i, pCi/kg per pCi/d

Q = assumed feed ingestion rate, 50 kg/d;

0.50 = fraction of total annual feed requirement assumed to be
satisfied by pasture grass;

0.50 = fraction of total annual feed requirement assumed to be
satisfied by locally grown stored feed (hay).
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Table 9

Environmental Transfer Coefficients

Material U Th Ra Pb

Plant/soil, B vi

Edible above ground 2.5E-3 4.2E-3 1.4E-2 4.OE-3
Potatoes 2.5E-3 4.2E-3 3.OE-3 4.OE-3
Other below ground 2.5E-3 4.2E-3 1.4E-2 4.OE-3
Pasture grass 2.5E-3 4.2E-3 1.8E-2 2.8E-2
Stored feed (hay) 2.5E-3 4.2E-3 8.2E-2 3.6E-2

Beef/feed, F pCi/kg 3.4E-4 2.OE-4 5.1E-4 7.1E-4
per pCi/d bi'

Source: U.S. Nuclear Regulatory Commission, "Calculational models
for Estimating Radiation Doses to Man from Airborne
Radioactive Materials Resulting from Uranium Operations,"
Report Task RH 802-4, Washington, D.C., May 1979.

The above grazing assumptions are also reflected in the following

equation for milk concentrations:

Cmi QFmi(O-5OCpgi + O.50Chi)- (B-12)

where

Cmi = average concentration of isotope i in milk, pCi/L;

Fmi. feed-to-milk activity transfer factor for isotope i,
pCi/L per pCi/d ingested.

IV. DOSES TO INDIVIDUALS

Doses to individuals have been calculated for inhalation; external
exposure to air and ground concentrations; and ingestion of vegetables,
meat and milk. Internal doses are calculated by the staff, using dose
conversion factors that yield the 50-year dose commitment; that is, the
entire dose insult received over a period of 50 years following either
inhalation or ingestion. 2 ' 7 Annual doses given are the 50-year dose
commitments resulting from a 1-year exposure period. The 1-year exposure
period was taken to be the year in which the in situ facility operated at
its maximum capacity.
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A. Inhalation Doses

Inhalation doses have been computed using air concentrations
(including resuspended air concentrations) for particulate
materials and the dose conversion factors presented in Table 10.

Dose to the bronchial epithelium from radon-222 and short-lived
daughters were computed based on the assumption of indoor exposure
at 100 percent occupancy. The dose conversion factor for bronchial
epithelium exposure from radon-222 derives as follows:

-6
1. 1 pCi/m 3 radon-222 = 5 x 10 working levels (WL).*

2. Continuous exposure to 1 WL = 25 cumulative working level
months (WLM) per year.

3. 1 WLM = 5,000 mrem. 3

Therefore,
_6 WL ^WLM area

(1 pCi/m 3 radon-222) x 5 x 10x 5 WLM
pCi/in 3  2.WL x 00WLM-

0.625 mrem,

and the radon-222 bronchial epithelium dose conversion factor is
taken to be 0.625 millirem per year per pCi/m 3 .

*One WL concentration is defined as any combination of short-lived
radioactive decay products of radon-222 in 1 L of air that will

-5
release 1.3 x 10 MeV of alpha particle energy during radioactive
decay to lead-210.
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Table IV Inhalation doe conversion f-,omr Values

am given II inllirm per year per pCi/M3

Organ V-238 19-2 U-2"0 Re-226 Pb-21O Po-210

Particle size 0.3 um
Whole body
Bone
Kidney
Liver
Mass average
lung

Mhole body
Bone
Kidney
Liver
Mass average
lung

Whole body
Bone
Kidney
Liver
Mass average
lung

Whole body
Bone
Kidney
Liver
Mass average

lung

Whole body
Bone
Kidney
Liver
Mass average

I ung

7. 46E+O
2. 32E+2
1.93E.2
5.91E+1

1.29E.O
5.24E40
3.87E+1
1-ISE-1

6.27E+1 2.66E+2

Particle

1L 66E+2
3/78E+1
0.

I size = 1.0

1. 81E+2
4.30E+1
0.

4.90E+3 3. S8E+2
L37E43 1. 26E40
3. 63E+2 4. 47E-2

G/wu
T46E4O
1. 45E-+2
1.21E42
3.69E-1

L 07E-3 L 21E+3 2. 37E+3 4.88E+3 5.69E+2

5.95E+1
2.43E10
1. 78E+1
5. 34E+0

3.13E+2

4. 71E-1
1. 92E'0
1. 42E+1
4.22E40

Particle
4. 32E4-

7. 92E+1
1. 66E+1
0.

size = 1.0

7.95E+1
1. 89E+1
0.

5.gS5E+3 3.09E+2
L67Ei3 1.09E4O
3.43E+2 3.87E-2

1. 35E+2
1.13E+2
3.45E4-1

1.58E+2 L8OEt2 3.22E+3 6.61E+3

L16E+O
1.. 96E+1
4.47E+0
0.

ParticleL32 o
2.14E+1
5. 1OE+0
o.

size = 5.0
:01E-+2

3/60E+3
1.00E+3
2. 07E+2

um
4OOE+1
4.OOE+2
1.41E+0
4.97E-2

7.72E+3 4.20E+2

4.84E+0 7. 1OE-1
1.50E+2 2.89E+O
1.25E+2 2.13E+1
3.83E-1 6.36E+O

3.30E+2 1.88E+21. 24E+3 1.42E+3 1-38E+3 2.84E+3

7.92E-1
1.34E+1
3.05EtO
0.

Particle
9.02E-1

1.46E+1
3.47E+O
0.

size = 35.0 um
5.77E+1 3.90E+1
2.07E+3 3.90E+2
5.73E+2 1.38E+O
1.19E+2 4.85E-2

4.43E+0
1. 38E+2
1. 15E+2
3. 51E+1

7.28E-1
2.96E+0
2.19E+1
6. 52E+0

3.33E.-2 3.60E4-2 3.71E4-Z 7.64E+2 8.79E+1 5.75E+1

Sources: N. Momeni et al.. *Uranium Dispersion and Dosimetry (UOAD)
Code," Report ANL/ES-72. NRUEG/CR-05S53 Argonne National
Laboratory. Chicago. May 1979 and 0. R. Kalkwarf. "Solubility
Classification of Airborne Products from Uranium Ores and
Tailings Piles." Reoort PN(-7R•fl MWICF/CP-053& ?n-fjf_,

wortlrnvt LerwtowYe mRiduiwod *h. 0 Januuy 137.
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B. External Doses

External doses from air and ground concentrations are computed using
the dose conversion factors provided in Table 11. Doses are
computed based on 100 percent occupancy at the particular location.
Indoor exposure is assumed to occur 14 h/d at a dose rate of
70 percent of the outdoor dose rate.

C. Ingestion Doses

Ingestion doses are computed for vegetables and meat (beef and lamb)
on the basis of concentrations obtained using Eqs. B-9 through B-12,
ingestion rates given in Table 12 and dose conversion factors given
in Table 13. Vegetable ingestion doses were computed assuming an
average 50 percent activity reduction caused by food preparation. 4

Ingestion doses to children and teenagers were computed but were
found to be equal to or less than doses to adults.
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Table 11 - Dose conversion factors for external exposure

isotope Skin Whole body

For air concentration doses,
millirem per year per pCi/xn

U-23" LOSE-5 1.57E-6
Th-234 6.63E-5 S.24E-5
Pa(1)-234 8.57E-5 6.64E-5
U-234 - L36E-5 2.49E-6
Th-230 L29E-9 3.59E-6
Ra-226 6.OOE-5 4.90E-5
Rn.-222 3.46E-0 2.83E-6
Po-218 8.18E-7 6.34E-7
Pb-214 2. 06E-3 1.67E-3
B-214 1.36E-2 1.16E-2
Po-214 9.89E-7 7. 6GE-7
Pb-210 4.17E-5 1.43E-3

For ground concentration doses,
11 Irem per year per pCt/.Z

U-248 2.13E-6 3.17E-7
Th-234 2.10E-6 1.66E-6
Pa(m)-234 1.60E-6 1.24E-6
U-234 .2. 60E-6 4.78E-7
Th-230 2.20E-6 6.12E-7
Ra-226 1.16E-6 9.47E-7
Rn-222 6.15E-8 5.03E-8
Po-218 1. 42E-8 1. OE-8
Pb-214 3.89E-5 3.16E-5
Bi-214 2.18E-4 1.85E-4
Po-214 1.72E-8 1.33E-8
Pb-210 6.65E-6 2.27E-6

Source: U.S. Nuclear Regulatory Commission, "Calculational Models for
Estimating Radiation Doses to Man from Airborne Radioactive
Materials Resulting from Uranium Milling Operations," Report
Task RH 802-4, Washington, D.C., May 1979.
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Table 12 - Assumed food ingestion rates*

Infant Child Teen Adult

Vegetables& k/year 48 76 2105

Edible above ground - 17 29 40
Potatoes ,. 27 42 60
Other belov ground - 3.4 5.0 5.0

Neat (beef. fresh pork. - 28 45 78
and lab), klqyear

NiIk, L/year 208 208 246 230
Ingoestlon ratEs are averages for typical rural farm households. No

allowance Is crq~fted for portions of year when locally or homegrom
food mY Aot be available.

Source: J. F. Fletcher and W. L. Dotson, "HERIES - A Digital
Computer Code for Estimating Regional Radiological Effects
from the Nuclear Power Industry,. Report HEDL-THE-71-16&,

-Hanford Engineering Development Laboratory, Hanford,
Wash.. December 1971.



Table 13 - Ingestion dose conversion factors, values are in millirem/pCi ingested

Isotope

Age Group Organ U-238 U-234 Th-234 Th-230 Ra-226 Pb-210 Bi-210 Po-210

Infant

Child

Teenager

Adult

Whole body
Bone
Liver
Kidney

Whole body
Bone
Liver
Kidney

Whole body
Bone
Liver
Kidney

Whole body
Bone
Liver
Kidney

3. 33E-4
4.47E-3
0.
9. 28E-4

1.94E-4
3.27E-3
0.
5. 24E-4

6.49E-5
1. 09E-3
0.
2. 50E-4

4.54E-5
7. 67E-4
0.
1. 75E-4

3. 80E-4
4.88E-3
0.
1. 06E-3

2.21E-4
3.57E-3
0.
5.98E-4

7.39E-5
1.19E-3
0.
2.85E-4

5.17E-5
8. 36E-4
0.
1. 99E-4

2. OOE-8
6.92E-7
3. 77E-8
1.39E-7

9. 88E- 9
13.42E-7
1.51E-8
8. 01E-8

3.31E-9
1. 14E-7
6.68E-9
3.81E-8

2.13E-9
8. 01E-8
4. 71E-9
2.67E-8

1. 06E-4
3.80E-3
1. 90E94
9.12V'-4

9. 91E-5
3.55E-3
1. 78E-4
8.67E-8

6. OOE-5
2.16E-3
1. 23E-4
5. 99E-4

5.70E-5
2.06E-3
1. 17E-4
5. 65E-4

1.07E-2
9.44E-2
4.76E-5
8. 72E-4

9.87E-3
8. 76E-2
1.84E-5
4.88E-4

5. OOE-3
4. 09E-2
8.13E-6
2. 32E-4

4.60E-3
4.60E-2
5. 74E-6
1. 63E-4

2. 38E-3
5. 28E-2
1. 42E- 2
4.33E-2

2.09E-3
4. 75E-2
1.22E-2
3.67E-2

7. O1E-4
1.81E-2
5. 44E-3
1.72E-2

5.44E-4
1.53E-2
4.37E-3
1. 23E-2

3.58E-7
4.16E-6
2. 68E- 5
2.08E-4

1.69E-7
1. 97E-6
1. 02E-5
1. 15E-4

5. 66E-8
6.59E-7
4.51E-6
5.48E-5

3.96E-8
4.61E-7
3.18E-6
3.83E-5

7.41E-4
3. 1OE-3
5.93E-3
1. 26E-2

3. 67E-4
1. 52E-3
2.43E-3
7.56E-3

1. 23E-4
5. 09E-4
1. 07E-3
3.70E-3

8.59E-5
3.56E-4
7. 56E-4
2. 52E-3

Po

Sources: U.S. Nuclear Regulatory Commission, "Calculational Models for Estimating Radiation Doses to Man
from Airborne Radioactive Materials Resulting from Uranium Milling Operations," Report Task RH 802-4,
Washington, D.C., May 1979, and G. R. Hoenes and J. K. Soldat, "Age-Specific Radiation Dose Conversion
Factors for a One-Year Chronic Intake," Report NUREG-0172, Battelle Pacific Northwest Laboratories,
Richland, Washington, November 1977.
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Mine Zone Aquifer Test Data
Everest Minerals Corporation

Highland Uranium Porject
Converse County, Wyoming



ATTACHMENT 5

JUNE I , 1385 30 SAND PUMP TEST
SECTION 21, T36N, R72W

Coordinates Surface Completion Casinq Height Screened
W[ell_ I# Hole No. S T R X Y _ Elevation Interval Above Surface Intervals

Fl -1
P -2
F -3
P -7
F-8

7. 775-0)980
.2'i650-0875
.400- 1285

3575-%C)95(:')
3525-1275

21 36 72 408299 879934
21 36 72 408164 879783
21 36 72 408542 879564
21 36 72 4022.27 879734
21 36 72 408524 879669

5344
533o
5327
5328
5333

30
30
30
30
30

1.50
2.22
1.44
2. 20
1.921.

465--480
448-463
444-454
440-454
446-461



-30" SA)3D 30-I-I

DATE II0JR MINUTE CuIr t r'2/t AS (feet)
6/1/05 9 1 1 6.40E+07 0.00

9 2 2 3.20E+07 0.01
9 3 3 2.13E+07 0.01
9 4 4 1.60E+07 0.02
9 5 5 1.28E+07 0.04
9 6 6 1.07E+07 0.08
9 7 7 9.15E+06 0.09
9 8 8 8.01E+06 0.13
9 9 9 7.12E+06 0.18
9 10 10 6.40E+06 0.26
9 12 12 5.34E+06 0.38
9 14 14 4.57E+06 0.56
9 16 16 4.00E+06 0.68
9 16 1a 3.56E'+06 0.93
9 20 20 3.20E+06 1.04
9 25 25 2.56E+06 1.43
9 30 30 2.13E+06 1.84
9 35 35 1.83E+06 2.21
9 40 40 1.60E+06 2.46
9 50 50 1.28E+06 2.93
10 0 60 1.07E+06 3.38
10 20 80 8.01E+05 3.99
10 40 100 6.40E+05 4.49
11 0 120 5.34E+05 4.86
11 32 152 4.21E+05 5.33
12 2 102 3.52E+05 5.66
12 31 211 3.04E+05 5.93
13 1 241 2.66E+05 6.14
13 32 272 2.35E+05 6.31
14 1 301 2.13E+05 6.52
14 33 333 1.92E+05 6.64
15 2 362 1.77E+05 6.75
15 32 392 1.63E+05 6.91
16 1 421 1.52E+05 7.01
17 1 401 1.33E+05 7.15
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"30" GAN3 30-2-1

DATE flOUR MINUTE CUrl. t ri2/t

6/1/05 9 1 1 1.01E+07
9 2 2 5.06E+06
9 3 3 3.37E+06
9 4 4 2.53E+06
9 5 5 2.02E+06
9 6 6 1.69E+06
9 7 7 1.44E+06
9 a 8 1.26E+06
9 9 9 1.12E+06
9 10 10 1.01E+06
9 12 12 8.43E+05
9 14 14 7.22E+05
9 16 16 6.32E+05
9 16 16 5.62E+05
9 20 20 5.06E+05
9 25 25 4.04E+05
9 30 30 3.37E÷05
9 35 35 2.89E÷05
9 40 40 2.53E+05
9 50 50 2.02E+05
10 0 60 1.69E+05
10 20 80 1.26E+05
10 40 100 1.01E+05
11 0 120 6.43E+04
11 33 153 6.61E+04
12 4 184 5.50E+04
12 33 213 4.75E+04
13 3 243 4.16E+04
13 33 273 3.70E+04
14 3 303 3.34E+04
14 35 335 3.02E+04
15 4 364 2.76E+04
15 33 393 2.57E404
16 2 422 2.40E+04
17 403 2.09E+04
18 6 546 1.85E+04
19 1 601 1.68E+04
20 13 673 1.50E404
22 2 782 1.29E+04

AS (feet)

0.01
0.03
0.10
0.21
0.35
0.51
0.72
0.94
1.16
1.39
1.84
2.31
2.77
3.15
3.49
4.27
4.88
5.41
5.80
6.45
6.95
7.72
8.25
8.69
9.19
9.47
9.85
10.11
10.25
10.54
10.62
10.84
10.93
11.06
11.15
11.42
11.55
11.76
12.04



'30" SAND -P-2- 30-2-2

DATE HOUR MINUTE cUrl. t r-2/t As (feet)

6/2/85 0 4 904 1. 1 2E+04 12.26
3 3 1,083 9.34E+03 12.58
6 4 1,264 8.OOE+03 12.70
12 14 1,634 6.19E+03 13.25
14 1 1,741 5.8 1E+03 13.38
16 1 1,861 5.43E+03 13.41
18 2 1,982 5. IOE+03 13.50
22 3 2,223 4.55E+03 13.63

6/3/85 4 4 2,584 3.9 1 E+03 13.84
9 2 2,882 3.51 E+03 13.94
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'30" SAND 30-3-1I

DATE HOUR MINUTE cum. t
6/1/85 9 1 1

9 2 2
9 3 3
9 4 4
9 5 5
9 6 6
9 7 7
9 7 7
9 8 8
9 9 9
9 10 10
9 12 12
9 14 14
9 16 16
9 18 18
9 20 20
9 25 25
9 30 30
9 35 35
9 40 40
9 50 50
10 0 60
10 20 80
10 40 100
11 0 120
11 32 152
12 2 182
12 32 212
13 3 243
13 32 272
14 2 302
14 32 332
15 2 362
15 32 392
16 2 422
17 8 488

r-2/t
1.80E+08
9.00E+07
6.00E+07
4.50E+07
3.60E+07
3.OOE+07
2.57E+07
2.57E+07
2.25E+07
2.OOE+07
I *60E+07
1.50E+07
1.29E+07
1.13E+07
1.OOE+07
9.OOE+06
7.20E+06
6.00E+06
5.14E+06
4.50E+06
3.60E+06
3.OOE+06
2.25E+06
1.80E+06
1.50E+06
1.1 8E+06
9.89E+05
8.49E+05
7.41E+05
6.62E+05
5.96E+05
5.42E+05
4.97E+05
4.59E+05
4.27E+05
3.69E+05

As (feet)
0.00
0.00
0.00
0.00
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
0.00
0.00
0.02
0.10
0.17
0.22
0.32
0.46
0.62
0.94
1.09
1.39
1.64
1.87
2.07
2.24
2.36
2.48
2.59
2.74
2.76
2.86
2.97



P-3 CUMI t vs As
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"30' SAND 30-7-1I

DATE HOUR MINUTE CUm. t As (feet)
6/1/85 9 1 1 8.55

9 2 2 17.06
9 3 3 24.82
9 4 4 31.02
9 5 5 36.78
9 6 6 41.39
9 7 7 45.43
9 8 0 49.23
9 9 9 52.45
9 10 10 55.05
9 12 12 59.41
9 14 14 62.81
9 16 16 65.46
9 18 18 67.49
9 20 20 69.13
9 25 25 71.92
9 30 30 73.62
9 35 35 74.49
9 40 40 75.06
9 50 50 75.74
10 0 60 76.83
10 20 80 77.65
10 40 100 77.83
11 0 120 78.67
11 30 150 77.62
12 0 160 79.22
12 30 210 .79.07
13 0 240 79.06
13 30 270 79.62
14 0 300 80.17
14 30 330 79.51
14 38 338 80.29
15 0 360 79.46
15 30 390 80.12
16 0 420 80.62
17 0 480 88.82
17 30 510 88.82
18 0 540 88.80
18 30 570 88.80



'30" GAND 30-7-2

DATE HOUR MINUTE cum_ t As (feet)
19 0 600 88.81
19 30 630 88.80
20 11 671 86.82
22 0 780 88.80

6/2/85 0 0 900 88.82
3 0 1,080 88.80
6 0 1,260 88.80
10 0 1,500 88.75
10 30 1,530 82.69
12 5 1,625 83.14
12 41 1,661 83.45
14 0 1,740 83.62
16 0 1,860 83.22
18 0 1,980 83.37
19 22 2,062 63.44
22 0 2,220 83.22

6/3/85 4 0 2,580 83.27
9 0 2,880 82.40
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"30" GAND :•O-B- I
.o

DATE HOUR MINUTE Cum. t r-2/t As (feet)
6/1/85 9 1 1 1.29E+08 0.00

9 2 2 6.44E+07 0.00
9 3 3 4.29E+07 0.00
9 4 4 3.22E+07 0.00
9 5 5 2.58E+07 0.00
9 6 6 2.15E+07 -0.01
9 7 7 1.84E+07 0.00
9 8 8 1.6 1E+07 0.00
9 9 9 1.43E+07 0.00
9 10 10 1.29E+07 0.00
9 12 12 1.07E+07 0.02
9 14 14 9.20E+06 0.03
9 16 16 8.05E+06 0.05
9 18 18 7.16E+06 0.10
9 20 20 6.44E+06 0.13
9 25 25 5.15E+06 0.22
9 30 30 4.29E+06 0.34
9 35 35 3.68E+06 0.47
9 40 40 3.22E+06 0.56
9 50 50 2.58E+06 0.77
10 0 60 2.15E+06 1.01
10 20 80 1.61E+06 1.39
10 40 100 1.29E+06 1.70
11 0 120 1.07E+06 1.97-
11 30 150 8.59E+05 2.25
12 0 180 7.16E+05 2.54
12 30 210 6.13E+05 2.74
13 0 240 5.37E+05 2.93
13 30 270 4.77E+05 3.08
14 0 300 4.29E+05 3.23
14 30 330 3.90E+05 3.33
15 0 360 3.58E+05 3.40
15 30 390 3.30E+05 3.53
16 0 420 3.07E+05 3.62
17 6 486 2.65E+05 3.75
18 8 548 2.35E+05 3.80
19 6 606 2.13E+05 4.02
20 17 677 1.90E+05 4.08
22 8 788 1.63E+05 4.35



'30" SAND 30-8-2

DATE

6/2/85

6/3/85

HOUR MINUTE CUm. t r-2It As (feet)
0 8 908 1.42E+05 4.55
3 8 1,088 1. 18E+05 4.75
6 9 1,269 1.02E+05 4.91
12 24 1,644 7.64E+04 5.33
14 9 1,749 7.37E+04 5.42
16 5 1,865 6.91E+04 5.47
18 7 1,987 6.48E+04 5.52
22 11 2,231 5.77E+04 5.66
4 10 2,590 4.97E+04 5.99
9 6 2,886 4.46E+04 6.02
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P-8 THEIS PLOT
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