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INTERVENORS BRIEF IN OPPOSITION TO
HYDRO RESOURCES, INC.'S APPLICATION

FOR A MATERIALS LICENSE
WITH RESPECT TO:

GROUNDWATER PROTECTION

INTRODUCTION

As part of their presentations pursuant to 10 C.F.R. § 2.1233, Intervenors Eastern

Navajo Din6 Against Uranium Mining ("ENDAUM"), Southwest Research and

Information Center ("SRIC"), Marilyn Morris and Grace Sam hereby submit the

following legal brief in support of their opposition to Hydro Resources, Inc.'s ("HRI's")

April 13, 1988 materials license application, as amended, and its license, because HRI's

license application fails to satisfy federal law and regulations governing groundwater

protection. The evidence compiled in this presentation demonstrates that the issuance of

a source materials to HRI is inimical to public health and safety, because (a) HRI has

made serious material misrepresentations in its application about the hydrogeology and

geochemistry of the Crownpoint Project area and its suitability for in situ leach ("ISL")

mining, (b) HRI and its consultants have failed to conduct necessary water tests in a

proper manner, and (c) the Westwater Canyon Member aquifer where HRI proposes to

mine is an inappropriate site for ISL mining.

This brief is accompanied and supported by the expert testimony of Dr. Richard

Abitz, Dr. William P. Staub, and Michael G. Wallace. Dr. Abitz is a qualified expert in

geology and geochemistry, who is currently serving as a technical expert to the United

States Department of Energy Fernald Environmental Management Project. His testimony



("Abitz Testimony") is attached hereto as Exhibit 1. Dr. Staub is a qualified expert in in

situ leach uranium mining, who has worked in this field for more than 20 years. While

employed at Oak Ridge National Laboratory from 1976 to 1996, he worked on many

uranium mill tailings and uranium ISL mining projects under contract to the U.S. Nuclear

Regulatory Commission ("NRC"), including working as the senior author on a report that

remains one of the NRC's few in-depth evaluations of groundwater protection issues at

uranium solution mines.1 Dr. Staub's Testimony ("Staub Testimony") is attached hereto

as Exhibit 2. Mr. Wallace is a qualified expert in hydrology and hydrogeology, who is

working as a consultant to the U.S. Department of Energy on issues of radionuclide

movement through geologic formations. Mr. Wallace's testimony ("Wallace Testimony")

is attached hereto as Exhibit 3.

This presentation also addresses the failure of the Final Environmental Impact

Statement to adequately address the impacts of the project on groundwater. NUREG-

1508, Final Environmental Impact Statement to Construct and Operate the Crownpoint

Uranium Solution Mining Project, Crownpoint, New Mexico (February 29, 1997)

("FEIS") (Hearing Record ACN 9703200270).

I "An Analysis of Excursions at In Situ Uranium Mines in Wyoming and Texas"

(NUREG/CR-3967; July 1986). Staub Testimony at 2.
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REGULATORY FRAMEWORK

Atomic Energy Act and Implementing Regulations

The Atomic Energy Act, 42 U.S.C. § 2011 et. seq. as amended ("the Act")

requires the NRC to guard against danger to human health, safety, and the environment

when it issues a materials license. The Act states:

The Commission shall not license any person to transfer or deliver, receive
possession of or title to, or import into or export from the United States any
source material if, in the opinion of the Commission, the issuance of a license to
such person for such purpose would be inimical to the common defense and
security or the health and safety of the public.

Id. at § 2099 (emphasis added). In addition, an applicant for a source and byproduct

material license must comply with the requirements of 10 C.F.R. Part 40. 10 C.F.R. §

40.32 echoes the mandate of the Atomic Energy Act by requiring the NRC to make safety

findings before issuance of a license. Section 40.32 states in relevant part:

An application for a specific license will be approved if:

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

(d) The issuance of the license will not be inimical to the common
defense and security or to the health and safety of the public...

The Director of Nuclear Material Safety and Safeguards must also weigh a

proposed project's impact on protection of environmental values and make a

determination that the project is environmentally acceptable. 10 C.F.R. § 40.32(e).
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An applicant must submit enough information to the NRC for it to make the

required health, safety and environmental findings. Of particular relevance in this case,

10 C.F.R. Part 40 requires an applicant to provide information to the Commission that is

complete and accurate in all respects. 10 C.F.R. § 40.63; 10 C.F.R. § 40.9(a).2

Safe Drinking Water Act Pollution Prevention Standards

The NRC is required to comply with the pollution control standards in the Safe

Drinking Water Act. Under Executive Order 12088 (1978), 43 Fed. Reg. 47707,

reprinted at 42 U.S.C.A. § 4321, all federal agencies must comply with the Safe Drinking

Water Act. EO 12088 provides in relevant part:

1-102. The head of each Executive agency is responsible for
compliance with applicable pollution standards, including those
established pursuant to, but not limited to, the following:

... (c) Public Health Service Act, as amended by the Safe
Drinking Water Act (42 U.S.C. 300fet seq.).

2 See also the NRC Staff s Draft Standard Review Plan for In Situ Leach Uranium

Extraction License Applications, which states that:

An applicant for a new operating license, or for the renewal or amendment of an existing
license, is required to provide detailed information on the facilities, equipment, and
procedures to be used... [to allow the NRC to make a finding] the proposed activities
will be protective of public health and safety and be environmentally acceptable."

Draft Standard Review Plan for In Situ Leach Uranium Extraction License Applications,
NUREG-1569 (October, 1997) ("Draft Standard Review Plan") (Abitz Testimony Exhibit 1-F).

3 EO 12088 was upheld by the Ninth Circuit Court of Appeals in Sierra Club v. Peterson,
705 F.2d 1475, 1477 (EO was validly issued pursuant to 42 U.S.C. § 423 1(a) and U.S. Forest
Service is required to comply with California pollution control standards enacted pursuant to the
Federal Insecticide, Fungicide and Rodenticide Act).
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In meeting the Safe Drinking Water Act's ("SDWA's") goal of assuring the

protection of public health regarding public water supply systems, Part C of the SDWA

directed the EPA to establish a regulatory program for the protection of current and future

underground sources of drinking water from underground injection.4 EPA has

promulgated regulations for states and tribes to administer UIC programs and set

minimum requirements for the program. 40 C.F.R. Parts 124, 144, 145 and 146. EPA's

program provides that:

[n]o owner or operator shall construct, operate, maintain, convert, plug, abandon,
or conduct any other injection activity in any manner that allows the movement of
fluid containing any contaminant into underground sources of drinking water, if
the presence of that contaminant may cause a violation of any primary drinking
water regulation under 40 CFR part 142 or may otherwise adversely affect the
health of persons.

40 C.F.R. § 144.12(a)

An aquifer qualifies as an "underground source of drinking water" if it (1)

supplies any public water system, or (2) contains enough groundwater to supply a public

water system and either currently supplies drinking water for human consumption or

contains fewer than 10,000 milligrams per liter ("mg/l") total dissolved solids. 40 C.F.R.

§ 144.3.

4 42 U.S.C.A. §§ 300h to 300h-8. Natural Resources Defense Council v. Environmental
Protection Agency, 824 F.2d 1258, 1271 (1st Cir. 1987) (finding overall intent of SDWA is to
protect future supplies of drinking water in holding that underground repositories are within
scope of underground injection).
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FACTUAL BACKGROUND

HRI has applied for and received a materials license to conduct in situ leach

mining on Sections 8 and 17 in Church Rock, New Mexico, and on two sites in

Crownpoint, New Mexico, "Unit 1" and "Crownpoint." HRI's application proposes

processing the uranium extracted from each site at its Crownpoint processing facility.5

HRI submitted its initial application on April 13, 1988, proposing to mine in Section 8 in

Church Rock. Application for Materials License, Hearing Record ACN 8805200339

(April 13, 1988). HRI later amended the application to include processing in

Crownpoint, and mining at Section 17, Unit 1 and Crownpoint. COP Rev. 2.0 at 2. Once

Section 17 was added to the application, HRI modified its operating plan to start

operations at Section 17. See Church Rock Revised Environmental Report Figure 3.1-6,

Exhibit 2-S and Staub Testimony at 31-34. HRI later reversed its position and scheduled

operations to begin at Section 8, instead of Section 17. COP Rev. 2.0 at Figure 1.4-8.

Most recently, in September, 1998, HRI described its "vision" for beginning development

at each site as follows: Church Rock Section 8 in 2000, Church Rock Section 17 and

Unit 1, 2002, and Crownpoint, 2004. Affidavit of Mark S. Pelizza, Attachment A at 3,

Affidavit in support of HRI's Response to Scheduling Conference Briefs of All

Petitioners (September 9, 1998).

5 Consolidated Operations Plan, Rev. 2.0 at 2 ("COP Rev. 2.0") Hearing Record ACN
9708210179 (August 15, 1997).
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HRI plans to construct well fields at each mine site and inject a mining solution

composed of bicarbonate ion complexing agents and dissolved oxygen through wells into

an ore zone. See FEIS §§2.1.1 - 2.1.1.2 at 2-3 and 2-5. Uranium compounds, already

present in the aquifer in an insoluble form, would then become oxidized and react with

the lixiviant to form either a soluable uranyl tricarbonate complex or a bicarbonate

complex. FEIS § 2.1.1.2 at 2-5. HRI proposes that the uranium enriched pregnant

solution would be pumped from production wells to the satellite processing plants for

uranium extraction by ion exchange. (See FEIS § 2.1.1.2 at 2-6).

The pregnant lixiviant will contain high concentrations of contaminants. Table 7

of Dr. Abitz' testimony compares estimated lixiviant contaminant levels with comparable

drinking water standards. Abitz Testimony Table 7 at 27. Radium-226 will be present in

concentrations ranging from 100 to 1,000 times the native groundwater average, and 200

times the national primary drinking water standard. FEIS at 2-6 and 3-26; Abitz

Testimony at 30. Uranium will be present in concentrations of 20,000 to 100,000 times

the native groundwater average. Id. Chloride will be present in concentrations of 63 to

450 times the native groundwater average. Id.

Westwater Canyon Member Aquifer

The "mine zone aquifer" in which the underground injection will take place at all

four mining locations at the Crownpoint Project is the Westwater Canyon Member

aquifer. The Westwater Canyon Member, which is described by the NRC as an
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"important regional aquifer" (FEIS §3.2.1 at 3-7). The Westwater Canyon aquifer

supplies water to over 10,000 residents from five municipal wells in Crownpoint, one

well in Standing Rock, New Mexico, and one well in Mariano Lake, New Mexico. FEIS

at 3-24; Exhibit 3-P at 1-2; Selected text from the UNC Uranium Mill License Renewal

Application - Environmental Report License ("UNC License Renewal") (December,

1981), attached hereto as Exhibit 4.

Dr. Abitz describes the water quality of the Westwater Canyon Member at both

Church Rock and Crownpoint as very good. He has identified two distinct water quality

zones at each mine site. The first zone consists of the vast majority of the groundwater in

the Westwater, which is of "very good drinking water quality with respect to all primary

and secondary drinking water standards." Abitz Testimony at 20; See id. at 9-20. The

other water quality zone exists in the "small fraction" of the Westwater that contains

uranium mineralization. Id. at 14. The quality of water in this uranium ore zone is not as

good as the rest of the Westwater (generally with respect to total uranium and radium

levels) but Dr. Abitz points out that the water quality remains high in the ore zone for

other constituents and in some undisturbed areas of the ore zone, water quality meets the

applicable standards. Id. at 15. Dr. Abitz concludes that the ore zone water quality zone

is "not necessarily unfit for human consumption." Id. Dr. Staub also points out that

water quality can be rendered potable for human consumption with treatment for a few

constituents like radium and uranium. Staub Testimony at 20, note 2; at 24.
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The Westwater is a rare, high quality resource around the Crownpoint and Church

Rock communities. Because of the arid high desert climate there, residents must rely on

aquifers for drinking water supply. Few developed wells exist in the region. Two

municipal wells in Crownpoint tap the Westwater Canyon Member exclusively, and three

others draw water from both the Westwater and the overlying Dakota Sandstone. Within

approximately 1.5 miles of the Church Rock site, there is a domestic water supply well

(Well No. 16T-513) in the Westwater. See Westwater well listing, New Mexico Water

Rights Adjudication, (listing Well No. 16T-513 as domestic well tapping the Westwater)

attached hereto as Exhibit 5; UNC License Renewal Application, including map showing

location of well 16T-513.

In Situ Leach Mining

Pilot projects for uranium in situ leach ("ISL") mining have been conducted in

New Mexico, Texas, Nebraska and Wyoming. Staub Testimony at 9-10. ISL mining has

been conducted on a commercial scale in Wyoming, Nebraska, and Texas. Most of these

operations have been conducted in groundwater much less pristine than the Westwater,

and none serve as public drinking water supplies. Abitz Testimony at 35; Staub

Testimony at 23. None of the Wyoming operations have been successful at restoring

water quality to levels near the baseline water quality of the Westwater. Staub Testimony

at 18-19, 21. Few have been successful at restoring to primary or secondary drinking

water standards for all constituents. Staub Testimony at 18-21. In each case, the period
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of restoration has taken much longer than anticipated, and in some cases restoration goals

have been lowered to match levels achieved at the mines. Staub Testimony at 21-22.

HRI's Application

The proposed operations are primarily described in HRI's COP Rev. 2.0. The

results of previous tests and reports are mainly contained in: Hydro Resources, Inc.

Churchrock Project Environmental Report (April 13, 1988) (Hearing Record ACN

8805200344) ("1988 Churchrock ER"), Churchrock Project Revised Environmental

Report (March 16, 1993) (Hearing Record ACN 9304130415) ("1993 Churchrock

ER"), Crownpoint Project Technical Report and Analytical Summary (July 31, 1992)

(Hearing Record ACN 9509080094) ("Crownpoint ER"), Unit 1 Environmental

Assessment (Hearing Record ACN 9509080065) (January 6, 1992), Geraghty and

Miller's Hydrodynamic Control report (Hearing Record ACN 931216178) (October,

1993).

HRI proposes to use a 1% bleed (40gpm) during production to maintain a cone of

depression within the production zone which is intended to prevent lixiviant from

spreading outside the ore zone. HRI Response to RAI No. 29 at 3 (Responses to RAIs

1-48) (February 19, 1996), attached to Letter from Mark Pelizza, HRI to John

Holonich, NRC, (February 20, 1996) (Hearing Record ACN 960220389) ("HRI

Response to RAI No. 29"); COP Rev. 2.0 at Figures 3.1-2 and 3.1-1, at 45-46. This

figure applies to each satellite plant and the Crownpoint processing plant. Id.
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Virtually all of the 40 gpm is returned to the aquifer during production. Staub

Testimony at 34-35; COP Rev. 2.0 at Figures 3.1-2 and 3.1-1, at 45-46.

During production, monitor wells will be spaced up to 400 feet apart and up to

400 feet from the production or injection wells. COP Rev. 2.0 at 64. In the first

overlying aquifer, production wells will be spaced at one well per four acres of

production wells. Id. In the second overlying aquifer, monitoring wells will be spaced at

one per eight acres of production wells. Id.

To restore groundwater to baseline conditions after production, HRI states that it

will:

develop an updated groundwater restoration plan for the entire project. At
a minimum, this plan will include a refined restoration schedule, and a
general description of updated methodology of restoration, and post-
restoration groundwater monitoring for the entire project.

COP Rev. 2.0 at 161. HRI proposes to use one or some combination of "groundwater

sweep" (pumping groundwater out of the aquifer), reverse osmosis treatment (most

treated water is returned to the aquifer), and brine concentration (most treated water is

also returned). COP at 163.

To demonstrate to the NRC that HRI can control lixiviant during mining, HRI

relies on the hydrologic modeling performed by Geraghty and Miller. An Analysis of

Hydrodynamic Control (Hearing Record ACN 931216178) (October, 1993).

HRI's License

Section 10 of HRI's license contains "operations, controls, limits, and restrictions"
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for the CUP. See SUA-1508, a copy of which is attached hereto as Exhibit 6. Of

particular relevance here are the following license conditions, which are summarized

below:

LC 10.6 -- requires HRI to maintain emergency generator capacity to bleed 50
gpm from the Westwater only at Crownpoint, not at Unit 1 or Church Rock.

LC 10.12 -- defines an excursion as when, in any monitor well, either two
upper control limit ("UCL") parameters are exceeded or a single UCL parameter exceeds
its limit by twenty percent. This exceedance must then be confirmed by a second or third
sample.

LC 10.15 -- At the Crownpoint mine only, HRI must maintain a continuous
bleed from the initial injection until groundwater quality has been determined by the
NRC to be fully restored under LC 10.21.

LC 10.17 -- Monitor wells in the Westwater shall be 400 feet from the edge of
production and/or injections wells and 400 feet between each monitor well. Production
mine workings shall be treated as injection/production wells at Church Rock.

LC10.18 -- Dakota Sandstone monitor wells shall be a minimum of one well
per 4 acres of well field.

LC10.19 -- At Unit 1, three additional monitor wells shall be placed in the
Dakota Sandstone aquifer between the wellfields and the Town of Crownpoint water
supply wells. UCLs for these wells will be set on a well by well basis.

LC10.20 -- Monitor wells at Church Rock, in the Dakota Sandstone shall be
spaced a minimum of one well per 8 acres of wellfield, and in the Brushy Basin B sand, a
minimum of one well per 4 acres. A monitor well shall be placed downgradient and
within 40 feet of any mine working openings into these aquifers.

LC10.21 -- A. HRI shall establish restoration goals, on a parameter by
parameter basis, by analyzing three formation water samples from each monitor well, and
at least one production/injection well per acre of well field. The primary restoration goal
is to return all parameters to baseline (pre-injection) conditions. The secondary goal is to
return groundwater to the maximum concentration limits in the U.S. EPA's primary and
secondary drinking water standards. The secondary restoration goal for barium and
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fluoride shall be the New Mexico primary drinking water standard. The secondary
restoration goal for uranium shall be 0.44 mg/L (300 pCi/L).

B. Establishes the parameters to be measured for restoration goals. The baseline
mean, with outliers removed, shall be used to calculate the restoration goals.

LC 10.22 -- A. UCLs shall be established for each monitored aquifer with
three samples of formation water within 14 days of each other. B. The UCLs shall be
chloride, bicarbonate and electrical conductivity. They shall be calculated by taking the
baseline mean of the parameter concentration and adding 5 standard deviations, with
outliers removed.

LC 10.23 -- Groundwater pump tests shall be performed to determine if
overlying aquitards are adequate confining layers and that horizontal monitor wells are
actually in the Westwater.

LC 10.25 -- If it is determined that a vertical connection exists between the
Westwater and theunderlying Cow Springs aquifer, monitor wells shall be completed at a
minimum of one well for 4 acres of well field and groundwater restoration goals and
UCLs shall be established for these wells.

LC 10.27 -- Prior to injecting at Crownpoint, but not Unit 1, HRI shall replace
the Town of Crownpoint's five municipal wells with wells that provide at least the same
quantity of water does not exceed drinking water standards, and does not exceed 0.44
mg/L uranium as a result of ISL mining at Crownpoint and Unit 1, construct the
necessary water pipelines and pay for the existing water supply systems to be connected,
and abandon and seal the existing supply wells.

LC 10.28 -- Prior to injecting at Crownpoint or Unit 1, HRI shall submit the
results of a groundwater restoration demonstration at Church Rock that is large enough to
be acceptable for the NRC to determine the pore volumes that shall be required to restore
a production-scale well field.

LC 10.31 -- Prior to the injection of lixiviant at a mine site, HRI shall conduct a
step-rate injection (fracture) test within project boundaries for that site.

LC 10.32 -- HRI shall collect sufficient water quality data to characterize the
water quality of the Cow Springs aquifer and conduct pumping tests to determine if the
Cow Springs aquifer is hydraulically confined from the Westwater.

13



Underground Injection Control

Under the Safe Drinking Water Act, HRI must obtain both an aquifer exemption

approval and an underground injection control ("UIC") permit before injection.

Currently, the EPA administers the UIC program on behalf of the Navajo Nation, through

EPA Region 9. 40 C.F.R. § 146. HRI submitted part of a UIC permit application for the

Unit 1 site to Region 9 United States Environmental Protection Agency ("EPA") in 1992.

See Letter from M. Pelizza, HRI, to J.Grimm, NRC, enclosure Hearing Record ACN

9211300343 (October 1, 1992). HRI obtained a UIC permit for Section 8 in Church

Rock by the New Mexico Environment Department (NMED) in 1989, and Region 6

United States Environmental Protection Agency ("EPA") approved a temporary aquifer

designation for Section 8 also in 1989.

However, EPA Region 6 rejected a request to extend the aquifer designation to

Section 17 in 1992. EPA asserted UIC jurisdiction over Church Rock Section 17 in

1993, because the land surface is held in trust by the federal government for the Navajo

Tribe. Letter from Myron 0. Knudson, EPA, to Kathleen Sisneros, NMED (November

23, 1993), attached hereto as Exhibit 7. In 1997, EPA also asserted jurisdiction over

Section 8, as land over which jurisdiction is in dispute. Letter from Felicia Marcus, EPA,

to Mark E. Weidler, NMED (July 14, 1997), a copy of which is attached hereto as Exhibit

8. HRI and the New Mexico Environment Department have challenged EPA's authority

over Sections 8 and 17 in Church Rock in the Tenth Circuit Court of Appeals of the
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United States. See HRI v. Environmental Protection Agency, Docketing Statement,

Docket No. 97-9556, a copy of which is attached hereto as Exhibit 9.

Intervenors' Concerns

The Presiding Officer admitted the following issues regarding groundwater as

germane: (1) degradation of the Crownpoint and Church Rock water supplies,

threatening public health and violating the Safe Drinking Water Act; (2) inadequate

monitoring for excursions; (3) improper guidance defining excursions, resulting in

inadequate protection of drinking water; (4) inadequate groundwater restoration

standards; and (5) failure to demonstrate that adequate restoration (particularly for U-236

and uranium) can be achieved. LBP 98-9, 47 NRC 261, 281 and notes 46-50.

ARGUMENT

I. LICENSING OF THE CROWNPOINT URANIUM PROJECT IS
INIMICAL TO HEALTH AND SAFETY BECAUSE IT IS BASED ON
MISREPRESENTATIONS REGARDING MATERIAL FACTS ABOUT
THE ADEQUACY OF GROUNDWATER PROTECTION.

The Atomic Energy Act requires the NRC to deny a license to an applicant if

issuance of the license "would be inimical to the common defense and security or the

health and safety of the public." 42 U.S.C. § 2099. 10 C.F.R. § 40.32 echoes the

mandate of the Atomic Energy Act by requiring the NRC to make certain safety findings

before issuance of a license: (1) "the applicant's proposed equipment, facilities and

procedures are adequate to protect health and minimize danger to life or property" and (2)
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"the issuance of the license will not be inimical to the common defense and security or to

the health and safety of the public ." 10 C.F.R. § 40.32. In addition to making the

required safety findings, the Director of Nuclear Material Safety and Safeguards must

also weigh a proposed project's impact on protection of environmental values and make a

determination that the project is environmentally acceptable. 10 C.F.R. § 40.32(e).

The Groundwater STP contains NRC Staff guidance on the detailed information

that is required in an application for the Staff to make safety and environmental findings.

Staff Technical Position Paper, "Groundwater Monitoring at Uranium In Situ Solution

Mines," at 1, #WM-8102, Uranium Recovery Licensing Branch (December, 1981),

Exhibit 1-E ("Groundwater STP"). The Draft Standard Review Plan also contains

information that indicates what the Staff considers important for its safety review.

10 C.F.R. Part 40 requires an applicant to provide information to the Commission

that is complete and accurate in all respects. 10 C.F.R. § 40.63; 10 C.F.R. § 40.9(a).

HRI has made several serious misrepresentations in its application materials. It has

misrepresented a number of facts in its application materials that relate to whether

lixiviant can be horizontally or vertically confined. In truth, the actual circumstances

surrounding these misrepresentations indicate that HRI's proposed project is inimical to

health and safety. Besides violating the NRC regulation, HRI's actions call into question

its ability to properly represent the results of further testing required by its license (See,

SUA-1508 LC 10.32 - conduct sufficient pump tests to determine if Cow Springs aquifer
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is connected to Westwater) and its ability to operate with integrity and safety.

A. HRI has Misrepresented Information in its Application Materials that
Demonstrates Lixiviant cannot be Horizontally Confined and
Therefore the License is Inimical to Health and Safety.

1. HRI has Misrepresented the Westwater Aquifer as a
Homogenous Aquifer.

HRI has misrepresented the conceptual model of the hydrology of the mine zone

aquifer, the Westwater Canyon member. See Draft Standard review plan at 3-2 (requires

applicants to provide detailed descriptions of the ore body geometry and location in order

for the NRC Staff to evaluate the acceptability of the solution mining process). HRI

represents the Westwater as a "massive sandstone" of uniform thickness and infinite

width. Wallace Testimony at 10. The models HRI uses to predict groundwater flows

also make this assumption. Id. See also Staub Testimony at 30-31.

However, Dr. Staub, Dr. Abitz and Mr. Wallace all agree that HRI is dead wrong.

Staub Testimony at 28-31; Abitz Testimony at 27-31; Wallace Testimony at 10-14. In

fact, the Westwater consists of thin, stacked and criss-crossing sand channels bounded by

less permeable siltstones and shales. Id. In addition, all of the relevant literature on the

Crownpoint and Church Rock deposits supports this conclusion. Wallace Testimony at

10-14; Staub Testimony at 31. Further, Mr. Wallace points out that HRI's own

calculations demonstrate that the Westwater at Unit 1 has anistrophic conditions, which

are indicative of sand channels. Id. at 13.

In addition, an internationally recognized hydrologist and part-time consultant to
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the NRC, Dr. Shlomo P. Neuman, used the Crownpoint Uranium Project as one of three

"case studies" to illustrate "the complexity of hydrogeologic conceptualization, its

numerous pitfalls and potential to constitute a major source of uncertainty in assessing the

expected safety performance" of a particular site. Holonich Memorandum 1, Neuman

Presentation at 1 Exhibit 3-G. Professor Neuman, concluded in a presentation to the

NRC Staff in January, 1998, that HRI's modeling of the Westwater Aquifer as

"hydraulically uniform, isotropic and perfectly confined" failed to consider that

drawdown effects of pump tests often are obscured in a "multiaquifer" setting, as in the

case of the CUP. Exhibit 3-G, Attachment at 16. Professor Neuman concluded that the

"hydrogeologic conceptual framework behind the FEIS [for the CUP] is flawed (neither

realistic nor conservative) and therefore indefensible."'6

HRI's misrepresentation raises serious safety concerns. The sand channels in the

Westwater function as "pipelines" that can transport lixiviant must faster, prevent

lixiviant from dilluting to any significant degree and can move past monitor wells in a

long, narrow column that is difficult to detect. Abitz Testimony at 27-31; Wallace

Testimony at 10-14; Staub Testimony at 36-37.

Further evidence and arguments developing this issue are set forth in the

6 After Dr. Neuman announced his concerns, a March 19, 1998 teleconference took place

between the NRC Staff and Dr. Neuman. ENDAUM and SRIC's request to be present on that call
with their experts was denied by the NRC Staff. The NRC then issued a memorandum
summarizing its version of what occured on that call. Exhibit 3-H. There is no evidence in this
memorandum whether Dr. Neuman acknowledges and accepts the Staffs description.
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testimony of Mr. Wallace, and Dr.s Staub and Abitz.

2. HRI Misrepresents Groundwater Pathways and Divides as
Features that Provided a Lixiviant Barrier.

Geraghty and Miller misrepresent groundwater pathways and divides at all of sites

that were modeled. Wallace Testimony at 32-27. "Groundwater pathlines," are supposed

to indicate the direction(s) of groundwater flow. Id. Elevation contour lines that define

the potentiometric surface and are called "head contours" or "hydraulic head contours".

Id. Thick black lines indicate the location of the "groundwater divide." The groundwater

divide is a line of points in the potentiometric surface akin to a mountain ridge at which

groundwater flows either toward the mining zones in one direction or toward other

resources, such as the NTUA-1 in the other direction. Id.

Mr. Wallace sets for the strict rules on how pathlines and head contours are drawn

and interpreted and how the location(s) of groundwater divides are determined,

Ground water flows from regions of high hydraulic head to low hydraulic
head, much as surface water flows "downhill" from high elevations on the
land surface to lower elevations. In fact, a simplified description of
overland flow of water over mountains and through valleys provides a

good illustration for understanding pathlines and head contours. When
rain falls on the land surface, it flows downhill from a point of high
elevation to a point of low elevation. If this rain were shown on a
topographic map, the water would cross consecutively lower and lower
elevation contour lines, each at a right angle. Naturally, the water would
never spontaneously flow uphill, crossing higher and higher elevation
contour lines. The direction of this overland flow, perpendicular (i.e., at a
right angle) to surface contour lines is the same for the direction of
groundwater flow: the pathlines cross groundwater "surface" elevations at
progressively lower and lower elevations.
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Mountain ridges are surface water flow divides. In other words, water will
not spontaneously flow uphill and then downhill over the other side of a
ridge. A surface water divide can also be described as a river at the base
of a valley. Water flowing down a slope eventually meets the river and
then joins it, flowing downstream; water does not flow downhill, cross a
river, and then flow up the opposite slope.
Id.

The Geraghty and Miller report contains drawings that indicate that not all pathlines

crossed head contours at right angles. Id. Had the pathline been drawn correctly, it

would have indicated a significantly different trajectory, and show fluid leaving the mine

zone and escaping into the general aquifer. Mr. Wallace testifies, "I can only conclude,

as a professional in this field, that the pathlines were drawn in a manner that could

mislead a reviewer into believing that containment of lixiviant is demonstrated, where in

fact, it is not." Id. He goes on to say, "In my extensive experience as a groundwater

modeler, I have never seen a computer program make such blatant mistakes. I can only

assume that these incorrect divide lines were drawn on the diagram by hand.. .A reviewer

who was unaware that the divide lines were hand drawn and who did not suspect that the

lines were misdrawn would likely be misled by the figures that the divide lines would

separate the mine zone from the water supply wells. Unfortunately, every one of those

divide lines is false." Id.

To demonstrate what correct pathlines and groundwater divides would look like, Mr.

Wallace drew, by hand, his estimate of the correct flow pathlines and groundwater divide

lines; this revised Figure 9 is attached to his testimony as Exhibit 3-K. Id. His version of
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the diagram shows groundwater divide lines that terminate at a single location: the

NTUA- 1 water supply well.7 Using HRI's data, but properly representing it,

groundwater can be shown to flow from the Crownpoint wellfield directly into NTUA-

1 any horizontal excursions not detected by the perimeter monitoring wells would become

known only after they had reached the closest municipal water supply well. Mr. Wallace

concludes, "As a result of these problems, I believe that excursions will occur, thereby

creating a potential long- term harm to the local environment." Id.

Further evidence and arguments developing this issue are set forth in the testimony of

Mr. Wallace.

3. HRI Misrepresents its Groundwater Travel Times as Conservative.

Because HRI misrepresents the character of the Westwater Canyon Member as a

homogenous unit of infinite width, HRI also misrepresents the actual travel times for

lixiviant excursions. Because the Westwater consists of bounded channels, excursions

can travel down the sand channels must faster than HRI has estimated, from any of the

mine sites. Mr. Wallace conducted his own travel time calculations, using the proper

conservative parameters, and concluded that contaminants may travel through the sand

channels in the WCM to drinking water extraction points, such as the Crownpoint

71 took advantage of the well-known fact that flow lines are also divide lines. These were
merely flow lines, of course, but flow does not cross them, so they also represent divides.
I chose these two lines because they represent the bounds within which mine fluids near
NTUA-1 do not pass. They clearly show the fiction of the divide lines as drawn by
G&M.
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municipal wells, in a just few years. Wallace Testimony at 38, 42.

Further evidence and arguments developing this issue are set forth in the testimony of

Mr. Wallace. Id. at 38-42.

B. HRI has Misrepresented Information in its Application Materials that
Demonstrates Lixivant cannot be Vertically Confined and Therefore the
License is Inimical to Health and Safety.

1. HRI has Misrepresented the Nature of the Underlying Strata at Church
Rock and Misrepresented Ability to Contain Vertical Excursions.

Contrary to HRI's application materials, the Recapture Shale probably does not exist

at Section 8, and does not serve as a barrier between the Westwater Canyon aquifer and

the Cow Springs Aquifer on Section 8. Wallace Testimony at 62.

HRI characterizes the Recapture Shale as a confining unit that is 180 ft. thick at

Section 8. However, HRI does not use a single borehole in Section 8 to support that

claim. Id. HRI cites one borehole to support its claim of 180 feet of confinement, one

which actually lies over 900 feet outside and to the west of the designated Section 8

mining area. Id.

HRI did not disclose what the two hundred boreholes that exist in the mining zone of

Section 8 would support - that much of the mining zone in section 8 is a region where

the Recapture shale has virtually disappeared, such that the Cow Springs Aquifer comes

into nearly direct contact with the Westwater. Id. at 63 (Hilpert, 1959).

The sole barrier between the WWC and the Cow Springs Aquifer is a clay layer that
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is only 5 feet thick or less between the two aquifers. Mr. Wallace concludes that this

misrepresentation raises serious concerns because, "It stretches credulity past the limit to

claim that such a thin layer is an effective barrier to mining effects over years of

operation. It therefore follows that the Cow Springs Aquifer cannot be protected from

mining activities in Section 8." Id. at 65.

Further evidence and arguments developing this issue are set forth in the testimony of

Mr. Wallace. Id. at 62-65, and Dr. Staub at 27-28.

2. HRI has Mispresented the Recapture Shale as a Confining Unit.

The Recapture Shale does exist at the other mine units, as a layer between the

Westwater and the Cow Springs aquifers. However, HRI misrepresents this unit as one

that can confine excursions and prevent communication with the underlying aquifer.

Wallace Testimony at 14. The Recapture shale has been incorrectly identified as a lower

confining clay below the Westwater at each site, when it is likely the Recapture is a unit

that may be in parts an aquifer in its own right. Id. at 14-17.

The license only requires additional pump testing to analyse confinement from the

Cow Springs Sandstone, so with HRI's misrepresentation of the Recapture, HRI will

avoid any monitoring responsibilities for true, underlying aquifers in the recapture. Id. at

17; License Condition 10.32).

Further evidence and arguments developing this issue are set forth in the testimony of

Mr. Wallace. Id. at 14-17.
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3. HRI Misrepresented that it Evaluated whether Faulting Exists that
Connects the Westwater with other aquifers.

Vertical faulting is common in the San Juan basin. Wallace Testimony at 17-20.

Such faults can spread lixiviant either by providing a vertical pathway or by juxtaposing

one aquifer with another. Id.; Exhibit 3-E. HRI misrepresented that it had evaluated

whether faulting exists that connects the Westwater with other aquifers when it asserted

that its consultants Geraghty and Miller had reviewed structure cross-sections in their

analysis. Id. The NRC Staff, including William Ford, relied on this information in

accepting HRI's assertion that faulting does not exists. Id. Only a few weeks ago did

HRI's counsel admit that structure cross-sections were reviewed. Id.

Mr. Wallace discussed this issue in much greater detail, with additional evidence and

arguments, in his attached testimony. Exhibit 3 at 17-22.

C. HRI Misprepresents Baseline Water Quality in the Westwater.

The "quality of all groundwater affected by the injection or recovery of fluids" must

be returned to baseline quality during groundwater restoration. Groundwater STP at 3

(definition 6 "Groundwater Restoration"). The NRC guidances recommend that separate

baselines be established for distinct water quality zones that will be affected by ISL

mining. Groundwater STP at 16; Draft Standard Review Plan at 2-23 - 2-25.

Dr. Abitz testifies that he has analyzed the data HRI used to report water quality at
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Church Rock, Unit 1 and Crownpoint.8 Abitz Testimony at 22-24. The data clearly

indicate that two separate zones of water quality exist at each mine site, yet HRI

combined the data from both zones to create a single baseline for water quality.9 Abitz

Testimony at 10, 19-20. HRI took data from wells placed directly in the mineralized ore

zone and combined it with data from high quality water outside the mineralized zone.

Abitz Testimony at 21.

The effect is that the baseline for the high quality groundwater impacted by the

mining is artificially degraded. Water quality outside the ore zones at all three sites is

very good, as Dr. Abitz testifies. Abitz at 20. But, HRI's data combines data from these

high-quality wells with data from wells in the ore body that generally contain elevated

uranium and radium-226 values. Id. Dr. Abitz compared water quality for certain

consitutents in HRI's raw data, and found that, by properly separating the well data into

water quality zones, radium-226 was present in the, Crownpoint mineralized zone, in

concentrations 400 times the concentration of radium-226 in well data from non-ore

bearing zones. Abitz Testimony at 15. Dr. Abitz concludes that HRI not not tabulated,

8 HRI reported water quality data in the Church Rock Project Revised Environmental
Report (March 1993), the Crownpoint Technical Report (June 1992) and submitted data on Unit
1 from Mobil's 1982 tests. Letter from Mark S. Pelizza, HRI, to Mike Layton, NRC (June 18,
1996), Exhibit l-G.

I Dr. Abitz describes how in a roll-front deposit, pockets of different water quality can
occur. Abitz Testimony at 10-11. This concept is also described in the Draft Standard Review
Plan at 2.25. In the Westwater, narrow streams of ore bearing deposits are intertwined with the
non-ore bearing zones. Abitz Testimony at 10. The mining of the ore zones will therefore
"undoubtably degrade the quality of the surrounding groundwater." Abitz Testimony at 9.
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evaluated or mapped qualities from the different aquifer zones at any of the three sites,

and has used the same imappropriate method of combining data from both zones to

establish average baselines. Abitz Testimony at 24.

HRI may use this same tactic in setting restoration goals for the project sites. It's

license does provide the NRC a role in supervising how baselines are established and

does not explicitly state that baselines should be separately established for distinct zones

of water quality. License SUA 1508 Condition 10.21. As a result, baselines may be

inflated for some constituents such that a baseline which lists constituents that exceed

drinking water standards will be imposed on water which naturally meets drinking water

standards. Abitz Testimony at 44.

II. LICENSING OF THE CROWNPOINT PROJECT IS INIMICAL TO PUBLIC
PUBLIC HEALTH AND SAFETY BECAUSE TESTS REQUIRED TO
DETERMINE HYDROGEOLOGIC CHARACTERISTICS OF THE ORE
ZONE AQUIFER WERE NOT PERFORMED OR WERE PERFORMED
INADEQUATELY.

A. HRI's Aquifer Testing Is Inappropriate for Evaluating Whether a Hydraulic
Connection Exists.

1. HRI has not submitted structural cross-sections, fence diagrams, or
structure contour maps.

See Section I.B.3. above; Wallace Testimony at 17-22.

2. HRI used an Inappropriate Model to Analyze Pump Test Data.

HRI used the Theis method when it should have used the Modified Hantush Method

to analyze pump test data. See Wallace Testimony at 48-56.
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Mr. Wallace's analysis of HRI's pump test data indicates that the tests were not

conducted to simulate the actual stresses that will be imposed on the mine area by HRI's

operation. As he points out, HRI's pump tests, in relation to expected stresses on the

mine zone during actual operations, are akin to filling a balloon with water from the

kitchen sink, and then infering, that, since the balloon did not break, it can accept water

from a firehose at full pressure without bursting. Wallace Testimony at 44.

The pump tests that were performed at the mine sites involved pumping at 60 gallons

per minute (gpm) for a few days. Id. HRI's operations contemplate injection and

productions wells that will pump several thousand gpm for years. Id. The stress on the

aquifers and intervening geologic units affected by the wells are many orders of

magnitude more severe than HRI's pump tests. Id.

Pressure will be extremely high at points directly over injection wells. This point is

supported by the results of HRI's modeling. As Mr. Wallace points out, these pressures

cannot be dismissed because they occur at only a few points. Id., at 43. High pressure at

specific points can, like a hammer on a nail, cause damage to the host rock, and can push

lixiviant into overlying or underlying layers, including other aquifers. Id.

Even the mild pump tests performed by HRI provide evidence that the Crownpoint

aquifer is not confined. Id. at 44-47. Mr. Wallace concludes that a proper scale pump

test will provide more conclusive evidence of leakage. Wallace Testimony at 44-45.
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B. NRC Staff Now Relying on Improper Data to Detect Vertical Movement
Between Aquifers.

The NRC Staff appear to be relying solely on historic water level data to determine

vertical confinement. Sole use of this method is scientifically inappropriate and analysis

of water levels for the project supports a finding of vertical connection. See Wallace

Testimony at 56 - 61 for further evidence and arguments.

C. HRI Did not Model the Amount of Groundwater It will "Bleed" to Control
Lixiviant and Prevent Horizontal Excursions.

HRI has claimed that it will use a 1% "bleed rate" to control lixiviant and prevent

excursions.10 The G&M modeling of groundwater flow was based on the assumption

that a 1% bleed rate is effective. Geraghty and Miller, 1993 at 4-5. In turn, the G&M

bleed rate modeling was used to support HRI's claims that the project is environmentally

sound. In fact, HRI will not employ a 1% bleed rate, cannot control lixiviant and G&M

did not conduct modeling that reflects the true bleed rate.

HRI's production process flow chart shows that of HRI's bleed rate is 40 gpm, or 1%

of the 4,000 gpm plant flow through. In fact, HRI's bleed is only 0.025%. HRI's process

flow chart for the project shows that 39 gpm, out of the 40 gpm removed from the

aquifer, is returned to the aquifer. COP Rev. 2.0 at Figures 3.1-2 and 3.1-1, at 45-46.

10 The bleed rate is a result of pumping more water out of production wells than is

injected, so that a cone of depression is created in the mine zone that prevents lixiviant from
excaping into surrounding groundwater. Any non-contaminated waters that drift into the mine
zone will be captured by the production wells. Wallace Testimony at 27-31.
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The bleed therefore, is not 1%, but rather lgpm. ENDAUM and SRIC raised this very

issue in their written presentation on liquid waste disposal. HRI tried to dismiss this

concern by saying:

Petitioners do nothing more than confuse the bleed rate, which is the net
overproduction from the mine zone, with disposal quantities after
treatment of the bleed. Here again, ENDAUM's and SRIC's arguments
reflect their misunderstanding of the ISL mining process. Treatment and
reinjection have no effect on the adequacy of the bleed because the
purified water is reinjected outside the monitor well ring.

Hydro Resources Inc.'s Response to Intervenors' Briefs in Opposition to Application for a

Materials License with Respect to Liquid Waste Disposal Isssues, 45 (November 9,

1998). Unfortunately for HRI, the Intervenors do understand the ISL process. Mr.

Wallace has developed particular expertise in this type of hydraulic analysis, and he has

concluded that reinjection of 39 gpm outside of the monitor well ring will destroy the

bleed rate. Wallace Testimony at 27-32. Dr. Staub agrees, stating that reinjection of

most of the process bleed will "negate the purpose of the bleed rate and thereby

jeopardize lixiviant control. Staub Testimony at 34. Since the bleed is only an overall

effect, averaged out over a large area, it is rendered useless since the fluid that is bled out

is reinjected in the same general area. Id. The area "outside the monitor wells" referred

to by HRI is still within the zone of influence for the mine. The 39 gpm of bleed would

have to be transported to another portion of the aquifer to be completely outside of the

zone of influence. Id. As a result, Mr. Wallace concludes that HRI has not demonstrated

that it can contain lixiviant at any of the sites.
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HRI did not have G&M include the reinjection of this 39 gpm in their modeling. This

is despite the fact tha each model performed by G&M covers a large area outside the

monitor well ring. Failure to include all aspects of the process circuit in their bleed rate

modeling misrepresents the true impacts of this project. More importantly, HRI has

misrepresented its ability to contain lixiviant.

III. LICENSING OF THE CROWNPOINT PROJECT IS INIMICAL TO
HEALTH AND SAFETY BECAUSE HRI'S GROUNDWATER
MONITORING PLAN IS INADEQUATE.

According to the Groundwater STP, "Monitoring wells are necessary at all

uranium in situ solution operations to detect any flow of lixiviant from the ore zone of the

wellfield area. The toxic composition of the lixiviant... necessitates its confinement to

the ore zone within the mining areas." Groundwater STP at 9. Dr. Staub's testimony

underscores this concern, "As the record of current ISL operations clearly indicates, it's

not a matter of if excursions will occur, but a matter of how they will be detected when

they occur." Staub Testimony at 35-36. HRI's license primarily adopts HRI's monitoring

plan in the COP Rev. 2.0. These criteria are grossly inadequate for the conditions

presented by this project.

A. The Proposed Spacing of Groundwater Monitoring Wells Is Inadequate
to Provide Timely Detection of Horizontal Excursions.

License SUA 1508 Condition 10.17 requires monitor wells in the Westwater to be

placed in a single tier of one well every 400 feet and a maximum distance of 400 from

any production/injection well. As testified by Dr. Abitz, Dr. Staub and Mr. Wallace, this
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spacing plan is inadequate to provide for timely detection of excursions, and is contrary

to NRC guidance.

Dr. Abitz, Dr. Staub and Mr. Wallace all agree that because the mineralized sand

channels in the Westwater are narrow in width, monitor wells placed 400 feet apart are

likely to miss detecting excursions traveling through these sand channels. Abitz

Testimony at 31-32; Staub Testimony at 36; Wallace Testimony at 25. As illustrated in

Table 7 of Dr. Staub's testimony, the mineralized sand channels that contain the ore

bodies average 158 feet wide at Church Rock, 139 feet wide at Unit 1, and 126 feet wide

at Crownpoint. Staub Testimony at 37. In light of the width of these sand channels, the

maximum separation between monitor wells at Crownpoint should be 200 feet and at

Church Rock, 300 feet. Staub Testimony at 38.

Moreover, as Dr. Abitz and Dr. Staub emphasize, an even greater concentration of

wells should be placed downgradient of the mine zone. Abitz Testimony at 32, Staub

Testimony at note 10.

The Groundwater STP recommends a double tier of well rings, with the first ring

fifty feet from the outermost injection wells and the second tier 250 feet from the

injection wells. Groundwater STP at 10. Both Dr. Staub and Dr. Abitz concur that this

two-tier model is most appropriate for the CUP. Abitz Testimony at 32; Staub Testimony

at 39, note 17. The Draft Standard Review Plan recommends spacing of 400 feet, but

also requires monitoring wells to be "spaced close enough to one another so that, by the
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time an excursion reached them, the expected width of the excursion plume is likely to

encounter at least one monitor well." Draft Standard Review Plan at 5-40. Conditions at

the CUP, where the sand channels are under 200' in width, dictate that monitor wells be

spaced close enough for an excursion to encounter one of the wells. A 400' spacing

would violate both NRC guidances.

In addition, as recommended by the NRC's Groundwater STP and concurred in

by Dr. Abitz, a greater number of wells should be located in zones of major

transmissivity and aligned in the principal flow directions. Groundwater STP at 10.

The NRC Staff has previously attempted to defend the adequacy of the spacing of

groundwater monitor wells to detect horizontal excursions. Affidavit of William H. Ford

(February 20, 1998), attached as Staff Exhibit 9 to NRC Staff's Response to Motion for

Stay, Request for Prior Hearing, and Request for Temporary Stay (February 20, 1998)

(hereinafter "Ford Affidavit"). As Mr. Wallace and Dr. Abitz testify, however, the

arguments advanced in the Staff's affidavits are without merit.

First, Mr. Ford argues that the recommendation in the 1981 Groundwater

Monitoring STP that a higher density of monitoring wells be placed downgradient:

appears to have been based on the faulty assumption that excursions will occur
with a greater frequency on the down-gradient side than in the up-gradient
direction. Excursions occur when a part of the well field becomes unbalanced,
such that lixiviant injuection exceeds the amount pumped out. Since the
difference in head is so great between an injection well and premining water
levels, an excursion should be able to overwhelm the local groundwater gradient
in any direction.
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Ford Affidavit, ¶15. It is Mr. Ford's analysis that is faulty, not the assumption

underlying the STP. Mr. Ford does not account for the presence of narrow sand channels

that can rapidly transport flows, or the pumping influence of nearby municipal supply

wells in Crownpoint. Wallace Testimony at 25-26, Abitz Testimony at 34. These

factors make it extremely likely that the local groundwater gradient will affect the

dispersion of an excursion." Mr. Ford's statement that an excursion "should" be able to

overwhelm the local groundwater gradient is thus unsupported. Moreover, because the

Westwater Canyon aquifer is such a valuable drinking source to present and future

generations, it is insufficient to rely on mere guesswork that downgradient monitoring is

unnecessary.

Second, Mr. Ford argues that License Condition 10.23:

is included in the HRI License to ensure that monitor wells are completed into the
same sands or aquifers as the production and injection wells. Pursuant to HRI
License Condition 10.23, prior to the injection of lixiviant, production wells must
be pumped to confirm hydraulic connection with the Westwater Canyon monitor
wells. If it is determined from these pump tests and the stratigraphic data that the
wells are not monitoring the same sands as the production zone, the monitoring
wells must be redrilled.

Ford Affidavit, ¶ 16 (emphasis added). Mr. Ford mischaracterizes the requirements of

LC 10.23, which provides only that:

Prior to injection of lixiviant in a well field, groundwater pump tests shall be
performed to determine if overlying aquitards are adequate confining layers, and
to confirm that horizontal monitor wells for that well field are completed in the
Westwater Canyon aquifer.

As Mr. Wallace correctly points out, LC 10.23 only requires monitor wells to be placed
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in the Westwater aquifer, not in the 'same sands or aquifers as the production and

injection wells." Wallace Affidavit at 26. Thus, Mr. Ford has no basis for concluding

that prospective pump tests and stratigraphic data are adequate to determine whether

monitoring wells must be redrilled (i.e, whether additional monitoring wells are

necessary).

Mr. Ford also argues that the 1981 Groundwater Monitoring STP is "outdated

with respect to monitor well spacing," and that two tiers of wells are not required by the

NRC at any other ISL mining operations. Ford Affidavit, ¶ 14. As pointed out by Dr.

Abitz, however, no other mines have been licensed in areas with such high water quality.

Abitz Testimony at 25-26.

Finally, Mr. Ford asserts that the "groundwater monitoring required by HRI

License Conditions, together with the thick nature of the interconnected sandstone layers

present at HRI's ISL project, adequately ensure that excursions from HRI's well fields, if

they occur, will not degrade the town of Crownpoint water supply. Ford Affidavit, ¶ 17.

As discussed in Section I.A., however, HRI's and the NRC's assumptions about the

thickness and interconnected nature of the sandstone layers at the Crownpoint Project are

seriously in error and are based on misrepresentations of material data. Thus, the NRC

has no reasonable basis for its confidence in either the nature of the sandstone layers or

the adequacy of the monitoring program.

B. HRI's Groundwater Monitoring Plan is Inadequate to Detect Vertical
Excursions in Overlying and Underlying Aquifers.
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The Groundwater STP requires adequate monitoring of aquifers above and below

the ore-zone aquifer and in other surrounding aquifers, particularly if they could be used

as a water supply source. Groundwater STP at 9. Contrary to this guidance, HRI

provides for no groundwater monitoring in the Cow Springs Aquifer, which underlies the

Westwater Canyon Member. Moreover, HRI's provisions for monitoring the Dakota and

Brushy Springs Aquifers, which overly the Westwater Canyon Member, are completely

inadequate to timely detect excursions and protect health and safety in several respects.

1. The HRI license and application improperly fail to provide for
monitoring of the Cow Springs Aquifer.

HRI's license does not require it to monitor the groundwater in the Cow Springs

Aquifer, which underlies all three of the mine sites. Moreover, HRI has stated

unequivocally that it does not intend to do so. COP Rev. 2.0 at 76-78.

The omission from the license and application of groundwater monitoring in the

underlying aquifer directly and arbitrarily contradicts the Groundwater STP. The

omission is all the more flagrantly arbitrary because the Cow Springs Aquifer is an

identified potential drinking water source. The Navajo Tribal Utility Authority regards

the Cow Springs aquifer as a possible source of its 20-30 year drinking water supply. See

Letter from Kenneth Craig, NTUA, Exhibit 1 -M. Moreover, as Mr. Wallace has testified,

a hydraulic connection between the Westwater and the Cow Springs is likely to exist,

particularly at Church Rock. See supra' Section I.B. Accordingly, HRI has failed to
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provide for reasonable protection against excursions into the Cow Springs Aquifer.

The NRC guidance calls for protection of future water supplies, not just current

supplies. The Navajo Nation and the communities in the Church Rock/Crownpoint area

need to be able to plan for the future, when population growth in the area may result in a

greater demand for water."

2. The frequency of monitor wells in the overlying Dakota and Brushy
Basin B aquifers is inadequate.

None of the three license conditions relating to monitoring of the overlying

Dakota and Brush Basin B aquifers is adequate to provide reasonable protection against

excursions into those aquifers. At Unit 1 and Crownpoint, License Condition 10.18

requires monitoring in the Dakota Sandstone aquifer at a density of one well per 4 acres.

For the Church Rock site, License Condition 10.20 requires monitoring in the Brushy B

aquifer at a density of one well per 4 acres, and in the Dakota Sandstone aquifers at a

density of one well per 8 acres.

The NRC Staff has attempted to defend this spacing on the ground that it is

"based on a reasonable assessment of the risk of vertical excursions occurring," and that

the required monitoring well densities "are consistent with what the NRC has approved at

other ISL mining operations." Ford Affidavit, ¶ 19. The NRC does not explain the basis

" Mr. Ford also claims that it is not necessary to monitor the Cow Springs Aquifer
because of the thickness of the Recapture Shale which overlies it. Id. As discussed in Sections
I.B. 1. and I.B.2. above, however, this assumption is without a basis.
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for or quantitative results of its assessment of the risks of vertical excursions, and, the

assumptions relied on by the NRC for its evaluation of groundwater risks are full of

significant errors. Moreover, even if the spacing in the HRI license might be appropriate

at other ISL mines, the characteristics of the aquifers at the other ISL mines to which Mr.

Ford refers are not comparable to the Crownpoint area. As Dr. Abitz testifies, other ISL

mining operations have taken place in aquifers where groundwater does not meet

drinking water standards.' 2 Id. Because there is not a corresponding need to protect a

high quality drinking water source, the NRC may have approved groundwater monitoring

programs for those locations that would not be acceptable in a high-quality aquifer such

as underlies the Crownpoint Project.

IV. LICENSING OF THE CROWNPOINT PROJECT IS INIMICAL TO
PUBLIC HEALTH AND SAFETY BECAUSE HRI HAS FAILED TO
PROVIDE ADEQUATE PROTECTION AGAINST EXCURSIONS.

Excursion criteria are established for each monitoring well, so that a licensee can

verify the existence of an excursion of lixiviant from the ore zone production area.

Certain excursion parameters are selected and the criteria by which to determine an

abnormal increase in concentration (and thus confirm an excursion), which are known as

upper control limits ("UCLs") must be established. HRI's license does not include critical

excursion indicators and allows HRI to create scientifically unsound UCLs.

. 2As Dr. Abitz notes, there are two such examples from other operations: PRI's Highland
mine, where the radium concentrations exceed the Westwater values, and URI's south Texas
operations, where the water is "brackish" with TDS levels above drinking water standards. Id. at
34-35.
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A. HRI's License Excludes the Use of Necessary Excursion Parameters.

LC 10.21 establishes bicarbonate, chloride and conductivity as the indicator

parameters for which UCLs must be set. In fact, this short list does not include other

parameters that, taken together, would provide much more reliable data as excursion

indicators.

First, as Dr. Abitz testifies, uranium should be used as an additional excursion

indicator:

Uranium is an excellent indicator parameter under the geochemical
conditions imposed on the system by the lixiviant. In fact, uranium is
used as an excursion indicator at URI's (HRI's affiliate) operations at the
Rosita mine in Texas... Therefore, in my professional judgment, long
before the chosen indicators (e.g., chloride) would reach the concentration
corresponding to HRI's excursion definition, uranium concentrations at the
monitoring wells will have exceeded all of the regulatory standards for
uranium.

Abitz Testimony at 39-40. Contrary to the NRC Staff's suggestion that uranium is a

difficult parameter to analyze (Ford Affidavit, ¶ 29), in Dr. Abitz's experience as a

consultant at the Fernald Superfund site, analysis of uranium is routine and is no more

difficult or time consuming than monitoring the other excursion indicators. Abitz

Testimony at 40.

Second, other non-chemical indicators, which are considered to be reliable early

warning mechanisms, are not listed by HRI's license to be considered with the chemical

indicators. Dr. Abitz testifies that non-chemical indicators, such as groundwater
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elevation control levels, should also be used, to "provide a set of reliable excursion

indicators." Abitz Testimony at 41.

B. HRI Proposes To Use Scientifically Unsound UCLs.

License Condition 10.12 states that an excursion will be declared when any two

excursion indicators in any monitor well exceed their UCLs, or a single indicator exceeds

its UCL by 20 %. As Dr. Abitz testifies, this license condition creates a risk to public

health for several reasons.

To begin with, HRI will be allowed set its UCLs at unreasonably high levels. The

Groundwater Monitoring STP recommends an excursion be declared if any indicator

parameter exceeds baseline mean value by 20%. Contrary to this guidance, the FEIS
L

states that HRI will create its UCLs by calculating the baseline mean concentration for

each of the chemical indicators, then adding five standard deviations to that value. FEIS

at 4-20. Abitz Testimony at 38.

As Dr. Abitz concludes, adding the five standard deviations criteria is neither

"scientifically justified [n]or a professionally responsible approach to groundwater

protection." Id. at 38. In fact, the effect of using the five standard deviation approach is

to allow concentrations of the excursion parameters to be two to three times greater than

under the Groundwater Monitoring STP, before an excursion can be declared. Id. at 38-

39. Consequently, lixiviant excursions could travel far beyond the monitor wells,

contaminate the good quality Westwater groundwater and possibly be drawn into the
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Crownpoint municipal wells, before the excursions were addressed. Id. at 39.

Lastly, LC 10.12's provision that no excursion will be declared unless (a) two

excursion indicators in any monitor well exceed their UCLs, or (b) a single indicator

exceeds its UCL by 20 %, is unsafe. As Dr. Abitz notes, by the time one of HRI's

parameters, chloride, reaches its UCL, uranium will already be highly concentrated.

Abitz Testimony at 41. Moreover, standard laboratory analysis can take two weeks to a

month before results are received. Id. at 42. Therefore, these standards "will allow high

concentrations of contaminants to spread beyond the perimeter monitoring wells,

resulting in the pollution of high-quality, native groundwater and the violation of primary

and secondary drinking water standards." Id.

V. LICENSING OF THE CROWNPOINT PROJECT IS INIMICAL TO
HEALTH AND SAFETY BECAUSE HRI HAS FAILED TO
DEMONSTRATE THAT GROUNDWATER RESTORATION CAN BE
ACHIEVED.

All groundwaters affected by an ISL mining project should be returned to baseline

water quality or the appropriate drinking water standard. Groundwater STP at 24.

Baseline for restoration should be established by an "indicator-by-indicator comparison

of the proposed restoration targets with baseline groundwater quality and drinking water

stan6drds. . for each groundwater quality zone previously identified and for each

restoration water quality monitor well." Id. The Draft Standard Review Plan prioritizes

restoration goals by stating that baseline is the primary goal (which should be applied "as

long as restoration continues to result in significant improvement in groundwater quality"
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and drinking water standards (or the water quality class of use) is the secondary goal.

Draft Standard Review Plan at 6-4. HRI's license condition 10.21A states that the

primary restoration goal for the project is restoration to pre-lixiviant injection conditions,

the secondary goal is federal primary and secondary drinking water standards. The

license further states that the secondary restoration standard for barium and fluoride is the

New Mexico state primary drinking water standard, and the secondary standard for

uranium shall be 0.44 mg/L. Id. This license condition is inimical to health and safety

because HRI's methods to determine baseline will inflate the concentration of

contaminants in baseline averages, the secondary standards for barium, fluoride and

uranium are not protective of health and safety, HRI may be permitted to modify

restoration goals to a level that degrades water quality, and the track record of the ISL

industry demonstrates that restoration to the good water quality of the Westwater is not

technologically feasible.

A. HRI's Methods to Determine Baseline Will Inflate the Concentration of
Contaminants in Baseline Averages.

HRI's method for determining baseline artificially inflates baseline averages. As

Dr. Abitz demonstrates in his testimony, HRI does not distinguish between separate water

quality zones in determining water quality, but combines the water quality in mineralized

ore zones with the high quality groundwater in the surrounding areas to create an average

that does not reflect the true values of the Westwater Canyon aquifer. Abitz Testimony at

43. Thus, what HRI establishes as "baseline" may result in degradation of the Westwater

41



water quality zone that is currently better than drinking water standards. Id.

B. The Secondary Standards for Barium, Fluoride and Uranium Are Not
Protective of Health and Safety.

The secondary standards for barium, fluoride and uranium, established in LC

10.21, are not drinking water standards and will not be protective of the public health.

LC 10.21 sets the secondary restoration standard for barium and fluoride as the

New Mexico state drinking water standard. However, the state of New Mexico does not

have drinking water standards for these two constituents. The state has groundwater

quality standards, which are not necessarily designed to protect water for human

consumption. See N.M.S.A., 1978, § 74-6-4C, (1967). In any event, the New Mexico

standards are irrelevant, since the project lies within the jurisdiction of the Navajo Nation.

The Navajo Nation drinking water standards should therefore serve as the secondary

restoration goal for barium and fluoride. The tribe's maximum contaminant levels for

barium and fluoride are the same as the federal standards. See Navajo Nation Primary

Drinking Water Regulations, a copy of the relevant pages of which is attached hereto as

Exhibit 10. The federal drinking water standards for barium and fluoride are listed in

Table 1 of Dr. Abitz's Testimony.

The secondary restoration standard for uranium established in LC 10.21A, a goal

of 0.44 mg/L is not protective of public health and is contrary to other relevant pollution

controls. The NRC derived this standard from 10 C.F.R. Appendix B, which lists

maximum contaminant levels (MCLs) for releases of readionuclides to unrestricted areas.
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As Dr. Abitz points out, this is a "technology-based effluent standard", not a health based

standard for release into an aquifer that contains good quality drinking water. Abitz

Testimony at 45.

Compared to the NRC's 0.44 mg/L standard, the EPA has established 30 pCi/L

(the equivalent to 0.044 mg/L) as the groundwater restoration standard at inactive

uranium processing sites, pursuant to UMTRA. 40 C.F.R. Part 192, Subpart A, Table 1;

60 Fed. Reg. 2854-2867 (January 11, 1995). EPA recognizes that uranium is a toxic to

the human kidneys and a carcinogen. 60 Fed.Reg. at 2856. In 1991, EPA proposed a

drinking water standard for uranium that is even more protective of public health, 0.020

mg/L. 56 Fed.Reg. 33126 (July 18, 1991)."3

As required by Executive Order 12088, "The head of each Executive agency is

responsible for compliance with applicable pollution standards." E012088 (1978), 43

Fed. Reg. 47707, reprinted at 42 U.S.C.A. § 4321. Clearly, the EPA has already

promulgated the uranium pollution standard that is protective of public health, 0.044

mg/L (and the EPA's proposed drinking water standard indicates 0.044 is not suffiently

protective of public health with regard to drinking water). In fact, EPA questioned why

NRC employed the 0.44 mg/L standard in its comments on the FEIS, and remarked that

the FEIS did not explain how that standard is protective of public health. The NRC,

13 The National Research Council's Safe Drinking Water Committee recommends a

Suggested No-Adverse Response Level (SNARL) of 0.035 mg/L for uranium in drinking water,
based on uranium's toxicity to the kidneys. Abitz Testimony at 47, Exhibit 1-Q.
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therefore, in licensing the CUP must comply with the EPA's standard of 30 piC/L

(0.044mg/L).1
4

In fact, the UMTRA standard of 0.044 is used as the enforceable cleanup standard

at the Fernald, Ohio, superfund site, and was used at the standard for restoration of

groundwater affected by uranium tailings in Ambrosia Lake and Shiprock, New Mexico.

Abitz Testimony at 47; See Exhibits 1-0 and 1-P. Unlike the Fernald and Ambrosia

Lake sites, the proposed mine sites are not contaminated, which presents all the more

reason to use a more protective standard for public health. Uranium levels in the

Westwater Canyon aquifer at Crownpoint and Unit 1 are less than the detection limit of

0.001 mg/L and 0.002 at Church Rock. Abitz Testimony, Table 6 at 26. Allowing such a

substantial degradation as 0.44 mg/L is entirely unjustified. Dr. Abitz concludes that 0.44

mg/L of uranium is such an "unreasonably high and scientifically unsupportable uranium

standard for restoration of drinking water poses a grave threat to health, well being and

environment of the residents of Crownpoint, Church Rock and surrounding areas." Abitz

Testimony at 47-48.

C. HRI May Be Permitted to Modify Restoration Goals to a Level That
Degrades Water Quality.

14 Of additional concern is that fact, that in LC 10.27, the NRC requires HRI to relocate

the Crownpoint municipal supply wells to a location where the groundwater does not exceed
0.44 mg/L uranium as a result of ISL mining at Crownpoint and Unit 1. Obviously, if uranium
were anywhere near 0.44 mg/L uranium, these replacement wells would violate the EPA
proposed uranium drinking water of 0.020 mg/L and the UMTRA standard of 0.044 mg/L. This
license condition also endangers the public health.
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Even though the primary restoration goal is baseline, HRI may be permitted to

modify its restoration goals to degrade water quality and threaten public health. LC

10.21A allows restoration to secondary standards if restoration to baseline cannot be

achieved. Further, HRI's COP Rev. 2.0 states that HRI would attempt to make a

demonstration to the NRC that a higher concentration for a parameter will not threaten

public health and safety and water use will not be significantly degraded, if restoration to

primary or secondary goals cannot be achieved. COP Rev. 2.0 at 164. Dr. Abitz points

out that this does not establish a restoration goal in any real sense of the word. Abitz

Testimony at 44. By allowing HRI to step back from baseline restoration with a

secondary standard, and to raise the possibility that HRI will seek approval of restoration

that does not achieve either of those goals, HRI is given the latitude to set different

restoration goals and creates an impetus to move away from the baseline to contaminant

levels that exceed drinking water standards. Abitz Testimony at 44.

Mark S. Pelizza, Vice President of Health, Safety and Environmental Affairs,

Uranium Resources Inc., demonstrates his disinterest in restoration to baseline, as

follows:

There is no absolute requirement to restore to baseline since it frequently
makes no sense in terms of public health and environmental protection, to
restore to baseline for all contaminants... for aquifers that meet [the
criteria for aquifer exemption under Safe Drinking Water Act], it may not
make sense to return every constituent to baseline.

Affidavit of Mark S. Pelizza at 5-6 (January 23, 1998) in support of HRI's response to
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ENDAUM and SRIC's Request for Stay. The Draft Standard Review Plan responds to

this attitude with the reminder:

Some uranium ISL operators have asserted that if preoperational use is not
suitable for drinking water because of one or more constituents, then it is
not reasonable to require restoration to drinking water standards for all
other constitutents. However, the NRC has maintained that if only a few
constituents are above drinking water standards, then the water could
reasonably be treated for use as drinking water.

Draft Standard Review Plan at 6-4 - 6-5. The Westwater Canyon Member supports

excellent baseline water quality in non-ore zone water quality zones and the water quality

in the ore zones is also good, with some areas deficient in only a couple of constituents

(uranium and radium). Abitz Testimony at 12-13. Uranium and radium can be removed

for treatment as drinking water. Staub at 20. Yet, LC 10.21 does not place any premium

on restoration to this baseline and thus passively endorses HRI's stated intent to attempt

to seek a reduction in restoration goals to a level below drinking water standards.

D. The Track Record of the ISL Industry Demonstrates That Restoration to
the Good Water Quality of the Westwater Is Not Technologically
Feasible.

Restoration to the primary and secondary restoration goals in HRI's license is

technologically beyond the capabilities of the ISL industry. HRI will not be able to

restore this drinking water aquifer to a level that meets either baseline conditions or

drinking water standards and therefore the CUP endangers public health and safety.

None'of the other uranium ISL mines have begun with baseline averages as low as

the CUP for uranium and radium. Abitz Testimony at 25. No ISL operation to date has
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been attempted in an aquifer that meets all EPA primary and secondary drinking water

standards, as most of the Westwater does. Abitz Testimony at 25. Dr. Abitz remarks that

presumably this has not been attempted because the ISL "technology is not capable of

returning high quality drinking water aquifers to their initial pristine state." Id. at 26.

ISL operations in Wyoming and Texas have not been successful in restoring to

baseline. Abitz Testimony at 48. This is despite the fact that these other operations

employ more restoration tools (use of chemical reductants) than HRI states it will use in

the COP Rev. 2.0. Id. Closer to home, neither the Mobil test at Crownpoint nor the

Teton test 2 miles west of the Church Rock site, were successful at restoring to baseline

for all constituents. Id.

VI. LICENSING OF THE CROWNPOINT PROJECT IS INIMICAL TO
PUBLIC HEALTH AND SAFETY BECAUSE THE WESTWATER
AQUIFER IS NOT SUITED FOR ISL MINING.

ISL mining was in the research and development stage beginning in the mid-

1970s and extending into the early 1980s, when most projects were on a pilot scale.

Staub Testimony at 9-10. All the existing operations have serious problems with

excursion and restoration. See Staub Testimony and Abitz Testimony. Given the

indications in HRI's application that there are many ways in which HRI will not be able

to control excursions horizontally or vertically, let alone achieve restoration, HRI should

not be allowed to experiment with its operations in a high quality aquifer like the

Westwater.
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As a further complication, Mr. Wallace points out that restoration at Church Rock

Section 17 will be very complicated due to the old mine workings that exist there.

Wallace Testimony at 68-74. HRI's modeling used inappropriate analysis for Section 17.

Id. at 69-70. Mr. Wallace's analysis leads him to the conclusion that the area will need to

be completely dewatered to effect restoration. Id. at 73-74. This would require handling

a much greater volume of water than HRI estimates are raises issue of disposal. Id. at

74.

VII. LICENSING OF THE CROWNPOINT PROJECT IS INIMICAL TO
PUBLIC HEALTH AND SAFETY BECAUSE LICENSE CONDITIONS
ARE INADEQUATE TO REMEDY DEFECTS IN THE PROJECT.

The Groundwater STP lists typical causes of excursions in Table 3. Among these

are the "unsuitability of the confining units to prevent vertical movement of lixiviant out

of the ore zone", "undetected high permeability.. .geologic faults", and "hydrofracturing

of the ore zone or underlying and overlying strata". Groundwater STP at Table 3 at 23.

Mr. Wallace and Dr. Staub haye identified each of these problems as an issue for the

CUP. As one possible solution to these problems, the Groundwater STP recommends

abandoning the site if not suitable hydrologically. Groundwater STP at Table 3 at 23.

The NRC Staff should consider this solution, rather than requiring additional testing as

part of the license. Mr. Wallace and Mr. Abitz have each concluded that the license

conditions are inadequate to remedy the numerous defects in HRI's application. See

Wallace Testimony at 78-79 and Abitz Testimony at 50-51.
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A. HRI's Planned Use of Church Rock Section 8 as a Restoration
Demonstration Is Hydrologically Unsound.

Because of the hydrologic connection between section 8 and section 17, section

17 must be mined first to avoid additional complications with restoration. Both Mr.

Wallace and Mr. Staub agree that by mining Section 8 first, before Section 17, restoration

will be extremely difficult in Section 8. Wallace Testimony at 66-67; Staub Testimony at

34. This is because of the hydrological connection between the two sites, the

complication of the mine workings on Section 17, and the gradient flows toward Section

8. Id. Both agree that it makes much more sense scientifically to proceed with Section

17 first. Id.

This exact situation wreaked havoc in Wyoming where PRI is attempting

restoration with mine workings next door to the downgradient well field. Staub

Testimony at 16-17. Restoration remains on-going for this well-field. Id.

HRI originally did plan to mine Section 17 first. However, it appears that when

HRI ran into difficulty obtaining a UIC permit and aquifer exemption for Section 17 from

the USEPA, it changed the operation sequence to begin work at Section 8.

VIII. LICENSING OF THE CROWNPOINT PROJECT IS INIMICAL TO
PUBLIC HEALTH AND SAFETY BECAUSE HRI'S OPERATION POSES
AN UNDUE THREAT TO THE QUALITY AND SAFETY OF THE
PUBLIC WATER SUPPLY.

The SDWA also regulates groundwater protection issues in the instance of

underground injection. As is described in detail below, HRI's propose project will, in
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addition to violating the Atomic Energy Act, violate the SDWA prohibition on

underground injections which threaten public health. Executive Order 12088 requires the

NRC to comply with applicable pollution control standards in the SDWA. 43 Fed.Reg.

47707, reprinted at 42 U.S.C.A. § 4321. The SDWA prohibits underground injection

which will cause a violation of primary drinking water regulation or adversely affect

human health. 42 U.S.C. § 300h(d)(2); 40 C.F.R. § 144.12.

In addition, the NRC Staff recognizes that, "In as much as EPA and other

approvals will be required, the NRC's determination as the lead agency on the mining

project may affect whether HRI can get the necessary approvals." NRC Staff Response

to Requests for Hearing and/or other Relief... at 47 (March 5, 1998). Therefore, the

NRC's findings and determinations on whether underground mining by HRI will affect

health and safety will carry weight outside the agency and should be analyzed in light of

the SDWA prohibition on such harmful injections.

A. The SDWA Applies to Protect the Westwater at Church Rock and
Crownpoint.

The goal of the SDWA is to protect current and future sources of public drinking

water from degradation due to industrial uses. In keeping with this purpose, Part C of

the SDWA directed the EPA to establish a regulatory program for the protection of

underground sources of drinking water from underground injection.15 EPA has

15 42 U.S.C.A. §§ 300h to 300h-8. Natural Resources Defense Council v.

Environmental Protection Agency, 824 F.2d 1258, 1271 (1st Cir. 1987) (finding overall intent of
SDWA is to protect future supplies of drinking water in holding that underground repositories
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promulgated regulations for states and tribes to administer UIC programs and set

minimum requirements for the program. 40 C.F.R. Parts 124, 144, 145 and 146. EPA's

program provides that:

[n]o owner or operator shall construct, operate, maintain, convert, plug, abandon,
or conduct any other injection activity in any manner that allows the movement of
fluid containing any contaminant into underground sources of drinking water, if
the presence of that contaminant may cause a violation of any primary drinking
water regulation under 40 CFR part 142 or may otherwise adversely affect the
health of persons.

40 C.F.R. § 144.12(a)

An aquifer qualifies as an "underground source of drinking water" if it (1)

supplies any public water system, or it (2) contains enough groundwater to supply a

public water system and either currently supplies drinking water for human consumption

or contains fewer than 10,000 mg/l total dissolved solids. 40 C.F.R. § 144.3.

The Crownpoint and Church Rock mine sites both meet the second definition of

an underground source of drinking water. The Westwater in all mine site areas contains

enough groundwater to supply a public water system. And, the Westwater at both

locations contains fewer than 10,000 mg/l total dissolved solids. Indeed the Crownpoint

and Unit 1 sites also meet the first definition. Water from the Crownpoint and Unit 1

mine sites is part of the Crownpoint municipal water supply.

B. The CUP will cause a violation of SDWA.

The Crownpoint Uranium Project will violate the SDWA prohibition on

are within scope of underground injection).
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underground injection which causes exceedances of drinking water standards or adversely

affect human health.

Taken and analyzed together, the testimonies of Dr. Abitz, Dr. Staub and Mr.

Wallace paint a compelling picture of how HRI's proposed ISL mining will cause

violations of drinking water standards in Crownpoint and endanger drinking water

sources at Church Rock, Unit 1 and Crownpoint. First, pregnant lixiviant containing high

levels of toxic and radioactive substances, including such human carcinogens as radium-

226 and arsenic, escapes HRI's mining zones. This excursion occurs because HRI has

failed to maintain a bleed rate sufficient to control lixiviant moving through its mining

zones, and, as Mr. Wallace and Dr. Staub have shown, the contaminated mining fluids

flow swiftly through the thin, narrow and long channels that course through the

Westwater Aquifer. The lixiviant plume, measuring less than 100 feet in width, flows

between perimeter monitor wells spaced 400 feet apart. The plume is drawn toward

Crownpoint, pulled by the pumping of the municipal wells. Along the way, the plume

oxidizes the rock and groundwater at its periphery, mobilizing more uranium, radium,

arsenic and molybdenum native to aquifer. By the time the widening plume is detected

by one of HRI's monitor wells, and an inflated upper control limit is exceeded,

contaminants will have invaded NTUA Well No. 1. The radium concentration in the

well balloons from less than a picocurie per liter to more than 5 pCi/l, violating the

federal drinking water standard.

52



This scenario, the endangerment of a high quality aquifer that currently serves and

may, in the future, serve as a source of drinking water, is the exact situation the SDWA

was intended to prevent. At the time of its passage, Congress enunciated a preference

that the phrase "underground injection which endangers drinking water sources" be

interpreted broadly:

It is the Committee's intent that the definition be liberally construed so as
to effectuate the preventative and public health protective purposes of the
bill. The Committee seeks to protect not only currently-used sources of
drinking water, but also potential drinking water sources for the future...
.The Committee was concerned that its definition of "endangering
drinking water sources" also be construed liberally. Injection which
causes or increases contamination of such sources may fall within this
definition even if the amount of contaminant which may enter the water
source would not by itself cause the maximum allowable limits to be
exceeded. The definition would be met if injected material were not
completely contained within the well, and if it may enter a present or
potential drinking water source, and if it (or some form into which it might
be converted" may pose a threat to human health or render the water
source unfit for human consumption.

H.R. Rep. No. 1185, 9 3rd Cong., 2d Sess., reprinted in 1974 U.S.C.C.A.N. at 6484.

Releases of toxic lixiviant into the Westwater aquifer will contaminate a present and

potential drinking water source, and will pose a threat to human health.

C. HRI Cannot Quality for An Aquifer Exemption.

HRI cannot obtain an aquifer exemption that would disqualify the Westwater at

either Crownpoint or Church Rock as an underground source of drinking water, pursuant

to 40 C.F.R. 146.4. To obtain such an exemption, HRI would need to demonstrate in an

aquifer exemption application that the aquifer:
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(a) "does not currently serve as a source of drinking water";
(b) it cannot now or in the future serve as a source of drinking water because

either:
(1) it is "mineral... producing", or can be demonstrated to contain minerals

that are "expected to be commercially producible";
(2) it is "economically or technologically impractical" to recover the water for

drinking water purposes due to depth or location; and
(3) it would be "economically or technologically impractical to render the

water fit for consumption" due to contamination;
(4) "[i]t is located over a Class III well mining area subject to subsidence or

collapse; or
(c) the TDS content is over 3,000 mg/l and the water "is not reasonably expected

to supply a public water system."
40 C.F.R. § 146.4.

HRI cannot obtain an aquifer exemption. Both Church Rock and Crownpoint

currently serve as a source of drinking water. In Church Rock, there is a domestic water

supply well in the Westwater within 1.5 miles. See UNC License Renewal. In

Crownpoint, water from the Crownpoint and Unit 1 mine sites currently serves the

Crownpoint municipal wells.

Second, assuming only for the sake of argument that none of the mine sites served

as a source of drinking water, it is unlikely that HRI could obtain an aquifer exemption.

HRI has argued in the past that it believes it could obtain an exemption because either the

water is unfit for consumption or it commercially possible to produce minerals. First, Dr.

Abitz has testified to the exceedingly good quality of the Westwater in non-ore body

zones, and has found that in some cases, water quality in the mineralized zones meets

drinking water standards. Abitz Testimony at 15, 20. HRI has not presented any

evidence that the water is so highly contaminated that treatment would be impractical to
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render the water fit for consumption. (EPA has discretion in considering an aquifer

exemption application. An aquifer "may be exempted" if the criteria listed above are met.

See 40 C.F.R. § 146.4.).

IX. THE FEIS FAILS TO ADEQUATELY DESCRIBE IMPACTS OF THE
CROWNPOINT URANIUM PROJECT ON GROUNDWATER.

In order for an EIS to serve its functions of informing decision makers and the

public, it is "essential" that the EIS not be based on "misleading" assumptions. Hughes

River Watershed Conservancy v. Agriculture Department, 81 F.3d 437, 446 (4th Cir.

1996) (rejecting EIS that contained misleading projections of a project's economic

benefits). Misleading assumptions "can defeat the first function of an EIS by impairing

the agency's consideration of the adverse environmental effects of a proposed project,"

and by "skewing the public's evaluation of a project." Id., citing South Louisiana

Environmental Council, Inc. v. Sand, 629 F.2d 1005, 1011-12 (5th Cir. 1980). See also

Johnston v. Davis, 698 F.2d 1088, 1094-95 (10'h Cir. 1983) (rejecting EIS where

"artificially" and "unrealistically" low discount rate, used to calculate benefits of the

water project, was "misleading" and resulted in "an unreasonable comparison of

alternatives to the proposed project;" Calvert Cliffs Coordinating Committee v. AEC, 449

F.2d 1109, 1115 (D.C. Cir. 1971) (observing that if a decision "was reached procedurally

without individualized consideration and balancing of environmental factors -

conducted fully and in good faith - it is the responsibility of the courts to reverse").

The agency preparing an EIS must also make an independent analysis, not just
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"rubber stamp" work done by a private applicant or consultant. Greene County Planning

Board v. Federal Power Commission, 455 F.2d 412, 420 (2 d Cir. 1972), cert. denied, 409

U.S. 849 (1972), quoting Calvert Cliffs Coordinating Committee, 449 f.2d at 1119.

Here, the FEIS utterly fails to serve its purpose of informing decision makers and

the public of the environmental impacts of the Crownpoint Project with respect to

contamination and cleanup of groundwater. Rather than independently evaluating the

environmental impacts of the Crownpoint Project on area groundwater, the FEIS

perpetuates HRI's misrepresentations, omissions, and distortions of information on a host

of relevant issues, including myriad and crucial aspects of the geology of the Crownpoint

area, the results of groundwater testing, the quality of the existing groundwater, and the

appropriate bleed rate used for controlling excursions."6 The extensive

misrepresentations, omissions and distortions are woven into a reassuring portrait of the

Crownpoint Project that falsely minimizes its risks, thus "impair[ing] fair consideration"

of the environmental impacts of the Crownpoint Project. Were the underlying data

completely and straightforwardly recorded and evaluated in an objective light, the

recommendation on whether to license the Crownpoint Project might well be completely

different. See Louisiana Energy Services (Claiborne Enrichment Center), LBP-96-25, 44

NRC 331, 341 (1996), quoting Silva v. Lynn, 482 F.2d 1282, 1284 (1st. Cir. 1973)

("[P]erhaps most importantly, 'the requirement of a detailed statement helps insure the

16 These misrepresentations and distortions are discussed extensively in the testimony of

Intervenors' experts and the discussion above.

56



integrity of the process of a decision by precluding stubborn problems or serious criticism

from being swept under the rug."') At the very least, the "blunder" of the project would

be a "knowledgeable" one. Id., quoting Matsumoto v. Brigenar, 568 F.2d 1289, 1290 (9th

Cir. 1978).

By relying on and repeating, without question or independent judgment, the

misrepresentations and distortions of HRI, NRC Staff has improperly used an official

government environmental study to lull the public into a false sense of security regarding

the environmental impacts of a project. The misrepresentations and distortions of

information are so severe and numerous as to raise the appearance of "a pattern showing

bias" by the NRC toward "justifying a previously made decision." Cedar-Riverside

Environmental Defense Fund v. Hills, 422 F. Supp. 294, 322 (D. Minn. 1976), vacated

and remanded for mootness, 560 F.2d 377 (8k' Cir. 1977) (approving a Special Master's

decision rejecting an EIS whose distorted and selective representation of evidence

regarding the environmental impacts of a proposed housing project demonstrate a bias

toward granting the permit.) The NRC's use of its official role to perpetuate such false

assurances is all the more egregious in light of the fact that the proposed Crownpoint

Project threatens the very life source of two Native American desert communities that

rely for their survival on a pure source of drinking water. The FEIS must be soundly

rejected for its lack of objective and accurate information and analyses, and the issuance

of the license for the Crownpoint Project must be reversed.
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CONCLUSION AND REQUEST FOR RELIEF

As demonstrated above, HRI's license application is fraught with significant

material misrepresentations, omissions, and distortions of material facts. Rather than

deny the license as required by NRC regulations, the NRC has granted it and asked HRI

to demonstrate at some future point that its operation is safe. Indeed, it is as if HRI had

applied to the NRC for a driver's license, and knocked down all of the orange cones in its

driving test. The NRC issued a license to HRI anyway and told the company to go out on

the road and learn how to drive. This result is not sanctioned by either the Atomic

Energy Act, its implementing regulations, or NEPA.

For the foregoing reasons, the Presiding Officer should:

1. Reject HRI's application as inadequate to protect groundwater and thus
inadequate to satisfy the requirements of the Atomic Energy Act and the pollution control
standards of the SDWA;

2. Find that the licensing of the Crownpoint Uranium Project is not supported by
an adequate FEIS that complies with NEPA; and

3. Revoke HRI's license because it was unlawfully issued and supported by an
inadequate EIS.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD PANEL

Before Administrative Judge Peter B. Bloch

)
In the Matter of )

)
HYDRO RESOURCES, INC. )

2929 Coors Road Suite 101 )
Albuquerque, NM 87120 )

)

Docket No. 40-8968-ML

ASLBP No. 95-706-01-ML

WRITTEN TESTIMONY OF DR. RICHARD J. ABITZ

On behalf of Eastern Navajo Din6 Against Uranium Mining ("ENDAUM") and

Southwest Research and Information Center ("SRIC"), Richard J. Abitz submits the

following testimony regarding ground water quality issues raised by Hydro Resources

Inc.'s ("HRI's") amended application for a source materials license.

Q.1. Please state your name and qualifications.

A.1. My name is Richard J. Abitz. I will summarize my professional qualifications.

Please refer to my resume, attached hereto as Exhibit A, for further details of my

education and experience. I received my Ph.D. in Geology from the University of

New Mexico in 1989 and have been employed as a geochemical consultant in the

environmental restoration industry since 1988. My work has encompassed virtually all

facets of environmental compliance, including permit applications, site investigations,

remedial investigations, feasibility studies, environmental impact statements,

groundwater monitoring, analysis of environmental chemical data, computer modeling



of soil and groundwater systems, and soil and groundwater restoration. My expertise

includes the application of geochemical principles, experimental methods, and computer

models to problems involving the solubility and mobility of hazardous and radioactive

elements, the origin and remediation of waters and soil contaminated by hazardous and

radioactive wastes and determination of the origin of contamination, and the design and

implementation of treatment of mixed and radioactive waste streams. I have authored

more than twenty-five technical papers and abstracts dealing with environmental

geochemistry that have been published in peer reviewed journals and presented at

professional society meetings. A list of these publications is included in my attached

resume (Exhibit A). I routinely provide my professional opinion as to the effectiveness

of groundwater monitoring and cleanup strategies in ensuring protection of human

health and the environment and compliance with environmental regulations.

I serve as a technical expert to the United States Department of Energy Fernald

Environmental Management Project in the area of uranium mobility in the

soil/groundwater system. In this capacity, I have become intimately familiar with the

variety of solid and liquid uranium species that occur in the environment and the

chemical and physical properties that affect the mobilization of uranium and its

radioactive progeny, including but not limited to radium-226. I am also familiar with

the following in situ uranium leach mining techniques: lixiviant design and

preparation, geometry of injection and extraction wells, geochemical reactions that

occur between the lixiviant and ore-zone minerals, ion-exchange processes used to
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recover uranium from the pregnant lixiviant, and groundwater sweep, reverse osmosis

and reductant treatment processes used to restore the mined groundwater zones.

Q.2. What is the purpose of your testimony?

A.2. I have been retained by ENDAUM and SRIC as a technical expert in the field of

geology and geochemistry, for the purpose of evaluating Hydro Resources, Inc.'s

("HRI's") application for a source and byproducts materials license for the Crownpoint

Uranium Solution Mining Project, Crownpoint and Church Rock, McKinley County,

New Mexico.

The purpose of this testimony is to set forth my professional opinion on the

adequacy of HRI's proposed project to protect and restore groundwater and drinking

water supplies. In my professional opinion, the HRI proposal is grossly inadequate

with respect to the hydrological and geological conceptual design, representation of

statistical groundwater data, monitoring plans, and restoration standards. Therefore,

proceeding with the proposed mining and restoration plan threatens the public health by

endangering the groundwater and drinking water supplies of Church Rock, Crownpoint

and surrounding Navajo communities in northwestern New Mexico.

Q.3. What materials have you reviewed in preparation for your testimony?

A.3. I have reviewed the following documents and correspondence:

Letter to Ms. Maxine S. Goad, Program Manager, Ground Water Section, Water
Pollution Control Bureau, Santa Fe, New Mexico, from G. A. Cresswell, Hydrological
& Environmental Affairs, Manager Uranium, Mobil Alternative Energy Inc., "Pilot In
Situ Test Crownpoint, Section 9, Radioactive Material License NM-MOB-UL-02,
Baseline and Restoration Data," November 10, 1980.
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Groundwater Monitoring at Uranium In Situ Solution Mines, U.S. Nuclear Regulatory
Commission, Staff Technical Position Paper WM-8102. December 1981.

Aquifer Restoration Techniques for In Situ Leach Uranium Mines, NUREG/CR-3104
& PNL-4583, U.S. Nuclear Regulatory Commission, Washington, D.C. and Pacific
Northwest Laboratory, Richland, Washington. February 1984.

Methods of Minimizing Groundwater Contamination from In Situ Leach Uranium
Mining, NUREG/CR-3709 & PNL-5319, U.S. Nuclear Regulatory Commission,
Washington, D.C. and Pacific Northwest Laboratory, Richland, Washington. March
1985.

Letter to Mr. Felix Miera, Program Manager, Uranium Licensing Section, Radiation
Protection Bureau, Environmental Improvement Division, Santa Fe, New Mexico,
from J.F. Cullen, Engineering Manager, Mobil Alternative Energy Inc., "Restoration
Progress Report Crownpoint Section 9 Pilot In Situ Leach Plant," January 22, 1986.

Letter to Thomas T. Olsen, Project Manager, U.S. Nuclear Regulatory Commission,
from J.F. Cullen, Engineering Manager, Mobil Alternative Energy Inc., "Restoration
Stability Program for Mobil's Crownpoint Section 9 Pilot In Situ Leach Plant," June 2,
1987.

An Analysis of Excursions at Selected In Situ Uranium Mines in Wyoming and Texas,
NUREG/CR-3967 & ORNL/TM-9956, U.S. Nuclear Regulatory Commission,
Washington, D.C. and Oak Ridge National Laboratory, Oak Ridge, Tennesee. July
1986.

U. S. Nuclear Regulatory Commission Environmental Assessment by the Uranium
Recovery Field Office in Consideration of the Release of Source Material License
SUA-1479 for Mobil Oil Corporation Crown Point, Section 9, In Situ Pilot Test
Project, McKinley County, New Mexico, Docket No. 40-8911, February 1988.

Power Resources, Inc., Highland Uranium Project, Section 21, 20 and 30-Sand Mine
Units Groundwater Restoration Plan, U.S. Nuclear Regulatory Commission Docket
No. 40-88578, SUA-1511. February 1991.

Letter to Mr. Bill Hogg, District I Supervisor, Wyomning Department of
Environmental Quality, from Bill Kearney, Sr. Environmental Hydrologist, Power
Resources, Inc., "Permit to Mine 603, Quarterly Report Ending Septmebr 30, 1991."
October 18, 1991.
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Environmental Assessment, Hydro Resources, Inc. Unit 1 Allotted Lease Program
Eastern Navajo District, New Mexico. Hydro Resources, Inc., Albuquerque, New
Mexico. January 1992. Hearing Record ACN 9509080065

Crownpoint Project, In-Situ Mining Technical Report. Hydro Resources, Inc.,
Albuquerque, New Mexico. June 1992. Hearing Record ACN 9211399381

Letter to Mr. Bill Hogg, District I Supervisor, Wyomning Department of
Environmental Quality, from W.F. Kearney, Environmental Director, Power
Resources, Inc., "Permit to Mine 603-A2, Well CM-15 Excursion." September 14,
1994.

Draft Environmental Impact Statement to Construct and Operate the Crownpoint
Uranium Solution Mining Project, Crownpoint, New Mexico. NUREG-1508, BLM
NM-010-93-02, BIA EIS-92-001. Uranium Recovery Field Office, U.S. Nuclear
Regulatory Commission, in cooperation with U.S. Bureau of Land Management and
U.S. Bureau of Indian Affairs. October 1994. (DEIS) Hearing Record ACN
9411160064

Letter to the Chief of the High-Level Waste and Uranium Recovery Projects Branch,
U.S. Nuclear Regulatory Commission, from Malcolm P. Dalton, Navajo Tribal Utility
Authority, Docket No. 40-8968, Hydro Resources, Inc. February 17, 1995.

Letter to the Chief of the High-Level Waste and Uranium Recovery Projects Branch,
U.S. Nuclear Regulatory Commission, from Peg Rogers, Navajo Nation Department of
Justice, "Comments on DEIS to Construct and Operate the Crownpoint Uranium
Solution Mining Project, Docket No. 40-8968, Hydro Resources, Inc." February 21,
1995. Hearing Record CAN 9503160168

Uranium Mining in Navajo Ground Water: The Risks Outweigh the Benefits.
Southwest Research and Information Center, Albuquerque, New Mexico. February 28,
1995.

Uranium Mill Tailings Remedial Action Project, 1994 Environmental Report, U.S.
Department of Energy, UMTRA Project Office, Albuquerque, New Mexico. August
1995.

Memorandum to Joseph J. Holonich U.S. Nuclear Regulatory Commission, from
William Ford and Chris McKenney, U.S. Nuclear Regulatory Commission, Trip
Report of 11/27 - 11/29/95 Site Tour of Proposed Hydro Resources, Inc., In-Situ
Leach Facility in Crownpoint, New Mexico. December 14, 1995. Hearing Record
ACN 9512210192
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Letter to Mike Layton, U.S. Nuclear Regulatory Commission, from Mark S. Pelizza,
Hydro Resources, Inc., Crownpoint Project Water Quality Information. June 18,
1996.

Letter to Ms. Georgia Cash, District I Supervisor, Wyoming Department of
Environmental Quality, from P.R. Hildenbrand, Manager of Environmental &
Regulatory Affairs, Power Resources, Inc., "Permit to Mine 603-A2, Quarterly
Report, Period Ending June 30, 1996." August 6, 1996.

Crownpoint Uranium Project Consolidated Operations Plan, Revision 0, Hydro
Resources, Inc., Albuquerque, New Mexico. September 1996. Hearing Record ACN
9701160106

Review Comments to Hydro Resources, Inc. Responses to NRC Requests for
Additional Information ("RAI"). Navajo Nation Environmental Protection Agency,
Window Rock, Arizona. November 1996.

Letter to Richard F. Clement, Jr., Hydro Resources, Inc., from Joseph J. Holonich,
U.S. Nuclear Regulatory Commission, "Proposed Requirements and Recommendations
for the Crownpoint, New Mexico Uranium Solution Mining Project," December 20,
1996. Hearing Record ACN 9701030069

Final Environmental Impact Statement to Construct and Operate the Crownpoint
Uranium Solution Mining Project, Crownpoint, New Mexico, NUREG-1508, BLM
NM-010-93-02, BIA EIS-92-001. Office of Nuclear Material Safety and Safeguards,
U.S. Nuclear Regulatory Commission, in cooperation with U.S. Bureau of Land
Management and U.S. Bureau of Indian Affairs. February, 1997. ("FEIS"). Hearing
Record ACN 9703200270

Crownpoint Uranium Project Consolidated Operations Plan, Revision 2.0. Hydro
Resources, Inc., Albuquerque, New Mexico. August 15, 1997. Hearing Record ACN
9708210179

Intervenors ENDAUM and SRIC's Second Amended Request for Hearing, Petition to
Intervene, and Statement of Concerns. New Mexico Environmental Law Center,
Santa Fe, New Mexico, and Diane Curran, of Harmon, Curran, Spielberg &
Eisenberg, Washington, D.C. August 15, 1997.

1997 Annual Report for the Highland Uranium Project, Permit 603, Power Resources,
Inc., Glenrock, Wyoming. September 1997.
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Draft Standard Review Plan for In Situ Leach Uranium Extraction License
Applications. NUREG-1569 Division of Waste Mangement, Office of Nuclear
Material Safety and Safeguards, U.S. Nuclear Regulatory Commission, Washington,
DC, October 1997.

Environmental Impact Assessment for Uranium Mine, Mill and In Situ Leach Projects,
IAEA-TECDOC-979, International Atomic Energy Agency, Vienna, Austria.
November 1997.

Errata sheets to FEIS. U.S. Nuclear Regulatory Commission. November 1997.

Safety Evaluation Report, Hydro Resources, Inc. License Application for Crownpoint
Uranium Solution Mining Project, McKinley County, New Mexico. U.S. Nuclear
Regulatory Commission, Washington, D.C. December 5, 1997.

Numerous "Requests for Additional Information" from NRC to HRI and HRI's
responses to those RAIs. 1996-1997.

HRI's Source Materials License SUA-1508 (January 5, 1998). Hearing Record ACN
980116066

Letter to Mr. Lee Parham, Sr. Environmetal Investigator, Texas Department of

Licensing and Regulation, and Mr. Joe Vogel, Deputy Director, Texas Natural
Resources Conservation Commission, from Richard Lowerre, Henry, Lowerre,
Johnson, Hess & Frederick Attorneys at Law, "Violations by URI, Inc. of Chapters
26, 27 and 32 of the Texas Water Code and Rules Governing Installation and
Completion of Water Wells and Moinitoring Wells at URI's Uranium Mine in Kleberg
County, TNRCC Permit No. UR02827," June 4, 1998.

Affidavits of William H. Ford and Christopher McKenney, attached to the U.S. Nuclear
Regulatory Commission Staffs Response to Motion for Stay, Request for Prior Hearing,
and Request for Temporary Stay, along with some of the cited documents (February 20,
1998) ["Ford Affidavit" and "McKenney Affidavit"]

Affidavits of Mr. Richard F. Clement, Jr., Mr. Mark S. Pelizza and Mr. Craig S. Bartels,
attached to HRI's Response to Petitioners' Motion for Stay ("HRI's Response") (January
26, 1998) along with some of cited documents ["Clement Affidavit" "Pelizza Affidavit"
and "Bartels Affidavit"].

Letter to Ms. Georgia Cash, District I Supervisor, Wyomning Department of

Environmental Quality, from P.R. Hildenbrand, Manager of Environmental &
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Regulatory Affairs, Power Resources, Inc., "Permit to Mine 603-A2, September 1998
Excursion Report." October 14, 1998.

Affidavit of Michael G. Wallace (January 13, 1998), filed in support of ENDAUM's
and SRIC's Motion for Stay, Request for Prior Hearing, and Request for Temporary
Stay; Reply Affidavit of Michael G. Wallace (March 4, 1998), filed in support of
ENDAUM's and SRIC's Motion for Leave to Reply to HRI's and NRC Staff's
Responses to Stay Motion (March 6, 1998); Third Affidavit of Michael G. Wallace
(September 1, 1998), filed in support of ENDAUM's and SRIC's Scheduling
Conference Brief (September 2, 1998); Fourth Affidavit of Michael G. Wallace
(December 10, 1998), filed in support of ENDAUM and SRIC's Motion for Issuance
of a Subpoena for the Production of Documents...

I am also knowledgeable about the geology, mineral deposits, and stratigraphic

nomenclature for the Jurassic rocks in the Grants/Gallup uranium district, where the

proposed Crownpoint Uranium Project sites are located. My knowledge includes

familiarity with the content of the following publications:

(Selected papers in:) Geology and Technology of the Grants Uranium Region, 1963,
compiled by Vincent C. Kelley. New Mexico Bureau of Mines and Mineral Resources,
Memoir 15, 271 p. 1963.

Wentworth, D.W., Porter, D.A., Jensen, H.N. Geology of Crownpoint Sec. 29
Uranium Deposit, McKinley County, and other selected papers in: Geology and
Mineral Technology of the Grants Uranium Region, 1979, compiled by Christopher A.
Rautman. New Mexico Bureau of Mines and Mineral Resources, Memoir 38, 401 p.
1980

Turner-Peterson, C.E. Fluvial Sedimentology of a Major Uranium-Bearing Sandstone
- A Study of the Westwater Canyon Member of the Morrison Formation, San Juan
Basin, New Mexico, in American Association of Petroleum Geologists, Studies in
Geology no. 22, Tulsa, Oklahoma. 1986.

Anderson, Orin J. and Spencer G. Lucas. Base of the Morrison Formation, Jurassic,
of Northwestern New Mexico and Adjacent Areas, New Mexico Geology, v. 17, no.
3, pp 44-53. 1995.
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(Selected papers in:) A Basin Analysis Case Study: The Morrison Formation Grants
Uranium Region New Mexico. C.E. Turner-Peterson, E.S. Santos, N.S. Fishman,
eds. American Association of Petroleum Geologists, Tulsa, Oklahoma. 1995.

Anderson, Orin J. and Spencer G. Lucas. The Base of the Morrison Formation (Upper
Jurassic) of Northwestern New Mexico and Adjacent Areas, in The Continental
Jurassic, Michael Morales, ed., Museum of Northern Arizona Bulletin 60, pp. 443-
456. 1996.

Finally, I have participated in numerous telephone calls and conference calls with other

members of ENDAUM's and SRIC's team of experts to discuss issues regarding HRI's

project. I have also conducted site visits to Church Rock, Crownpoint, and the

surrounding Navajo communities.

Q.4. Please describe the water quality of the groundwater in the Westwater

Canyon Member that will be affected by HRI's Crownpoint Uranium Project.

A.4. Mining is proposed to take place within a potable groundwater supply (i.e.,

within a human drinking water aquifer) located in the Westwater Canyon Member of

the Morrison Formation. Within the Westwater Canyon Member, water quality with

respect to uranium and radium varies greatly between zones containing uranium ore

(a.k.a., mineralized zones of the aquifer) and zones lacking uranium ore. The ore

bearing zones occupy a small fraction of the Westwater Canyon Member and, hence,

only a small fraction of the groundwater in the aquifer is in contact with the ore

mineralization. HRI's extraction of uranium from the ore zones will undoubtably

degrade the quality of the surrounding groundwater via excursions, and there has been

no successful restoration of an ISL operation to drinking water standards for selenium,

radium, and uranium. Currently, in non-ore zones of the Westwater Canyon Member,
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the aqueous concentrations of constituents of concern for drinking water standards

(e.g., uranium, radium-226, chloride, sulfate, etc) are well below EPA primary and

secondary drinking water standards.

The mine zone aquifer within the Westwater Canyon Member lies below a vast

area in McKinley and San Juan Counties in New Mexico. See attached map, Exhibit

B. The Westwater Canyon Member is a complex sequence of braided stream deposits

containing thin sand channels that are stacked on top of each other and commonly

separated by layers of mudstones and siltstones. See infra page 28. In some of the

thin sand channels within the Westwater Canyon Member, uranium has been deposited

as a series of stacked roll-front deposits that trend along a narrow arc, which defines

the regional uranium reduction front in the aquifer. See Kirk and Condon, Plate' B,

Uranium Deposits, Westwater Canyon Member, a copy of which is attached hereto as

Exhibit C. Attached hereto as Exhibit D is a figure from the IAEA conference of June,

1997, which illustrates the intricacy of these mineralized stacked roll fronts.

NRC guidance recommends identifying separate water quality zones for ore and

non-ore zones of an aquifer. NRC Staff Technical Position Paper WM-8102,

"Groundwater Monitoring at Uranium In Situ Solution Mines," December, 1981

("Groundwater Monitoring STP"), a copy of the relevant pages of which is attached

hereto as Exhibit E. Additionally, the NRC Draft Standard Review Plan recognizes

that water quality, with respect to uranium and radium, can vary greatly in the same
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aquifer when uranium roll-front deposits are formed. More specifically, the Standard

Review Plan indicates that:

The average water quality for each aquifer zone, and the range of each
indicator in the zone, must be tabulated and evaluated. If zones of
distinct water quality characteristics are identified, they are delineated
and referenced on a topographic map. For example, since uranium roll-
front deposits are formed at the interface between chemically oxidizing
and reducing environments, water quality characteristics may differ
significantly across the roll front.

Draft Standard Review Plan for In Situ Leach Uranium Extraction License

Applications, at 2-25, NUREG-1569, Division of Waste Management, Office of

Nuclear Material Safety and Safeguards, U.S. Nuclear Regulatory Commission,

Washington, DC, October 1997, a copy of the relevant pages is attached hereto

as Exhibit F.

Water quality in the non-ore zones of the Westwater Canyon Member at Church

Rock (Sections 8 and 17) and Crownpoint is very good to excellent with respect to all

primary and secondary drinking water standards (Table 1), whereas groundwater within

the ore zone at Church Rock exceeds the radium-226 and uranium standards. Also,

restoration values for the Teton Pilot in situ test, which was conducted 2 miles west of

Church Rock, are shown for comparison. Only a very small volume of rock was
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TABLE 1

Parameter MCLa Church Rock Crownpoint Teton Pilot
(mg/L) (mg/L) (mg/L) (mg/L)

Primary Standards non-ore ore non-ore ore restoration
zone zone zone zone values

Arsenic 0.05 0.001 0.002 0.001 0.001 0.032

Barium 2 0.08 0.06 0.04 0.06 0.07

Cadmium 0.005 0.0001 0.0002 0.0001 0.0001 <0.01

Chromium 0.1 0.01 0.01 0.01 0.01 <0.05

Fluoride 4 0.39 0.30 0.24 0.33 0.30
Mercury 0.002 0.0001 0.0001 0.0001 0.0001 <0.001

Nitrate (as N) 10 0.01 0.02 0.02 0.04i 1.34
Selenium 0.05 0.001 0.001 0.001 0.001 0.72

226Radium 5 b (pCi/L) 0.3 8.6' 0.5 0.7' 8.5
(pCi/L) (pCi/L) (pCi/L) (pCi/L) (pCi/L)

Uranium 0.044c 0.002e 0.303' 0.001 0.006 2.7
Secondary Standards

Chloride 250 6.1 6.0g 3.5 3.2' 6.0
Iron 0.3 0.03 0.04 0.04 0.05 0.67

Manganese 0.05 0.01 0.01 0.01 0.01 <0.05
Silver 0.1 0.01 0.01 0.01 0.01 not reported

Sulfate 250 24 37' 35 37 37
TDS 500 364 364' 314 326 426

a Maximum Contaminant Level
b MCL is for 226Ra + 228Ra.

c EPA promulgated UMTRA standard for uranium is 30 pCi/L,
assuming a natural distribution of uranium isotopes.

d Outlier values of 24 and 26 removed.
e Outlier value of 0.494 removed.

'Outlier values of 6.28, 6.66, 10.0, and 10.4 removed.
g Outlier values of 10 and 12 removed.
h Outlier value of 71 removed.

Outlier values of 435 and 451 removed.
Outlier value of 0.26 removed.
Outlier value of 1.8 removed.
Outlier value of 15 removed.

which is equivalent to 0.044 mg/L when

1Outliers are single nonrepeating values for a well that lie outside 95 percent of the
population (i.e., outside the range of± two standard deviations).
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disturbed at the Teton site, yet the restoration was unsuccessful for selenium, radium,

and uranium. This important point is revisited in Question 9.

With regard to the radium and uranium standards in Table 1, the EPA drinking

water standard for radium-226 plus radium-228 is 5 pCi/L, while the EPA promulgated

1995 UMTRA groundwater standard for uranium-234 plus uranium-238 is 30 pCi/L

(which is normally equivalent to 0.044 mg/L total uranium). 40 C.F.R. Part 192,

Subpart A, Table 1; 60 Fed.Reg. 2854-2867 (January 11, 1995). In 1991, EPA

proposed a drinking water standard for uranium of 0.020 mg/L, 56 Fed.Reg. 33126

(July 18, 1991), and this proposed standard is adopted as the drinking water standard

for the aquifer below the Fernald Superfund Site.

As can be seen in Table 1, monitored water quality parameters have

concentrations well below primary and secondary drinking water standards for all

constituents, except radium-226 and uranium values in the Church Rock ore zone. The

elevated levels of radium and uranium at the Church Rock site are very likely to be

related to previous upgradient underground mining acitivities at this site, as elevated

levels for radium and uranium are not observed in the Crownpoint ore zone. The

drinking water quality of groundwater in the Westwater Canyon Member at Church

Rock and Crownpoint is discussed in more detail below.

Church Rock Water Quality

In the Section 8 ore zone at the Church Rock site, HRI reported quarterly water

quality data from December 1987 through March 1989 for wells CR-3, CR-4 (plugged
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after July 1988), CR-5, CR-6, CR-7, and CR-8. Church Rock Project Revised

Environmental Report, March 1993. The analytical data indicate that drinking water

quality in the Westwater Canyon Member at Church Rock is very good (Table 1), with

the exception of radium-226 and uranium values in areas of mineralization. The

average uranium and radium-226 values in groundwater samples from six wells in

Sections 8 and 17 of the Church Rock site are summarized in Table 2. Note that only a

small fraction of the Westwater Canyon Member contains uranium mineralization, yet

all of the wells except CR-7 were placed in mineralized sand channels of the Westwater

Canyon Member.

TABLE 2

CR-3 CR-4 CR-5 CR-6 CR-7 CR-8
Uranium 0.060a 0.035 0.013b 0.474 0.002c 6.63
(mg/L)

Radium-226 15.2 3.9 5.3' 5.9 0.3 13.1
(pCi/L)

a Outlier value of 0.104 removed.
Outlier value of 0.068 removed.
Outlier value of 0.494 removed.

Well CR-7 is separated from the mineralized sand channels in this area by a clay

bed, and the well is completed in the lowest sand of the Westwater Canyon Member.

Therefore, wells CR-3, CR-4, CR-5, CR-6, and CR-8 reflect variability in the uranium

and radium-226 values in ore zones, while CR-7 reflects uranium and radium-226 water

quality in non-ore zones. These combination of wells were used to calculate the non-

ore and ore zone compositions shown in Table 1. As only a small fraction of the

Westwater Canyon Member contains uranium mineralization, the largest volume of
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groundwater in this area is of the very good quality exhibited by uranium and radium-

226 water analyses for well CR-7. The differences between uranium and radium-226

values in groundwater from non-ore zones and the ore zone are clear (Tables 1 and 2).

Accordingly, HRI should establish baseline water quality in the Church Rock area for

non-ore and ore zones as indicated in Table 1.

It is important to note that some of the wells within the mineralized zones (CR-4

and CR-5) also meet the EPA promulgated UMTRA groundwater standard of 30 pCi/L

for uranium-234 plus uranium-238 (which is the equivalent of 0.044 mg/L total

uranium) and 5 pCi/L for radium-226 plus radium-228, when individual wells within

the ore zone are treated as separate populations (Table 2), rather than combining all ore

zone wells into one population (Table 1). That is, undisturbed groundwater in the

mineralized zones is not necessarily unfit for human consumption. The elevated levels

of uranium and radium-226 in groundwater from well CR-8 in Section 17 likely reflect

previous underground mining operations carried out at the Church Rock mine in

Section 17, which is directly south of and hydrologically upgradient from CR-8.

Crownpoint Water Quality

Groundwater quality in the Westwater Canyon Member was summarized in

HRI's Crownpoint Project In Situ Mining Technical Report (June 1992). Major-ion

chemistry of the water is similar to the Church Rock site (Table 1), that is the

groundwater is dominantly a sodium/bicarbonate water of very good quality for human

consumption. Most of the sampled wells at Crownpoint contain groundwater that meets
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all EPA primary and secondary drinking water standards. One well, CP-2, samples

groundwater that does not meet the drinking water standards for total dissolved solids

(TDS), chloride, and radium (Table 3), and this may be attributed to improper

completion and development of the well, or the use of the well for unknown testing

purposes.

TABLE 3

CP-_1 CP-2 CP-3 CP-4 CP-5 CP-6 CP-7 CP-8
TDS 380 2888 581 371 300 314 337 322

Chloride 15 1325 42 6.0 2.5 3.5 3.0 3.5
Uranium 0.006 0.014 0.004 0.001 0.012 0.001 0.001 0.004

(mg/L)

Radium-226 0.9 391 1.8 0.8 1.0 0.5 0.4 0.8
(pCi/L)

Groundwater quality for CP-2 is poor, and the major-ion chemistry is

uncharacteristic of the Westwater Canyon Member. Elevated levels of calcium (120

mg/L), magnesium (12 mg/L), potassium (847 mg/L), sulfate (70 mg/L), chloride

(1325 mg/L), and radium-226 (391 pCi/L) distinguish this groundwater composition

from indigenous water of the Westwater Canyon Member (calcium < 5 mg/L,

magnesium < 2 mg/L, potassium < 10 mg/L, and Table 1). In my professional

opinion, this indicates some anthropogenic source for the solute or slotting of the casing

in a zone of poor water quality below or above the Westwater Canyon Member. HRI

completion records do not indicate slotted casing outside of the Westwater Canyon

Member, which suggests that solute was introduced into this well for some test

purpose, or that drilling brine and mud were not succesfully removed during
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development of the well. If the well was not succesfully developed, remnants of solute

from a chloride brine and elevated radium-226 activity, possibly from a barium-

enriched mud used during drilling, would remain and contaminate groundwater samples

removed from the well. The composition is not indigenous of the Westwater Canyon

Member, and HRI should have omitted samples from well CP-2 when baseline water

quality was established.

A second well, CP-3, does not meet the drinking water standard for TDS (Table

3). Relative to indigenous groundwater in the Westwater Canyon Member (potassium

< 10 mg/L and Table 1), well CP-3 contains elevated levels of potassium (42 mg/L),

sulfate (140 mg/L), and chloride (42 mg/L), causing the TDS of this water to exceed

EPA drinking water standards. CP-3 is proximal to CP-2, and the elevated chloride

and potassium values indicate that the poor CP-2 groundwater chemistry is affecting

CP-3 groundwater quality. This is likely to be the result of dissolved constituents at

CP-2 being pulled into the field of CP-3 during the HRI pump test at CP-5 (see HRI's

Crownpoint Project In Situ Mining Technical Report, June 12, 1992). Elevated levels

of sulfate in CP-3, relative to CP-2, may indicate introduction of a sulfate-rich water,

possibly from the overlying Dakota Formation. HRI also failed to omit groundwater

samples from well CP-3 when they established baseline conditions in the Westwater

Canyon Member.

Well completion records for CP-1 through CP-8 show all wells to be slotted

over multiple intervals in the Westwater Canyon Member, rather than at a specific ore-
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zone horizon. This may account for the lower uranium and radium-226 values relative

to wells at Church Rock (Table 1). All groundwater samples from the ore and non-ore

zones at Crownpoint meet EPA drinking water standards (Table 1), and are well below

the EPA promulgated UMTRA standards of 30 pCi/L for uranium-234 plus uranium-

238 (normally 0.044 mg/L total uranium) and 5 pCi/L for radium-226 plus radium-228.

Based on HRI's Crownpoint Project In Situ Mining Technical Report (June 12,1992),

ore-zone baseline in the Westwater Canyon Member near Crownpoint should be

determined from wells CP-1, CP-4, CP-5, CP-7, and CP-8, and non-ore zone

groundwater is represented by CP-6. These wells were grouped as described above to

produce the Crownpoint non-ore and ore zone summary in Table 1. It was also noted

above that HRI's use of CP-2 and CP-3 to establish baseline water quality is

inappropriate, due to the presence of nonindigenous fluids in these wells. Therefore,

these analyses have been omitted from the statistical averages presented in Table 1.

Unit 1 Water Quality

I reviewed 1982 groundwater quality data in the Westwater Canyon Member

below HRI's Unit 1 area, as reported by Mr. Mark Pelizza of HRI in his June 18, 1996

letter to Mr. Mike Layton of the U.S. NRC, a copy of which is attached hereto as

Exhibit G. In his June 18, 1996 letter, Mr. Pelizza included a base map showing the

location of production and monitoring wells within HRI's Unit 1 and 1982 groundwater

analyses obtained from Mobil Oil Corporation, the owner of the site in 1982. Several

of the groundwater analyses could not be identified with a production well or

18



monitoring well on the map, and thus, they were excluded from my evaluation. The

following discussion is based on analytical results from 18 monitoring wells (i.e., wells

surrounding the ore zone) and 24 production wells (i.e., wells within the ore zone).

These results are attached to Mr. Pelizza's June 1 8 th letter.

The groundwater at Unit 1 is similar in composition to indigenous water found

in the Westwater Canyon Member near Crownpoint and Church Rock, and the same

very good drinking water quality is demonstrated by analyses that show all primary and

secondary drinking water standards are met in most locations. Exceptions are

groundwater from several of the production wells within the ore zone that exceed the

uranium-234 plus uranium-238 and radium-226 plus radium-228 EPA promulgated

UMTRA standards (5 pCi/L radium) and from two monitoring wells that exceed the

radium-226 UMTRA standard. A summary of the average uranium and radium-226

values for the production and monitoring wells is given in Table 4.

TABLE 4

Production Wells Monitoring Wells
Uranium 0.015 0.001a

(mg/L)
Radium-226 19.6 1.9b

(pCi/L)
aAll monitoring wells reported uranium as less than 0.001 mg/L, with the
exception of a single analysis at 0.004 mg/L.
bOutlier values of 33 and 18 pCi/L removed.

Although there is no clear distinction between the major-ion composition of

groundwater within the production and monitoring wells, groundwater in the ore zone
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can be distinguished by uranium and radium-226 values that are an order of magnitude

above the groundwater collected by the monitoring wells. As noted in my discussion

on water quality from the Church Rock site, a clear distinction should be made between

groundwater in the ore zone and groundwater outside the ore zone to avoid elevating

the baseline groundwater values for uranium and radium-226 in groundwater outside

the ore zone.

Based on the above evaluation of groundwater quality in the Church Rock,

Crownpoint, and Unit 1 areas, groundwater outside of the ore zones is of very good

drinking water quality with respect to all primary and secondary drinking water

standards, whereas groundwater within the ore zones commonly exceeds the radium-

226 plus radium-228 standard and may exceed the uranium 234 plus uranium-238

standard. Only a small fraction of the groundwater in the Westwater Canyon Member

is found in the braided ore zone deposits, yet the majority of groundwater samples are

obtained from production wells placed in the ore zone. Therefore, the HRI statistical

analysis, which treats all groundwater samples as the same population, is strongly

biased to uranium and radium-226 values observed in the ore zone.

Q.5. With such distinct zones of water quality with respect to uranium and

radium, what is your evaluation of how restoration goals need to be established for

the Crownpoint Uranium Project?

A.5. The HRI license does not provide a role for the NRC in establishing restoration

goals, other than directing that the baseline mean of the data collected shall be used to
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establish the restoration goals. See License SUA-1508 Condition 10.21. Therefore,

HRI is presumably responsible for determining restoration goals. To assess HRI's

methods for determining pre-mining water quality, I reviewed the summary data in the

FEIS on groundwater quality at the Crownpoint mine site (Table 3.13 at 3-27) and the

raw data from which Table 3.13 was derived (HRI Crownpoint Technical Report, June

12, 1992, at 34-43). Based on this initial review, I suspected that HRI had combined

water quality data from monitoring wells that had poor (denoted by HRI as CP-2) and

suspect (denoted by HRI as CP-3 and CP-9) water quality (see my response to Question

4) with data from several monitoring wells (CP-5, CP-6, and CP-7) that had good to

very good water quality. As I stated in my response to Question 4, baseline should be

determined for groundwater in the ore zone and groundwater outside the ore zone

(Table 1). Groundwater analyses in the non-ore zone (Table 1) represent groundwater

as good as that reflected in the Town of Crownpoint water wells (FEIS, Table 3.12 at

3-26). Baseline values in Table 1 are in stark contrast to HRI's baseline water quality

for Crownpoint as reported in Table 3.13 of the FEIS, where HRI combines poor water

quality from wells that contain an anthropogenic component or nonindigenous

Westwater Canyon Member groundwater with indigenous water from several wells that

reflect the high quality drinking water found in non-ore zones. In doing so, HRI

inflated average baseline values for potassium, chloride, TDS and, most notably,

radium-226. The baseline values must more closely reflect the existing quality of non-

ore-zone groundwater that will be impacted by the project.
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To illustrate the bias introduced by HRI's improper statistical approach, I used

HRI's raw data to calculate mean (i.e., average) concentrations and standard deviations

for several selected chemical and radiological constituents. I have duplicated a small

portion of that exercise in Table 5 for the constituents TDS, uranium and radium-226.

Table 5 shows a clear contrast in water quality (1) between well CP-2 and the seven

other monitoring wells that, like well CP-2, were completed in the Westwater Canyon

Member, and (2) between wells CP-2 and CP-3 (TDS only) and the Town of

Crownpoint wells that also tap the Westwater Canyon Member. The contrast is

particularly apparent for radium-226; the average concentration of four samples from

CP-2 was 391.1 pCi/L, or about 400 times the average concentration in 19 samples

from the other six monitoring wells and nearly 800 times the average concentration of

four samples from the town wells.

TABLE 5

Well(s) Constituent Units n Minimum Maximum Aver- Standard
age Deviat'n

CP-2 TDS mg/L 4 2730 3190 2887.5 206
Uranium mg/L 4 0.008 0.021 0.014 0.005
Radium-226 pCi/L 4 128 806 391.3 324.1

CP-3 TDS mg/L 5 308 666 567 150
Uranium mg/L 5 < 0.001 0.013 0.004 0.006
radiium-226 pCi/L 5 0.8 2.5 1.8 0.6

CP-1, -4, -5, TDS mg/L 19 281 380 323 25
-6, -7 & -8 Uranium mg/L 19 0.001 0.013 0.007 0.006

Radium-226 pCi/L 19 0.1 1.8 1.0 1.5

Crownpoint TDS mg/L 4 325 406 371 39.6
town wells Uranium mg/L 4 <0.001 0.007 0.003 0.003

Radium-226 pCi/L 4 0.3 0.6 0.5 0.2
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I then combined the data for well CP-2 with the data for wells CP-3, CP-5, CP-

6, CP-7 and CP-9 to duplicate the summary data in Table 3.13 of the FEIS. The

resulting average radium-226 concentration was 58.7 pCi/L,2 or nearly 59 times greater

than the average concentration of radium-226 in all other CP monitoring wells and 120

times the average concentration in the town wells.

I concluded from this exercise that HRI had artificially inflated "average"

baseline concentrations by combining data from two monitoring wells (CP-2 and CP-3)

having poor water quality with data from four other monitbring wells (CP-5, CP-6, CP-

7, CP-8) having very good water quality. Although a single good analysis is available

for wells CP-1 and CP-4, HRI did not use these results in their calculations. I have

included CP-1 and CP-4 in calculations presented in Tables 1, 3 and 5. In response to

question 4, I have given an explanation for the probable difference in water quality in

monitoring wells CP-2 and CP-3 relative to the others and noted that baseline must be

determined for groundwater outside the ore zone. My recommendation is in contrast to

HRI's method for determining average baseline by combining differing water qualities,

but is wholly consistent with recommended approaches in the Groundwater Monitoring

STP and the NRC's Draft Standard Review Plan. The Groundwater Monitoring STP

recommends that "[a]verage water quality in each [aquifer] zone and range of each

indicator in the zone should be tabulated and evaluated." Groundwater Monitoring STP

2 The average radium-226 concentration of 65.86 pCi/L in Table 3.13 of the FEIS was

in error. The correct value of 58.7 pCi/L was reflected in NRC's November 1997
errata sheets.
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at 16. In the context of hydrologic "acceptance criteria," the Draft Standard Review

Plan states that uranium in situ leach mine applications should include " [r]easonably

comprehensive chemical and radiological analyses of water samples, obtained within

the ore body and at locations away from the ore body. " Draft Standard Review Plan at

2-23 (emphasis added).

In the documents I have reviewed, I find no evidence that HRI has tabulated,

evaluated or mapped water qualities from the different ore and non-ore zones present in

the Westwater Canyon Member at any of the three proposed mine sites, nor has HRI

described changes in water quality at the redox boundary between the ore and non-ore

zones. As demonstrated in my response to Question 4, the analytical data are available

to establish baseline in ore and non-ore zones, yet HRI has neglected to do so. On the

contrary, HRI uses an inappropriate method by "combining" groundwater analyses

from ore and non-ore zones to establish "average" pre-mining water quality conditions

at Church Rock, Crownpoint, and the Unit 1 sites (FEIS, Table 3.16 at 3-32).

Therefore, the HRI results presented in the FEIS are not representative of the

indigenous groundwater in the Westwater Canyon Member and baseline must be re-

established based on the approach presented in Table 1.
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Q.6. How do the baseline uranium and radium values at the mine sites for the

Crownpoint Uranium Project compare to Groundwater Quality at other ISL

Mines?

A.6. None of the other uranium ISL mines in the United States have begun with

baseline averages for uranium and radium that are as low as the baseline averages for

the Crownpoint Uranium Project, and no ISL operation to date has restored

groundwater to federal drinking water standards.

In response to Questions 4 and 5, I listed baseline water quality averages for the

three HRI mine sites in non-ore zones, and these are again summarized in Table 6. For

the purpose of comparing these values to other ISL operations, I have attached a table

listing data HRI submitted on other ISL mines in response to the NRC's RAI No. 52

(Exhibit H). Of the twenty-one pilot and commercial ISL mines described by HRI,

uranium baseline varied from 0.01 to 5 mg/L, with the lowest value being an order of

magnitude higher than the observed uranium concentrations in groundwater at the CUP

sites (Table 6). For radium-226, the ISL sites listed by HRI show a baseline range of

5.6 to 953 pCI/L, all of which exceed the EPA drinking water standard. At the CUP

sites, radium-226 baseline at all three sites is less than 2 pCi/L, and all the CUP sites

meet the EPA drinking water standard for uranium. Therefore, to the best of my

knowledge, ISL operations have never been attempted in aquifers that meet all EPA

primary and secondary drinking water standards, presumably because it is known that
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the restoration technology is not capable of returning high quality drinking water

aquifers to their initial pristine state.

TABLE 6

Uranium (mg/L) Radium-226 (pCi/L)

Church Rock 0.002 0.3

Crownpoint 0.001 0.7

Unit 1 0.001 1.9

Q.7. Please describe the chemistry of pregnant lixiviant that is expected to be

recovered at the proposed mine sites.

A.7. The lixiviant consists of native groundwater fortified with sodium bicarbonate,

oxygen, and carbon dioxide, and injected into the ore zones to induce oxidation

reactions. COP Rev. 2.0, Figure 3.1-1. Metals mobilized from the ore zone by

oxidation reactions (e.g., uranium, arsenic, molybdenum, and selenium) enter the

groundwater/lixiviant mix to produce a pregnant lixiviant that is extracted for recovery

of uranium. Once uranium is oxidized to the uranyl ion (UO 2
2+), it quickly reacts with

the available carbonate ion (CO3 ) in the lixiviant to form the uranyl di- and tri-

carbonate complexes (U0 2(CO 3)2
2- and U0 2(CO3)3

4-). The aqueous uranium complexes

are recovered by passing the pregnant lixiviant through ion-exchange columns.

For this project, the FEIS contains estimates of the concentration levels of

several chemicals that will be found in the lixiviant. FEIS, Tables 2.1, 3.12, and 4.13.

Table 7, summarizes a range of values for the expected pregnant lixiviant and shows
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that concentrations of arsenic, chloride, radium-226, selenium, sulfate, TDS, and

uranium are significantly elevated relative to drinking water standards:

TABLE 7

CHEMICAL LIXIVIANT DRINKING WATER
CONCENTRATION (mg/L) STANDARD

Arsenic* 0.054 0.05
Bicarbonate 800-1,500
Calcium 100-350
Chloride 250-1,800 250.0
Magnesium 10-50
Molybdenum* 62
Potassium 25-250
Radium 226 +228 100 - 1,000 5.0 pCi/L
Selenium* 4.6 0.05
Sodium 500-1,600
Sulfate 100-1,200 250.0
Total Dissolved Solids 1,500-2,500 500.0
Uranium 50-250 0.020'

*Data for selected trace metals based on Mobil's Section 9 pilot project lixiviant concentrations.

Q.8. What is your evaluation of the risks to groundwater quality posed by

excursions that may occur during HRI's project?

A.8. Both the risk of excursion and the resulting risk to groundwater quality are

underestimated by HRI and the NRC.

a. HRI Uses Erroneous Hydrogeological Assumptions to Grossly
Underestimate the Risk Posed by Excursions.

HRI's calculations regarding the potential for excursions of uranium-bearing

lixiviant from the proposed mine, as well as its plans for restoration of minewater, are

based on a flawed conceptual model of the geology and hydrology of the Westwater
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Canyon Member of the Morrison Formation, the aquifer in which HRI proposes to

mine. HRI's conceptual model is set forth in various HRI license application materials,

including the Consolidated Operations' Plan, Revision 2.0, Chapter 8, and it is also

adopted by the NRC's FEIS for the proposed project (see Sections 3.2 and 3.3).

HRI's hydrogeologic model is grossly oversimplified and inconsistent with the

published depositional models on the geology and uranium ore deposits in the

Grants/Gallup uranium district. HRI assumes that the Westwater Canyon Member is

one continuous sandstone formation measuring 250 to 350 feet in thickness and is a

homogeneous, isotropic, hydrologically confined aquifer. These assumptions fail to

acknowledge published literature on the complex interfingering and heterogeneity of the

fluvial (i.e., streambed) deposits that now form the rocks of the Westwater Canyon

Member. 4 In fact, the heterogeneity of sediments in the Westwater Canyon Member is

the primary reason for the existence of the uranium deposits HRI seeks to mine.

HRI's characterization of the local hydrogeology is contrary to the accepted

view in the geologic community, which is reflected not only in the published literature

but also in comments of groundwater scientists with the Navajo Nation and U.S.

Environmental Protection Agency on the NRC's DEIS for the proposed project. As

USEPA proposed drinking water standard, 1991. 56 Fed. Reg. 33050.

4 The term "heterogeneity" derives from the word heterogeneous, which literally
means internally inconsistent or having internally different characteristics. Hence, a
heterogeneous formation has been many geologic components, usually expressed as
geologic strata, compared with a homogeneous formation in which the geologic
material is alike or similar throughout.
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these authorities have noted, the Westwater Canyon Member is a complex sequence of

relatively thin (15 to 30 feet in thickness) braided stream deposits that are stacked on

top of each other and most often separated by layers of mudstones and siltstones.

Indeed, Wentworth et al. (1980) described the geometry of the "ore pods" in part of the

Crownpoint mining site as ranging "from a few feet to 200 ft (60 m) wide and from a

few inches to 20 ft (6 m) thick. "` Each of the many stream channels that host these ore

pods has unique hydrogeologic characteristics.

In addition, HRI has provided no detailed description of the geometry and

location of the target ore deposits within the Westwater Canyon Member. Thus, HRI

fails to satisfy the NRC's Draft Standard Review Plan, which states that license

applicants should provide detailed descriptions of the ore body geometry in order for

the NRC Staff to evaluate the acceptability of the solution mining process. Draft

Standard Review Plan at 3-2. If that information is not provided, then the application

should be deemed incomplete. Id. I am inclined to believe that HRI has such

information because it included a plan view of the ore-bearing LB Sand of the

Westwater Canyon Member in its initial response to NRC RAI No. 50. Letter from

Mark Pelizza, HRI, to Joseph Holonich, NRC, enclosing responses to Requests for

5 Wentworth, D.W., Porter, D.A., Jensen, H.N. Geology of Crownpoint Sec. 29
Uranium Deposit, McKinley County, in: Geology and Mineral Technology of the
Grants Uranium Region, 1979, compiled by Christopher A. Rautman. New Mexico
Bureau of Mines and Mineral Resources, Memoir 38, 1980; 139-144, a copy of the
relevant portions of which is attached hereto as Exhibit I.
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Additional Information 49-91, Figure 50-3, Hearing Record ACN 96040320208 (April

1, 1996).

HRI's erroneous assumptions about the Westwater Canyon Member result in

invalid modeling of the flow of the lixiviant injected into the aquifer in the mining

process. In my professional judgment, there is great potential for contaminants in the

pregnant lixiviant to flow away from the mining zones and, in the case of the

Crownpoint and Unit 1 mining zones, toward the five downgradient Crownpoint

municipal water supply wells, at a rate much faster than that projected by HRI, because

the contaminated lixiviant will flow through thinner and more permeable channels than

assumed by HRI's hydrogeologic model. Hence, lixiviant control and containment are

likely to be significantly more difficult than HRI predicts.

The flow of pregnant lixiviant through the Westwater Canyon Member

groundwater is of great concern because of the extremely high concentrations of

contaminants in the lixiviant. For example, radium-226 will be present in the lixiviant

in concentrations ranging from 100 to 1,000 times its level in the native groundwater

(FEIS at 2-6 and 3-26), and 200 times the radium-226 plus 228 drinking water standard

of 5 pCi/L. Uranium will be present in the lixiviant in concentrations ranging from

20,000 to 100,000 times its average level in native groundwater. Id. And chloride will

be present in the lixiviant at concentrations 63 to 450 times its average level in native

groundwater. Id_. In my professional judgment, because contaminated groundwater

will flow through very narrow sand channels, there will not be significant opportunity
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for dilution and dispersion of the oxidized uranium and its associated contaminants.

Thus, contamination levels are likely to remain high in the excursion plumes when they

reach the Crownpoint municipal drinking water supply wells and pose a threat to

groundwater at Church Rock. Therefore, it is my professional judgment that

excursions will result in exceedances of drinking water standards in the non-ore bearing

groundwater of the Westwater Canyon Member, and pose a public health threat.

b. HRI's Monitoring Plan is Inadequate to Detect Excursions.

HRI's groundwater monitoring plan for the Westwater Canyon Member and

underlying and overlying groundwater bodies (i.e., Cow Springs sandstone, Brushy

Basin "B" sand, and Dakota sandstone) is wholly insufficient to detect horizontal and

vertical excursions. My primary concern is with HRI's plan to surround the ore bodies

with a single tier of monitoring wells placed every 400 feet in the Westwater Canyon

Member and at a maximum distance of 400 feet from any one well. License SUA 1508

Condition 10.17. The uniform spacing presented in the plan ignores the geologic

characteristics of the site, and also fails to follow standard industry practice and NRC

guidance.

HRI's monitoring plan is inadequate to detect horizontal excursions in several

respects. First, HRI ignores the heterogeneous distribution of the narrow sand channels

that contain the uranium. As I have pointed out, the narrow sand channels known to

exist in the Westwater Canyon Member are likely to be only a few feet to 200 feet in

width, and rarely, if ever, as wide as 400 feet. As a result, if monitoring wells are
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placed 400 feet apart, they are likely to miss excursions traveling through the sand

channels, which are narrower than the gap between monitoring wells.

Moreover, the density of monitoring wells in HRI's plan contravenes the

relevant guidance in the Draft Standard Review Plan, which requires that monitoring

wells "must also be spaced close enough to one another so that, by the time an

excursion reached them, the expected width of the excursion plume is likely to

encounter at least one monitor well." Draft Standard Review Plan at 5-40. HRI's own

diagram of the LB Sand shows a channel measuring approximately 80 feet to 140 feet

wide. Letter from Mark Pelizza to J. Holonich, Hearing Record ACN 96040320208

(April 1, 1996), Figure 50-3. Thus, a 400 foot spacing of monitoring wells would not

meet the Draft Standard Review Plan's guidance that "the expected width of the

excursion plume is likely to encounter at least one monitor well."

Second, HRI ignores the common industry practice of placing a higher density

of monitoring wells downgradient from contaminated areas -- a practice recommended

by the NRC staff itself for uranium ISL mines as far back as 1981. See Groundwater

Monitoring STP. The Groundwater Monitoring STP also recommends, and I concur,

that greater numbers of monitoring wells should be located "in zones of major

transmissivity and aligned in the principal flow directions." Groundwater Monitoring

STP at 10. The Groundwater Monitoring STP further recommends placing monitoring

wells in two tiers at 50 feet and 250 feet from the outermost injection wells (d.), not in

one tier at a distance up to 400 feet.
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In summary, by planning a singular ring of wells spaced 400 feet apart, without

taking into account local hydrogeological conditions or clustering wells in the

downgradient direction of groundwater flow as recommended by the NRC, HRI has not

demonstrated a reasonable capability to detect horizontal excursions at any of the mine

sites. As a result, HRI's mining operation poses a significant and imminent threat of

undetected uranium excursions into the local drinking water and groundwater.

Furthermore, in my professional opinion, there are several ways in which HRI's

plan for detection and monitoring of vertical excursions is also grossly inadequate to

protect the public from drinking water contamination. The Groundwater Monitoring

STP specifically recommends monitoring of overlying and underlying aquifers that are

or could be used as a water supply source. Groundwater Monitoring STP at 9.

License SUA-1508 Condition 10.18 requires monitoring wells in the Dakota Sandstone

that are spaced at one well per four acres of well field for Unit 1 and Crownpoint. At

Church Rock, monitor wells will be placed at a minimum one well per 4 acres in the

Brushy Basin B sand, and shall be placed at a minimum of one well per 8 acres in the

Dakota sandstone. LC 10.20. Monitor wells shall be placed within 40 feet down-

gradient of mine works openings from the Brushy Basin B and Dakota Sandstone

33



aquifers.6 Id. HRI does not plan to monitor groundwater quality in the underlying

Cow Springs. COP Revision 2.0 at 76-78.

HRI's plan ignores the unique conditions at the Crownpoint, Unit 1 and Church

Rock sites. The complex stratigraphic relationships at these mine sites, and, in the case

of Crownpoint and Unit 1, the proximity of municipal supply wells, dictate the need

for a higher frequency of monitoring wells.

I also disagree with the NRC's rationale for defending the adequacy of HRI's

plan to detect vertical excursions. Previously, an expert for the NRC, William H.

Ford, defended the frequency of wells in HRI's plan by stating the density of wells in

the Dakota sandstone is "consistent with what the NRC has approved at other ISL

mining operations." See Affidavit of William H. Ford (February 20, 1998), ¶36, filed

in support of NRC Staff's Response to Motion for Stay, Request for Prior Hearing, and

Request for Temporary Stay (February 20, 1998). This assertion ignores the fact that

the NRC has never approved an ISL mining operation in an aquifer that serves as a

drinking water source, because the ISL restoration technology Cannot return the

groundwater to drinking water quality. See Response to Question 6 above.

For example, ISL operations in Wyoming and Texas take place in aquifers

where groundwater does not meet drinking water standards. Power Resources, Inc.

reported baseline radium-226 values of 675, 313, and 703 pCi/L for, respectively, their

operations in A-Wellfield, B-Wellfield, and C-Wellfield at the Highland Uranium

6 In the Westwater aquifer, LC 10.17 requires monitor wells to be spaced "by treating
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Project (Tables 3-1, 3-2, and 3-3 of PRI's WDEQ Annual Report for Permit 603,

Highland Uranium Project, September 1997), a copy of which is attached hereto as

Exhibit J. These values are generally two orders of magnitude above the radium-226

values reported for groundwater in the Westwater Canyon Member, as I summarized

under my response to Question 4. HRI's parent affiliate, URI, conducts ISL operations

at its Rosita mine and other similar mines in Texas in brackish water that is unfit for

human consumption due to total dissolved solids exceeding several thousand mg/L (See

initial baseline values for TDS reported on analytical sheets enclosed with letter from

Ms. Lillie Annelle Canales of URI to Mr. Dale Kohler of the Texas Water

Commission, dated April 3, 1992, attached hereto as Exhibit K). Due to the

difficulties in restoring groundwater at ISL mining operations, it is clear that ISL

mining is not designed for use in aquifers that can be used as a drinking water source.

Therefore, the NRC's determination that compliance with the STP is adequate

for other sites is not relevant to the CUP, because the groundwater in the Westwater

Canyon Member is a human drinking water source that meets all EPA primary and

secondary drinking water standards, including the proposed standard of 0.020 mg/L for

uranium.

Another reason for my concern regarding the lack of monitoring of the Cow

Springs sandstone and the extremely limited monitoring of the Dakota sandstone is the

fact that at the Church Rock site, injection will occur in and around open shafts and

production mine workings as if they were injection or production wells."
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stopes associated with the old underground mine workings. NRC's primary reliance on

design and operation techniques (i.e., shaft-sealing and altering wellfield pressures) to

prevent vertical excursions at the Church Rock site (See Ford Affidavit ¶36) is

insufficient and imprudent, and the likelihood of vertical excursions dictates a higher

frequency of monitoring wells than required by License Conditions 10.18, 10.19 and

10.20. The conditions at Church Rock are virtually certain to create vertical pathways

for contaminant migration because the shafts crosscut the Dakota and Morrison

Formations and serve as a pathway for fluid migration to different stratigraphic

horizons. Thus, I concur with other commentators on the proposed project that fluid

control is likely to be complicated by these unique conditions in the Church Rock ore

body. See, e., memorandum from Mike Johnson, Navajo Nation Department of

Water Resources Management, to Peg Rogers, Navajo Nation Department of Justice

(December 29, 1994) a copy of which is attached hereto as Exhibit L.

These deficiencies in HRI's monitoring plan are particularly important, given

the current use of the Dakota sandstone as a source of drinking water for the Town of

Crownpoint (FEIS at 3-25) and the potential for use of the Cow Springs for future

municipal water supplies.7 My conclusion that a higher frequency of monitoring wells

in the overlying Dakota Sandstone is necessary is bolstered by the 1997 Comments of

' See, e.g., letter from Kenneth L. Craig, Navajo Tribal Utility Authority (NTUA), to
Joseph J. Holonich, NRC (May 20, 1997) stating NTUA's belief that the Cow Springs
Aquifer would supply replacement wells, a copy of which is attached hereto as Exhibit
M.
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the United States Environmental Protection Agency ("USEPA") on the FEIS for HRI's

project, a copy of which is attached hereto as Exhibit N ("USEPA Comments").

USEPA pointed out that NRC had conceded that "HRI has not specifically

demonstrated how [preventing vertical excursions by sealing off shafts or structuring

well field pressures] would be accomplished." USEPA Comments at 1. Based on its

own review of maps and a cross section of the mine workings provided by HRI,

USEPA concluded that the locations of raises open to the horizontal workings in the

Westwater Canyon Member, Brushy Basin Member, and Dakota Formation were not

shown on HRI's maps, and that "[i] f these locations are not known, absolute control of

vertical excursions may not be possible." Id. at 2. USEPA also stated that it "is

extremely concerned that wellfield pressures will not be fully controlled in the area

around the shafts to the extent necessary to ensure that vertical migration cannot

occur." Id. at 1. Accordingly, it is my professional judgment that relying principally

on design and operation techniques to prevent vertical excursions at the Church Rock is

insufficient and imprudent, and the likelihood of vertical excursions dictates a higher

frequency of monitoring wells than required by HRI's license.

c. The Proposed Definitions of Excursions are Inappropriate and
Inadequate.

HRI's license contains inappropriate and inadequate chemical criteria for

defining excursions at all three mining sites. License Condition 10.12 states that an

excursion will be declared if any two excursion indicators in any monitor well exceed

their respective upper control limits (UCLs), or a single excursion indicator exceeds its
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UCL by 20 percent. The license does not state how UCLs will be established.

However, the FEIS states that UCLs will be established by calculating the baseline

mean concentration for each of the chemical indicators (bicarbonate, chloride, and

conductivity) and adding five standard deviations to that mean value. FEIS at 4-20.

This approach has several problems.

First, it is inconsistent with the UCL method suggested in the Groundwater

Monitoring STP, which recommends (at 19) that an excursion be declared when any

indicator parameter exceeds its baseline mean value by 20 percent, not 20 percent plus

five standard deviations.

Second, there is no basis either in the Groundwater Monitoring STP or in the

statistics literature with which I am familiar to support adding five standard deviations

to the mean baseline concentration; in fact, the Groundwater Monitoring STP (at 17),

in the context of the treatment of chemical outlier data, notes that "three standard

deviations encompass 99.7 % of all variation in the [normally distributed] population."

The NRC Staff's only stated support for such a radical departure from the UCL

methods recommended in its own Groundwater Monitoring STP -- to prevent false

indications of excursions -- is not, in my view, scientifically justified or a professionally

responsible approach to groundwater protection.

The effect of using the method advanced by HRI and approved by the Staff to

establish UCLs for bicarbonate, chloride and conductivity (the proposed indicator

parameters) would be to allow concentrations of these constituents two to three times
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greater than their respective mean baseline concentrations before an excursion would be

declared. This approach would allow extremely high concentrations of contaminants to

flow past the perimeter monitoring wells and be drawn into the municipal water wells

in Crownpoint or into high-quality groundwater downgradient of the Church Rock mine

site. As I discussed above, the concentrations of contaminants in pregnant lixiviant

exceed drinking water standards by tens to thousands of times.

Third, the use of only three chemicals as indicator parameters ignores the fact

that other parameters have similarly high lixiviant-to-native groundwater concentration

ratios. Uranium, for instance, which would be elevated in the lixiviant by 20,000 to

100,000 times its average concentration in Town of Crownpoint water wells (FEIS at 2-

6 and 3-26), would be a reliable indicator in oxidized zones of the aquifer. ISL mining

is conducted by mobilizing uranium with oxidants and complexing it with carbonate

ions present in the lixiviant, as noted in Section 3.2 of the HRI Consolidated Operations

Plan Revision 2.0. ISL operations can recover uranium from the lixiviant pumped to

the surface because the complexation of uranium as the uranyl dicarbonate and uranyl

tricarbonate anions results in little to no attenuation of uranium along the flow path.

The lixiviant is designed to "attack" the reduced zones of the aquifer to mobilize the

uranium. It is a highly oxidized solution that will be little affected by moving through a

reduced zone of the aquifer. Therefore, uranium is an excellent indicator parameter

under the geochemical conditions imposed on the system by the lixiviant. In fact,

uranium is used as an excursion indicator at URI's (HRI's affiliate) operations at the
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Rosita mine in Texas (sae analytical sheets enclosed with letter from Ms. Lillie Annelle

Canales of URI to Mr. Dale Kohler of the Texas Water Commission, dated April 3,

1992) and many other ISL sites (sae Staub et al., An Analysis of Excursions at Selected

In Situ Mines in Wyoming and Texas, NUREG/CR-3967 & ORNL/TM-9956, July

1986). Therefore, in my professional judgment, long before the chosen indicators (e.g.,

chloride) would reach the concentration corresponding to HRI's excursion definition,

uranium concentrations at the monitoring wells will have exceeded all of the regulatory

standards for uranium.8 For example, in the FEIS, HRI reports the UCL excursion

value for chloride at Unit 1 to be 56 mg/L. The concentration of chloride and uranium

in the pregnant lixiviant extracted from the Church Rock core leach test is 505 and 19

mg/L, respectively (Table 4.8 of the FEIS). Now, when one dilutes the pregnant

lixiviant by a factor of ten, to account for an excursion, the chloride value dilutes to 51

mg/L and approaches the UCL excursion value of 56 mg/L while the uranium value in

8 In paragraph 29 of his February 20, 1998 Affidavit, William Ford disputed the

usefulness of uranium as an indicator parameter because it is difficult for a laboratory
to analyze, or test for, and would increase the time to analyze and report the data. In
my capacity as a geochemical consultant at the Fernald Superfund site, I routinely
require the analysis of uranium and other constituents, including chloride, conductivity
and bicarbonate in groundwater samples. In my experience, the analysis of uranium
does not complicate sample collection and requires no more time to obtain results from
a qualified laboratory than for other constituents. Moreover, HRI will routinely
monitor uranium levels in the recovered lixiviant and other aqueous process streams to
ascertain the efficiency of its uranium extraction process, as shown by the chemical
process flow sheet on Figure 3.1-1 in the HRI COP Rev. 2.0. Therefore, uranium
analysis is routine, and is neither more difficult nor more time consuming than the
analysis of the constituents that the license requires to be monitored as excursion
indicators (chloride, bicarbonate, and conductivity).
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the pregnant lixiviant dilutes to 1.9 mg/L. Therefore, the uranium value has reached a

level two orders of magnitude above the EPA proposed drinking water standard of

0.020 mg/L before an excursion is declared.

Moreover, neither HRI nor the NRC staff propose to use.other, non-chemical

indicators, such as groundwater elevation control levels, which the Groundwater

Monitoring STP (at 19) also considers reliable early warning mechanisms for

excursions.9 Each of these indicators (chemical and non-chemical), properly used in

combination will provide a reliable set of excursion indicators without excessive false

positives.

Fourth, the number of UCL exceedances (two) required to declare an excursion

will allow too much contamination into the groundwater before HRI confirms an

excursion has taken place. Given the example I used above for chloride, chloride could

exceed its UCL and an excursion would not be declared unless bicarbonate or

conductivity also exceeded their respective UCLs. However, when chloride has

reached its UCL at the monitoring well, significant uranium contamination is already

occurring to the groundwater. Compounding the problem is HRI's position that an

excursion will be declared only if the UCLs of the two indicator parameters are

9 The HRI license does not require the use of water-level data as indicators of
excursions. And, HRI's COP Rev. 2.0 generally notes that "An extensive water
monitoring program is required for in situ mining. Specifically designated wells are
monitored for water level, and sampled for certain water quality parameters on a
regular basis to ensure that the injected lixiviant stays within the defined production
zone." This statement does not indicate HRI commits or intends to use water level
monitoring at the Crownpoint project.
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confirmed with a second or third analysis. If standard laboratory analysis is used on

the first sample, two weeks to a month of time will pass before results are received to

evaluate if the well has gone on excursion, and if so, a second sample is taken and sent

in for confirmation. Therefore, if an excursion has occurred, a minimum of one month

has passed since the excursion started and HRI has taken no action except to simply

confirm an excursion has taken place.

For the foregoing reasons, it is my professional opinion that HRI's and the NRC

Staff's proposed methods for defining an excursion will allow high concentrations of

contaminants to spread beyond the perimeter monitoring wells, resulting in the

pollution of high-quality, native groundwater and the violation of primary and

secondary drinking water standards. The upper control limits proposed by HRI and

endorsed by the Staff would allow contaminant levels well above baseline conditions

and drinking water standards before an excursion would be declared.

Q.9. What is your evaluation of the groundwater restoration goals in HRI's
license?

A.9. Restoration to baseline or wellfield average cannot be met under HRI's plan.

The NRC Staff's "primary restoration goal" is "return[ing] all parameters to average

pre-lixiviant injection conditions." License SUA-1508 Condition 10.21A. License

Condition 10.21A further states:

The secondary goal is to return groundwater quality to the maximum
concentration limits as specified in the U.S. Environmental Protection
Agency (EPA) secondary and primary drinking water regulations. The
secondary restoration standard for barium and fluoride shall be set to the
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State of New Mexico primary drinking water standard. The secondary
restoration goal for uranium shall be 0.44 mg/L (300 pCi/L).

This condition fails to protect groundwater quality in several respects.

a. HRI Creates Artificially Inflated Baseline Concentrations In
Establishing Restoration Goals.

The methods used by HRI to date to determine baseline water quality

inappropriately inflate "average" concentrations of key constituents to arrive at artificial

baseline concentrations which will exceed drinking water standards for certain

constituents (e.g., see answer to Question 5 as it pertains to radium-226). Because HRI

has not used appropriate and scientifically acceptable methods for determining baseline

water quality in their well fields and surrounding areas, their proposed primary

restoration goal of "well field average" (Table 4.6 of the FEIS) does not reflect the

very high quality native groundwater in the Town of Crownpoint wells and Westwater

Canyon Member wells outside all the ore zones. Therefore, HRI's restoration plan is

not protective of human health and the environment.

b. HRI is Permitted to Achieve Lower Standards in Restoration.

Even if HRI uses appropriate and valid methods to determine baseline

concentrations, it is not at all clear that HRI will use premining levels as restoration

standards. Even though the primary goal of restoration is to return all parameters to

average premining baseline levels, HRI would be allowed to restore to primary or

secondary drinking water standards if restoration to baseline cannot be achieved.

License SUA 1508 Condition 10.21A.
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Further, it is possible that, if restoration to primary or secondary drinking water

standards cannot be achieved, HRI would attempt to "make a demonstration to NRC

that leaving the parameter at a higher concentration will not threaten public health and

safety, and ... water use will not be significantly degraded." COP Revision 2.0 at

164. The criteria by which NRC could evaluate the adequacy of such a demonstration

is not articulated in any of the documents that I have reviewed. I am concerned,

therefore, that the latitude given to HRI to achieve restoration standards creates,

virtually at its own discretion, will create an impetus for moving away from existing,

pre-mining conditions to some higher level of residual contamination that far exceeds

drinking water standards.

In my professional opinion, restoration standards should be established prior to

licensing and should be based on appropriate statistical methods for determining

baseline. HRI should be required to restore groundwater to its original conditions, that

is, to its actual baseline. Restoration to any lesser standard should be as close to

baseline as possible, based on an affirmative demonstration by HRI. Groundwater

Monitoring STP at 24. Any other approach is likely to result in post-restoration

contaminant concentrations in the Westwater Canyon Member that exceed both existing

baseline levels and drinking water standards.

c. The Restoration Standard for Uranium Will Not Protect Public
Health.
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In my professional judgment, NRC's secondary groundwater restoration

standard for uranium of 0.440 mg/L (300 pCi/L)'0 is not protective of public health and

will allow HRI to leave uranium concentrations in a drinking water aquifer at

substantially and unacceptably higher values than baseline. There are three main

reasons for my opinion in this regard.

First, this standard was derived from 10 CFR Part 20 Appendix B, which

includes NRC's maximum contaminant levels (MCLs) for releases of radionuclides to

unrestricted areas. Those MCLs are technology-based effluent standards, not health-

based drinking water standards; accordingly, in my professional opinion, they are

inappropriate for use as restoration standards in an aquifer that is currently used for

public drinking water supplies and can provide a future source of drinking water

supply.

Second, the uranium restoration standard of 0.440 mg/L is inconsistent with

both the U.S. Environmental Protection Agency uranium standard of 30 pCi/L

(equivalent to 0.044 mg/L) for groundwater restoration at inactive uranium processing

sites (40 CFR Part 192 Subpart A, Table 1; 60 Federal Register 2854-2867, January

11, 1995) and EPA's proposed national drinking-water standard of 0.020 mg/L (56

Federal Register 33126, July 18, 1991). EPA's proposed drinking-water standard for

10 The 10 C.F.R. Part 20 Appendix B maximum contaminant level for uranium

released to water in unrestricted areas is 300 picocuries per liter (pCi/L). The FEIS
expressed this same concentration as 300 picocuries per milliliter (pCi/mL). This latter
value was in error, as indicated in the errata sheets issued by the NRC staff in
November 1997.
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uranium was adopted by the U.S. Department of Energy as an enforceable cleanup

standard for an aquifer at the Fernald, Ohio, Superfund site where the uranium-

contaminated groundwater is part of the regional aquifer that supplies drinking water to

the City of Cincinnati and surrounding areas. See Exhibit 0. This standard was

adopted based on the current understanding that a uranium concentration in drinking

water in excess of 0.020 mg/L is not protective of public health. Id. The UMTRA

uranium standard of 30 pCi/L (0.044 mg/L) was used as the maximum contaminant

level for restoration of groundwater affected by uranium tailings in Ambrosia Lake and

Shiprock, New Mexico (Uranium Mill Tailings Remedial Action Project, 1994

Environmental Report), a copy of which is attached hereto as Exhibit P. Therefore,

HRI should not be allowed to use a uranium restoration standard an order of magnitude

above the promulgated UMTRA uranium standard used at New Mexico UMTRA sites.

USEPA also pointed out in its comments on the FEIS for HRI's project that the

proposed 0.44 mg/L restoration goal is inconsistent with USEPA's proposed drinking

water standard and the UMTRA standard, and that "The FEIS does not explain how the

proposed uranium restoration standard of 0.44 mg/L is protective of human health and

the environment." USEPA Comments at 2-3.

Previously, Mr. Christepher McKenney stated on behalf of the NRC that the

secondary restoration goal for uranium is an order of magnitude more stringent than

"the New Mexico groundwater standard for uranium." Affidavit of Christepher

McKenney (February 20, 1998) note 1, submitted in support of NRC Staff Response to
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Motion for Stay, Request for Prior Hearing, and Request for Temporary Stay. This

comparison is irrelevant because the New Mexico 5 mg/L uranium standard is a

standard for protection of groundwater, not a drinking water standard.

Third, NRC's proposed uranium restoration standard cannot be considered

protective of public health when compared with applicable guidance of the National

Research Council or with existing baseline levels in the Westwater aquifer. In 1983,

the National Research Council's Safe Drinking Water Committee recommended a

Suggested No-Adverse-Response Level (SNARL) for uranium in drinking water of 35

micrograms per liter, or 0.035 mg/L, based on uranium's documented chemical toxicity

to the renal system."1 Water wells used by the Town of Crownpoint produce

groundwater that contains uranium in concentrations ranging from < 0.001 mg/L to

0.007 mg/L (FEIS, Table 3-12 at 3-26). As most of the uranium analyses for the town

wells have uranium values that are less than the detection limit of 0.001 mg/L, the

Crownpoint values are substantially lower than the Research Council's SNARL or

EPA's proposed standard of 0.020 mg/L. And, the NRC's proposed uranium

restoration standard of 0.44 mg/L is 440 times the 0.001 mg/L uranium detection level

reported for most of the Town of Crownpoint wells. In my professional opinion,

therefore, the issuance of a license that incorporates such an unreasonably high and

scientifically unsupportable uranium standard for restoration of drinking water poses a

" Drinking Water and Health, Volume 5. Safe Drinking Water Committee, National

Research Council, National Academy Press, Washington, DC, 1983, 90-98. Exhibit
Q.
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grave threat to the health, well being and environment of the residents of Crownpoint,

Church Rock and surrounding areas.

d. ISL Operations are Typically Unsuccessful at Restoration.

ISL operations in Wyoming and Texas have had little success in restoring

groundwater to baseline levels, despite the coupled use of groundwater sweep,

circulation of reverse osmosis (RO) water, and injection of hydrogen sulfide or other

chemical reductants to reduce and immobilize uranium, molybdenum, arsenic and/or

selenium. Additionally, restoration at a small-scale ISL field test at the Teton Pilot site

in New Mexico, 2 miles west of Church Rock, was not successful in restoring radium,

selenium, and uranium baseline values (See response to Question 4 and Table 1).

In Section 4.3.2 of the FEIS, HRI proposes to use a combination of

groundwater sweep and RO to restore the aquifer by processing a maximum of nine

pore volumes. HRI does not discuss the use of reductants in the restoration process.

Moreover, as noted below in the cited ongoing ISL restoration operations in Wyoming

and Texas, restoration of an ISL well field is not likely to be completed after processing

nine pore volumes.

At the Highland Uranium Project in Wyoming, Power Resources, Inc. has spent

over seven years trying to restore baseline groundwater quality in their A-Wellfield

(PRI's WDEQ Annual Report for Permit 603, Highland Uranium Project, September

1997) Exhibit J. Between July, 1991 and May, 1997, approximately 5 pore volumes of

groundwater sweep fluid was pumped from the A-Wellfield, while 21 pore volumes
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were extracted and treated by RO between July, 1994 and May, 1997. Id. The treated

RO fluid is reinjected into the well field and, beginning in May 1997, hydrogen sulfide

gas has been dissolved in the RO fluid stream at a concentration of 200 mg/L in an

attempt to reduce and immobilize selenium and uranium. As of September 1997,

selenium, uranium and radium-226 values remained above baseline groundwater values.

Similar problems are documented for PRI's B-Wellfield and C-Wellfield.

The Bruni Project in Texas was an early ISL operation run by the Wyoming

Mineral Corporation (WMC) between 1975 and 1981 (see Appendix A, Section A.8 in

An Analysis of Excursions at Selected In Situ uranium Mines in Wyoming and Texas,

NUREG/CR-3967 & ORNL/TM-9956, July 1986). Baseline water quality of the

aquifer showed total dissolved solids above 2,000 mg/L, which is appropriate for

livestock use but not human consumption. In May of 1980, groundwater sweep was

initiated at WMC's Well Field AB and an RO circuit was added in June of 1980. By

March of 1981, the RO circuit had processed 25 pore volumes and restoration activities

were halted. However, the restoration failed to restore ammonium, sulfate, and

uranium to the restoration limits of the Texas Department of Water Resources.

Q.10. What is your evaluation of the requirement in HRI's license for HRI to

replace the five Crownpoint municipal water wells?

A.10. License Condition 10.27 requires HRI to replace the five Crownpoint municipal

water wells. I concur with the testimony of Michael G. Wallace that replacing the

wells is ill-conceived and impractical because upgradient areas have a history of
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underground uranium mining and downgradient areas have poorer water quality.

Upgradient areas where previous underground operations have taken place include

Church Rock, where it is seen that wells near the mine have very poor water quality

(see Question 4 response, CR-8 in Table 2). Downgradient areas exhibit poorer water

quality because groundwater continues to dissolve constituents and increase its TDS as

it flows downdip into the San Juan Basin.

Q.11. Please summarize your conclusions.

A.11. In summary, HRI's proposed ISL operations at Church Rock, Crownpoint and

Unit 1 are not based on rigorous analysis or relevant technical guidance to ensure

protection of human health and the environment. The conceptual geologic and

hydrologic model upon which the project is based is not an accurate representation of

the geology and hydrology of the Westwater Canyon Member of the Morrison

Formation, and as such, leads to serious concerns about HRI's ability to contain and

control lixiviant. HRI's proposed groundwater monitoring network is conceptually

flawed, inconsistent with NRC's own guidance for groundwater monitoring at uranium

facilities, and designed in a way that is likely to miss horizontal excursions and is

incapable of detecting vertical excursions into overlying and underlying aquifers, which

have current or potential future uses as sources of drinking water. Because the

proposed UCLs for the project would be based on statistically indefensible methods not

even recommended by relevant NRC guidance, and because they may not be reliable

indicators of excursions, early detection of movement of contaminants into drinking
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water supplies is virtually precluded. HRI's reliance on an inappropriate methodology

for determining baseline water quality artificially inflates "average" baseline parameters

for the groundwater outside of the ore zones, which leads to establishment of

restoration standards that are not protective of public health and the environment.

NRC's proposed restoration standard for uranium is based on an effluent standard not

suitable or appropriate for protection of a drinking water aquifer, has no public health

or toxicological basis, is inconsistent with uranium restoration standards employed in

groundwater cleanups at other uranium facilities (e.g., the Fernald Superfund Site), and

is over two orders of magnitude greater than existing uranium concentrations in the

aquifer that supplies drinking water for the Town of Crownpoint and surrounding

Navajo communities. In my professional opinion, therefore, HRI has presented a plan

for the extraction of uranium at the Church Rock, Crownpoint and Unit 1 sites that

endangers the high quality of groundwater in the Westwater Canyon Member and is not

protective of human health and the environment.

Q.12. Does this conclude your testimony?

A.12. Yes.
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AFFIRMATION

I declare on this - day of January, 1999, at a )c.g , Ohio, under

penalty of perjury that the foregoing is true and correct to the best of m, owledge, and

the opinions expressed herein are based on my best professional jud e

Whlard J/Xbiy

Sworn and subscribed before me, the undersigned, a Notary Public in and for

the State of Ohio, on this _ day of January, 1999, at __________, Ohio.

My Commission expires on 4 u. 7 9. 1)

Notary Public

0 0 ROBIN A. CARY

NOTARY PUBLIC
11 STATE OF OHIO

MY COMMISSION
EXPIRESAUGUST 30, 1999
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Richard J. Abitz

Professional Qualifications

Dr Abitz is a gcochemnist with over ten years of experience in the analysis of cnvirowncutal
chemical data, modeling of soil/water systems with experimental methods and geochemical
conmputer codes, and development of work plans tor CERCI.A and RCRA sites. I lis primary
expertise is in the application of geochcinical principles, experimental methods, and computcr
inocyls t) problems involving the origin and remcdiafion of waters auld soil contaminated by
hazardous and radioactive wastes. Dr Abitz has published over twenrty-fivc technical papers in

his area of expertise

In his ten years of envirtnmental consulting, Dr. Abitz has developed a thorough understanding

of geochemical processes responsiblc for the rmobilization of radioactive and hazardous wastes

associated with a iruni'er of environietttal programs administered by the U.S. l)epartmenr of

Energy (FDOE). On the Fernald E'vironmental Restoration Management Contract (FIR-MCO)

Fernald, Ohio, Dr, Abitz scrves FERMCO and DOE as the geoclhemist responsible for the

claractcrization and renicdiation studies associated with gromwdwater and soil contaminated by

uraniumi adl nietal.s. At Los Alamos National Laboratory (LANL), Dr. Abitz developed waste
analysis and radioactive material management plans for transuranic and low-level mixed wastes
gencrated, treated, and stored on sityc For the Idalo National Engineering ILaboratory

(INEL), hc evaluated the waste characterization program for high-level radioactive and
hazardous waste processed at the Idaho Chemical Processbng Plant (ICPP). Dr. Abitz Ihs
evaluated the composition and origin of fluids in the vicinity of and within the Waste Isolation
Pilot Plaint (WIPP) for the past eight years.

Dr. Abia served as a senior staff consultant envirotuiental restoration work associatcd with

Norton Air Force Base (AFB), San Bernardino. California and Wright-Patterson AFB, Dayton,
Ohio At Norton AFFB, le provided geochemical insight on tle origin of niural occurring

uranium in municipal wellfields surrounding the AFB. For Wright-Pattcrson AFB, lie

evaluated the mobihty and sorption behavior of metals in carbonate groundwatcr systems,

Dr. Abitz has also interacted with New Mexico mining companies and the New Mexico

Enviroiancial Dcpartitent (NMED) via meetings and conferences convened by the New
Mcxico Mining Division, the New Mcxico Mining Association (NMMA), atd thle, U.S. Nuclear
Regulatory Connnision (NRC). He is familiar with New Mexico Superfund Sites tied to

present and past mining operations, including the United Nuclear Corporation (UNC) uranium

site at Churchrock, New Mexico.

Education and Training

Pi.D, Geochcmistry, University of New Mexico. Albuquerque- 1989
.M.S , Geology, I Tniversity of New Mexico, Albuquerque; 1984
B,. A.. Geology. H Iumboldt State I nivcrsily, Arcata, California; 1981
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Description and Analysis of Fluid-Mineral Equilibria Using the SUPCRT91
Software Package, Geological Society of America, San Diego, California;

1991
Enviroruncural Risk Assessment Coniunication and Application Workshop,

INEL Ovcrsight Program, Boisc. Idaho; 1992
OSHA Hazardous Waste Operations Training, 29 CFR 1910.120 (40 hours, 11'

Corporation, 1994)

Experience and Background

_1997 - President/Owner, Geochemical Consulting Services, Albuquerque, New

present Mexico.
Dr. Abitz scrves as a geochemical consultant to FERMCO and tie WIPP
Project

At FERMCO, he evaluates the efficiency of sIeectud alternatives for soil

aid groundwater remediation, inhluding insitu uranium leaching methods.
This effort involves supervising the technical team, assisting in the
negotiation of clean-up levels with DOE and EPA, developing soil-
treatmnct pmtocols, and intcracting with public-interest groups as nceded.

At the WIPP site, Dr- Abitz provides the operating contractor with
expertise in thie area of brine geochemistry. He is responsible for oversigtu
of laboratory analyses and QA/QC, data analysis, and geocheinical
interpretation of tlh composition and origin of fluids in the vicinfity of

1994 - utnderground operations.
1997

Project Manager/Senior Staff Consultant, IT Corporaion, Albuquerque, New

Mexico. Dr. Abitz served as project scicittist/marnagcr on geochemical tasks
associated with Norton AFB Grout•dwater Study, FERMCO. Operable Units 5
and 3 FI/FS, ard Wrighl-Pattern AI:B RI/FS. lie also served as the IT
Corporation mihing representative and interacted with the NMMA, NME)D,
NRC, and Navajo EPA on mining issues iii New Mcxico. Specific activities

include:

Project scientist resro)nsible for developing the background groundwater
rcportn for Norton Amr3 This report established backgroutd radionuclide
coicentratikns inu local and rcgional gr.uldwatcr andipruvided a robust
scielnific model to explain the presence of elevated levetl of naturUlly-
occurring uranium. Tic task required coordination of scientific and
support staff to produce a principal milestone doctumient tiat was delivcrcd
to the clicnt one week alicad of schedule.

Project manager and scientist on FERMVC) OUS ['S task to evaluate
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uranium reactions in proposed injection zones of the Great Miami Aquifer.
Responsible for ovcrsight of tchnuical tasks. budget, schedule, and final

technical report.

Senior staff consultant responsible for oversight on geochemical issues
related to the mobility of 15 metals in the soil/groundwater enviromnent at
Wright-Patterson A1:1. Provided guidance on evaluating the control of p1l,
Eli, groundwater chemistry, and adsorption on contaniiiiant mobility.

Mining representative for IT Corporation at NRC meeting licld with
NMED, Navajo EPA, and UNC at New Mexico's Clmrchrock Superfumid
Site- Provided ixipul to Navajo FPA on nature of groundwater and soil
rontaniwation associated with pasl uraniun Jinii/g aclivilies.

Project scientist tasked with overseeing archive activities and developincit
of sampling and analysis plans for two RF1 Work Plans at SNL/NM. The
work plans deal with historical and active SN!./NM test ranges were a
variety of DoD anid DOE weapons testing was/is conducted Archive
activities include record searches, personnel interviews, and abstracting
classified documents. Samplinig and analysis plans cover sites that include
detonation and burn tests with Tmi(xk nuclear weapons containing I IL and
DU, anti-annor munitiOns, calibration of target seinsing equipment for
naval gun fire. imnpact testing of containccrs and weapons accelerated witlh
rocket pulldown tcchtiques, aud lazardous and mixed-waste disposal
IUJOUlIdS.

Project manager and scientist on FFRM(O OU3 RI/FS task to evaluate the
release of contaminants from the proposed oi-site disposal facility.
Responsible for oversight of technical tasks, budget, schedule, anId final
techniical report.

1991- Senior Geochemist, IT Corporztion, Albuquerque, New Mexk.o Dr. Abitz
1994 served as the project geochemnist for four operable units on the FERMCO R1/FS.

He wa.s also active setting up the LANT. RMMA concept awd provided
geochemical suppoxrt to INFT. in developing a No Migration Variance Petition
(NMVP) for thxe INEL calcine facility.

Authored white paper on geochlemistry of FERMC() site for O(A 5 RI/U:S.
This paper discusses leaching, dissolution, and desorption pr•cesses that
rclease uraniuir frolil surface sources, adsorption and aqueous
comiplexation of the solubilized uranium with subsurface soils and
groundwaier, and predicts sccondaiy uranlium plases that may fomnn in the
so ils.
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Conducted site-survcys and interviewed LAM, pcrsoTuile on radiation
practices associated with the handlihg, packaging, labeling, storage,
transport, andl disposal of radioactive materials. Information was used to
develop I.ANL RMMA cocept, where each RMMA is ield accountable
for all radiaoactivc materials thtat enter and exit the area.

" Developed wastc analysis plans for transuranic and low-level mixed wastes
present at LANT.. This activity is being conducted to complete RCRA Part
B permits and ensure regulatory compliance to DOF orders for all LANM.
lacilitics that generate, storC, or dispTse o0' mixed waste.

Managed and had technical oversight on S250,000 geochemical program
associated with FEMP RI/FS. Program tasks include the characterization
of soil mineralogy by polarizcd light microscopy and x-ray diffraction
studies, design anid implementation of laboratory tests to claracterizc the
composition of leac hate derived from cemented and vitrified waste
samples, evaluation of contaminant adsorption ratios, data validation, and
[racking oif laibor and material costs.

Designed laboratory experiments for -EMP RI/FS to measure adsorption
rati)s and niplemenred ANSIIANS-16.1 leach tests to evaluate tie
performance of cemented waste forms. Results were used in conjunction
with feasibility studies to evaluate the most effective alternative for
immobilizing radionuclides and metals from a nar surface disposal cell.

l.ed INEL waste characterization program on calcined solid waste.
Responsible for evaluating existing characterization data and providing
assistance in the development of EPA approved sampling and analytical
plans to support a NMVP for the radioactive calcimed waste stored at the
ICPP.

1988 - Geochemist, IT Corporation, Albuquerque, New Mexico Dr. AbiLz played the
1991 principal role in providing geochemical support to the Fernald Environmintal

Management Project (FEMP). He also established his expertise ii geochemical
miodeling by applying geochemical models to thie study of tle fate and traunsport
of radionuclidcs and metals at the FF.MP. investigating cenment seals arid backfill
at Yucca Mountlai, and elucidatittg the origih atid evolution of hriies prese-d at
the WIPP repository horizon.

Modeled ge(Khemistry of leachate, groundwater, and surface waters to
support FFMP RI/FS Program. Remedial investigation work includes
solubility, speciation and reaction-path modeling with the EQ3/6 code to
assess thle mobility of buried and stored mixed-waste forms. This activity
includes the development of conceptual models, the simulation of
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geochemical ccinarios, and the cvaluation and analysis of mnigratiOTn
pathways. In support of the fcasibility study, modlmig was conducted to
estinate the optimum pll for removal of uran~ium fr'tt groundwater by
anion exchange or precipitation. This intformation was used in laboratory
bench-scalc experiments to mininmize schedule delays and costs and to
achicve full-scale capabilities in the shortest period of time.

* Authored sampling and analytical plans arid reports issued as part of the
FEMP RI/FS Geochemical Programs, and coordinated review and
resolution of all tecluhical coiments. $

* Assessed the perfornance of cement seals and backfill in volcaiic rock for
the Yucca Mountain high-level nuclear waste repository program. This
assessment consisted of computcr simnulations to evaluate the chemical
integrity and longevity of cement seals in the presence of site groundwater
and to rank a variety of ash-flow tuff/clay mixtures for their ability To seal
drifts and prevent tie migration of radiumuclides.

" Managed project on intcrlaboratory comparison of syTithetic brine samples
to assess precision and accuracy of analytical techliques used to
characterize WIPP brine samples.

" Evaluated analytical data ohtained on britte samples recovered from the
WIPP repository horizon. ' Task responsibilities include the monitoring of
laboratory QA/QC procedurcs to ensure database integrity, supervision of
tle statistical azxJ geoc•xitinical modxieliung cundtucted ont the database, and
developmentt of hypxotheses and conceptual models to investigate the origin
of the brine. Principal author of geochemical chapters in anlnual WIPP
BSEP Reports.

* Conducted geochemical modeling with the EQ3/6 code to calculate
solubility limits of toxic metals in Salado Fonitation brine and Culchra
grotuzwater. This data was used to support work carried out for the WIPP
Supplemental Environmnental Impact Statement (SEIS) and No Migratimn
Variance Petition (NMVP). Assisted in the preparation oif the Pretest
Waste Characterization Plan, SEIS. and NMVP documents.

S Paricipated in the SW-846 Sampling and Monitoring Workiing Group
assisting the EPA in tile devlopmnet of mixed-waste proktcols for [WQE
sites that generate and store transuranic waste, and ensuring that the
developed protocols are intcgrated with the WIPP Pretest Waste
Characterization Plan.
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1987- Geology instructor, University of New Mexico, Albuquerque, New Mexico.
198 l)cvclcpcd lecturcs for h'liysical Gcology and Historical Gcology, supcrviscd 30

40 students in class and field projects, organized and conducted field-trips. and
evaluated student perfonnaitce.

1985 - Research Technician, Department of Geology, University of New Mexico,
1987 Albuquerque, New Mexico. lhstructcd and supervised studerns ili the proper and

saie use of analytical instruments (x-ray fluorescence and solid-source niass
spectroncter) Maintained ultra-clean r•ck digestion laboratory and preparcd a
variety of solutions and distillcd acids used hi ion-exchange colunuis. Developed
computer programs for analytical equipment and data base analysis.

1981 - Teaching Assistant, Department of Geology, University of New Mexico,
1985 Albuquerque, New Mexico. Supervised 10-210 students in imineralogy and

petrology laboratories, developed laboratory exercises, evaluated student
perforniance, aud nmaintained mineral and rock collections.

1981 Field Geologist, Cakformna Department of Water Resources, Red Bluff,
California Conducted field investigations and developed slope stability maps otf
the drainage basins for the South Fork Trinity and Middle Fork Lel Rivers,
California.

Professional Affiliations

American Geophysical Union
Geological Society of America
International Association of Citochemistry and Cosmochemistry

Publications

Abitz, R., 1996, "Novel Use of Ge-clhemical Models in Evaluating Treatment
Trains for Radioactive Waste Streams" Second lntenuitional Symposium on
Ltiraction and llro'essing fbr the Treatnment and Minimization of Wastes. The
Minerals, Metals, and Materials Society, pp 167-176, Phoenix, Arizona.

Buck, E.C.. N.L.. Dietz, and R.J. Abitz. 1995. "The Nature of Uranium Phases
at Fernald" American Chemical Society Book of Abstracts for Emerging
Technologies in Hazardous Waste Management VII, Vol. I.

Deal, D E., R. J. Abitz, 1). S. Belski, J B. Case, M. E. Crawicy, C. A
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GivenIs. P. James-Iil")pncer, D. J. Milligazi, J. Myers. D. W. Power-. anvd M.
A. Valdivia, 1995, -Brine Sampling and Evaluation Program, 1992-1993 Rcport
and Summary of B3SEP Data Since 1982," DOE-WIPP 94-011, U.S. Epartment
of 1-nergy, WIPP Project Office, Carlsbad, New Mexico.

Abitz, R.J., 1994, "Uranium Specie Optimization in Cartxbnate Groundwater
Prior to Anion Exchange Recovery," American Chemical Society Book of
Abstracts for Emerging Technologies in Hazardous Waste Management VI,
Vol. 11. p. 1124.,
Beard, J.S., R.J. Abitz, aind G.E. Lofgrcn, 1993, "Experimc•ntal Melting of
Crustal Xenoliths fromi Kilbou-ne llole, New Mexico and inplicaticns for
Magmia Contaminationi axi Genesis," Contributions to Mineralogy and
Petrology, Vol. 115, pp. 88-102.

Abitz, R. J., and M. Furltuann, 1993, "Adsorption of Radionuclides and Metals
Below a Mixed-Waste Disposal Cell: Implications for Risk- Assessmenti
Calculations," Geological Society of America Abstracts w/Programs, Vol. 25,
No. 6. p. A-185

Abitz, R. J. aixl M. l-uhrmiam, 1993, "A Case Study Comparing Site-Specific
Distribution Coefficients to Sclcctcd Literature Distribution Coefficients," IT
Technology Exchange Symposium Proceedings, Vol.-Il. Paper 14-3, Scottsdale,
Arizona.

Deal, I). E., R_ J. Abitz, J. Myers, D. S. Biclski, M. L. Martin, D. J. Milligan,
R. W. Sobocinski, and P. James-Lippoicr, 1993, "Brine Sampling and
Evaluation Program, 1991 Report," DOE-WIPP 93-026, U.S. Department of
Energy. WIPP Project Office, Carlsbad, New Mexico.

Abitz, R. J., 1992, "Decision Support System for Obtaining Distribution
Coefficicnts Used in Fate and Tlra•sport Models," IT Technology Exchange
Symposium Proceedings, Vol.111, Paper 12-2, Scottsdale, Arizona.

Abirz, R J., 1991, "EFvaluating Inorganic Contaminant Release and Attenmation
with the EQ3/6 Geochemnical Code," Geological Society of America Abstracts
w/Progrums, Vol. 23, No. 4, p. A .

Abitz, R. J. R. W. Sobocinski. and J. Myers, 1991, "Assessing hn.rgauic
Contaminant Release to Groundwatcr with the EQ3/6 Geochemical Code," IT
Technology Exchange Symposium Proceedings, Vol. IH, Paper 11-2, Ploenix,
Arizona

Deal. D F., R. J. Abitz, J. Myers, J. B. Case, D. S. Belski, M, L. Martin, and



Richard J. Abitz

W. M. Roggcitahen, 1991 "Brine Sampling and Evaluation Program, 1990
Report," DOE.WIPP 91-036, U.S. Dcpartnicnt of Energy, WIP1 Ir#-jcct Office,
C'arlsbad, New Mexico.

Dcal, D F. , R. J. Abitz, D. S Belski, J, B. Clark. M. F. Crawley, and M. L.
.atui, 1991 "Brine Sampling and Evaluation Program, 1989 Report," DOE-
WIPP 91.009, V.S. Dcpartmenu of Energy, WIPP Projecl Office, Carlsbad,
New iMexico.

Abitz. R. J., J. Myers. P. E. Drez, and D. E. Deal, 1990, "Gcocherristry of
Salado Fomiation Briines Recovered from the Waste Isolation Pilot Plant (WIPP)
Repository," Waste Management '90, Vol. 2, pp. 881-891, Tucson, Arizona.

Abitz, R J., J. Myers. P. E. Drez, and D. E. Deal. 1989, "Geochcmistry of
Salado Formation Brines Recovered from the Waste Isolation Pilot Plant (WIPP)
Repository I lorizon,' Geological Society of America Abstracts w/Programs,
V ,! 21, p. A317.

Abitz. R. J., and G. A. Smith, 1989, "Stratigraphy antd Depositional Features of
the Peralta Tuff, Jetnez Mountains, New Mexico," New Mexico Bureau of
Mines and Mineral Resources. Bulletin 131, p 1.

Elston, W. E., and R. J. Abitz, 1989, "Regional Sctutig and Temporal Evolution
of the Mogollon-Datil Volcanic Field, Southwestern New Mexico," New Mexico
Bureau of Mines and Mineral Resources, Bulletin 131, p. 82.

Deal, D. E., R. J. Abitz, D. S. Belski, J. B. Case, M. E. Crawley, R. M.
Deslier, P. E. Drez, C. A. Givens, R. B. King, H. A. L.auctes, J. Myers, S.
Niou, J M. Piciz, W. M. Roggentlhen, J. R. Tyburski, and M.-'. Wallace,
1989 "Brine Sampling and Evaluation Program, 1988 Report,' DOE-WIPP 89-
015, U S Department of Energy, WIPP Project Office, Carlsbad, New Mexico.

Abitz, R. J., and W. F. FIston, 1988, "Rising Melt Zones: Origin of the
Volcanic-Arc to Within-Plate Maginatic Transition in Ignimbrites During
Extensional Stages of Orogenies," Geological Society of America Abstracts
wiPrograms, Vol 20, p. A74.

Abitz, R. J., and G. A. Smith. 1988, "Stratigraphy and Depositional Features of
SIHati-Volunic Pyroclastic Flows. Ilcrdata Tuff, Jcmez Montiains, New
Mexico," EOS, Transactions, American Geophysical Union, Vol. 69, p. 154.

Abitz, R. J., and D. Cy. Brookins, 1987, "F volution of Oligoxene Volcanism
Adjacetm to thc Southeni Rio Grande Rift," EOS, Transactions, American
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Geophysical Union, Vol. 68, p. 1532.

Abitz, R I , and R. K. Matheney, 1987, "Sr and 0 Disequilibrium hi A Welded
1 high-Silica Rhyolite Tuff,- Geological Society of America Abstracts
wIProRrains. Vol. 19, p. 566.

Abitz. R. J., D. B Ward, and D. G. Brookins, 1987, "Rb-Sr Age for Lower
Crust in the Southein RIO Grande Rift, New Mexico,- Isochron/West, No. 49,
pp. 8-12.

Elston, W. E., and R. J. Abitz, 1987, "Characterization of Non-Basaltic Post-40
Ma Magmatic-Tectonic Provinces of Southwestern North America by PtAassiun
Coitents," Geological Society of America Abstracts w/Programs, Vol. 19, p.
655.

Elston. W 1t.., W. R. Seager, and R. J. Ahitz, 1987, "The Emory Resurgent
AshFlow Tuff (Ignunbrite) Cauldron of O)ligocciw Age, Ncw Mexico,'
Geological Society of America Centennial Field Guide, Rocky Mountain
Section, pp. 441-445.

Reisitigcr, 1I. R., 1. Wagener, and R. J. Abitz, 1987, "An Oligoxene Ash-now
Tuff Vent Correlatcd to a Regional High-Silica Rhyolite ruff sleet," Geological
Society of America Abstracts wtPrograms, Vol. 19. p. 815.

Abitz. R. J., 1986. "Geology of Mid-Tcniary Volcanic Rocks of the East-
Cet-tral Black Range, Sierra County. New Mexico: imptications for a Douhle-
Cauldron Complex in the Emory Cauldron,' New Mexico Geological Society
Guidebook 37, pp. 161-166.

Abitz, R. 1., 1985, "Rarc Earth Elccncl and Strontium Isotope Conistraints on
the Evolution of Mid-Tertiary Volcanic Rocks in the Black Range, New
Mexico," Geological Society of America Abstracts w/Programs, Vol. 17, p.
205

Abicz, R. J., 1985, "Stratigraphy and Structurc Along the Northern Margin of the
Emory Cauldron, Northern Black Range, Sierra County, New Mexico,"
Geological Society of America Abstracts w/Programs, Vol. 17, p. 205.
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Fig. 8: Stacked Roil Fronts in the SE ¼ of Section 24 at Crowupoint
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PART I. INTRODUCTION

Contents

This position papp- is intended as a supplement to U.S. Nuclear Regulatory
Commission, Regulatory Guide, "Standard Format and Content of License
Applications, Including Environmental Reports, for In Situ Uranium Solution
Extraction," in order to provide more specific guidance in the following
areas:

1. Locating preoperational, operational and post-operational surface water

and groundwater monitoring sites.

2. Methodology for determining baseline surface and groundwater quality.

3. Techniques for collecting and preserving water samples.

4. Methodology for setting groundwater quality upper control limits,
groundwater elevation control levels, excursion detection and control.

5. Restoration and post-restoration monitoring.

6. Well design, construction, testing and abandonment.

This guidance results from operating experience at several solution mining
facilities and reflects approaches that are acceptable to the NRC staff. If
alternatives are proposed, they will be considered on a case-by-case basis.

Supporting Documents

Prior to development of an in-situ license application, the applicant should
review the following documents which can be obtained from the Nuclear Regulatory
Commission upon request:

1. U.S. Nuclear Regulatory Commission, Regulatory Guide and Value Impact
Statement, "Standard Format and Content of License Applications, Including
Environmental Reports, for In Situ Uranium Solution Extraction."

2. U.S. Nuclear Regulatory Commission, Rules and Regulations, Title 10, Code
of Federal Regulations, particularly Parts 20, 40, and 51.

3. U.S. Nuclear Regulatory Commission, Regulatory Guide 3.11, "Design,
Construction, and Inspection of Embankment Retention Systems for Uranium
Mills"

4. U.S. Nuclear Regulatory Commission, "Staff Branch Position On Explorations
for Design and Evaluation of Uranium Mill Tailings Retention Systems,"
Uranium Recovery Licensing Branch.

5. U.S. Nuclear Regulatory Commission, Regulatory Guide No. 4.15, "Quality
Assurance for Radiological Monitoring Progr3ms (Normal Operations) -
Effluent Streams and the Environment."
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6. U.S. Nuclear Regulatory Comission, Staff Technical Position Paper
(WM 8101), "Design, Installation, and Operation of Natural and Synthetic
Liners at Uranium Recovery Facilities," Uranium Recovery Li-ensing Branch.

In addition, a staff technical position paper on Hydrogeologic Characterization
of Uranium In Situ Solution Mine and Mill Tailings Disposal Sites will be
available in the spring of 1982.
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PART II. DEFINITIONS FOR PURPOSES OF THIS POSITION PAPER*

1. "Aquifer" - A formation, group of formations, or part of a formatioi
that contains sufficient saturated permeable material to conduct
groundwater to wells and springs.

2. "Baseline" - The constituents or parameters of interest and their
concentrations or measurements which describe preoperational
hydrologic and water quality conditions and their variability.

3. "Excursion Indicators" - Those selected indicators, monitored on a

routine basis, used to Indicate and confirm an excursion.

4. "Excursion" - Any movement of recovery fluid out of the production
zone of the wellfield as a result of in-situ solution mining
activities.

5. "Groundwater Elevation Control Levels" - Levels defining the normal,
preoperational range of groundwater elevation changes due to all
external (natural and cultural) influences. During wellfield opera-
tions, significant and prolonged changes beyond this range, not
explainable by factors external to the operation, could signify an
excursion is occurring or soon to occur.

6. "Groundwater Restoration" - The condition achieved when the quality
of all groundwater affected by the injection or recovery fluids is
returned to baseline quality, or quality of use consistent with the
use(s) for which the water was suitable prior to the operation, by
employing the best practicable technology.

7. "Injection Well" - A well through which mining fluid is introduced
into the subsurface.

8. "In Situ Uranium Solution Mining" - A method of in-place mining in
which limited quantities of overburden are disturbed to install a
well through which uranium is mined by injecting and recovering a
mining fluid (lixiviant) that causes leaching of uranium.

9. "Lixiviant" - Any fluid'used to dissolve, leach or extract uranium.

10. "Monitor Well" - A well constructed or utilized to measure water
levels or to obtain liquid, solid, or gaseous analytical samples or
other physical data that would be used for controlling mining
operations or indicating circumstances that could potentially affect
the environment.

11. '"Potentiometric Surface" - The ',urface coinciding with the static
elevation of water in in aquifer. The surface represents the levels
to which water from a given aquifer wiil rise under its full head in
tightly cased wells. It is given in feet mean sea level.

*Taken from the Wyoming Department of Environmental Quality Regulations

tGuideline No. 4) and modified.
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12. "Production Zone" - The geologic interval into which mining fluids
(leaching chemicals) are injected or extracted.

13. "Recovery Well" - A well or conduit through which a mining fluid,
and thereby a mineral, or product is extracted from the subsurface.

14. "Research and Development Testing" - Conducting research and
development activities to indicate environmental and economic mine-
ability of, and develop restoration techniques and levels for, an
in situ solution mining operation.

15. "Upper Control Limit" - A concentration calculated for each excursion
indicator, based on preoperational data, approximating a probable upper
limit of natural baseline fluctuation.

16. "Well Field Area" - The surface area containing injection and
recovery wells. This area may be all or a portion of the entire
area proposed for injection and production of recovery fluid
throughout the life of the mine.

17. "Uses for Which the Water was Suitable" - The uses for which
premining groundwater is, or could have reasonably been, developed
considering established water quality standards and premining ground-
water quality conditions. Such uses shall include, but not be limited
to, municipal and domestic drinking water, industrial, agricultural,
and wildlife.
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PART III. PREOPERATIONAL, OPERATIONAL (EXCURSION), AND POST-OPERATIONAL
SURFACE WATER AND GROUNDWATER MONITORING LOCATIONS

A. Surface Water Monitoring Locations

In general, there will be minimal, if any, detrimental impacts on the surface
waters in the region surrounding a uranium in situ solution mine if proper
operational procedures are maintained. Subsurface water possibly affected by
in situ operations generally has long flow paths and travel times before it
would reach any surface waters. However, it is possible for contaminated
groundwaters to eventually reach surface waters through a variety of mecha-
nisms, including the presence of inclined strata outcropping within or close
to in situ solution operations. In view of the groundwater monitoring programs
required, the probability for such contamination is very low.

Surface water quantity and quality measurements should be taken both prior and
during operations both upstream and downstream on all streams and water bodies
within and adjacent to the license area. Water quality samples should be
taken at flow measuring points. Monitoring frequency and indicators to be
analyzed for are discussed in Part IV.

B. Evaporation Pond Monitoring Locations

Monitoring systems for evaporation ponds should include leak detection systems
and monitor wells. Monitor wells should generally be located within 5 feet
downgradient of a pond and drilled in the upper saturated 5 feet of the first
aquifer to detect any seepage that might enter this aquifer.

Leak detection systems should be checked on a daily basis. As is the case for
any monitor well(s), baseline water quality data and water levels should be
obtained prior to operation start-up (Refer to Part IV). During operations,
monitor well(s) should be sampled at least quarterly, unless there is a leak
in the pond liner, in which case samples (including samples from the leak
detection system) should be taken at least once every week. If a leak is
detected, samples should be analyzed for at least the excursion indicators
that would be sampled in a groundwater monitor well on excursion status as
well as for the major constituents that comprise the pond wastes at a particular
site. Monitor well samples taken on a quarterly basis should generally be
sampled for at least these same indicators. The U.S. Nuclear Regulatory Staff
Technical Position Paper (W?4 8101), "Design, Installation, and Operation of
Natural and Synthetic Liners at Uranium Recovery Facilities," may be utilized to
provide design criteria acceptable to the staff.

C. Preoperational Groundwater Monitoring Locations

1. Flow Regime Determination

The basic information to be developed with respect to natural flow regimes
pertains to water levels existing prior to initiation of mining in the ore-zone
aquifer and in the aquifers above and below, to determine horizontal and
vertic3l flow directions in all three units. For example, four three-well
arrays, placed in a triangular pattern, plus some ore zone aquifer wells near
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the far boundaries of the ore body and at least one additional deep well, can
be used (Figure 1). Three of the arrays would be installed to collect data in
the ore-zone aquifer, one array being in the ore body, one in the reduced rock
area, and one in the oxidized rock area. The fourth array would be installed
in the aquifer above the ore-zone aquifer. At least one observation well
should penetrate the aquifer below the ore-zone aquifer. Additional wells may
be necessary depending on the size of the wellfield and the thickness, continuity,
and permeability of the underlying confining unit.

Although as few as three observation wells could be constructed into the
ore-zone aquifer to develop a rudimentary potentiometric surface map of that
aquifer, it is recommended that three such arrays be constructed to provide a
better definition of groundwater movement to and through the ore body.
Additional observation wells should be constructed into aquifers above and
below the ore-zone aquifer because there may be natural hydraulic communication
or artifically induced hydraulic communication resulting from extensive
exploratory boreholes not adequately plugged, opening potential avenues for
the excursion of fluids. Considerable attention should be given to placing
such additional observation wells in both upgradient and downgradient locations.

The direction of horizontal and vertical flows should be determined from a
comparison of water-level readings taken in completed wells. Once ground-water
elevations are known, maps showing groundwater elevation contours and horizontal
and vertical flow directions should be prepared and evaluated with respect to
lixiviant movement during mining and after restoration.

Potential vertical flow components may be determined by comparing water-level
elevation measurements for each of the three aquifers and should be shown in
the geologic cross sections through the wellfield. The natural groundwater
flow in the vertical direction would be from the aquifer with the highest
potential (potentiometric level) into the unit with the lowest potential.

Water-level measurements should be completed within a short period of time
(preferably on the same day) to rule out water-level changes attributable to
seasonal, daily, or barometric fluctuations. Premining water-level measure-
ments may only need to be made a few times, inasmuch as the natural groundwater
flow pattern may not vary significantly. However, if pumping wells are located
nearby, if groundwater recharge or discharge is significant, or under water
table conditions, the measurements in the network should be repeated as fre-
quently as needed, possibly on a seasonal basis for a one year period, to
ascertain whether significant shifts take place.

2. Preoperational Water Quality Determination

Analyses of ore-zone aquifer mineralogy and groundwater flow regimes indicate
that several different baseline water-quality conditions are present in different
parts of a potential mining area. The major differences are in: (I) oxidized
rock areas, (2) reduced rock areas, (3) the ore body, and (4) the transition zone
immediately downgradient from the ore body (Figure 2). The water-quality sampling
system should be designed to determine whether a water-quality profile across
the ore zone actually exists. Figure 2 illustrates a well location scheme for
collecting baseline water-quality data in the ore zone and overlying and
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underlying aquifers. The system as presented should be modified to suit unique
conditions. Two linear arrays consisting of eight wells each and two wells
near the boundary of the ore body are completed in the ore-zone aquifer, and
three wells each are installed in both the overlying and underlying aquifers.
The ore-zone wells describe baseline water quality conditions within approximately
250 ft (76 m) on either side of the ore body. Because baseline data is needed
for all operational excursion groundwater monitoring wells and a representative
group of injection/recovery wells, it is recommended that wells used to collect
preoperatlonal baseline water quality data serve this multiple purpose.
Frequency of analysis and baseline indicators are discussed in Part IV.

0. Operational Excursion Groundwater Monitoring Locations

Monitoring wells are necessary at all uranium in situ solution operations to
detect any flow of lixiviant from the ore zone of the wellfield area. The
toxic composition of the lixiviant due to the presence of acid or alkaline
solution, excessive dissolved solids, uranium, and/or low concentrations of
heav' metals such as arsenic, selenium, and vanadium, necessitates its
confinement to the ore zone within the mining area. The high value of the
uranium laden lixiviant provides additional incentive for control and recovery
of pregnant lixiviant.

Currently, the primary means of detecting excursions is sampling and analyzing
the changes in groundwater quality surrounding the area being leached. While
water level data may be an early indicator of an excursion, water level data
alone have not been used to define an excursion. Water level dati and water
quality samples are obtained through a series of wells tapping the perimeter
of the uranium strata and the immediately adjacent overlying and underlying
aquifers.

The excursion-monitoring systen should te designed to detect excursions of
lixivlants into the ore-zone aquifer outside of the wellfield area being
leached, and into aquifers above and below the ore-zone aquifer both within
and outside if the wellfield area (Figure 3). Monitor wells installed to
collect hyarr' qic and water-quality baseline data should be incorporated into
the excursio iitoring system.

Premining aquifer test(s) results and other data should be used to determine
the extent of monitoring required in aquifers above and below the ore-zone
aquifer. For example, if an aquifer test(s) shows no evidence that an adjacent
aquifer is susceptible to excursion from the ore-zone aquifer, the need for
extensive monitoring of that adjacent aquifer during mining is decreased. As
a precaution, however, monitor wells should at least be constructed in whichever
adjacent aquifer has a water level or potentiometric level that is lower than
the water level in the ore-zone aquifer. As in additional 'evel o" safety.
monitor wells should also be constructed into any other sur-ounding water-bearing
units, particularly if the unit(s) are or could be used as a water supply
source.



10

Excursion monitoring within an ore-zone aquifer can be accomplished using two
tiers of-ionitor wells as illustrated in Figure 3. Wells are installed 50 ft
(15 m) and 250 ft (76 m) outward from the outermost injection wells. The
location of the monitor-well tiers should correspond to locations used to
collect premining water-quality data. This is necessary because baseline data
will be needed to set upper control limits for the excursion-monitor wells.
In addition, the location of monitor wells should be selected to provide
meaningful data for the water-level monitoring program.

Locations and numbers of L t zone monitor wells (i.e., distance from the
wellfield area and directional distribution) should be based primarily on the
transmissivity and anisotropy of the ore zone aquifer, with greater numbers of
monitor wells located in zones of major transmissivity and aligned in the
principal flow directions. The number of monitor wells should be such that an
excursion can be detected early before lixiviant has traveled significant
distances outside the wellfield.

The procedure generally followed to detect excursions of lixiviants during
mining is to collect water-quality samples from monitor wells located 200 to
400 ft (61 m to 122 m) from the well field. However, since the hydraulic
properties of most ore-zone aquifers are such that the natural groundwater
flow rate is very slow, even with the addition of pressure provided by injection
of lixiviants, there is little likelihood of detecting wate-quality changes
in widely spaced monitor wells unless a large volume of material has escaped
over a long period of time. Thus. trend wells or perimeter monit- wells
located approximately 50 feet from the ore zone or at the ore zone perimeter
are generally necessary for early detection of excursions.

E. Post-Operational Groundwater Monitoring Locations

The post-operational groundwater monitoring system should be designed to
monitor the water quality in the production zone and any surrounding zones
affected by mining operations (i.e., zones contaminated as a result of production.
excursions, evaporation pond leaks, waste disposal practices. etc. ). Post-
operational monitoring inc'udes monitoring during restoration as well as
several months after restoration operations have ceased (generally 5 to
12 months or longer, until the water quality has stabili:ed and reached
equilibrium).

During restoration the groundwater monitoring plan snould consist of water
quality sampling and water-level measurements taken at thie o;!owing locations-

1. All operational excursion qrounawate- monitoring wel 1 .

2. All (or those most representative) 4nject'-n'racove-y w.!'; ýMýCN O-rs
used in the preoperationa' (baseline) ;-ot nawate' --roram

3. Any additionai ore-:one iquife- wells 1ecessarV- tC -c:e-v..'' 1s;ms;
effectiveness Cf -estoration operaticns
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During the post-restoration monitoring period the groundwater monitoring plan
should consist of water-quality sampling and water-level measurements taken at
the following locations:

1. Any wells outside the production zone that were contaminated by the
operation (this may include operational excursion groundwater monitoring
wells or trend wells).

2. All (or those most representative) injection/recovery wells which were
used in the preoperational (baseline) groundwater monitoring program
(should include those injection/recovery wells monitored during
restoration).

3. Any additional ore-zone aquifer monitor wells (operational excursion
groundwater monitoring wells, centrally located injection/recovery
wells) if needed to evaluate groundwater conditions in the ore-zone
aquifer within and around the well field area.
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PART IV. DEFINING BASELINE SURFACE AND GROUNDWATER QUALITY AND GROUNDWATER
LEVELS

A. Baseline Groundwater Quality Sampling and Water Level Measurements

Baseline water-quality and water level refers to natural conditions occurring
in and around the uranium ore body prior to solution mining. Baseline condi-
tions are used to gauge surface water and aquifer contamination due to in situ
solution mining practices. Therefore, it is necessary to develop a program to
collect sufficient baseline information to evaluate any anomolous condition
that might occur during or after mining.

Baseline static water levels and water-quality should be determined for the
ore zone and surrounding aquifers. Baseline water-quality should be determined
not only for the common constituents of natural waters, but also for minor
constituents, particularly trace and heavy metals, whose concentrations are
likely to change as a result of chemical reactions initiated during in situ
solution mining. Although solubilities and theoretical equilibrium reactions
under varying Eh and pH conditions can be determined for relatively simple
compounds, it is not yet possible to adequately predict effects of mobilization,
reprecipitation, and adsorption of trace metals in a complex ore body undergoing
solution mining. Therefore, comprehensive chemical and radiochemical analyses
of water samples, obtained within the ore body and at locations away from the
ore body, should be made to determine premining baseline conditions. Refer to
Table I for the standard format for water-quality data submitted to the NRC
for uranium recovery facilities. A list of suggested water-quality indicators
to be measured to define baseline water quality has been prepared (Table 2),
based on an evaluation of uranium-ore body mineralogy, EPA drinking water
standards, water-quality standards for agricultural uses, and uranium leaching
processes (lixiviants used).

For determining baseline water quality conditions, at least four sets of
samp' , ihould be collected and analyzed for those indicators listed in Table 2.
Some sples should be split, and sent to different laboratories, as part of a
qualit- assurance program. An onsite laboratory may be used if correct analytical
techniques are used (i.e. , are in accordance with EPA recommended analytical
techniques). Sets of samples should be taken within a week or two of each
other unless natural conditions are such that the water quality of the aquifers
changes significantly. If natural groundwater flow rates and recharge condi-
tions vary considerably (the premise that they do not should be documented by
the operator), additional sampling to establish the natural cyclical fluctuations
of the water quility is necessary.

If mining is planned in an aquifer system that is essentially unconfined.
seasonal water-quality changes can be expected and - more intensive sample
collection program would be necessary.

Baseline groundwater elevation levels in the ore-zone aquifer and surrounding
iquifers within and outside of the wellfield. need to be de4"ned prior to
mining. The required number of preoperational water level elevation measurements
to define groundwater elevation control level(s) at a well in a particular
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Table 1. Standard Format for Water Quality Data Submittal
to the NRC (WMUR) for Uranium Recovery Facilities

1. Water quality sampling techniques and analysis should be in accordance

with EPA guidelines (1974).*

2. All water quality data submitted to the NRC should:

a. Be submitted in tabular form with the appropriate standards (i.e.,
EPA national interim primary drinking water regulations, livestock
standards, baseline or excursion levels, or 10 CFR 20 Maximum
Permissible Concentrations (MPCs)) listed in the same table, for
ease of data comparison. Methods of sampling and preserving, and
the laboratory utilized should be indicated in the table. T Ne
sampled depths, formation(s) sampled, water-level elevations and
dates measured, and distances from the tailings pond or well field
for each monitor well should be noted in the table.

b. Be submitted graphically to illustrate water quality and water-level
elevation changes with time with applicable governing standards EPA
national interim primary drinking water standards and livestock
standards, baseline or excursion levels, or MPCs (whatever is
appropriate), for the particular constituent shown on the graph.

C. Include a short summary of the data interpretation, noting any
anomalies, with an explanation.

d. Water quality data reports should include a
water quality sampling points.

map which shows all

*Manual for Chemical Analysis of Water and Wastes." 1974. EPA-6Z5-/5-'4-)O3a,.
from the EPA Office of Research & Development Publications in Cincinnati.
Ohio (Phone: 513-684-7562).
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Table 2 Typical Baseline Water-Quality Indicators to be
Determined During Premining Data Collection

A. Trace and Minor Elements

Aluminum
Arsenic
Barium
Boron
Cadmium
Chromium
Cobalt

Copper
Fluoride
Iron
Lead
Manganese
Mercury
Molybdenum

Nickel
Radiur-226
Selenium
Thorium-230
Uranium
Vanadium
Zinc

B. Common Constituents

Ammon i a
Bicarbonate
Calcium
Carbonate

Chloride
Magnesium
Nitrate

Potassium
Sodium
Sulfate

C. Physical Indicators

Specific Conductivity'
Temperaturet
pH*

Total Dissolved
Solids#

Appearance, color, odort

*Field and laboratory determination.

TField only.

#Laboratory only.
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aquifer is determined on a site-specific basis. Frequent preoperational water
level elevation measurements taken over a long time period are only necessary
if the study site is in a groundwater recharge or dis:harge area, there are
pumping wells nearby, an aquifer is under water table conditions, or other
external forces such as barometric pressure changes create significant water-level
fluctuations which may be misinterpreted as being due to wellfield operations.
It is essential that preoperational water-level fluctuations be incorporated
into the control level(s)'set, otherwise excursions cited could be false.

Suggested procedures for determining groundwater monitoring locations are

presented in Part III of this document.

B. Surface Water Quality Sampling

Surface water quality and *quantity measurements should be taken on a seasonal
basis for a minimum of one year prior to implementation of mining operations.
Water quality indicators to be tested for may Include those shown in Table 2.
Surface water samples can be obtained by grab sampling and should be taken at
the same location each time.

C. Interpretation of Groundwater Quality Data

I. Hydrochemical Facies

The information gathered from the groundwater quality baseline study requires
interpretation and analysis. It is assumed that temporal and spatial differences
in the aquifer units will -result in noticeable zones of differing groundwater
quality within an aquifer.

Based on groundwater quality information and geologic and hydrologic interpretation.
a distinct picture of the water quality of a single aquifer should emerge.
The picture may describe zones of different water quality within a single
aquifer. Zones should be identified on topographic maps on which isocons for
the major constituents found in the native groundwater and lixiviant (e.g.,
sulfate, arsenic, selenium, vanadium, chloride, pH, TDS, radionuclides, etc.)
are drawn for each aquifer that may be affected by mining. Average water
quality for each zone and range of each indicator in the zone should be
tabulated and evaluated.

All or most of the indicators identified in Table 2 should be used to delineate
zones. Piper, Stiff, isocon maps or other diagrams, comparison of means and
variance, and indicator ratios are suggested comparative tools for zone identifi-
cation.

2. Removal of Outliers

An outlier is a single value that lies far above or below the rest of the
sample values for a single well. The outlier may represent a sampling,
arnalytical, or other unknown source of error. Its inclusion within the sample
would significantly change the baseline data for the outlier is not typical of
the bulk of the samples.
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There is no hard and fast method for determining outliers, recognizing that
for a small sample population their evaluation must be judgmental. However,
rules of thumb described below may eliminate some points from further
consideration. In any case, all calculations and assumptions made by the
applicant in evaluating outliers should be fully explained. When an outlier
has been discarded, it may be necessary to take another sample replacing the
one discarded.

Quantitative evaluation of outliers is difficult when only a few data points
are available. One rule of thumb is to accept any suspicious data which
cannot be positively linked to sampling or analytical error. Another method
is to accept any value within three standard deviations of the mean. For a
normally distributed set of values, three standard deviations encompass 99.7%
of all variation in the population. The standard deviation should be calculated
without using the suspected outliers. This method is semi-empirical; other
documented methods will be considered in the evaluation of outliers.

3. Classification of Water Quality Zones

Classification of groundwater should be based on appropriate EPA and State
water quality standards.
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PART V. ESTABLISHING EXCURSION INDICATOR SETS, UPPER CONTROL LIMITS, AND
GROUNDWATER ELEVATION CONTROL LEVELS

A. Excursion Indicator Sets

Excursions can be due to improper balances between injection/extraction rates,
undetected high permeability strata or geological faults hydrofracturing of
the ore zone or surrounding units, Improperly abandoned exploration drill
holes, discontinuity and unsuitability of confining units to prevent movement
of lixiviant out of the ore zone, cracked well casings and faulty well con-
struction. Rapid detection of an excursion event and the ability to quickly
determine the cause so as to stop and control an excursion is desirable from
both operational and environmental points of view.

The indicator set used to detect excursions should consist of a mixture of
conservative (high concentrations in the lixiviant, initially in low concentra-
tions in the aquifer, transported with little attenuation) and nonconservative
elements so that an excursion may be detected quickly, traced accurately, and
the amount of contamination in the excursion area accurately identified. It
is the responsibility of the license applicant to compile a proposed indicator
set with water quality control limits and water level control levels. The
excursion indicator set is generally based on lixiviant chemistry and host
rock geochemistry. The operator may also consider placing a conservative,
chemically nonreactive tracer in the injected fluid and using the tracer as
one of the indicators.

B. Groundwater Upper Control Limits

Groundwater quality upper control limits (UCLs) are numerical values which,
when reached, indicate an excursion is in progress. The license applicant
should propose upper control limits for the respective excursion indicators.
Upper control limits should be based upon data collected from the preoperational,
baseline monitoring program.

In order to account for the spatial and temporal variations in excursion
indicator concentrations, upper control limits should be determined on a
statistical basis. One such statistical technique is the student "T" distribu-
tion (Guttman, Wilkes, and Hunter. 1971). In some cases, a simple percentage
increase over baseline levels may also be used to set upper control limits
(and water level control limits). In general, a 20% increase in an indicator
may be used for an upper control limit if hydrogeologic conditions and baseline
data indicate this to be a valid approach.

C. Groundwater Elevation Control Levels

Significant and prolonged water level changes, which cannot be explained by
any factors other than mining operations and occurring in any ore-zone monitor
well located outside of the actively mined area or in any monitor wells completed
in aquifers above and below the ore-zone aquifer, could signify an excursion
is occurring or soon to occur. The applicant should propose groundwater
elevation control levels that take into account variations other than those
caused by mining operations.
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Where preoperational water level elevation fluctuations are large and erratic
(i.e., affected by nearby withdrawals) and water levels cannot be corrected
for such external influences, or where mining activities, under normal
conditions, cause large water level changes in monitor wells, it may not be
possible to set specific groundwater elevation control levels. In these
instances groundwater elevation levels should still be monitored during mining
operations, and utilized by the operator solely as an early warning for
excursions. Such notice should be taken whenever large water-level fluctuations
are observed (especially water level rises) in wells.

If groundwater elevation control levels cannot be set or reasonably monitored
supporting data showing why should be developed 3nd documented by the license
applicant with appropriate data, calculations and discussion.

)
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PART VI. OPERATIONAL MONITORING TO DETECT EXCURSIONS

A. Groundwater Quality Sampling Frequency

All operational excursion groundwater monitoring wells should be sampled every
two weeks for at least the conservative elements (lead indicators) of the
excursion indicator set (as an example; chloride, sulfate, TDS). Sampling and
analysis for all other elements of the excursion indicator set should be done
on at least a monthly basis. If trend wells are included in the excursion
groundwater monitoring system they should be sampled for the same indicators
and on the same schedule. Should an excursion occur, sampling frequencies
should be increased (see section on excursion occurrence).

In addition, all operational excursion groundwater monitoring wells should be
sampled and analyzed, on at least a quarterly basis, for all indicators shown
in Table 2.

B. Water-Level Monitoring

Water levels should be measured in all monitor wells prior to obtaining a
sample for groundwater quality analysis. The water level of each monitor well
should be monitored once daily for the first two weeks of continuous operation
at a project site. After the initial two weeks, water level monitoring can be
decreased to once every two weeks and measured just prior to water quality
sampling. Barometric pressure at the site or vicinity and its effeqt on water
levels should also be recorded.

In addition, several monitor wells , located in strategic positions in the
ore-zone aquifer should be equipped with continuous water-level recorders
capable of easily recording water-level changes. When an evaluation of all
water-level measurements shows that an outward hydraulic gradient has been
established in part of the w-11 field, it may be that an excursion is taking
place. Several days of continued reversed flow conditions where an outward
hydraulic gradient is observed should be allowed before action is taken (e.g.,
increased production rate to create an inward hydraulic gradient or, if necessary,
shutdown). To locate the cause of the excursion, water-level readings and
water-quality data for wells surrounding the presumed excursion area should be
analyzed.

C. Excursion Occurrence

If two or more of the excursion detection indicators exceed their upper control
limits, or one indicator exceeds its UCL by 20% of the UCL, a second sample
should be obtained as soon as possible, generally within 48 hours, rer confirma-
tion. The confirmation sample should be analyzed for all members of the
excursion indicator set and should be split to detect any analytical error.
If two or more indicators in the confirmation 'sample also exceed their upper
control limits, or one indicator exceeds its UCL by 20% of the UCL. an excursion
has occurred.
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During an excursion, samples should be taken at least weekly with water levels
measured prior to sampling. Water-quality samples should be analyzed for at.
least all members of the excursion indicator set. Results should be plotted
graphically on bar graphs, vectors, or stiff diagrams and compared with premining
cnnditions (see Table 1). An excursion is concluded when the concentrations
uF excursion indicators are below the concentration levels defining an excursion.

After an excursion has been confirmed by water level and/or water quality
data, steps should be taken to:

1. define the "affected area" in a vertical and lateral direction, over
which the excursion occurred,

2. define the cause(s) of the excursion and determine the remedial

actions that should be implemented,

1. Defining The Affected Area

An "affected area" can be approximately defined initially by geometric means
based on water-level and water-quality data obtained from monitor wells near
the well(s) on excursion status, when the number of monitor wells is not
sufficient to define an exact "affected area." A geometrical approximation
should be used whereby a polygon is superimposed on each of the well(s) on
excursion. The dimensions of the polygon are such that it extends from the
well on excursion status to a distance equal to the distance from the well on
excursion to the first monitor well, completed in the same zone, not on
excursion status or not showing signs of being affected by mining operations.

Surface electrical resistivity measurement is a field technique which might be
used at some sites to determine the affected area. The relative resistances
between electrodes are indications of the subsurface formation characteristics
and the salinity of the groundwater. While resistivity techniques have generally
been used to define geological characteristics and to locate groundwater, they
have also been successfully used to define the presence and extent of groundwater
contamination in homogeneous but highly contaminated aquifers [Berk and Yare,
1977; Hackbarth 1971; Warner 1969; Yare 1975]. A more sensitive system for
defining of excursions during in situ solution mining would be installing
electrodes within the ore body.

Electrical resistivity measurements might be used to define the presence and
extent of groundwater contamination if the resistance of the pollutant markedly
differs from that of the native groundwater. The sensitivity of the technique
is improved by the presence of relatively homogeneous subsoils, uniform shallow
water tables and flat topography. Monitoring of pollutant excursions can be
performed by comparison of resistivity surveys obtained prior to and after
commencement of mining operotions or by comparison of surveys in mining areas
with those of virgin areas. Monitoring would consist of measuring potential
drops and applied currents between various pairs of electrodes in an electrode
grid system. A difference in measured values could indicate groundwater
contamination. Potential problems which might interfere with the use of
electrical resistivity for defining excursions include electrical short-
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circuiting by the pipeline grids in the mining area and heterogeneity of the
ore deposits.

2. Remedial Actions

Defining the cause(s) of an excursion can be extremely difficult and time
consuming. Table 3 lists some typical causes of excursions and methods that
have been used in defining and stopping them. The solutions listed are not
unique. They are included as suggested methods to solve the problems and have
been applied successfully at existing uranium in situ mines. The development
of a remedial action program to control excursion events is the responsibility
of the licensee.

In general, actions which can be implemented quickly to slow down and in some
cases reverse the rate and direction of lixiviant movement out of the ore zone
are: (1) to stop injection of lixiviant in the "affected area"0 , (2) increase
pumping from the production well(s) in the "affected area", and (3) pump from
the monitor well on excursion status or from a well between it and the welifield.



Table 3 Typical Causes of Excursions, Methods Use(' in Defining the Causes, and Possible Solutions

Cause Method of Defining Possible Solution(s)

Cracked Well Casings 1. Packer tests at various intervals. 1. Fix casing or well construction
or Faulty Well 2. Down hole TV camera. flaw.
Construction 3. Dye tracer injection. 2. Abandon well properly and drill

a new well.

Improperly Abandoned 1. Review of maps which show exploration 1. Plug, seal, and cap the drill holes
Expluration Drill Holes drill hole locations. Review drill properly. This may require that the

hole plugging information records. hole be redrilled and cleaned out
Conduct a visual inspection in the first.
field for drill holes near the site of
the excursion. This may require the
removal of the upper few feet of soil.

2. Conduct Pumping Tests to determine leakance.

Unsuitability of the 1. Conduct Pumping Tests to determine 1. Reduce injection/recovery rates.
Confining Units to Prevent leakance. 2. Abandon the site if it is not
Vertical Movement of 2. Drilling, coring and borehole suitable hydrogeologically.
Lixiviant Out of the Ore geophysics in the confining units to
Zone verify their continuity, thickness,

and integrity.

lii, i. ,., ',..i I ' lf I. ilii, I ii., ..... I ,i ,lU . 1. Adjust mining operations in
,.i . .I .... . k ' ,,J,,: 0J,)'hy i L,. order to reduce the potential for
Geolvuficdl lItlls 3. Aquirer Puimping Tests. lixiviant to migrate towards such

strata.
2. Abandon the site if it is not hydro-

logically suitable.

Improper Balances 1. Conduct a Water Balance on 1. Increase extraction rates to the
Betw;een Injection/ Lixiviant Injected and appropriate level needed to minimize
Extration Rates Lixiviant Extracted lateral and vertical excursions.

Hlydrofracturing of the 1. Formation pressure testing 1. Reduce injection/recovery rates.
Ore Zone or Underlying 2. Abandon the site if it is not
and Overlying Strata hydrogeologically suitable.

I'.
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PART VII. POST-OPERATIONAL GROUNDWATER QUALITY RESTORATION

A. Establishment of Restoration Targets

1. For all facilities and prior to operations, the operator should
propose restoration targets for each of the wells to be used for
monitoring groundwater restoration. Thz restoration target list
(indicators) should be based on water quality and geochemistry of
the subsurface environment and precise characterization of the
chemistry of the lixiviant.

2. For all facilities, the operator should demonstrate that the operation

employs state-of-the-art technology for restoring groundwater quality.

3. The following are recommended restoration targets.

a. Restoration results in a return to baseline groundwater quality
for all indicators in all affected groundwaters and in all
restoration water quality monitor wells.

b. Where the baseline concentration of a particular indicator is
less than drinkii•q water standards, the appropriate established
state or federaf criteria may be used to establish maximum
permissible values for restoration purposes.

4. An indicator-by-inai:.•or comparison of the proposed restoration
targets with baseli.;- groundwater quality and drinking water standards
should be made for .3"i groundwater quality zones previously identified
and for each restor3tion water quality monitor well. If, for any
given indicator, tV- -?posed restoration target exceeds baseline
concentrations or t.' ooropriate drinking water standard, supporting
technical justifica:. :1 (i. e. results from research and development
testing) should be :---.-;ed stating why restoring to baseline or
drinking water conce"'.-'-tions is not feasible and why the proposed
restoration target ' not be degrading the highest, potential
premining use of the i':undwater.

8. Post-Operational Groundwater '.onitoring Frequency

During restoration, water leve': ind water quality samples should generally be
collected once every two weeks anci analyzed for all or some of the excursion
parameters. When restoration ;:. be)ieved to be complete, water levels and
water samples in all post-ope.. mnal monitor wells and any wells with high
levels of contamination resuY-: from well field operations, should be measured
and sampled, at least on a mr;;- basis, for the indicators listed in Table 2.
Post-operational groundwater i.ring is *completed when the water quality
has stabilized (generally si. .>-elve months).
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PART VIII. GROUNDWATER SAMPLE COLLECTION AND WATER QUALITY FIELD ANALYSIS

Groundwater samples from wells should not be taken until all of the stagnant
fluid in the well casing is evacuated. This is done to prevent contamination
of the sample caused by mixing of stagnant fluids in the well. The exception
to this rule applies when a well is only open to a very small interval and a
vertical profile of the water quality within that interval is desired. An
accurate measurement of the static water level in the well should be made
prior to removal of water, to compute the volume of stagnant water in one
casing volume. Generally at least two casing volumes of water should be
pumped to waste prior to sampling, or as many casing volumes as necessary to
reach a steady specific conductance.

The sample should be placed in an appropriate container for transport and
labeled prior to or immediately after collecting the sample. Labels should
include site designation, monitoring well number, sampling date and time, any
treatment applied (preservatives, filtration, etc.), and if possible, a list
of the sDecific constituents to be included in the analysis.

Several -)*her types of measurements should be made in the field during sampling
to prov'ii useful data. Temperature measuremints should be made as water
leaves : well. Specific cooductance (related to total dissolved solids
concent- iz'on) and pH can be determined easily with portable battery-operated
instruments.

The pH ;" .,roundwater froquently changes after the water sample contacts the
atmosp•..,. Gas exchange between water and the atmosphere induces a change in
oxidatiý'--?eduction (redox) potential altering water chemistry. Therefore, pH
should be measured as soon as possible after the water sample is collected.
The phv , . appearance, odor, and color of the water sample should be noted
at the ,, of collection.

Pumps '- iters can be used to collect water samples although pumps are
general .' ie preferable sampling technique. Because of the low yields of
aquifer- i7Dled and the large depth to water in the principal uranium-
leachinq *;'as. electric submersible pumps generally prove to be the most
practical -.ampling devices.

The grounc.,ater monitoring program necessitates the use of portable pumping
devices rrr well sampling, because samples will not be collected frequently
enough tcý justify the expense of equipp'ng all wells with pumps. Particular
care shou'! be taken to clean the pump and sampling equipment to prevent the
possibi: " )f obtaining erroneous readings due to water left over from prior
samplir- ,-3tions. The use of a self-priming pump can prevent such cross-
contam!." :. .. If the well has a very low yield. the combined use of pumping
and bai t•quipment may be the only practical way to secure a water sample.

1. Set•: - and Filtration of Water Samples

Ions ad, -L on silt, clay, and organic particles suspended in water samples
may go solution if certain preservatives are added directly to the sample
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resulting in higher concentrations of these ions than actually present.
Settling and filtration are the two primary field methods to be used for
reducing or eliminating suspended matter when evaluating concentrations of
dissolved constituents.

The method(s) selected depends upon the particle size of suspended matter and
specific analyses indicated for the sample.

Sand and silt-sized particles settle out fairly rapidly under influence of
gravity. Clay-sized particles, colloidal precipitates, and other smaller
particles will remain suspended for much longer periods of time, in which
ca-., for the determination of dissolved concentrations of ions, filtration in
the field should include gravity filtration and vacuum filtration with
.45 micron filter paper.

2. Preservation of Water Quality Samples

Water samples should be analyzed as soon as possible to assure accurate water-
quality measurements. Because the laboratory may be far removed from the well
location, sample preservation is important to insure that the chemical quality
of the formation water remains unchanged until the sample can be analyzed.
During transit of water samples, exposure to tae atmosphere and changes in
temperature can lead to changes in pH and subsequent alteration of the original
ionic balance in solution.

Volatilization of organics, oxidation of heavy metals, and many other chemical
as well as biological reactions can occur, which may ultimately affect the
concentration of constituents present at the time of analysis. Storage at low
temperature (4'C) is generally used to preserve samples. Chemical preserva-
tives for a given constituent should be chosen with regard to potential
interference with oth3r determinations to be made. Due to interference as
many as six or seven bottles, each treated with preservatives for various
special groups of chemical constituents, may be necessary to contain a suffi-
cient sample volume for a comprehensive analysis of water from one source.,
Sample containers should be filled to the top with water to reduce gas
dissolution with the air. Table 4 provides information about the specific
preservation method that should be used for each parameter being sampled.

EPA, U.S. Geologic Survey (USGS), and American Public Health Association
(APHA) standard methods for laboratory analysis are.available for all indicators
to be evaluated and should be consulted.
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Table 4 EPA (1974) Recommendations for Sampling and Preserving Water
Samples for Specific Constituents

Vol.
Req.

Measurement (ml) Container Preservative Holding Time##

Acidity

Alkalinity

Ammonia

100

100

400

Arsenic

Bari um

BOD

Boron

Bromide

Cadmium

Calcium

100

200

1000

100

100

200

200

P,G*

P,G

P.G

P,G

G

P,G

P ,Gtt

P,G

G

P,G

P,G

P,G

P,G

P,G

G

P,G

G

P,G

Cool, 40C

Cool, 4VC

Cool, 4*C, H 2SO4 to
pH<2

HNO 3 to pH<2

HNO 3 to pH<2

Cool, 4*C

Cool, 4VC

Cool, 4VC

HNO 3 to pH<2

Filter on Site,
HNO 3 to pH<2

Cool, 4%

H2 So 4 to pH<2

None Req.

Det. on site

Cool, 40C

Cool, 40C

HNO 3 to pH<2

Cool, 40C
NaOH to pH 12

24 Hours

24 Hours

24 Hours

6 Months

6 Months

6 Hourst

7 Days

24 Hours

6 Months

6 Months

24 Hours

7 Days

7 Days

No Holding

3 Days

24 Hours

6 Months

24 Hours

Carbonate/Bicar- 100
bonate Alkalinity

COo 50

Chloride 50

Chlorine Req. 50

Chromium 200

Color 50

Copper 200

Cyanides 500



28

Table 4 (Continued)

Vol.
Req.

Measurement (ml) Container Preservative Holding Time##

Dissolved Oxygen

Probe

Winkler

Fluoride

Gross Alpha and
Gross Beta

Hardness

Iron

Iodide

Lead

Magnesium

300

300

300

100

100

200

G only

G only

P,G

P,G

P,G

PG

P,G

P,G

G

100

200

zoo

Det. on site

Fix on site

Cool, 40C

None Required

Cool, 40C
HNO3 to pH<2

Filter on Site,
HNO 3 to pH<2

Cool, 4*C

HNO3 to pH<2

Filter on Site,
HNO3 to pH<2

Cool, 40C

Cool, 4*C

Filter on Site,
HNO3 to pH<2

)ilter on Site

HNO3 to pH<2

Filter
HNO3 to pH<2

7

7

Days

Days

6 Months

24 Hours

6 Months

6 Months

No Holding

4-8 Hours

7 Days

Manganese

MBAS

Metals Dissolved

200

250

200

P,G

P,G

PG

24 Hours

24 Hours

6 Months

Suspended

Total

Mercury Dissolved

100

100

6 Months

6 Months

38 Days (Glass)
13 Days

(Hard Plastic)

P,G
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Table 4 (Continued)

Vol.
Req.

Measurement (ml) Container Preservative Holding Time##

Total 100

Nitrogen Ammonia

Kjeldahl, total

Nitrate

Nitrite

NTA

oil & Grease

Organic Carbon

pH

Phenolics

400

500

100

50

50

1000

P,G

P,G

P,G

P,G

P,G

P,G

G only

HNO 3 to pH<2

Cool, 4*C
H 2SO4 to pH<2

Cool, 4*C
H2So4 to pH<2

Cool, 4'C
H2 So 4 to pHJ<2

Cool, 40 C

Cool, 4'C

Cool, 4*C
H 2so4 or HCI to pH<2

Cool, 4*C
H2 So 4 to pH<2

Cool, 4*C
Det. on site

Cool, 4°C
H PO to PH<4
1.0 g CuSO4 /1

38 Days (Glass)
13 Days (Hard

Plastic)

24 Hourst1t

7 Days

24 Hourstt

24

24

24

Hourst-

Hours

Hours

25 P,G

25 P,G

24 Hours

6 Hourst

24 Hours500 G only

Phorphorus

Orthophosphate,

Dissolved

Hydrolyzable

so P,G

50 P,G

50 P,G

Filter on Site

Cool, 4°C

Cool, 4°C
H 2 So 4 to pH<2

Cool, 4*C

24 Hoursti

24 Hourst+

Total 7 Days
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Table 4 (Continued)

Vol.
Req.

Measurement (ml) Container Preservative Holding Time##

Total, Dissolved 50 P,G

P,GRadium-226

Residue

Filterable

Nonfilterable

Total

Volatile

Settleable Matter

Selenium

Silica

Silver

Sodium

Specific
Conductance

Sulfate

Sulfide

Sulfite

Temperature
Threshold

Total Dissolved
Solids

Odor

200

100

100

100

100

1000

50

50

200

200

100

50

500

50

P,G

P,G

P,G

P,G

P,G

P,G

P only

P,G

P

P.G

P.G

P,G

PG

Filter on Site
Cool, 4*C

None Required

Cool, 4°C

Cool, 4*C

Cool, 4*C

Cool, 4*C

None Required

HNO 3 to pH<2

Cool, 4*C

HNO3 to pH<2

HNO 3 to pH<2

Cool, 4*C

Cool. 4°C

2 ml zinc acetate

Det. on Site

24 Hourstt

7 Days

7 Days

7 Days

7 Days

7 Days

24 Hours

6 Months

7 Days

6 Months

6 Months

24 Hours#

7 Days

24 Hours

No Holding

No Holding

I Days

24 Hours

1000 PG Oet. on Site

Cool. 4'C

Cool. 4*C

100

200

P.G

G only
/

S
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Table 4 (Continued)

Vol.
Req.

Measurement (ml) Container Preservative Holding Time##

Turbidity 100 P,G Cool, 40C 7 Days

Uranium 200 P,G None Required 7 Days

Vanadium 200 P,G HNO 3 to pH<2 6 Months

Zinc 200 P,G HNO 3 to pH<2 6 Months

*More specific instructions for preservation and sampling are found with each
procedure as detailed in the EPA (1974) manual.

"Plastic or glass.

tIf samples cannot be returned to the laboratory in less than 6 hours and
holding time exceeds this limit, the final reported data should indicate the
actual holding time.

tTMercuric chloride may be used as an alternate preservative at a concentration
of 40 mg/l, especially if a longer holding time is required. However, the use
of mercuric chloride is discouraged whenever possible.

#If the sample is stabilized by cooling, it should be warmed to 25*C for
reading, or temperature correction made and results reported at 25*C.

##It has been shown that samples properly preserved may be held for extended
periods beyond the recommended holding time.
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PART IX. DESIGNING, CONSTRUCTING, TESTING, AND ABANDONING WELLS AT URANIUM
IN SITU SOLUTION EXTRACTION FACILITIES

The following discussion includes suggested methods and criteria currently
being used for designing, constructing, testing, and abandoning wells at
uranium in situ solution extraction facilities. These methods and criteria
are believed to be the best methods currently available. Much of this
information comes from EPA publication "Manual of Water Well Construction
Practices" (EPA-570/9-75-O01).

As a result of the rapid growth of new technologies in all phases of well
development and abandonment, more effective methods and criteria will likely
develop that will need future consideration by the NRC and industry.

A. Well Design and Construction

1. Injection and recovery wells should be constructed out of materials
ine.-t to lixiviants and subsequent chemical reactions, and strong
enough to withstand injection pressures. Polyvinyl Chloride (PVC),
fiberglass or ABS casings are generally used in wells less than
500 feet deep. Wells constructed of PVC deeper than 500 feet, or
subjected to high pressure cementing techniques, are subject to
collapse. In these instances, steel or fiberglass casing is
generally necessary. All wells should be drilled by conventional
drilling methods using techniques designed to minimize directional
deviation.

The ore zone should be screened with PVC, ABS, fiberglass, or steel
with an artificial gravel pack placed around the screen. In all
wells (including monitor wells), the annular space between the side
of the borehole and the casing above the well screen should be
backfilled with a sealant from the bottom of the casing to the
surface in one continuous operation. Proper backfilling isolates
the screened formation against vertical migration of water from the
surface or from other formations, and also provides support for the
casing. Leakage caused by head differentials between formations in
an improperly backfilled well may result in misleading water-quality
and water-level readings, and aquifer contamination. Cement or
cement-bentonite grout are generally used as sealants in all wells.
Grout should be placed from the bottom upwards in one continuous
operation by pressure cementing or tremie methods.

2. The monitor-well system should be designed to function satisfactorily
throughout the period of its use, employing materials and methods of
construction which in themselves do not offer a possibility of
contributing to erroneous measurements or to groundwater contamination.

Material normally used for monitor-well casing is either metal or
plastic. The possibility that chemical reactions may take place
between the casing and the mineral constituents in the water affects
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the choice of casing material used for monitor wells. For example,
iron ot'de in steel-cased wells will adsorb trace and heavy metals
dissolved in the groundwater; therefore, a baseline water sampling
program, seeking to determine concentrations of trace metals, should
use casing that is inert to these metals, such as PVC or fiberglass.

The casing should generally have an inside diameter of 4 inches
(10.2 cm) or larger, accommodating pumps of sufficient size to
evacuate the casing during sampling or to permit pumping as a
remedial action.

Pumping by air lift, which requires smaller casing, is not recommended,
as some constituents to be analyzed are susceptible to aeration. A
4-inch casing will also accommodate a continuous water-level recorder
(3 inch [7.6 cm] diameter float) and a conductivity probe.

The method used to complete the monitor well is determined by the
type of material penetrated and its susceptibility to collapse.
Wells completed into indurated sands can be left as an open hole
through the sampling horizon without fear of collapse; however, it
is necessary to use some type of casing or screening in less competent
zones. Packing material, such as gravel packing, should be placed
around the screen to allow free water movement into the well while
preventing sand from entering. Evaluation of the available geologic
data will determine the bottom-hole completion method, and screen
and gravel pack size to be used at any particular site.

When any well is completed, it should be developed by pumping and/or
surging until production of essentially sediment-free water is assured
for the life of the well. One technique of surging involves using a
surge block or plunger in the well to create a vacuum on the upstroke and
positive pressure on the down-stroke. A similar effect may be obtained
by alternately turning a suction pump on and off or alternately increas-
ing and decreasing the discharge. All fine-grained materials brought
into the well during development should be removed.

2. Well Integrity Testing

Injection and recovery wells should be tested for mechanical integrity. One
such test is to pressurize the casing with water to the maximum expected
injection pressure. The valve on the line connecting the well to the
pressurizing packer equipment is closed, and the pressure inside the well
casing monitored for 10 to 30 minutes. If the pressure does not drop 5-10%
below the maximum expected injection pressure, which was applied for the test,
the casing is deemed acceptable for solution mining. The results of this
test, including starting and ending pressures, should be recorded on a form
signed by the wellfield engineer and facilities manager and filed at the mine
site.

Schematic diagrams of typical well completions for production and monitor
wells are shown in Figures 4 and 5, respectively.
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- Land surface

- lin. 1.0. PVC casing

- Caffent

Nominal 9 -Lim diameter hole

- 4 in. 1. 0. PVC casing

+±50 "t dopth-!

+13 ttdet - Gravel pack to 5 ft aoove screen

4 in. 1.0. PVC scre mnimum- O. O slat

+150 fdet- ----- -4 in. I. 0. blank

Bottom Plug

Figure 5. Diagram of 150-foot monitor well: -screened completion
(casing and hole size will vary) (Modified from NUREG/CR-0311)



16

)7

C. Well Abandonment

Abandonment refers to the installation of mechanical, and cement and mud plugs
at selected depths inside a well or bore hole to prevent vertical migration of
fluid. In general, abandoning a well includes well preparation as well as the
actual plugging operation. Well preparation involves cleaning the well and
achieving static equilibrium (mud weight equalization). Plugging involves
either cementing the well or setting various plugs. Several methods of plug
installation are available (The balance method, the cement retainer method, the
two-plug method). Of these, the balance method is used most commonly, but the
cement retainer and two-plug methods are also used regularly. The reader is
referred to "Manual of Water Well Construction Practices" (EPA-570/9-75-001)
for detailed information on plugging implementation.

The basic concept governing proper sealing of abandoned wells or bore holes is
restoring, as far as feasible, geohydrologic conditions existing before the
well was constructed. An improperly abandoned well or bore hole might serve
as an uncontrolled invasion point for contaminated water. Any well or bore
hole to be permanently abandoned should be completely filled in such a manner
that vertical movement of water within the well bore, including vertical
movement within the annular space surrounding the well casing, is effectively
and permanently prevented and water is permanently confined to the specific
zone which it originally occupieo. If these objectives can be accomplished.
all the rules for sealing wells will be fulfilled.

To seal an abandoned well or bore hole properly, the character of the ground
water must be considered. If groundwater occurs under unconfined or water-
table conditions, the chief problem is that of sealing the well or bore hole
with impermeable material to prevent percolation of surface water through the
original well opening, or along the outside of the casing, to the water table.
If the groundwater occurs under confined or artesian conditions, the sealing
operation must confine the water to the aquifer in which it occurs--thereby
preventing loss of artesian pressure by circulation of water to the surface.
to a formation containing no water, or to one containing water under a lower
head.

The sealing of abandoned wells or bore holes having large movements of water
between aquifers or to the surface requires special attention. The movement
of water may be sufficient to make sealing with ordinary materials and usual
methods impractical. In such wells, large stone aggregates (not more than 1/3
of the hole diameter) lead wool, steel shavings, a well packer, or cast lead
plug or bridge can be used to restrict the flow thereby permitting the place-
ment of appropriate sealing material. If preshaped or precast plugs are used,
they should be several times longer than the diameter of the well to prevent
tilting. The flow from abandoned artesian wells can best be stopped with neat
cement or sand-and-cement grout piped under pressure, or in some instances, by
using a suitable well packer or cast lead plug placed at the bottom of the
confining formation immediately overlying the artesian water-oear'ng zone.
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In wells where the hydrostatic head producing the flow is low and where there
is no escape of water below ground, movement of water can be arrested by
extending the well casing to an elevation above the artesian pressure surface.
This permits the placement of sealants and fill materials, after which the
casing may be cut off at or below ground level.

Each abandonment effort should be considered an individual problem, and methods
and materials selected only after detailed study of well construction and the
geohydrology. Whenever there is doubt about either construction or geohydrology,
choices of materials and procedures should be those affording greatest probability
for successful sealing.

The operator should record the method and properties of materials used to plug
holes, at the time of abandonment. This record should be made in his last
daily report on the hole.

The driller's log should include:

I. Viscosity of materials used for plugging, before mixing.

2. Trade name of the products mixed (not just a notation of "bentonite,"
"cement grout," or "mud").

3. Number of sacks mixed, including the weight per sack.

4. Final viscosity after mixing the abandonment type of materials .5ed in
plugging.

This final daily log should be included in a normal file according -: .urrent
procedures of the operator. Before equipment is removed from the t .he

exact location of the abandoned well or hole should be determined i.. corded,
"tying in" the location with permanent reference points. All infor-:z)n
relative to abandonment procedures and location of the abandoned we -ould
be prepared, assembled, and kept on file.
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14. U.S. Environmental Protection Agency, "Handbook for Analytical Quality
Control in Water and Wastewater Laboratories," June 1972; "Manual of Methods
for Chemical Analysis of Water and Wastes," EPA-625/6-74-003a, 1974; "Manual
of Water Well Construction Practices," EPA-570/9-75-0O1; "National Secondary
Drinking Water Regulations," Federal Register, 42(62): 17143-17146, March
1977; "Procedures Manual for Groundwater Monitoring at Solid Waste Disposal
Facilities," EPA/530/SW-611, August 1977.
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FROM:

SUBJECT:

Mark Haisfield
Integration and Control

CLARIFICATION OF SCHEDULES FOR REGULATORY GUIDE

DEVELOPMENT FOR URANIUM RECOVERYI
On October 27 and November 2, 1981, the following staff met to discuss RES
activities regarding the above subject:.

RES: Jared Davis - both days
Frank A. Costanzi - both days
Don Harmon - 11/2

WM: Ross Scarano - 11/2
Harry Pettengill - both days
John Linehan - 10/27

Dan Martin - 10/27
Kike Kearney - 10/27
Mark Haisfield - both days

The W4 staff concurred in the schedules and other data as presented for
the planned guides with the exception of the following:

Number 9: "Methods, Data, Assumptions, and Models for Predicting
Groundwater Transport of Toxic and/or Radioactive Material."
RES schedule originally showed W1 input being received 12/81.
1X is not providing a formal BTP. RES has amended their p'>ns
accordingly. No chan-ge to schedule. Note: RES provided draft
outline on 10128.
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Number 2:

%umber 5:

.%umber 4:

"Monitoring Requirements for Detection and Restoration of
Lixiviant Excursions for In-Situ Uranium Extraction
Facilities." RES schedule originally did not show BTP being
provided by 12/81. Attachment was amended accordingly.
No change to schedule

"Design, Construction, QA, and Monitoring of Tailings
Impoundment Liner Systems." RES plan had shown no WM
input and 6/83 date for draft. UN provided BTP on 7/31.
Memo from Arsenault to Martin on 8/14/81 agrees to 4/82
date for draft. In addition recent RES TIF shows 4/82
date for draft. RES plan has been revised accordingly.

"Methods of Stabilization and Erosion Protection for Uranium
Tailings Disposal Sites." RES original schedule called for
draft by 3/82. At 11/2 meeting RES informed us that this date
was incorrect and the current date is 6/83. WM felt 6/83 was
unacceptable. The following options were discussed:

(1) RES will negotiate internally to see if
this date can be accelerated, or

(2) This R.G. will be started very soon by PNL.
RES will substitute the planned effort on
"Determination of Compliance with Final
Tailings Disposal Site Reclamation Criteria"
(No. 18) with number 4. RES has lead to
determine which option will be used.

During this discussion, Jerry Davis explained how RES is
planning to develop personnel at PNL who can support the UR
regulatory guide development for the next several years.
Ross Scarano accepted the approach to start some regulatory
guides by contract.

"40 CFR 190 Compliance Evaluation Methods." WM stated it
has previously agreed (Pettengill and Conti) to
issue this as a NUREC instead of a regulatory guide. Mr. Pettengill
stated that the development of this NUREG is well under
way (draft nearly complete) and that the original schedule shown
in the attachment (9/84) would not apply to issuance of a
N;UREG. RES current schedule is co issue a draft in March.

Nunbe r 3:

'I.
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R.G. 3.8:

R.G. 8.22:

"Preparation of Environmental Reports for Uranium Mills."
NMSS provided final comments week of 10/26. RES will
finalize in accordance with schedule (3/82)

"Bioassay at Uranium Mills." Draft supporting NLFREC has not
been provided to WM.. WM will need time to review this
lengthy document if schedules shown in the attachment are
to be met (draft 1/82). RES will see that we get the
NtIREG.

SFC for In-Situ: WM plans to make substantial comments on existing
draft. WM action is on hold due to licensing efforts.
WM committed to provide RES schedule for completion
of review no later than end of November.

The current attachment shows the agreed to schedules (with the exception
of number 4 above). Also on 11/12/81, Dr. Costanzi informed me that
R.G. 8.22 has now been slipped from 1/82 to 6/82. The reason for the
slip is to allow time for W, review and RES revisions based on this
review. The date for providing R.G. 8.22 and its supporting NUIREG for
WM, review has not been provided. This is an open item yet to be
resolved.

Mark Haisfield
Integration and Control

Attachment:
As Stated

T!',•;K. ';•?:
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INTRODUCTION

A Nuclear Regulatory Commission (NRC) source and byproduct material license is required under the
provisions of Title 10 of the Code of Federal Regulations, Part 40 (10 CFR Part 40), Domestic Licensing
of Source Material, to recover uranium by in situ solution mining techniques (in situ leaching or ISL).
The licensing process for 10 CFR Part 40 licenses is pictured in figure 1. An applicant for a new
operating license, or for the renewal or amendment of an existing license, is required to provide detailed
information on the facilities, equipment, and procedures to be used, and if appropriate, an environmental
report (ER) that discusses the effect of proposed operations on public health and safety and the impact
on the environment. This information is used by NRC staff to determine whether the proposed activities
will be protective of public health and safety and be environmentally acceptable. General provisions for
issuance, amendment, transfer, and renewal of licenses are described in 10 CFR Part 2, subpart A.
General guidance for filing an application and for producing an ER is provided in 10 CFR 40.31,
Application for Specific Licenses, and in 10 CFR Part 51, Environmental Protection Regulations for
Domestic Licensing and Related Regulatory Functions, respectively.

The purpose of this standard review plan (SRP) is to provide the staff in the Office of Nuclear Materi
Safety and Safeguards (NMSS) with specific guidance on the review of applications for ISL facilities. *
SRP will be used by the NMSS staff in the review of applications for new facilities, renewals, and
amendments.' Throughout the remainder of this SRP "application" is synonymous with license application,
renewal, or amendment. The principal purpose of the SRP is to ensure a consistent quality and uniformity
in the NRC staff reviews. Each section in this SRP provides guidance on what is to be reviewed, the basis
for the review, how the staff review is to be accomplished,; what the staff will find acceptable in a
demonstration of compliance with the regulations, and the conclusions that are sought regarding the
applicable sections in Title 10 of the Code of Federal Regulations.

This SRP is intended to cover only those aspects of the NRC regulatory mission related to the licensing
of an ISL facility. As such, the SRP helps focus the NRC staff review on determining if a facility can
be constructed and operated in compliance with the applicable NRC regulations. The SRP is also intended
to make information about regulatory matters widely available and to improve communications and
understanding of the staff review process by interested members of the public and the uranium recove -industry.

For amendments, the focus of the review should be on the changes proposed in the amendment (see
appendix A for guidance for reviewing historical aspects of site performance). Reviewers should not
review other previously accepted actions if they are not part of the amendment unless the review of the
amendment package identifies problems with other aspects of facility operation.

For renewals, the licensee need only submit information containing changes from the currently accepted
license. As for amendments, the staff reviews should focus on those aspects of facility operation that are
different from what is in the current license. The licensee need not resubmit a complete application
covering all aspects of facility operation. Reviewers should analyze the inspection history and operation
of the site to see if any major problems have been identified over the course of the license term, and
should review changes to operations from those currently found acceptable (see appendix A). If the
changes are found to be acceptable, then the license is acceptable for renewal.

0
xiii 'xii UREG- ! 56•



2.0 SITE CHARACTERIZATION

2.1 SITE LOCATION AND LAYOUT

2.1.1 Areas of Review

The staff should review geographic maps, topographic maps, and drawings that identify the site
and its location relative to federal, state, county, and other political subdivisions. These should include
maps provided to show the location and layout of the proposed facilities, well fields, and all principal
structures such as waste ponds, evaporation ponds, deep injection wells, recovery plant buildings,
exclusion area boundaries and fences, applicant property and leases, and adjacent properties.

The regional location and site layout for the proposed ISL operations should be reviewed using
maps that show the relationship of the site to local water bodies (lakes and streams), geographic features
(highlands, forests), geologic features (faults, folds, outcrops), transportation links (roads, rails, airports,
waterways), political subdivisions (counties, townships) and nonapplicant property (farms, settlements).
A contour map of the site showing a plan layout of constructions, significant topographic variations of
the site environs, and drainage gradients should be evaluated.

2.1.2 Review Procedures

The reviewer should establish the validity and completeness of the basic data in order to
determine that the site location and layout proposed in the application are complete and accurate, and the
site information is sufficient to evaluate the location of the proposed facilities relative to key features and
activities. For new applications, the staff should conduct a site visit of the facility, after becoming familiar
with the submitted materials, in order to develop an acceptable familiarization for the review and to verify
the general aspects of the submitted materials.

The staff should examine maps and drawings' provided in the application and associated
environmental reports to determine whether they provide sufficient detail to locate the site regionally
relative to local political subdivisions and natural features and that the maps allow the staff to determine
the proposed layout within the existing topography at the site. On a regional scale, the reviewer should
examine the location of the facility and all federal, state, county, and local political subdivisions that have
a bearing on estimating the environmental impact of the proposed operations. The staff should verify that
the total acreage that is owned or leased by the applicant and the portion of that real estate or any adjacent
properties likely to be affected by site activities have been identified. The reviewer should examine a
contour map to determine that the contour intervals and information included on the map are sufficient
to show any significant variations in site environs and important drainage gradients. The staff should also
determine that the relationship between the site and surface drainage is readily apparent from the provided
maps. Likewise, it should be possible to ascertain the likely areas of and effects of site activities on local
flora and fauna from the location maps. Staff should determine that the scale and clarity of the maps are
adequate to conduct the necessary environmental and safety reviews.

For license renewals and amendment applications, appendix A to this standard review plan (SRP)
provides guidance for examining facility operations and the approach that should be used in evaluating
amendments and renewal applications.

2-1 2- I_:REG- 5-



Site Characterization

2.1.3 Acceptance Criteria

The characterization of the site location and layout is acceptable if it meets the following criteria:

(I) Maps are provided that show geologic features, well fields, and all planned
principal structures such as waste ponds, evaporation ponds, monitoring wells,
deep injection wells, and recovery plant buildings.

(2) Maps are provided that show exclusion area boundaries and fences.

(3) Maps are provided that show the applicant property and leases and adjacent
properties, including water bodies, forests, and farms and all federal, state,
county, and local political subdivisions.

(4) Maps are provided that show nearby population centers and transportation lind
such as railroads, highways, and waterways.

(5) A topographic map is provided with elevation contours that show the locations
of drainage basins and variations in the drainage gradient in the vicinity of the
proposed ISL facility.

(6) The proposed ISL facility is clearly labeled at a scale appropriate to the area
being covered (regional and local) and with sufficient clarity and detail to allow
identification and evaluation of the proposed ISL facility. Maps are at an
appropriate scale and are clear and readable.

(7) Data sources are documented in reports such as U.S. Geologic Survey (USGS)
open files or existing published maps. If data has been generated by the applicant,
the data documentation should include a description of the investigation and
reduction techniques. a

(8) Maps include designation of scale, orientation (e.g., North arrow), and geographic
coordinates. In addition to maps, the applicant may provide tabular locations of
facilities using universal transverse Mercator (UTM) coordinates with appropriate
Northing and Easting in meters.

2.1.4 Evaluation Findings

If the staff's review as described in this section results in the acceptance of the description of
the site location and layout, the following conclusions may be presented in the TER:

The NRC has completed its review of the site characterization information concerned with site
location and layout at the ISL facility. This review included an evaluation using the
review procedures in SRP section 2.1.2 and the acceptance criteria outlined in SRP section 2.1.3.

NUREG-1569



Site Characterization

The licensee has acceptably described the site location and layout with appropriately scaled and
labeled maps showing site layout; regional location; geology; boundaries; exclusion areas, and fences;
applicant's property including leases and adjacent properties; nearby population centers and transportation
links; and topography. References are cited acceptably. Any maps previously submitted (e.g maps from
the original application in the case of renewals) are legible and actual or proposed changes are highlighted.

Based on the information provided in the application, and the detailed review conducted of the
characterization of site location and layout for the ISL facility, the NRC staff has
concluded that the information is acceptable and is in compliance with 10 CFR 51.45 requiring a
description of the affected environment containing sufficient data to aid the Commission in its conduct
of an independent analysis.

2.1.5 References

None.

2.2 USES OF ADJACENT LANDS AND WATERS

2.2.1 Areas of Review

The staff shall review descriptions of the nature and extent of present and projected land use
(e.g., agriculture, sanctuaries, hunting, mining, grazing, industry, recreation, roads), any recent trends or
changes in population or industrial patterns, and any other nuclear fuel cycle facilities located or proposed
within an 80 km (50 mi) radius of the site.

The staff shall also review tables showing, for each of the 22 Yrdegree sectors centered on each
of the 16 compass points (i.e., north, north-northeast, etc.), the distances [to a distance of 3.3 km (2 mi)]
from the center of the site to the nearest resident and to the nearest site boundary.

The staff review shall include the location, nature, and amounts of present and projected surface
and groundwater use (e.g., water supplies, irrigation, reservoirs, recreation, and transportation) within
3.3 kn (2 mi) of the site boundary [0.8 km (0.5 mi) for R&D operations] and the present and projected
population associated with each use point.

For license renewals and amendment applications appendix A to this standard review plan (SRP) provides
guidance for examining facility operations and the approach that should be used in evaluating amendments
and renewal applications.

2.2.2 Review Procedures

The reviewer should determine whether the application provides sufficient information on the
use of the lands and waters within a 3.3 km (2 mi) distance from the site boundary surrounding the
proposed facilities [0.8 km (0.5 mi) for R&D operations] to assess the potential impacts of ISL operations
on adjacent properties.

'N UREG-15(,6
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Site Characterization w

- The staff should determine that the application contains the location of residence and
groundwater supply wells as well as surface water reservoirs and the estimated use of water in the lands
surrounding the site of the proposed facility. Data sources should be referenced. This information should
be evaluated to determine whether it is sufficient to delineate the likely impact(s) of the facility, under
both normal operating conditions and accidents, on the groundwater, surface water, and population (both
human and animal) near the site. The reviewer should determine that within 3.3 km (2 mi) from the site
boundary, the nature and extent of present and projected water and land use and any other trends or
changes in population or industrial patterns have been reported. Any other nuclear fuel cycle facilities
located or proposed within an 80 km (50 mi) radius of the site should be identified.

For license renewals and amendment applications, appendix A to this standard review plan (SRP)
provides guidance for examining facility operations and the approach that should be used in evaluating
amendments and renewal applications.

2.2.3 Acceptance Criteria

The characterization of the uses of adjacent lands and waters is acceptable if it meets the
following criteria:

(1) Information is presented in detail sufficient for understanding the surrounding land and
water uses, such that the risks imposed by ISL operations can be adequately assessed.

Although the specific requirements may vary from site to site, the general purpose for
determining land and water use patterns is to provide supporting data for exposure
calculations, cost-benefit analyses, and determinations of air emissions (e.g., dust). The
NRC has historically found that a 3.3 km (2 mi) distance from the site boundary is an
acceptable area for which land and water use data should be collected. One-acceptable
method for presenting this data is for the applicant to provide the information requested
in the SFCG (Nuclear Regulatory Commission, 1982), section 2.2. The informatio h
presented should include

(a) Maps showing the locations of nearest residences, groundwater supply wells, and
abandoned wells.

(b) Types of present and projected water use (e.g., municipal, domestic, agriculture,
livestock), and descriptions of the methodology and sources used to develop
projections.

(c) Present and projected water use estimates by type for both groundwater and
surface water, including present and projected withdrawal, and descriptions of the
methodology and sources used to develop projections.

(d) For groundwater wells: well depth, groundwater elevations, flow rates, drawdown,
and a description of the producing aquifer(s).

0
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(e) The locations of abandoned wells and drill holes, including the depth, type of use,
condition of closing, plugging procedure used, and date of completion for each
well or drill hole within the site area and within 0.4 km (.25 mi) of the well field
boundary.

(f) Descriptions of the nature and extent of projected land use, (e.g., agriculture,
recreation, industry, and grazing) and descriptions of the methodology and sources
used to develop projections.

(g) For commercial facilities, the location of any other nuclear fuel cycle facilities
located or proposed within an 80 km (50 mi) radius of the site.

(2) For each of the 22 ½A-degree sectors centered on the 16 cardinal compass points, the
information identified in section 2.2.3 of the SFCG (Nuclear Regulatory Commission,
1982) concerning human residences, nearest site boundary(ies) to residences, surface and
groundwater use, and projected water use is provided. As described in section 2.2 of the
SFCG (Nuclear Regulatory Commission, 1982), 'appropriate presentation of the data
should include mapped data as appropriate, and a tabular summary for each of the
22 'A-degree sectors centered on the 16 cardinal compass points, and for each the distance
from the center of the site to the site boundary and the nearest residence.

(3) Data sources are documented in reports such as USGS open files or existing published
rýeports or :maps. If data has been generated by the applicant, the data documentation
should include a description of the investigations and data reduction techniques.

(4) Maps include designation of scale, orientation (e.g., North arrow), and geographic
coordinates.

2.2.4 Evaluation Findings

If the staff's review as described in this section results in the acceptance of the described uses
of adjacent lands and waters, the following conclusions may be presented in the TER:

The NRC has completed its review of the site characterization information concerned with uses
of adjacent lands and waters near the _ ._ _ ISL facility. This review included an evaluation
using the review procedures in SRP section 2.2.2 and acceptance criteria outlined in SRP section 2.2.3.

The applicant has acceptably described the present and projected land use including residential,
commercial, agricultural, industrial, flora and fauna sanctuaries, arboreal, grazing, recreation (e.g., hunting,
swimming, skiing), and infrastructure. Appropriate information on the location and extent of each use has
been provided. In particular, the description and associated tabulated data of the location, nature, amounts
and population associated with each use point of present and projected (life of the facility) surface and
groundwater use adjacent to the site including water supplies, irrigation, reservoirs, recreation, and
transportation within at least 3.3 km (2 mi) of the site boundary [0.8 km (0.5 mi) for R&D operations]
is acceptable for determination of likely impacts of the proposed ISL facility. Tabulated data on present
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and projected water withdrawal rates, return rates, types of water use (e.g., municipal, domestic,
agriculture, and livestock), source, water use estimates, and abandoned well locations is acceptable. The
applicant has identified and located (or has noted the absence of) other nuclear fuel cycle facilities located
or proposed within an 80 km (50 mi) radius of the site.

Based on the information provided in the application, and the detailed review conducted of the
characterization of uses of adjacent lands and waters for the ISL facility, the NRC staff
has concluded that the information is acceptable and is in compliance with 10 CFR 51.45 requiring a
description of the affected environment containing sufficient data to aid the Commission in its conduct
of an independent analysis.

2.2.5 References

Nuclear Regulatory Commission. 1982. Standard Format and Content of License Applications, Including
Environmental Reports, for In Situ Uranium Solution Mining (SFCG). Regulatory Guide 3.46,
Washington, DC: Nuclear Regulatory Commission, Office of Standards Development.

2.3 POPULATION DISTRIBUTION

2.3.1 Areas of Review

The staff shall review population data based on the most recent census, including maps that
identify places of significant population grouping such as cities and towns within an 80 km (50 mi) radius
[3.2 km (2 mi) for R&D operations] from the approximate center of projected activities in the format
specified in the SFCG (Nuclear Regulatory Commission, 1982). The staff shall review the basis for
population projections.

In addition, for commercial-scale operations, the staff shall review descriptive material giving
significant population and visitor statistics of neighboring schools, plants, hospitals, sports facilities,
residential areas, parks, etc., within 3.3 km (2 mi) of the ISL operations. The review shall includ W•4
appropriate available food production data in kg/yr for vegetables (by type and totals), meat (all types),
and milk and any available future predictions for this production by local governmental, industrial, or
institutional organizations within 3.3 km (2 mi) of the site boundary.

2.3.2 Review Procedures

The reviewer shall determine that data has been tabulated and presented in pie segments as
described in section 2.3 of the SFCG (Nuclear Regulatory Commission, 1982). The basis for population
projections shall be examined. Recent agricultural production data shall be evaluated for vegetables, meat,
milk, and other foodstuffs, in addition to predictions for future production by government, industry, or
institutions for land within 3.3 km (2 mi) of the site. It is important to ascertain that the most recent
census data has been used and that the data presented will support subsequent exposure-dose calculations
and ri-sk assessments.

For license renewals and amendment applications, appendix A to this standard review plan (SRP)
provides guidance for examining facility operations and the approach that should be used in evaluating
amendments and renewal applications.
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2.3.3 Acceptance Criteria

(1) The characterization of the population distribution is acceptable if it meets the following
criteria:

(a) Population data are provided based on generally accepted sources such as the U.S.
Census Bureau, and state and local agencies.

(b) A map of suitable scale is provided that identifies significant population centers
within an 80 km radius (50 mi) [3.2 kmi (2 mi) for R&D operations] from the
approximate center of the projected activities.

(c) A map of suitable scale is provided centered on the proposed ISL facility marked
with concentric circles at 1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 60, 70, and 80 km
divided into 22 /2-degree sectors centered on one of the 16 compass points. A
table keyed to this map showing separate and cumulative population totals for
each sector and annular ring is provided. The distance to the nearest residence is
noted for each sector.

(d) Descriptions of significant population and visitor statistics of neighboring schools,
plants, hospitals, sports facilities, residential areas, parks, and forests within
3.3 km (2 mi) of the proposed ISL facility based on generally accepted sources
such as U.S. Census Bureau, and state and local agencies are provided, with
identification of data sources.

(e) Projections are included of population, visitor, and food production data over the
expected life of the ISL facility (typically tens of years).

(f) Descriptions of the methodology and sources used to develop projections are
provided.

(2) The food production data is acceptable if

(a) Data (kg/yr) for vegetables, meat, and milk based on generally accepted sources
such as U.S. Department of Agriculture, Farm Bureau, and state and local
agriculture services are provided, with identification of data sources.

2.3.4 Evaluation Findings

If the staff's review as described in this section results in the acceptance of the population
distribution and food production data, the following conclusions may be presented in the TER.

The NRC has completed its review of the site characterization information concerned with
population distribution and food production near the ISL facility. This review
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included an evaluation using the review procedures in SRP section 2.3.2 and acceptance criteria outlined
in SRP section 2.3.3.

The applicant has acceptably described the population distribution using population data from
generally accepted sources. A map showing the location of significant population centers within an 80 km
radius (50 mi) of the approximate center is provided. A table and accompanying map providing population
in pie-shaped wedges centered on each of the .16 compass points is included. Nearest residence distances
are noted for* each sector. The applicant has provided acceptable information on schools, industrial
facilities, sports facilities, residential areas, parks and forests within 3.3 km (2 mi) of the proposed ISL
facility. Any food production data (e.g vegetables, meat, milk) has been described and keyed on a map.
Based on a description of the methodology and sources, all the data has been appropriately projected for
the proposed life of the ISL facility.

Based on the information provided in the application, and the detailed review conducted of the
characterization of population distribution and food production for the ISL facility, the
NRC staff has concluded that the information is acceptable and is in compliance with 10 CFR 51.451
requiring a description of the affected environment containing sufficient data to aid the Commission in
its conduct of an independent analysis.

2.3.5 References

Nuclear Regulatory Commission. 1982. Standard Format and Content of License Applications, Including
Environmental Reports, for In Situ Uranium Solution Mining (SFCG). Regulatory Guide 3.46,
Washington, DC: Nuclear Regulatory Commission, Office of Standards Development.

2.4 REGIONAL HISTORIC, ARCHEOLOGICAL, ARCHITECTURAL,

SCENIC, CULTURAL, AND NATURAL LANDMARKS

2.4.1 Areas of Review 4
The staff will review discussions of the historic, scenic, archeological, architectural, cultural, and

natural significance, if any, of the proposed site and nearby areas, with specific attention to the site and
nearby areas listed in the National Registry of Natural Landmarks and properties included in or eligible
for inclusion in the National Register of Historic Places.

The staff will review identifications of those properties included in or eligible for inclusion in
the National Register of Historic Places located within the area of the proposed project and evidence of
contact with the appropriate state historic preservation officer (SHPO), including a copy of the SHPO
comments concerning the effect of the facility on historic, archeological, architectural, and cultural
resources.

The review will include information on whether new roads, pipelines, and utilities for the
proposed activity will pass through or near any area or location of known historic, scenic, cultural, natural,
archeological, or architectural significance.,
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2.4.2 Review Procedures

The staff shall determine that the applicant has used the appropriate databases and records to
identify historic, archaeologic, scenic, cultural, or natural landmarks that are found within the study region.
The staff shall determine that the locations and descriptions of the features are acceptable to allow an
evaluation of any potential impacts of the proposed facilities on the landmarks. Of particular interest are
features included in the National Registry of Natural Landmarks and/or the National Register of Historic
Places. Means to consider and treat such data are discussed in the SFCG (Nuclear Regulatory Commission,
1982). The reviewer should verify that data presented supports the determination of estimates of long-term
costs in terms of potential impairment of the aesthetic or recreational values of such landmarks. It is
important that the application document evidence of contact with knowledgeable sources when no
landmarks are identified by the applicant within the study area. The reviewer should examine the likely
impact of the presence of new roads, pipelines, or other utilities on areas and locations of known historic,
scenic, cultural, natural, archaeologic, or architectural significance. The reviewer shall determine whether
the applicant has provided evidence of conferring with the SHPO and that the information provided is in
accordance with the National Historic Preservation Act (NHPA), section 106.

For license renewals and amendment applications, appendix A to this standard review plan (SRP)
provides guidance for examining facility operations and the approach that should be used in evaluating
amendments and renewal applications.

2.4.3 Acceptance Criteria

The characterization of regional historic, archeological, scenic, cultural, and natural landmarks
is acceptable if it meets the following criteria:

(1) A listing of all areas included in or eligible to be included in the National Registry of
Historic Landmarks is provided.

(2) A listing for all of properties included in or eligible for inclusion in the National Register
of Historic Places is provided.

(3) A map is included showing all identified historic landmarks and historic places with
respect to the location of facilities such as buildings, new roads, well fields, pipelines,
evaporation ponds, and utilities that might affect these areas.

(4) Discussions are incorporated of the treatment of areas of historic, archeological,
architectural, scenic, and cultural significance that follow guidance equivalent to that
provided by the National Park Service Preparation of Environmental Statements:
Guidelines for Discussion of Cultural (Historic, Archeological, Architectural) Resources
(National Park Service, 1973). Where appropriate, tribal authorities have been consulted
for possible impact on Native American cultural resources. For a consideration of
environmental justice, see Section 7.6.1.3, Acceptance Criterion (3) and appendix B.
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(5) Evidence is provided of contact with the appropriate SHPO and tribal authorities. This
evidence includes a copy of the SHPO and tribal authority comments concerning the
effects of the proposed facility on historic, archeological, architectural, and cultural
resources.

(6) The applicant presents a memorandum of agreement between the SHPO, tribal authorities,
and other interested parties regarding their satisfaction with regard to the protection of
historic, archeological, architectural, and cultural resources during site construction and

Ioperations.

(7) A letter from the SHPO has been obtained that describes if there are any issues associated

with the state or federal register or any sites eligible for inclusion in the state or federal
register.

(8) A letter has been obtained from the SHPO describing archeological sites (cultu
(8) resources) that may be affected by the ISL operations.

(91, The aesthetic and scenic quality of the site is rated in accordance with the U.S. Bureau
of Land Management (BLM) Visual Resource Inventory and Evaluation System (U.S.
Bureau of Land Management, 1978).

If the rating is below 19 (scale of 0 to 33), no special management is required. If the
rating is 19 or above, the application provides a management plan for minimizing the
impact of the proposed facility.

A2.4.4 Evaluation Findings

If the staff's review as described in this section results in the acceptance of the characterization
of the regional historic, archeological, architectural, scenic, cultural, and natural landmarks, the follo
conclusions may be presented in the TER.

The NRC has completed its review of the site characterization information concerned with
regional historic, archeological, architectural, scenic, cultural, and natural landmarks near the

ISL facility. This review included an evaluation using the review procedures in SRP
section 2.4.2 and acceptance criteria outlined in SRP section 2.4.3.

The licensee has acceptably described the regional historic, archeological, architectural, scenic,
cultural, and natural landmarks. A listing of all nearby areas and properties included or eligible for
inclusion -in the National Registry of History Landmarks is provided. A map showing all historic
landmarks and places with respect to ISL facilities is included. A record of the investigation of places and
properties with historic, archeological, architectural, scenic, cultural, and natural landmark significance
which follows guidance equivalent to that of the National Park Service is provided. Contact with local
tribal authorities is acceptably documented. A letter from the state registrar of historic properties attesting
to the properties that might be affected by the ISL facilities is included. The applicant has acceptably
demonstrated that the SHPO and tribal authorities agree with the planned protection from or determination

NUREG-1569 2-10



Site Characterization

of lack of conflict with ISL facilities and activities and with any places of importance to the state, federal,
or tribal authorities. The applicant has acceptably rated the aesthetic and scenic quality of the site in
accordance with the BLM Visual Resource Inventory and Evaluation System.

Based on the information provided in the application, and the detailed review conducted of the
characterization of regional historic, archeological, architectural, scenic, cultural, and natural landmarks
near the ISL facility, the NRC staff has concluded that the information is acceptable
and is in compliance with 10 CFR 51.45 requiring a description of the affected environment containing
sufficient data to aid the Commission in its conduct of an independent analysis.

2.4.5 References

National Park Service. 1973. Preparation of Environmental Statements: Guidelines for Discussion of
Cultural (Historic, Archeological, Architectural) Resources. Washington, DC: National Park
Service.

Nuclear Regulatory Commission. 1982. Standard Format and Content of License Applications, Including
Environmental Reports, for In Situ Uranium Solution Mining (SFCG). Regulatory Guide 3.46.
Washington, DC: Nuclear Regulatory Commission, Office of Standards Development.

U.S. Bureau of Land Management. 1978. Upland Visual Resource Inventory and Evaluation. BLM
Manual Section 8411. Washington, DC: U.S. Department of the Interior.

2.5 METEOROLOGY

2.5.1 Areas of Review

The staff shall review descriptions of the atmospheric diffusion characteristics of the site and its
surrounding area based on data collected onsite or at nearby meteorological stations. The data to be
reviewed include

(1) National Weather Service (NWS) station data including locations of all NWS stations
within an 80 km (50 mi) radius; and available joint frequency distribution data by wind
direction, wind speed, stability class, period of record, and height of data measurement.

(2) Onsite meteorological data including locations and heights of instrumentation, descriptions
of instrumentation, and joint frequency distribution data.

(3) Miscellaneous data including annual average mixing layer heights, a description of the
regional climatology, and total precipitation and evaporation by month.

The staff shall also review a discussion of the general climatology including existing levels of
air pollution, the relationship of the regional meteorological data to the local data, the meteorological
impact of the local terrain and large lakes and other bodies of water, and the occurrence of severe weather
in the area and its effects. This review shall also include data on averages of temperature and humidity

f
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2.5.2 Review Procedures

The staff shall determine whether the application includes sufficient local and regional scale
meteorological information to support estimates of the potential for airborne radionuclide transport from
the proposed ISL facility to the surrounding area and for determination of airborne pathway inputs to risk
assessment models. This information may include NWS data and onsite monitoring data, or data from
local meteorological stations, and any maps or tables that describe meteorological conditions at the site
and surrounding area. Section 2.5 of the SFCG (Nuclear Regulatory Commission, 1982) contains a list
of acceptable meteorological data requirements.

For license renewals and amendment applications, appendix A to this standardreview plan (SRP)
provides guidance for examining facility operations and the approach that should be used in evaluating
amendments and renewal applications.

2.5.3 Acceptance Criteria

The characterization of the site meteorology is acceptable if it meets the following criteria:

(1) A description of the general climate of the region and local meteorological conditions is
provided based on appropriate data from NWS, military, or other stations recognized as
standard installations.

These data include precipitation; evaporation; and joint frequency distribution data by
wind direction, wind speed, stability class, period of record, and height of data
measurement. The average inversion height shall also be identified. Data shall also be
provided on diurnal and monthly averages of temperature and humidity. The locations of
all stations used in the data analysis and the height of the data measurement shall be
included. Data periods should be defined by month and year and cover a sufficient time
period to constrain long-term trends and support atmospheric dispersion modeling.

(2) Data from local meteorological weather stations supplemented by data from an onsite
monitoring program are provided.

The onsite program should be designed in accordance with Regulatory Guide 1.23, Onsite
Meteorological Programs (Nuclear Regulatory Commission, 1972), and Regulatory
Guide 3.63, Onsite Meteorological Measurement Program for Uranium Recovery
Facilities - Data Acquisition and Reporting (Nuclear Regulatory Commission, 1988).

(3) Consideration of relationships between regional weather patterns and local meteorological
conditions based on weather station data and the onsite monitoring program is included.
The impacts of terrain and nearby bodies of water on local meteorology are assessed, and
the occurrence of locally severe weather is described and its impact considered.
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Information on anticipated air quality impacts from nonradiological sources, such as
vehicle emissions and dust from well field activities, is provided for assessing cumulative
impacts.

(4) The meteorological data used for assessing impacts are substantiated as being
representative of expected long-term conditions at and near the site.

(5) The application contains a description of existing levels of air pollution.

Information on potential for air pollution is based on U.S. Environmental Protection
Agency (EPA) studies. Affected counties within 80 km (50 mi) of the facility are
classified according to the National Ambient Air Quality Standards (NAAQS) as being
in attainment (below NAAQS) or nonattainment (above NAAQS) status.

(6) A minimum of one full year of joint frequency data presented with a joint data recovery
of 90 percent or more is provided.

(7) ' The sources of all meteorological and air quality data are documented in open file reports
or other published documents. If data has been generated by the applicant the data
documentation should include a description of the investigations and data reduction
techniques.

2.5.4 Evaluation Findings

If the staff's reviewas described in this section results in the acceptance of the meteorology, the
following conclusions may be presented in the TER:

The NRC has completed its review of the site characterization information concerned with
meteorology at the ISL facility. This review included an evaluation using the review
procedures in SRP section 2.5.2 and acceptance criteria outlined in SRP section 2.5.3.

The licensee has acceptably described the site. meteorology by providing NWS station data
located within 80 km (50 mi) of the site including available joint frequency distribution data on (i) wind
direction and speed, (ii) stability class, (iii) period of record, (iv) height of data measurement, and
(v) average inversion height. The data covers a sufficient time period to constrain long-term trends and
support atmospheric dispersion modeling. The applicant has provided acceptable onsite meteorological data
including (i) descriptions of instruments, (ii) locations and heights of instruments, and (iii) joint frequency
distributions of data. The joint-frequency data presented is for a minimum of I yr with a joint data
recovery of 90 percent or more. Additional data on (i) annual average mixing layer heights, (ii) a
description of the regional climate, and (iii) total precipitation and evaporation by month have been
provided. The applicant has noted any effect of nearby water bodies or terrain on meteorologic
measurements. The applicant has acceptably demonstrated that meteorologic data used for assessing
environmental impacts are representative of long-term meteorologic conditions at the site. The applicant's
report on the existing levels of air pollution at the site and nearby is acceptable.
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Based on the information provided in the application, and the detailed review conducted of the
characterization of meteorology at the ISL facility, the NRC staff has concluded that
the information is acceptable to allow evaluation of the spread of airborne contamination at the site and
development of conceptual and numerical models, and is in compliance with 10 CFR 51.45 requiring a
description of the affected environment containing sufficient data to aid the Commission in its conduct
of an independent analysis.

2.5.5 References

Nuclear Regulatory Commission. 1972. Onsite Meteorological Programs (Safety Guide 23). Regulatory
Guide 1.23. Washington, DC: Nuclear Regulatory Commission, Office of Standards
Development.

Nuclear Regulatory Commission. 1982. Standard Format and Content of License Applications, Including
Environmental Reports, for In Situ Uranium Solution Mining (SFCG), June. Regulator
Guide 3.46. Washington, DC: Nuclear Regulatory Commission, Office of Standard
Development.

Nuclear Regulatory Commission. 1988. Onsite Meteorological Measurement Program for Uranium
> Recovery Facilities - Data Acquisition and Reporting. Regulatory Guide 3.63. Washington, DC:

Nuclear Regulatory Commission, Office of Standards Development.

2.6 GEOLOGY AND SEISMOLOGY

2.6.1 Areas of Review

The reviewer shall examine information on the geologic aspects of the Site acquired through
standard geologic analyses, including a survey of pertinent literature and field investigations. This
information shall include regional seismicity and seismic history, local stratigraphy, petrology or litholoj
of rock units, tectonic features (faulting, folding, fracturing), and the continuity of the geologic strata l
the site and in nearby regions.

Geologic, structural, and stratigraphic maps and cross sections including representative core and
geophysical well-log data of the site and its environs shall be reviewed. An isopach map of the intended
zone of injection or production and associated confining beds shall be evaluated. All conclusions regarding
the lateral continuity and vertical thickness of the ore zone(s), surrounding lithologic units, and confining
zones as based on lithologic logs from core and drill cuttings, geophysical data, remote-sensing
measurements, and the results of other appropriate investigations shall be reviewed.

The staff shall review the information presented on any economically important minerals and
energy-related deposits in addition to the uranium ore, including the potential impact of production of such
related deposits on the ISL facility.

Data on the geochemistry of the ore zone and the geologic zones immediately surrounding the
ore zone that will or could be affected by injected lixiviant shall be evaluated. Information on unique
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minerals (including those that might be affected by fluid movement associated with the proposed project,
such as bentonite) or paleontologic deposits of particular scientific interest shall also be reviewed. The
staff shall examine descriptions of any effects that planned operations at the site might have on the future
availability of other mineral resources.

2.6.2 Review Procedures

The staff shall review the application to determine whether a thorough evaluation of the geologic
setting for the proposed ISL activity has been presented along with the basic data supporting all
conclusions. In addition to a description of the basic geology, both at the surface and at the depths of
interest, the establishment of the continuity of the geologic strata at the site shall be reviewed for
applicability, correctness, inclusivity, and likely ability of the aforementioned strata to isolate mining
fluids. The reviewer shall focus particular attention on fractures or faults, permeable stratigraphic units,
and lateral facies changes that might preclude the applicant-identified geologic barriers to fluid migration
from performing adequately.

The reviewer shall determine that the application contains viable geologic maps, isopach maps
of the ore-bearing strata and of the confining layers, geologic cross sections at places critical to a thorough
understanding of the selected site, representative supportive core samples and geophysical and lithologic
logs, and other data required for a thorough understanding of the pertinent geology at the site and its
environs. The reviewer shall determine that regional stratigraphic and geologic information is discussed
in sufficient detail to give clear perspective and orientation to the site-specific material presented. The
discussion of regional geology and stratigraphy should be assessed to determine if it is adequately
referenced and is illustrated by regional surface and subsurface geologic maps, stratigraphic columns, and
cross sections.

The staff may also perform an independent analysis of the data provided to assess whether
reasonable and conservative alternative interpretations are indicated.

For license renewals and amendment applications, appendix A to this standard review plan (SRP)
provides guidance for examining facility operations and the approach that should be used in evaluating
amendments and renewal applications.

2.6.3 Acceptance Criteria

The characterizations of the site geology and seismology are acceptable if they meet the
following criteria:

(1) The application includes a description of the local and regional stratigraphy based on
techniques such as

(a) Surface sampling and descriptions

(b) Cuttings and core logging reports
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(c) Wireline geophysical logs, such as electrical resistivity, neutron density, and
gamma

(d) Geologic interpretations of surface geology and balanced cross sections

These interpretations may be based either on original work submitted by the
applicant, or on an appropriate evaluation of previous work in the region
performed by state or federal agencies (e.g., USGS, U.S. Bureau of Land
Reclamation, U.S. Bureau. of Mines), universities, mining companies, or oil and
gas exploration companies. The interpretations should be accompanied by

(i) Maps such as geologic, topographic, and isopach maps that show surface
and subsurface geology and locations for all wells used in defining the
stratigraphy

(ii) Cross sections through the ore deposit roughly perpendicular and parallel
to the principal ore trend

I I(iii) Fence diagrams showing stratigraphic correlations between wells

(2) All maps and cross sections are at sufficient scale and resolution to clearly show the
intended geologic information. Maps show the locations of all site explorations such as
borings, trenches, seismic lines, piezometer readings, and geologic cross sections.

(3) In the local stratigraphic section, all ore horizons, confining units, and other important
units such as drinking water aquifers and deep well injection zones are clearly shown with
their depths from the surface clearly indicated. Isopach maps are prepared showing the
variations in thickness of the mineralized zone and the confining units over the proposed
mining area.

(4) A geologic and geochemical description of the ore zone and the geologic units
immediately surrounding the ore zone is provided.

(5) An inventory of economically significant mineral and energy-related deposits in addition

to the uranium ore is provided. Locations of all known wells, surface and underground

mine workings, and surface impoundments that may have an effect on the proposed
operations are provided.

These items should be located on a map of sufficient scale and clarity to identify their
relationship to the proposed facility. For existing wells, the depth should be shown, if
possible. To allow evaluation of connections between the ore zone and underground
sources of drinking water, plugging and abandonment records provided from state, federal,
and local records, as appropriate, should be provided. The applicant should provide
evidence that action has been undertaken to properly plug and abandon all wells that
cannot be documented in this manner.

'0
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(6) A description of the local and regional geologic structure, including folds and faults is
provided.

Folds and faults can be shown on the geologic maps used to describe the stratigraphy.
Major and minor faults traversing the proposed site should be evaluated for potential
future effects of faulting on the uranium production activities and on the ability of the
strata to contain lixiviant should fault motion occur. Geologic structures that are
preferential pathways or barriers to fluid flow must be described and the basis for likely
effects on flow given.

(7) A discussion of the seismicity and the seismic history of the region is included.

Historical seismicity based on data from universities and state and local agencies should
be summarized on a regional earthquake epicenter map, including magnitude, location,
and date of all known seismic events. Where possible, seismic events should be associated
with the tectonic features described in the geologic structures.

(8) A generalized stratigraphic column including the thicknesses of rock units, representation
of lithologies, and ore horizon definition is presented.

(9) The sources of all geological and seismological data are documented in USGS open files
or other published documents. If data has been generated by the applicant, the
documentation should include a description of the investigations and data reduction
techniques.

(10) Maps have designation of scale, orientation (e.g., North arrow), and geographic
coordinates.

(11) Short-term seismic stability has been demonstrated for the ISL facility in accordance with
Regulatory Guide 3.11, Design, Construction, and Inspection of Embankment Retention
Systems for Uranium Mills (Nuclear Regulatory Commission, 1977).

(12) A general description of the site soils and their properties has been provided to support
an evaluation of the environmental effects of construction and operation on erosion.

(13) A detailed description of soils and their properties has been provided for any areas where
land application of water is anticipated in order to support an assessment of the impacts.

2.6.4 Evaluation Findings

If the staff s review as described in this section results in the acceptance of the characterization
of the geology and seismology, the following conclusions may be presented in the TER.
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The NRC has completed its review of the site characterization information concerned with
geology and seismology at the ISL facility. This review included an evaluation using
the review procedures in SRP section 2.6.2 and acceptance criteria outlined in SRP section 2.6.3.

The licensee has acceptably described the geology and seismology by providing (i) a description
of the local and regional stratigraphy; (ii) geologic, topographic, and isopach maps at acceptable scales
showing surface and subsurface features and locations of all wells and site explorations used in defining
stratigraphy; (iii) a geologic and geochemical description of the ore zone and the geologic units adjacent
to the ore zone; (iv) an inventory of nearby economically significant minerals and energy-related deposits;
(v) a description of the local and regional geologic structure; (vi) a discussion of the seismicity and
seismic history of the region; (vii) a generalized stratigraphic column that includes thickness of rock units,
representation of lithologies, and ore horizon definition; and (viii) a description and map of the soils.

Based on the information provided in the application, and the detailed review conducted of the
characterization of the geology and seismology at the ISL facility, the NRC staff has
concluded that the information is acceptable to allow evaluation of the geologic and seismologic
characteristics of the site and associated conceptual and numerical models and is in compliance with
10 CFR 40.3 1(f) requiring inclusion of an ER in the application, and 10 CFR 51.45 requiring a description
of the affected environment containing sufficient data to aid the Commission in its conduct of an
independent analysis.

2.6.5 References

Nuclear Regulatory Commission. 1977. Design, Construction, and Inspection of Embankment Retention
Systems for Uranium Mills. Regulatory Guide 3.11. Washington, DC: Nuclear Regulatory
Commission, Office of Standards Development.

II

2.7 HYDROLOGY

2.7.1 Areas of Review

The review shall examine information related to the effects of ISL operations on adjacent surface
water and groundwater including

(1) The control and monitoring of subsurface process fluids

(2) The quantitative physical, chemical, biological, radiological, and hydrological
characteristics of the groundwater

(3) Typical seasonal ranges and averages, and the historical extremes for levels of surface
water bodies and aquifers

(4) Water quality data in and in close proximity to proposed well fields

(5) Information on past, current, and anticipated future water use
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(6) The relationships of the site to surface water features in the site area

(7) Flooding mechanisms that may require special design featuresto be implemented

The staff shall review the assessment of the flooding potential, including a determination of the
precipitation potential, the precipitation losses, the runoff response characteristics of the watershed, the
accumulation of flood runoff through river channels and reservoirs, the magnitude of the probable
maximum flood (PMF) or project design flood (if a flood less than the PMF is used) at the site, and the
critical water levels, shear stresses, and velocity conditions at the site. The staff also will review (i) the
analyses associated with using a flood less than the PMF; (ii) the probable maximum precipitation (PMP)
potential, and resulting runoff, for site drainage and for drainage areas adjacent to the site; and (iii) the
modeling of physical rainfall and runoff processes to estimate possible flood conditions at the site. For
the short (usually less than 20 yr) operational period, the staff suggests the use of a single PMF calculated
using the 6-hr PMP as an acceptable PMF.

If applicable, assessment of flooding also may include a review of potential dam failures, if
upstream reservoirs exist. Peak water levels, flood routing procedures, and velocities will be reviewed in
the determination of potential hazards due to failure of upstream water control structures from either
seismic or hydrologic causes.

Depending on the type of computational models used, the staff shall review the model, including
the determination of flooding depths, channel velocities, and/or shear stresses used to determine the
erosion protection design. The staff shall review the various detailed computations for each model and
shall review the acceptability of the input parameters to the model.

Design details and analyses pertinent to the following aspects of erosion protection shall be
reviewed including (i) erosion protection against the effects of flooding from. nearby streams and
(ii) erosion protection for drainage and diversion channels.

The review of the local groundwater system shall include

(1) Identification of aquifers that may be affected by the proposed ISL operations

(2) Ore zone aquifer properties including thickness, potentiometric or water table elevations,
hydraulic gradients, flow velocities, conductivities, transmissivities, storage coefficients,
and porosities

(3) Descriptions of confining beds or other lithologic units separating the ore zone from other
aquifers

(4) Estimated conductivities, thickness, and lateral extent of aquitards, and other information
relative to the control and prevention of excursions

(5) Soil types
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(6) Conclusions concerning the local groundwater flow system based on well borings, cores,
pumping tests, laboratory tests, soil surveys, and other methods

(7) Descriptions of local groundwater wells including locations, uses, amounts used, depths,
screened intervals, yield, static water level, and water quality

(8) Descriptions of project-related wells including locations, elevations, depths, screened
intervals, static water levels, and preoperational water quality

(9) The preoperational water quality of all aquifers that might be affected by the proposed
operations as well as the changes expected in quality due to the operations

(10) The relationships of the site to surface water features in the site area

(11) Flooding mechanisms that may require special design features to be implemented

A description of the surface water hydrology shall be reviewed including the size, shape, and
hydrologic characteristics and uses of surface water bodies near the site; river control structures;
topographic maps of hydrologic features; water quality analysis and flow rates from USGS survey stations;
site-related drainage water courses; and stream cross sections where necessary to show the vertical and
horizontal relationships of channels and pond embankments.

The NRC staff shall review hydrologic information, analyses, and design details in the
application to assure the plan provides acceptable erosion protection and capacity. The major areas of
review in the erosion protection aspects of the design are (i) the hydrologic description, (ii) flooding
determinations, (iii) water surface profiles, (iv) channel velocities, (v) shear stresses, and (vi) the erosion
protection design.

2.7.2 Review Procedures

At a minimum, the reviewer shall evaluate whether the applicant has developed an acceptable
conceptual model of the site hydrology, and whether the conceptual model is adequately supported by the
data presented in the site characterization. To this end, the reviewer shall

(1) Select a limited number of potentiometric surface elevation measurements from data
tabulations and verify that they correspond to elevations shown on maps.

(2) Compare hydrogeologic cross sections with randomly selected wells and borehole logs to
verify accuracy and ensure that cross sections are based on an adequate number of wells
and boreholes.

(3) Examine both groundwater and surface water baseline water quality data to verify whether
an adequate list of constituents has been identified, that the number of samples collected
is sufficient to provide meaningful statistics, and that samples are spaced in time
sufficiently to capture temporal variations.
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(4) Examine pump tests, analyses, and/or other measurement techniques used to determine
the hydrologic properties of the local aquifers and aquitards that affect or may be affected
by the proposed ISL activities.

(5) Examine pump tests that are used to investigate vertical confinement or hydraulic isolation
between the mine zone and upper and lower aquifers.

(6) Review surface water data, including maps that identify nearby lakes, rivers, surface
drainage areas, or other surface water bodies; stream flow data; and applicant assessment
of the potential for surface water contamination due to ISL operations.

(7) Review the modeling results used for the impact analysis, and the conclusions drawn from
those results.

The information normally presented is not amenable to independent verification, except through
cross checks with available publications related to hydrologic characteristics of the site region and through
observation during site visits. The review procedure consists of evaluating the completeness of the
information and data, by sequential comparison with information available from references. Based on the
description of the hydrosphere (e.g., geographic location and regional hydrologic features), potential site

.flood mechanisms are identified. The description of structures, facilities, and erosion protection designs
should be sufficiently complete to allow independent evaluation of the impact of flooding and intense
rainfall. Site topographic maps should be of good quality and of sufficient scale to allow independent
analysis of postconstruction drainage patterns.

S. The staff shall estimate the -flood levels, velocities, shear stresses, and magnitudes as described
below.. Staff estimates may be made independently from basic data, by detailed review and checking of
the application analyses, or by comparison with estimates made by others that have been reviewed in
detail. The evaluation of the adequacy of the estimates is a matter of engineering judgment, and is based
on the confidence in the estimate, the degree of conservatism in each parameter used in the estimate, and
the relative sensitivity of each parameter as it affects the flood level or flood velocity.

The evaluation of flooding is separated into two parts: (i) flooding on large adjacent streams,
as applicable, and (ii) flooding on local drainage channels and protective features. For large drainage areas,
PMF estimates approved by the Chief of Engineers, Corps of Engineers, and contained in published or
unpublished reports of that agency, or generalized estimates may be used instead of independent staff-
developed estimates. The staff shall utilize flood estimates developed by Crippen and Bue (1977) and by
the U.S. Bureau of Reclamation (1986) to determine historic regional floods. If the historic maximum
floods exceed the proposed PMF estimates, the staff shall perform a detailed evaluation to determine the
reasons for the discrepancies. The staff will compare basin lag times, rainfall distributions, soil types, and
infiltration loss rates to determine if there is a logical basis for the PMF values being less than historic
floods. Without such estimates, the staff shall generally use Corps of Engineers. runoff, impoundment, and
river routing models to independently estimate PMF discharge and water levels at the site. If a computer
model such as HEC-1 (U.S. Army Corps of Engineers, 1997a) is used, the staff shall review the adequacy
of the various input parameters to the model, including but not limited to the following: drainage area,
lag times and times of concentration, design rainfall, incremental rainfall amounts, temporal distribution
of incremental rainfall, and runoff/infiltration relationships. When detailed independent estimates are
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necessary, the applicant will be requested to provide all necessary basic data not already included in the
supporting documents.

Information pertinent to computation of the design flood should be submitted in sufficient detail
to enable the staff to perform an independent flood estimate. Acceptance of the analysis is based on:
acceptability of model input parameters; general agreement between the staff estimateslof flood levels and
peak discharges; and the adequacy of the computational methods used for such estimates. In those cases
where it is documented that erosion protection features will be damaged but no release of contaminated
wastes will occur, the staff shall independently analyze the information provided in the application.

In the detailed review of flooding, the staff shall consider several factors that are important in
determining a local PMP/PMF event. These factors include (i) determination of design rainfall event: the
staff shall consult appropriate hydrometeorological reports and determine that correct values of the 1-hr
and 6-hr PMP events, as applicable, have been determined; (ii) infiltration losses: the staff shall check
calculations to verify that conservative values of infiltration have been selected; (iii) times of
concentration: the staff shall verify that appropriate methods (depending on the slope, configuration, etc.)
have been selected (the staff shall independently verify that the methods selected compare reasonably well
with various Velocity-based methods of design); and (iv) rainfall distributions: the staff shall verify that
the rainfall distributions (particularly the 2 ½A-min, 5-min, and 15-min distributions) compare well with
the distributions suggested in NRC (1990).

For dam failures, the acceptability and conservatism of the application estimate of flood potential
and water levels shall be reviewed. In general, depending on the potential for flooding, the staff shall
verify that the application dam failure analyses are either realistic or conservative by determining locations
and sizes of upstream dams assuming an instantaneous failure (complete removal) of the dam embankment
and computing the peak outflow rate.

If this simplified analysis indicates a potential flooding problem, the staff shall may be repeated
using more refined techniques, and additional information and data may be requested. Detailed failure
models, such as those of the Corps of Engineers and NWS are utilized to identify the outflows, failure
modes, and resultant water levels at the site.

Using the guidance presented in NRC (1990), the staff shall verify that localized flood depths,
velocities, and shear stresses used in models for rock size determination (such as the Safety Factors
Method or the Stephenson Method) are acceptable. For offsite flooding effects, the staff shall verify that
computational models such as HEC-2 (U.S. Army Corps of Engineers, 1997b), have been correctly and
appropriately used and that the output from the model has been correctly interpreted. The staff shall verify
that acceptable models and input parameters have been used in the flood analyses and that the resulting
flood forces have been acceptably accommodated. Information regarding acceptable models may be found
in NRC (1990).

2.7.3 Acceptance Criteria

The hydrologic characterization should establish a hydrologic conceptual model for the ISL site
and surrounding region. The conceptual model will provide a framework for the applicant to make
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decisions on the optimal methods for extracting uranium from the ore zone, and how best to minimize
environmental and safety concerns caused by ISL operations. Hydrologic characterizations that accomplish
this objective are considered acceptable.

The characterization of the site hydrology is acceptable if it meets the following criteria:

(1) The applicant has described the local and regional aquifer hydraulic gradients.
Potentiometric surface maps are the recommended means for presenting this data. These
maps should include two levels of detail: regional and local. The regional map should
represent the ore zone aquifer and should encompass any potentially affected highly
populated areas. The site scale map should encompass the entire license boundary. If
overlying and underlying aquifers exist, local scale potentiometric or water surface
elevation maps of these aquifers should also be included. These maps should indicate the
locations, depths, and screened intervals of the wells used to determine the potentiometric
surface elevations. Alternatively, this information can be provided in separate maps and/or
tables. The appropriate contour interval will vary from site to site; however, contour
intervals should be sufficient to make clear the groundwater flow direction in the ore zone
and in the overlying and underlying aquifers. The number of piezometer elevation
measurements used in the construction of each map should be sufficient to determine the
direction of groundwater flow in the ore zone and the overlying aquifer. In order to
construct a regional potentiometric map, a reasonable effort should be made to consider
as many existing wells as possible.

(2) The applicant has considered hydro-stratigraphy at an appropriate scale. Hydrogeologic
cross sections are recommended. These cross sections should be constructed for the area
within the license boundary. For very large or irregularly shaped mine areas, more than
one cross section may be necessary. Cross sections must be based on borehole data from
driller's logs collected during well installation or exploratory drilling. All significant
borehole data should be. included in an appendix. Staff shall verify that, where
hydrogeologic units are shown to be continuous, an adequate number of boreholes is used
to support this assertion.

(3) Reasonably comprehensive chemical and radiochemical analyses of water samples,
obtained within the ore body and at locations away from the ore body, have been made
to determine preoperational baseline conditions. Baseline water quality should be
determined for the ore zone and surrounding aquifers. This data should include water
quality parameters that are expected to increase in concentration as a result of ISL
activities and that are of concern to the water use of the aquifer (i.e., drinking water, etc.).

For example, ISL operations are not expected to mobilize aluminum, and unless an
ammonia based lixiviant is used, ammonia concentrations in the groundwater should not
be increased as a result of ISL operations. Therefore, little is gained by sampling these
parameters. Studies have shown that thorium-230. is mobilized by bicarbonate-laden
leaching solutions. However, studies have also shown that after restoration, thorium in the
groundwater will not remain in solution because the chemistry of thorium causes it to
precipitate and chemically react with the rock matrix (Hem, 1970). As a result of its low
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:=" -•.,i , solubility in natural waters, thorium is found in only trace concentrations. Additionally,
chemical tests for thorium are expensive, and are not commonly included in water
analyses at ISL facilities.

The applicant should identify the list of constituents to be sampled for baseline
concentrations. The list of constituents in table 2.7-1 has generally been accepted by the
NRC for ISL facilities. Alternatively, applicants may propose a list of constituents that

Table 2.7-1. Typical baseline water quality indicators to be determined during
preoperational data collection

A. Trace and Minor Elements

Arsenic Iron Radium-226 and 228

Barium. Lead Selenium

Boron Manganese Silver

Cadmium Mercury ! Uranium

Chromium Mercury Vanadium

Copper Molybdenum Zinc

Fluoride Nickel

B. Common Constituents

Alkalinity Chloride Sodium

Bicarbonate Magnesium Sulfate

Calcium Nitrate

Carbonate Potassium

C..Physical Indicators

Specific Conductivity* Total Dissolved Solids#

pH*

D. Radiological Parameters

Gross Alphat Gross Beta

*Field and Laboratory determination.

#Laboratory only
tExcluding radon, radium, and uranium

NUREG-1569 2"-,



Site Characterization

is tailored to a particular location. In such cases, sufficient technical bases must be
provided for the selected constituent list.

For determining baseline water quality conditions, at least four sets of samples should be
collected and analyzed for each listed constituent. Some samples should be split and sent
to different laboratories as part of a quality assurance (QA) program. Sets of samples
should be taken within a week or two of each other unless natural conditions are such that
the'water quality of the aquifers changes significantly with time. If natural groundwater
flow rates and recharge conditions vary considerably (the premise that they do not should
be documented by the applicant), additional sampling to establish the natural cyclical
fluctuations of the water quality is necessary. Where perennial surface water sources are
present, surface water quality measurements should be taken on a seasonal basis for a
minimum of 1 yr prior to implementation of ISL operations. Surface water samples can
be obtained by grab sampling and should be taken at the same location each time.

The average water quality for -each aquifer zone and the range of each indicator in the
zone has been tabulated and evaluated. If zones of distinct water quality characteristics
are identified, they are delineated and referenced on a topographic map. For example,
since uranium roll-front deposits are formed at the interface between chemically oxidizing
and reducing environments, water quality characteristics may differ significantly across
the roll front.

(4) The applicant should describe all hydraulic parameters uised to determine expected
operational and restoration performance. Aquifer and aquitard hydraulic properties may
be determined using aquifer pump tests for parameters such as hydraulic conductivity,
transmissivity, and specific storage. Any of a number of commonly used aquifer pump
tests may be used including single-well drawdown and recovery tests, drawdown versus
time in a single observation well, and drawdown versus distance pump tests using multiple
observation wells. The methods or standards used to analyze pump test data. should be
described and referenced: acceptable methods of analysis include use of curve fitting
techniques for drawdown or recovery curves that are referenced to peer reviewed journal
publications, texts, or American Society for Testing and Materials (ASTM) Standards.
Driscoll (1986) provides examples for conducting and analyzing aquifer pump test data.
It is important for the reviewer to ensure that where fitted curves deviate from measured
drawdown, the applicant explains the probable cause of the deviation (e.g., leaky
aquitards, delayed yield effects, boundary effects, etc.)

For estimates of porosity, the NRC has found it acceptable to use laboratory analysis of
core samples, borehole geophysical methods, and analysis of barometric efficiency of the
aquifer (e.g., Lohman, 1979). The applicant should distinguish between total porosity
estimated from borehole geophysical methods and effective porosity that determines
transport of chemical constituents.

(5) Surface water characterization in the mining zone and surrounding areas should be
addressed. Maps provided in the application should identify the location, size, shape,
hydrologic characteristics, and uses of surface water bodies near the proposed site.
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including potential surface drainage areas near the proposed facilities. An acceptable
application should also identify the zones of interchange between surface water and
groundwater.

For license renewals and amendment applications, appendix A to this standard review plan (SRP)
provides guidance for examining facility operations and the approach that should be used in evaluating
amendments and renewal applications.

2.7.4 Evaluation Findings

If the staff's review as described in this section results in the acceptance of the site hydrology,
the following conclusions may be presented in the TER.

The NRC has completed its review of the hydrologic site characterization information for the
ISL facility. This review included an evaluation using the review procedures in SRP

section 2.7.2 and acceptance criteria outlined in SRP section 2.7.3.

The licensee has acceptably described the hydrology by providing (i) estimates of the local and
regional hydraulic gradients using potentiometric surface maps with acceptable contour intervals including
the ore zone aquifer and other overlying or underlying aquifers and any potentially affected populated
area, (ii) hydrologic cross-sections based on an appropriate number of boreholes,' (iii) acceptable
comprehensive chemical and radiochemical analyses of water samples from in and near the ore body that

define the preoperational baseline water quality conditions, (iv) all hydraulic parameters used to determine
expected operational and restoration performance, and (v) characterization of surface water in the ISL
facility and nearby areas including presentation of such information on maps. Zones of interchange
between surface and groundwater have been identified. The applicant has provided acceptable erosion
protection against the effects of flooding from nearby streams and for drainage and diversion channels.

Based on the information provided in the application, and the detailed review conducted of the
characterization of the hydrology at the ISL facility, the NRC staff has concluded that
the information is acceptable to allow evaluation of the site and associated conceptual and numerical
models and is in compliance with 10 CFR 51.45 requiring a description of the affected environment
containing sufficient data to aid the Commission in its conduct of an independent analysis.

2.7.5 References

Crippen, J.R., and C.D. Bue. 1977. Maximum Floodflows in the Conterminous United States. USGS Water
Supply Paper No. 1887. Denver, CO: U.S. Geological Survey.

Driscoll, F.G. 1986. Groundwater and Wells. Third Edition. St. Paul, MN: Johnson Filtration Systems,
Inc.

Hem, J.D. 1970. Study and Interpretation of the Chemical Characteristics of Natural Water. USGS Water
Supply Paper 1473. Denver, CO: U.S. Geological Survey.
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3.0 DESCRIPTION OF PROPOSED FACILITY

3.1 SOLUTION MINING PROCESS AND EQUIPMENT

3.1.1 Areas of Review

The staff shall review the in situ leaching process as described in the application. This review
shall include, but not be limited to

(1) A description of the ore bodies and the feasibility of processing the defined well field
areas.

(2) Well construction techniques and integrity testing procedures to ensure well installations
will not result in hydraulic communication between production zones and adjacent
aquifers.

(3) A process description including injection/production rates and pressures; plant material
balances and flow rates; lixiviant makeup; recovery efficiency; and gaseous, liquid, and
solid wastes and effluents that will be generated.

(4) Proposed operating plans and schedules that include timetables and sequences for well
field operation, surface reclamation, and groundwater restoration.

(5) Evaporation and storage pond construction techniques.

The review shall also include maps showing the facilities layout, descriptions of the process
and/or circuit, water and material balances, and the chemical recycling system.

3.1.2 Review Procedures

The staff shall determine whether the description of the in situ leaching process provided in the
application is sufficient to permit evaluation of the operations and processes involved in conformance with
the acceptance criteria contained in section 3.1.3. Staff shall ensure the following are included in this
section: a map or maps showing the proposed sequence and schedules for uranium extraction and
groundwater quality restoration operations; a flow diagram of the process and/or circuit; a material balance
diagram; a description of any chemical recycle -systems; a water balance diagram for the entire system;
and a map or maps showing the proposed sequence and schedules for land reclamation of the well field
areas.

If wells are not properly completed, lixiviant can flow through casing breaks and into overlying
aquifers. Casing breaks can occur if the well is damaged during well construction activities. Casing breaks
can also occur if water injection pressures exceed the strength of the well materials. Well completion
techniques should be reviewed in sufficient detail to give the reviewer a clear picture of how recovery,
injection, and monitor wells are drilled; how their location and spacing are selected; and what materials
and methods are used in construction, casing, and abandonment. The reviewer shall pay particular attention
to the techniques employed to prevent hydraulic communication between overlying or underlying aquifers
through well boreholes. Additionally, the applicant should describe methods for well abandonment. The
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reviewer shall ensure that the well casing material used is appropriate for the depths to which the wells
are drilled. Where polyvinyl chloride (PVC) is installed at greater than 500 ft, the reviewer shall ensure
that the applicant has included the design specifications for the casing material used. The reviewer shall
examine a description of the procedures used to test well integrity. The reviewer may refer to a well
handbook (e.g., Driscoll, 1989) to verify the appropriateness and expected performance of well installation
and abandonment methods.

The 'reviewer shall determine that any lined, impoundment to contain wastes is acceptably
designed, constructed, and installed. Materials used to construct the liner shall be reviewed to determine
that they have acceptable chemical properties and sufficient strength for the design application. The
reviewer shall determine that the liner will not be overtopped. The reviewer shall determine that a proper
quality control (QC) program is in place.

For license renewals and amendment applications, appendix A to this standard review plan (SRP)
provides guidance for examining facility operations and the approach that should be used in evaluating
amendmend and renewal applications.

3.1.3 Acceptance Criteria

The solution mining process and equipment are acceptable if they meet the following criteria:

(1) Ile description of the ore body is sufficiently detailed to identify the mineralized zone,
its areal distribution, and its approximate thickness.

If more than one ore zone is to be leached., each ore zone should be defined separately.
The estimated ore grade should be specified.

(2) Well design, testing, and inspection meet ASTM standards -(specific standard numbers
must be cited). The following discussion reflects practices that NRC has historically found
to be acceptable for ISL operations.

(a) Well Design and Construction-4nJection and recovery wells should be
constructed from materials that are inert to lixiviants and are strong enough to
withstand injection pressures. PVC, fiberglass, or acrylonitrile butadiene styrene
(ABS) plastic casings are generally used in wells less than 500 ft deep. Wells
deeper than 500 ft, or those subjected to high pressure cementing techniques, are
subject to collapse. In these instances, steel or fiberglass casing is generally
necessary. In all wells (including monitor wells), the annular space between the
side of the borehole and the casing should be back-filled with a sealant from the
bottom of the casing to the surface in one continuous operation. Proper back-
filling isolates the screened formation against vertical migration of water from the
surface or from other formations, and also provides support for the casing.
Cement or cement-bentonite grout is generally acceptable as a sealant.
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The NRC has completed its review of the airborne effluent and environmental monitoring-
program at the . ISL facility. This review included an evaluation using the review
procedures in SRP section 5.7.7.2 and the acceptance criteria outlined in SRP section 5.7.7.3.

The applicant has established an acceptable airborne effluent and environmental monitoring
program at the ISL site. The overall program is consistent with guidance in
Regulatory Guide 4.14 (Nuclear Regulatory Commission, 1980). The applicant will sample radon, air
particulates, surface soils, subsurface soils, vegetation, direct radiation, and sediment. Locations of air
monitoring stations are consistent with Regulatory Guide 4.14 (Nuclear Regulatory Commission, 1980).
Instrumentation is appropriate for the measurement task and is acceptable. All reporting and record
keeping is done in accordance with the requirements of the 10 CFR Part 20, subpart L.

Based on the information provided in the application and the detailed review conducted of the
airborne effluent and environmental monitoring program at the ISL facility, the NRC
staff has concluded that the airborne effluent and environmental monitoring program is acceptable and is
in compliance with 10 CFR 20.1302, which requires effluent monitoring to determine dose to individual
members of the public and 10 CFR 20.1501, which specifies survey and monitoring requirements.

5.7.7.5 References

Nuclear Regulatory Commission. 1980. Radiological Effluent and Environmental Monitoring at Uranium
Mills, Revision 1. Regulatory Guide 4.14, Revision I. Washington, DC: Nuclear Regulatory
Commission, Office of Standards Development.

Nuclear Regulatory Commission. 1993. ALARA Levels for Effluent from Materials Facilities. Regulatory
Guide 8.37. Washington, DC: Nuclear Regulatory Commission, Office of Standards
Development.

5.7.8 Groundwater and Surface Water Monitoring Programs

5.7.8.1 Areas of Review

There are three distinct phases of groundwater and surface water monitoring: preoperational,
operational, and restoration. Preoperational monitoring is conducted as a part of site characterization, and
review procedures are covered in section 2 of this SRP. Restoration monitoring is conducted during the
groundwater restoration phase of operations, and review procedures are discussed in section 6. This SRP
section deals specifically with monitoring of groundwater and surface water quality during the production
or operational phase of ISL activities.

The staff shall review the technical bases and procedures for the following components of an
effective groundwater and surface water operational monitoring program:

(1) Well field baseline water quality monitoring programs (groundwater and surface water)

(2) Selection of excursion indicators and their respective upper control limits (UCLs)
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(3) The placement of excursion monitoring wells

(4) Well field testing to verify horizontal continuity between the ore zone and perimeter
wells, and vertical isolation between the ore zone and vertical excursion monitor wells

(5) The excursion monitoring program, including~well sampling schedules, criteria for placing
well fields on excursion status, and corrective actions to be taken in the event of an
excursion

(6) The surface water monitoring program

Procedures for sample collection and analysis should be presented in an appendix.

5.7.8.2 Review Procedures

Prior to ISL operations, well field hydraulic and water chemistry data are collected. The water
quality data isused to set the concentrations of parameters that will be used to determine if the well field
is being operated safely. Water quality data is also used to set the water quality to which the aquifer will
be restored after ISL operations. From an environmental standpoint, hydraulic data or information that is
used to describe the flow of groundwater, is used to (i) eyaluate whether the well field can be operated
safely, (ii) confirm monitor wells have been located correctly,, (iii) design aquifer restoration activities,
and (iv) predict postrestoration impacts. The reviewer shall determine that the objectives of the operational
monitoring program have been established. To this end, the reviewer shall:

(1) Verify that procedures for collecting allwater quality data will be developed to include
sets of samples that are acceptable to evaluate natural spatial and temporal variations in
water quality.

(2) Ensure that the applicant uses an appropriate technical basis for determining monitor well
spacing.

(3) Evaluate whether well field testing is sufficient to establish horizontal connectivity
between the ore zone and outer monitor wells, and vertical isolation between the ore zone
and vertical excursion monitor wells.

(4) Evaluate whether the excursion monitoring program will result in timely detection and
reporting of lixiviant migration from the ore zone.

(5) Evaluate whether a surface water monitoring program is necessary at the site and, if so,
whether the monitoring program will be effective to detect migration of contaminants into
surface water bodies.

(6) Evaluate whether actions to be taken in the event an excursion is detected are consistent
with the acceptance criteria.
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(7) Ensure that the approaches for new well fields and establishment of UCL's have the basic
components outlined in the SRP. The reviewer is not expected to review the specified
parameters or UCLs for individual well fields. This will be done during routine
inspections of operations.

For license renewals and amendment applications, appendix A to this standard review plan (SRP)
provides guidance for examining facility operations and the approach that should be used in evaluating
amendments and renewal applications.

5.7.8.3 Acceptance Criteria

The groundwater monitoring program should ensure that an excursion is detected long before
ISL solutions could seriously degrade the water quality of groundwater outside the well field area. Early
detection of excursions by a monitor well is influenced by the thickness of the aquifer monitored, the
distance that monitor wells are placed from the well field and each other, the frequency that the monitor
wells are sampled, the water quality parameters that are sampled, and the concentrations of parameters that
will be used to declare that an excursion has been detected.

The groundwater and surface water monitoring programs are acceptable if they are sufficient to
ensure that, during day-to-day operations, groundwater and surface water will be monitored such that early
detection and timely restoration of excursions will be achieved. The following criteria must be met by ISL
operational monitoring programs:

(1) For each new well field, the applicant's approach for establishing baselinewater quality
data sufficient to (i) define the primary restoration goal of returning each well field to its
preoperational water quality conditions, and (ii) provide a standard for determining when
an excursion has occurred.

Baseline sampling programs should provide enough data to adequately evaluate natural
spatial and temporal variations in preoperational water quality. At least four independent
sets of samples should be collected. There should be adequate time between sets to detect
preoperational temporal variations (2 wk recommended; longer if seasonal variations
occur). A set of samples is defined to be a group of at least one sample for each of the
designated baseline monitor wells within the unit being characterized, taken to represent
the water quality conditions of the sampled aquifer at a specific point in time. An
acceptable set of samples should include all well field perimeter monitor wells, all upper
and lower aquifer monitor wells, and at least one production/injection well per acre in
each well field. For large well fields, it may not be practical to sample one
production/injection well per acre; if fewer than one per acre are sampled, enough
production/injection wells to provide an adequate statistical population must be sampled.
As a general guideline, for normally and log-normally distributed populations, at least six
samples are required to achieve 90 percent confidence that any random sample will lie
within two standard deviations from the sample mean. In no case should the baseline
sampling density for production/injection wells be less than one per 4 acres.
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The applicant should identify the list of constituents to be sampled for baseline
concentrations. The list of constituents in table 2.7-1 has generally been accepted by the
NRC for ISL operations. Alternatively, applicants may propose a list of constituents that
is tailored to a particular. location. In such cases, sufficient technical bases must be
provided for the selected constituent list. For example, many licensees have decided not
to sample for thorium-230; thorium-230 is a daughter product from the decay of
uranium-238, and studies have shown that it is mobilized by bicarbonate-laden leaching
solutions. However, studies have also shown that after restoration, thorium in the
groundwater will not remain in solution, because the chemistry of thorium causes it to
precipitate and chemically react with the rock matrix (Hem, 1985). As a result of its low
solubility in natural waters, thorium is found in only trace concentrations. Additionally,
chemical tests for thorium are expensive, and are not commonly included in water
analyses at ISL mines. This example concerning thorium-230 has been found to be an
acceptable technical basis for excluding thorium-230 from the list of sampled constituents.
For all constituents that are sampled, copies of laboratory reports documenting the
measurements should be maintained by the applicant.

An outlier is a single nonrepeating value that lies far above or below the rest of the
sample values for a single well. Removal of outliers from sample sets should be done
using proper statistical methods. The outlier may represent a sampling, analytical, or other
unknown source of error or unidentified randomness in the data. Its inclusion within the
sample could significantly change the baseline :data, since the outlier is not typical of the
bulk of the samples. All calculations, assumptions, and conclusions made by the applicant
in evaluating outliers should be fully explained. When an outlier has been discarded, it
may be necessary to take another sample to replace the one discarded. A conservative
method for dealing with suspected outliers is to accept any questionable data that cannot
be positively linked to sampling or analytical error. Another acceptable method is to
accept any value within three standard deviations of the mean. For a normally distributed
set of values, three standard deviations encompass 99.7 percent of the variation in the
population. It is often necessary to perform log-transformations on data in order to better
approximate a normal distribution. The standard deviation should be calculated without
using the suspected outliers. Care should be taken not to exclude suspected outliers that
ultimately may represent bimodal distributions. Methods in NUREG/CR-4604 (Nuclear
Regulatory Commission, 1988) and NUREG-1475 (Nuclear Regulatory Commission,
1994) are acceptable methods to the NRC staff for outlier calculation. Other documented
and technically justified methods used by applicants will be. considered in the evaluation
of outliers (e.g., U.S. Environmental Protection Agency, 1989).

(2) The applicant selects excursion indicator sets and UCLs. UCLs are intended to provide
early warning that leaching solutions are moving away from the well fields so that
groundwater outside the monitor well ring is not significantly threatened. This is
accomplished by choosing parameters that are strong indicators of the ISL leaching
process and that do not greatly attenuate because of geochemical reactions in the aquifers.
If possible, the parameters chosen should be easy to analyze, allowing timely data
reporting. The concentration of the chosen indicator parameters should be set high enough

h that false positives (false alarms due to natural tluctmatiiom in water chernistr- ) are no, a
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frequent problem, but not so high that significant groundwater quality degradation occurs
by the time an excursion is identified. A minimum of three excursion indicators must be
proposed. The choice of excursion indicators must be based on lixiviant content and host
rock geochemistry. Staff must ensure that selected excursion indicators are measurable
parameters that are found in significantly higher concentrations during ISL operations than
in the natural waters. At most uranium ISL operations, chloride is an excellent excursion
indicator because it acts as a conservative tracer, it is easily measured, and chloride
concentrations are significantly increased during ISL leaching. Conductivity, which is
correlated to TDS, is also considered to be a good excursion indicator (Staub, 1986;
Deutsch, 1985). Total alkalinity (carbonate plus bicarbonate plus hydroxide) is an

excellent indicator in well fields where sodium bicarbonate or carbon dioxide are used in
the lixiviant. If conductivity is used to estimate TDS, it must be clearly stated that
measurements will be normalized to a reference temperature, usually 25 °C, due to the
temperature dependence of conductivity.

Calcium, sodium, and sulfate are projected to be found at significantly higher levels in
ISL leachate than in natural groundwater concentrations. The use of cations (e.g., Ca2",
Na÷) as excursion indicators is generally not appropriate, because they are subject to ion
exchange processes in the presence of clay minerals. The use of sulfate may give false
alarms because of induced oxidation around a monitor well (Staub, 1986; Deutsch, 1985).
However, this should only be a problem if UCL values are set too conservatively.
Uranium is not considered a good indicator, because while it is mobilized by ISL
leaching, it may be retarded by reducing conditions in the aquifer. Water level
measurements are very useful for any excursion monitoring program, since in artesian
aquifers water level changes are quickly transmitted through the aquifer. However, water
levels are not considered to be good indicators, because water level data would identify
too many false excursions (false positives). The applicant may choose to add a
nonreactive, conservative tracer to ISL solutions to act as an excursion indicator. The
applicant is required to provide the technical bases for the selection of all excursion
indicators.

UCLs must be calculated such that the presence of two or more excursion indicators in
a monitoring well at concentrations greater than the UCL for the respective indicator will
be an indication that a lixiviant excursion has occurred. The value of the UCL for each
excursion indicator must be less than the lowest concentration at which the indicator could
reasonably be expected to occur in the lixiviant while the well field is in operation. Each
UCL must also be greater than the baseline concentration for its respective excursion
indicator. Applicant site-specific experience is often valuable in determining appropriate
UCLs that provide timely detection and avoid false alarms.

Upper control limits for a specific excursion parameter should be determined on a
statistical basis in order to account for potential spatial and temporal variations for the
parameter concentrations within the ore zone. Nuclear Regulatory Commission staff have
found the use of statistical techniques such as the student "T" distribution an acceptable
method for setting UCLs. In some cases, the use of a simple percentage increase above
baseline values ( a 20 percent increase above the established baseblne )s suugested hý,
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been found acceptable by staff. The staff has decided that in areas with good water
quality ( a TDS less than 500 mg/L), setting the UCL at a value of 5 standard deviations
above the mean of the measured concentrations is an acceptable approach. However, in
some aquifers of good water quality, low chloride concentrations have been found to have
such a narrow statistical distribution that a specified concentration (15 mg/L) above the
mean or the mean plus 5 standard deviations approach, which ever is greater, has been
used to establish the chloride UCL.

The same UCLs may be assigned to all monitor wells within a particular hydrogeologic
unit in a given well field if baseline data indicate little chemical heterogeneity.
Alternatively, if individual monitor wells in a given unit exhibit unique baseline water
quality, UCLs may be assigned on a well-by-well basis. If UCLs vary from well to well,
a table should be included listing all monitor wells and their respective UCLs.

(3) The applicant establishes criteria for determining monitor well locations. Ore zone
perimeter monitor wells are used to detect horizontal excursions outside the well field
boundary. They generally surround the entire well field and are screened over the entire
ore zone hydrogeologic unit. Local groundwater gradients, velocity, and dispersion of the
excursion indicators should be considered when choosing the location and spacing for
these wells. A horizontal excursion may be more likely to occur downgradient from the
well field due to the background gradient of the groundwater. As an excursion migrates
away from the well field, it will tend to spread laterally due to dispersive processes.
Excursions may also occur upgradient or crossgradient from the natural flow direction if
the flow balance between production and injection wells is incorrect, or if flow velocities
away from the well field are low enough that dispersion is the dominant transport process.
The criteria should ensure that perimeter monitor wells will be placed close enough to the
well field to provide timely detection, yet they should be far enough away from the well
field to avoid numerous false alarms. They must also be spaced close enough to one
another so that, by the time an excursion reaches them, the expected width of the
excursion plume is likely to encounter at least one monitor well. In previous reviews, the
NRC staff has commonly found the location of horizontal monitor wells to be acceptable
if the wells were located 140 m (400 ft) from the edge of the production or -injection
wells with 140 mn (400 ft) between each monitor well so that the angle formed by lines

drawn from any production well to the two nearest monitor wells would not be greater
than 75 degrees. The NRC staff has also approved horizontal monitor well locations based
on a modeling demonstration that a theoretical excursion can be controlled at the monitor
well locations within 60 days of excursion detection at a monitor well.

Upper and lower aquifer monitor wells should lie within the well field and be completed
in the appropriate hydrogeologic unit. Their location within the well field should not be
arbitrary, and the technical basis for their selection should be discussed in the application.
The appropriate number of these monitor wells may vary from site to site. It may be
appropriate to exclude the requirement to monitor water quality in the underlying aquifer
if (i) the underlying aquifer is a poor producer of water, (ii) the underlying aquifer is of
poor water quality, (iii) there is a large aquitard between the ore zone and the underlying
aquifer and few boreholes have penetrated the aquitard. or \iv) deer monitor vei! \'-('UiC!
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significantly increase the risk of a vertical excursion into the underlying aquifer. Monitor
wells completed-in aquifers above the first overlying aquifer may not be required when
(i) the aquifers are separated from the production zone by thick aquitards, (ii) a high
quality mechanical integrity well testing program will be implemented, or (iii) the aquifers
are unsubstantial producers of water or of poor water quality. In well fields where the ore
zone confining layers are particularly thin, or of questionable continuity,:a greater number
of monitor wells is appropriate. In general, when the direction of groundwater flow in an
upper or lower aquifer is well known consideration by the applicant should be given to
locating these wells on the hydraulically downgradient side of a well field, in areas where
ore zone confining layers may be thin or incompetent, and in areas where injection
pressure may be highest (i.e., closer to injection wells than to production wells).

The process for determining the screened interval of the monitor wells should be
described. Fully screened monitor wells sample the entire thickness of the aquifer.
Therefore, excursions could not pass above or below the well screens. However, the
concentration of the indicator parameters might be diluted and therefore may not provide
the earliest possible warning that an excursion is occurring. Partially screened monitor
wells only sample the zone of ore extraction within an aquifer. These Wells might miss
some excursions, but would suffer less from dilution effects than fully screened wells. For
most situations the NRC staff favors fully screened monitor wells. Fully screened monitor
wells would assure that excursions will eventually be detected, have the advantage of
more accurately representing the water quality that a groundwater user is likely to
experience, and do not suffer from the uncertainty of predicting the completion intervals
of injection and production wells that have not yet been drilled.

The NRC staff has approved a vertical monitor well density for the first overlying aquifer
of one monitor well per 1.6 ha (4 acres), one monitor well per 3.2 ha (8 acres) of well
field unit in each higher aquifer, and one monitor well per 1.7 to 3.2 ha (4 to 8 acres) in
the underlying aquifer.

(4) The applicant establishes well field test procedures. Once a well field is installed, it
should be tested to establish that the ore zone production and injection wells are
hydraulically connected to the perimeter horizontal excursion monitor wells, and
hydraulically isolated from the vertical excursion monitor wells. Such testing will serve
to confirm the performance of the monitoring system, and verify the validity of the site
conceptual model reviewed in section 2 of the SRP. The reviewer should verify that well
field test approaches have sound technical bases. Test approaches typically consist of a
pump test that subjects the well field to a sustained maximum withdrawal rate while
monitoring the perimeter and vertical excursion wells for drawdown. The test should
continue until the effects of pumping can be clearly seen via drawdown in the perimeter
monitor wells. Typically about 1 ft of drawdown in the perimeter monitor wells will
verify hydraulic connection, but the amount may vary due to distance from the pumping
wells, pumping rates, and hydraulic conductivity. To investigate vertical confinement or
hydraulic isolation between the mine zone and upper and lower aquifers it is acceptable
to perform pump tests that in addition to the mine zone. also monitor water levels iII
upper or lower aquifers.



6.0 GROUNDWATER QUALITY RESTORATION, SURFACE
RECLAMATION, AND PLANT DECOMMISSIONING

A 6.1 PLANS AND SCHEDULES FOR GROUNDWATER QUALITY

RESTORATION

6.1.1 Areas of Review

The staff shall review the following aspects of the groundwater quality restoration program:

(1) Estimates of the concentrations, and lateral and vertical extent of those chemicals that may
persist in leached-out well field production zones after termination of in situ operations
and prior to restoration activities.

(2) Descriptions of proposed methods and techniques to be used to achieve groundwater
quality restoration, including identification of in situ chemical reactions that may hinder
or enhance restoration. The staff should also review descriptions of fluids to be used
during restoration and the hydraulic and geochemical properties of the receiving stratum.
For commercial-scale operations, the staff shall evaluate results obtained from R&D
operations.

(3) A schedule for sequential restoration of well fields.

(4) Descriptions of the expected postreclamation conditions and quality of restored
groundwaters, compared with the preoperational land and water quality characteristics if
there is prior experience in restoring groundwater at the site.

(5) Assessments of the proposed water quality restoration operations with respect to their
adverse effects on groundwaters outside production zones.

(6) Procedures to be used for plugging, sealing, capping, and abandoning wells associated
with the ISL operations.

(7) Methods of effluent disposal, such as deep well injection, surface discharge, and land
application are generally strictly regulated by the EPA and state agencies, and the
applicant is responsible for ensuring such disposal methods are in compliance with
applicable directives.

6.1.2 Review Procedures

The staff shall review plans and schedules for groundwater quality restoration, and perform the
following actions:

(I) Evaluate estimates of postextraction groundwater quality by comparison to descriptions
of lixiviant composition and host rock geochemistry. Ensure that methods for estimating
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the affected pore volume are consistent with the methods used at the R&D site or other
site upon which restoration estimates are based.

(2) Compare descriptions of restoration methods to methods that have been used successfully
at R&D sites for other ISL facilities. Ensure that methods selected are appropriate for the
host rock and lixiviant chemistry.

(3) Assess whether the applicant has provided a reasonable standard for the determination of
restoration success and a realistic assessment of the expected postreclamation water quality
by comparing standards to previous restoration work at the R&D site or other previously
restored ISL facilities.

(4) Evaluate the ability of the postreclamation stability monitoring program to verify
successful restoration.

(5) Consider whether the proposed restoration program adequately addresses water quality
cleanup due to well field flare (undetected spread of extraction solutions between the well
field and monitor wells of the production zone), and whether the quantity of water
pumped during restoration will adversely affect offsite groundwater uses.

(6) Assess whether plans for plugging and abandoning wells prior to license termination are
consistent with generally accepted techniques.

For license renewals and amendment applications, appendix A to this standard review plan (SRP)
provides guidance for examining facility operations and the approach that should be used in evaluating
amendments and renewal applications.

6.1.3 Acceptance Criteria

The plans and schedules for groundwater quality restoration, surface reclamation, and plant
decommissioning and acceptable if they meet the following criteria:

(1) The application includes estimates of the volume and quality of extraction solutions that
need to be cleaned up during groundwater restoration.

Generally, these estimates are based on experience in ISL operations or R&D

investigations in similar host rock.

(2) The applicant describes the method used for estimating well field pore volume.

A pore volume is an indirect measure of the volume of water that must be pumped or
processed to restore the groundwater. It represents the water that fills the void space inside
a certain volume of rock or sediment. Restoration costs are closely linked to the amount
of water that must be processed to effect restoration. The pore volume parameter is used
to represent how many times the contaminated volume of water in the rock must be
displaced or processed to restore groundwater quality. It provides a means of comparing
the level of effort required to restore groundwater regardless of the scale of the test. In
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general, the more pore volumes of water it takes to restore groundwater quality, the more
effort it will cost to achieve restoration. Estimates of groundwater restoration pore
volumes should take into account the effective porosity of the contaminated region and
the lateral and vertical extent of contamination.

(3) The application includes well field restoration plans.

Restoration plans contain descriptions of the process to be used for well field restoration
and projected completion schedules based on well field ore depletion. This description
should include restoration flow circuits, treatment methods, methods for disposal or
treatment of wastes and effluents, monitoring schedules, a discussion of chemical additives
used in the restoration process, anticipated effects of chemical additives, and alternate
techniques that may be employed in the event that primary plans are not effective.
Typically, restoration is divided into distinct phases in which different techniques are
employed. Groundwater sweep is used to pump water from the ore zone without
reinjecting in order to recall lixiviant from the aquifer and draw in surrounding
uncontaminated water. Reverse osmosis/permeate injection circulates water from the well
field through a reverse osmosis (RO) treatment process and reinjects the permeate into the
well field, typically at rates similar to those used during production. Groundwater
recirculation is used to evenly distribute water throughout the restored well field in order

to dilute any pockets of remaining contamination. An additional acceptable restoration
method is the injection of chemical reductants (usually hydrogen sulfide) into the well
field. These reductants are used to immobilize metals that may have been dissolved by
the oxidizing lixiviant; however, some general water quality parameters, such as TDS,
may be adversely affected by reductants. When chemical reductants are added, the
applicant should address any additional treatment necessary to remove the reductant from
the aquifer after it has served its intended purpose. Typically, this will require additional
RO/permeate injection.

The NRC promotes flexibility and innovation in approaches to restoration. Therefore,
applicants should not be limited to one restoration method for all well fields. Rather, they
should describe the phases of restoration that may be used and the most likely restoration
scenario, based on R&D results and restoration experience.

Restoration plans should also include a list of monitored constituents, a monitoring
interval, and the sampling density (wells/acre). An acceptable constituent list should be
based on production and restoration solutions used and on the host rock geochemistry. In
the interest of minimizing expense, the applicant may propose a limited set of indicator
constituents to nmonitor restoration progress and a sampling density that does not include
all production and injection wells. The applicant may also propose monitoring composite
samples from the restoration stream. However, prior to detennination of restoration
success, all wells that were sampled for baseline conditions should be sampled for the full
list of monitored constituents.

The applicant should specify the criteria that will be used to determine restoration success.
Generally, the acceptance criteria for restoration success are based on the ability to meet
the goals of the restoration program and the absence of a significant increasing trend

Elk during the stability monitoring period.
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For purposes of surety bonding, restoration plans must include estimates of the level of
effort, in terms of pore volume displacements, necessary to achieve primary restoration
targets. These estimations must be'based on historical results obtained from the R&D site
or experience in other well fields having similar hydrologic and geochemical
characteristics.

(4) Restoration goals are established in the application for each of the monitored constituents.

The applicant has the option of determining restoration goals for each constituent on a
well-by-well basis, or on a well field average basis. Restoration goals should be
established for the ore zone and for any overlying or underlying aquifer that remains
affected by ISL solutions.

(a) Primary Restoration Standards-The primary goal for a restoration program is to
return the water quality of the ore zone and affected aquifers to preoperational
(baseline) water quality or better. It is unlikely that after restoration activities the
groundwater quality will be returned to the exact water quality that existed at
every location in the aquifer prior to ISL operations. Therefore, it is acceptable
to use standard statistical methods to set the primary restoration goal and to
determine compliance with it. At many sites, average jarameters have been used
to set primary restoration goals. It is also acceptable for the applicant to propose
that the baseline conditions for each chemical species be represented by a range
of concentrations. For example, a confidence interval of 99 percent has been
found acceptable in past licensing actions (i.e., there is only a one percent
probability that the true baseline falls outside of the proposed restored water
quality range). The reviewer will ensure that statistical methods used to determine
such confidence intervals are properly applied. The baseline average plus three
standard deviations is another method for establishing primary restoration targets
that has been found acceptable by the NRC.

(b) Secondary Restoration Standards-Because the ISL process requires changing the
chemistry of the ore zone, it is reasonable to expect that ISL may cause
permanent changes in water quality. For this reason, it is acceptable for the

, applicant to propose, as a secondary restoration standard, returning the water
quality to its ISL class of use (e.g., drinking water, livestock, agricultural, or
limited use). Applications should state that secondary standards will not be
applied so long as restoration continues to result in significant improvement in
groundwater quality.

It is acceptable to NRC staff if, on a constituent-by-constituent basis, secondary
goals are determined by applying the lower of the state or EPA secondary and
primary drinking water standards. For example, if preoperational water quality is
not suitable for drinking water only because of high radium concentrations, then
restoration must return all constituents except for radium to drinking water
standards. Some uranium ISL operators have asserted that if preonerati onaI u;e
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is not suitable for drinking water because of one or more constituents, then it is
not reasonable to require restoration to drinking water standards for all other
constituents. However, the NRC has maintained that if only a few constituents are
above drinking water standards, then the water could reasonably be treated for use
as drinking water. Thus, class of use should be considered on a
constituent-by-constituent basis. For radionuclides without drinking water
standards, it is acceptable to NRC staff, on a constituent-by-constituent basis, to
determine secondary standards from the concentrations for unrestricted release to
the public in water, from table 2, of 10 CFR Part 20, appendix B.

(c) If a groundwater parameter could not be restored to its secondary goal, an
applicant would have to make a demonstration to the NRC that leaving the
parameter at the higher concentration would not be a threat to public health and
safety or the environment and that, on a parameter-by-parameter basis, water use
would not be significantly degraded. This situation might arise with respect to the
TDS parameter. TDS is a measure of the sum of all dissolved constituents, but
it is most affected by the major constituents (sulfate, chloride, calcium
bicarbonate, carbonate, fluoride, sodium, and potassium). However, not all of the
major constituents have a secondary or primary drinking water standard (e.g.,
bicarbonate, carbonate, calcium, magnesium, and potassium). Consequently, it is
possible that after groundwater restoration, the TDS secondary goal might be
achieved, but the secondary goal for individual major ions that contribute to TDS
might not be achieved. If such a situation occurred, the applicant would have to
make a demonstration to the NRC that leaving a parameter at higher than
secondary goal concentrations would not be a threat to public health and safety
or the environment and that water use would not be significantly degraded. Such
proposed alternatives must be evaluated as a license amendment request only after
restoration to the primary or secondary standard is shown not to be practical.

(5) The postrestoration stability monitoring program is described in the application.

The purpose of a stability monitoring program is to ensure that chemical species of
concern do not increase in concentration subsequent to restoration. The applicant should
specify the length of time that stability monitoring will be conducted, the number of wells
to be monitored, the chemical indicators to be monitored, and the monitoring frequency.
The NRC has previously approved stability monitoring periods as short as 9 mo with
samples taken from designated monitor wells every 3 mo. These requirements will vary
based on site-specific postextraction water quality and geohydrologic and geochemical
characteristics. Prior to final well field decommissioning, all designated monitor wells
must be sampled for all monitored constituents. Well fields may be decommissioned when
all constituent concentrations meet approved standards and show no strong trends in
groundwater quality deterioration as a result of ISL activities.

(6) The application includes a discussion of the potential external effects of groundwater
restoration.
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Groundwater restoration operations, and the expected postreclamation groundwater quality,
must not adversely affect groundwater use outside the well fields. Water users from
nearby municipal or domestic wells that were in use prior to ISL operations should be
provided reasonable assurance that their water quality will not be degraded. Degraded
water quality includes changes in color, odor, and taste of water, in addition to changes
in concentrations of chemical constituents. In cases where such threats exist, the use of
secondary restoration targets may not be appropriate. In one such case the NRC has found
it acceptable to allow the ISL operator to'move municipal wells used by a nearby town
to a location that would eliminate potential for degraded water quality due to ISL
operations (Nuclear Regulatory Commission, 1997). In this situation, it was decided that
the water quality of the town well could be degraded as long as the water quality at each
individual well head would not exceed EPA primary and secondary drinking water
standards or a concentration of 0.44 mg/L uranium as a result of future ISL operations.

(7) Methods for abandoning wells are included in the application.

The basic purpose for sealing abandoned wells and bore holes is to restore the well field
to preoperational hydrogeologic conditions. Any well or bore hole to be permanently
abandoned should be completely filled in such a manner that vertical movement of water
along the borehole is prevented. ISL operators usually rely on a drilling contractor to
perform well abandonment. The application should specify the methods and materials to
be used to plug holes, and that records documenting the well abandonment will be
maintained by the licensee. Abandonment procedures that conform to ASTM
Standard D 5299 (American Society for Testing and Materials, 1992) or procedures from
the State Engineer's Office are considered acceptable by the NRC. An applicant may
propose other generally accepted standards for abandoning wells and boreholes.
References for these standards should be specified in the application, and copies should
be kept on file by the applicant. Techniques that are not considered to be generally
accepted abandonment practices should be described in detail and may require additional
time for review.

(8) Descriptions of water consumption impacts.

During ISL operations, water quality impacts usually are more of a concern than water
consumption impacts. This is because water consumption during ISL operations is
relatively small. However, when restoration activities begin, water consumption will
significantly increase. The amount of increase will depend on the restoration techniques
applied. Techniques that clean up the aquifer by pumping water from the aquifer, cleaning
the water, and reinjecting the clean water consume the least amount of water. Water
consumption impacts will result in water loss from the aquifer and water level declines.
The impacts of water consumption on local wells and water users should be evaluated.
Water level declines can result in increased pumping costs or inability to obtain water
from the aquifer in local wells. Water loss from the aquifer may mean that less water
could be available to downgradient groundwater and surface water users.
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6.1.4 Evaluation Findings

If the staff's review, as described in this section, results in the acceptance of the plans and
schedules for groundwater quality restoration, the following conclusions may be presented in the TER.

The NRC has completed its review of the plans and schedules for groundwater quality restoration
proposed for, use at the ISL facility. This review included an evaluation of the
methods that will be used to develop the groundwater restoration program and schedules using the review
procedures in SRP section 6.1.2 and the acceptance criteria outlined in SRP section 6.1.3.

The applicant has acceptably demonstrated that well field groundwater restoration standards will
be representative of the preoperational baseline groundwater conditions. As a secondary restoration goal,
the applicant has identified and committed to use the federal primary and secondary drinking water
standards.IThe applicant's method for estimating well field pore volume is acceptable taking into account
the estimated effective porosity of the contaminated region and the lateral and vertical extent of
contamination. With respect to the methodology for undertaking restoration, the applicant provided an
acceptable mix of groundwater sweep, reverse osmosis, and groundwater recirculation. The well-field-
specific mix of these approaches will be determined as part of the groundwater restoration plan for each
individual well field. In addition, the applicant has demonstrated an acceptable method for determining
the extent of well field flare and for ensuring acceptable restoration of the flare. The applicant has
committed to complete restoration for any well field within a 3 yr period after ore extraction ceases.t The applicant has presented an acceptable list of constituents to be monitored and has specified
acceptable criteria to determine the success of restoration either on a well-by-well or well field average

i- basis. The number of pore volume replacements necessary to achieve the primary restoration targets has
been provided and is acceptable. The applicant has demonstrated that the primary restoration program will
return the water quality of the ore zone and affected aquifers to pre-extraction (baseline) water quality or
better, that any secondary restoration standards proposed by the applicant are acceptable, or that final
water quality will protect public health and safety and the environment in compliance with ALARA
principles. The applicant's postrestoration stability monitoring program is acceptable. Any potential
adverse offsite effects of groundwater restoration are acceptable.

The methods proposed for abandoning wells and sealing them to restore the well field to
pre-extraction hydrologic conditions are acceptable. The applicant has evaluated the consumptive water
impacts of the ISL facility using acceptable methods.

Based on the information provided in the application and the detailed review conducted of the
plans and schedules for groundwater quality restoration for the ISL facility, the NRC
staff has concluded that the proposed plans and schedules for groundwater quality restoration are
acceptable and are in compliance with 10 CFR 40.32(c), requiring the applicant's proposed equipment,
facilities, and procedures to be adequate to protect health and minimize danger to life or property;
10 CFR 40.32(d), requiring that the issuance of the license will not be inimical to the common defense
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and security or to the health and safety of the public and 10 CFR 51.45(c), which requires the applicant
to provide sufficient data for the Commission to conduct an independent analysis. The related reviews of
the 10 CFR Part 51 environmental protection regulations for domestic licensing and related regulatory
functions for plans and schedules for groundwater restoration in accordance with SRP sections 5.0,
Operations; and 7.0, Environmental Effects; are addressed elsewhere in this TER.

6.1.5 References

American Society for Testing and Materials. 1992. Standard Guide for Decommissioning of Ground Water
Wells, Vadose Zone Monitoring Devices, and Other Devices for Environmental Activities,
Designation: D 5299. Philadelphia, PA: American Society for Testing and Materials.

Nuclear Regulatory Commission. 1997. Final Environmental Impact Statement to Construct and Operate
the Crownpoint Uranium Solution Mining Project, Crownpoini, New Mexico. NUREG-1508.
Washington, DC: Nuclear Regulatory Commission.

6.2 PLANS AND SCHEDULES FOR RECLAIMING DISTURBED LANDS

6.2.1 Areas of Review

The staff shall review all maps provided in the application showing the postreclamation
conditions of affected lands and immediate surrounding areas. The staff shall also review procedures for
(i) reclaiming temporary diversion ditches and impoundments, (ii) re-establishing surface drainage patterns
disrupted by the proposed activities, (iii) mitigating or controlling the effects of subsidence, and
(iv) preparing the ground surface for postoperational use in accordance with the criteria in section 5.2 of
the SRP.

NRC staff shall review preremediation the radiological survey program that will identify areýs
of the site that need to be cleaned up to comply with NRC concentration limits. Staff shall evaluate
measurement techniques and sampling procedures proposed for determining the radionuclide concentrations
and the extent of contamination of buildings, structures, and soils. In addition, the review shall confirm
that the licensee will have an approved radiation protection program in place prior to the start of
reclamation and cleanup work.

6.2.2 Review Procedures

The staff shall determine whether the described procedures for reclaiming temporary diversion
ditches and impoundments, re-establishing surface drainage patterns disrupted by the proposed activities,
mitigating or controlling the effects of subsidence, and preparing the ground surface for postoperational
use are consistent with regulatory guidance and sufficient to verify that requirements equivalent to
10 CFR Part 40, appendix A, criterion 6, and 10 CFR 40.42 have been met. Staff shall ensure that the
licensee intends to restore topography and vegetation to a state that is similar to preoperational conditions.
Staff shall review the prereclamation sampling plan to ensure that it provides adequate coverage to
designate contaminated areas for cleanup. Particular attention shall be focussed on sampling temporary
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diversion ditches and impoundments (evaporation ponds), well field surfaces, process and storage areas,
transportation routes, and operational air monitoring locations. These areas are expected to have higher
levels of contamination than surrounding areas. Staff shall also ensure that plans exist for the disposal of
contaminated soils at an existing licensed byproduct material disposal facility, consistent with
10 CFR Part 40, appendix A, criterion 2. Staff shall confirm that the licensee has an approved radiological
protection program to ensure worker safety during decommissioning, reclamation, and cleanup activities
and shall determine whether any changes have been proposed for this program. The program for radiation
protection is addressed in section 5.7 of the SRP. Staff should review the compliance history for the

•adiation safety program to identify any deficient areas that may require special consideration prior to the
start of work.

For license renewals and amendment applications, appendix A to this standard review plan (SRP)
provides guidance for examining facility operations and the approach that should be used in evaluating
amendments and renewal applications.

6.2.3 Acceptance Criteria

The plans and schedules for reclaiming disturbed land are acceptable if they meet the following
criteria:

(1) Appropriate cleanup criteria have been considered in developing the prereclamation
surveys and planned cleanup activities. Acceptable cleanup criteria are discussed in SRP
sections 6.3 (for buildings and structures) and 6.4 (for soils).

(2) The prereclamation survey program for buildings, structures, and soils identifies
instruments and techniques similar to the preoperational survey program to determine
baseline site conditions (e.g., background radioactivity).but also'takes into account results
from operational monitoring and other information that provide insight to areas of
expected contamination.

Survey areas should include diversion ditches, evaporation ponds, well field surfaces,
buildings and structures in process and storage areas, onsite transportation routes for
contaminated material and equipment, and other potentially contaminated areas. A
sampling grid should be used and a statistical basis for sample size should be provided.
Acceptable methods for sampling are provided in NUREG/CR-5849, Manual for
Conducting Radiological Surveys in Support of License Termination (Berger, 1992). In
particular, the following sections of NUREG/CR-5849 (Berger, 1992) are applicable to
prereclamation surveys: 2.3.2, Scoping Survey; 2.3.3, Characterization Survey; 2.3.4,
Remediation Control Survey; 3, Assessing the Radiological Status of the Site; 5,
Radiological Instrumentation; 6, Survey Techniques; 7, Sample Analysis; and 8,
Interpretation of Survey Results.

(3) The licensee provides the procedures for interpretation of the prereclamation survey
results and describes how they will be used to identif,' candidate areas for cleanur.



Groundwater Quality Restoration, Surface Reclamation,
and Plant Decommissioning

operations. Acceptable survey methods are discussed in SRP Section 6.4, Procedures for
Conducting Postreclamation and Decommissioning Radiological Surveys.

(4) The postreclamation survey procedure provides the survey methods and approach for
complying with the requirements equivalent to 10 CFR Part 40, appendix A, criterion 6
limits.

(5) The discussion of surface restoration includes a prefacility surface contour map, a
description of any significant disruptions to surface features during facility construction
and operation, and a description of planned activities for surface restoration that identifies
any important features that cannot be restored to the pre-ISL condition.

(6) Any changes to the existing NRC-approved 10 CFR Part 20-based radiation safety
program that are needed to ensure safety to workers and the public are identified with
appropriate justification prior to the start of decommissioning and reclamation work.
Acceptable approaches for the radiation safety program are evaluated in accordance with
Section 5.7 of the SRP, Radiation Safety Controls and Monitoring.

6.2.4 Evaluation Findings

If the staff's review, as described in this section, results in the acceptance of the plans and
schedules for groundwater quality restoration, the following conclusions may be presented in the TER.

The NRC has completed its review of the plans and schedules for reclaiming disturbed lands
proposed for use at the ISL facility. This review included an evaluation of the
methods that will be used to develop the reclamation of disturbed lands program and schedules using the
review procedures in SRP section 6.2.2 and the acceptance criteria outlined in SRP section 6.2.3.

SThe applicant has acceptable plans for a prereclamation soil survey that uses instrumentation and
techniques similar to the preoperational survey used to establish baseline site conditions. The applicant
has acceptably considered results from operational monitoring and other information relative to areas of
expected contamination in itsreclamation plans. Areas to be evaluated are acceptable and include diversion
ditches, evaporation ponds, well field surfaces, buildings and structures in process and storage areas, onsite
transportation routes, and other potentially contaminated areas. The applicant has proposed acceptable
methodology to determine areas to be resampled or sampled with higher than normal densities. The
applicant has defined appropriate procedures for the prereclamation survey and the means used to identify
candidate areas for cleanup using the acquired data. An acceptable prefacility construction contour map
is provided along with a description of any significant disruptions to surface features during facility
construction, operation, and shut-down. An acceptable plan of activities for surface restoration including
identification of any irreversible changes has been provided. The applicant has assured the NRC that any
changes to the radiation safety program identified as a result of the decommissioning and reclamation
work will be identified prior to commencing the work.

I
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Based on the information provided in the application and the detailed review conducted of the
plans and schedules for reclaiming disturbed lands for the ISL facility, the NRC staff
has concluded that the proposed plans and schedules are acceptable and are in compliance with
10 CFR 40.32(c), which requires the applicant's proposed equipment, facilities, and procedures to be
adequate to protect health and minimize danger to life or property; 10 CFR 40.41(c), which requires the
applicant to confine source or byproduct material to the locations and purposes authorized in the license;
and 10 CFR 51.45(c), which requires the applicant to provide sufficient data for the Commission to
conduct an independent analysis. The related reviews of the 10 CFR Part 51 environmental protection
regulations for domestic licensing and related regulatory functions for plans and schedules for groundwater
restoration in accordance with SRP Sections 5.0, Operations; and 7.0, Environmental Effects, are
addressed elsewhere in this TER.

6.2.5 References

Berger, J.D. 1992. Manual for Conducting Radiological Surveys in Support of License Termination. Draft
report for comment, NUREG/CR-5849. Washington, DC: Nuclear Regulatory Commission.

6.3 PROCEDURES FOR REMOVING AND DISPOSING OF STRUCTURES
AND EQUIPMENT

6.3.1 Areas of Review

The staff shall review procedures for removing and disposing of contaminated structures and
equipment used during ISL operations, as well as procedures for managing toxic and radioactive waste
materials and for removal and disposal of structures. The reviewers shall also evaluate procedures that
identify radiological hazards prior to initiating dismantlement of structures and for detection and cleanup
of removable contamination from structures and equipment. Procedures and plans for ensuring that all
contaminated facilities and equipment are addressed and are either planned to be disposed in a licensed
facility, will meet the contamination levels for unrestricted use, or are designated for re-use at another ISL
facility shall be examined. The staff shall also review provisions made for the removal and disposal of
byproduct material to an existing uranium mill or licensed disposal site.

6.3.2 Review Procedures

The staff shall determine whether the procedures for removing and disposing of structures used
during ISL operations and all procedures for managing toxic and radioactive waste materials are consistent
with regulatory guidance and sufficient to meet the applicable regulatory requirements in 10 CFR 40.42.
Plans for structures and equipment to be released for unrestricted use should be reviewed in SRP
Section 5.7.6, Contamination Control Program. Staff shall confirm that plans for dismantlement of
structures and equipment include a preliminary assessment of anticipated hazards that should be considered
prior to dismantlement. This shall include the use of appropriate survey methods to determine the extent
of contamination of equipment and structures before starting decommissioning and reclamation work.
Particular attention shall be focussed on those parts of the processing system that are likely to have
accumulated contamination over long time periods such as pipes, ventilation eauipment. effluent conitro
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systems, and facilities and equipment used in or near the yellowcake dryer area. The staff shall also review
provisions made for the removal and disposal of byproduct material to an existing uranium mill or licensed
disposal site to ensure that they meet requirements of 10 CFR Part 40, appendix A, criteria.

For license renewals and amendment applications, appendix A to this standard review plan (SRP)
provides guidance for examining facility operations and the approach that should be used in evaluating
amendments and renewal applications.

6.3.3 Acceptance Criteria

The procedures for removing and disposing of structures and equipment are acceptable if they
meet the following criteria:

(1) A program is in place to control residual contamination on structures and equipment.

(2) Measurements of radioactivity on the interior surfaces of pipes, drain lines, and ductwork
will be determined by making measurements at all traps and other appropriate access
points, provided that contamination at these locations is likely to be representative of
contamination on the interior of the pipes, drain lines, and ductwork.

(3) Surfaces of premises, equipment, or scrap that are likely to be contaminated but are of
such size, construction, or location as to make the surface inaccessible for purposes of
measurement are presumed to be contaminated in excess of the limits.

(4) Prior to release of premises for unrestricted use, the licensee will make a comprehensive
radiation survey to establish that contamination is within the limits specified in SRP
Section 5.7.6, Contamination Control Program.

(5) A contract between the licensee and a waste disposal operator should be in existence to
dispose of I Ie.2 byproduct material.

6.3.4 Evaluation Findings

If the staff's review, as described in this section, results in the acceptance of the procedures for
removing and disposing of structures and equipment, the following conclusions may be presented in the
TER.

The NRC has completed its review of the procedures for removing and disposing of structures
and equipment proposed for use at the ISL facility. This review included an
evaluation of the methods that will be used to develop the procedures for removing and disposing of
structures and equipment using the review procedures in SRP section 6.3.2 and the acceptance criteria
outlined in SRP section 6.3.3.

I
NUREG-1569



Groundwater Quality Restoration, Surface Reclamation,
and Plant Decommissioning

The applicant has established an acceptable program for the elimination of residual contamination
on structures and equipment. The applicant has made acceptable plans for measurements of radioactivity
on the interior surfaces of pipes, drain lines, and ductwork by making appropriate measurements at all
traps, and other access points where contamination is likely to be representative of system-wide
contamination. All premises, equipment, or scrap likely to be contaminated but which cannot be measured,
have been assumed by the applicant to be contaminated in excess of limits and will be treated accordingly.
For all premises, equipment, or scrap contaminated in excess of specified limits, the applicant has provided
detailed, specific information describing the premises, equipment or scrap in terms of extent and degree
of radiological contamination. The applicant has provided an acceptable detailed health and safety analysis
that reflects that the contamination and any Use ofthe premises, equipment, or scrap will not result in an
unreasonable risk to the health and safety of the public or the environment. The applicant plans to conduct
a comprehensive radiation survey to establish that any contamination is within limits specified prior to the
release of the premises, equipment, or scrap. The applicant will file a copy of the survey report with the
NRC Office of Nuclear Material Safety and Safeguards (NMSS), Uranium Recovery Branch. The report
will include identification of the premises, documentation that a reasonable effort has been made to
eliminate residual contamination, and a description of the scope of the survey and the general procedures
that were utilized.

Based on the information provided in the application and the detailed review conducted of the
procedures for removing and disposing of structures and equipment for the ISL facility,
the NRC staff has concluded that the procedures are acceptable and are in compliance with
10 CFR 40.32(c), which requires the applicant's proposed equipment, facilities, and procedures to be
adequate to protect health and minimize danger to life or property; 10 CFR 40.41(c), which requires the
applicant to confine source or byproduct material to the locations and purposes authorized in the license;
and 10 CFR 40.3 1(f), which requires inclusion of an ER in the application. The related reviews of the 10
CFR Part 51 environmental protection regulations for domestic licensing and related regulatory functions
for plans and schedules for groundwater restoration in accordance with SRP sections 5.0, Operations; and
7.0, Environmental Effects; are addressed elsewhere in this TER.

6.3.5 References

None.

6.4 PROCEDURES FOR CONDUCTING POSTRECLAMATION AND
DECOMMISSIONING RADIOLOGICAL SURVEYS

6.4.1 Areas of Review

The staff shall review procedures for conducting postreclamation and decommissioning
radiological surveys, including postoperational groundwater monitoring for decontamination and removal
of structures and equipment. The NRC staff should review the radiological verification survey program
that will serve as a basis for determining compliance with NRC concentration limits. Staff should evaluate
measurement techniques and sampling procedures proposed.

-i:
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6.4.2 Review Procedures

The staff shall determine whether the procedures for conducting postreclamation and
decommissioning radiological surveys are acceptable to verify that concentration limits similar to those
in 10 CFR Part 40, appendix A, criterion 6 are met. Staff shall ensure that sampling frequencies and
locations are acceptable and representative of conditions at the site. Staff shall consider the survey methods
provided in NUREG/CR-5849 (Berger, 1992) along with the applicable site conditions to determine the
acceptability of the licensee's proposed sampling program. Staff shall confirm that the determination of
background concentrations of radium-226 and other radionuclides is based upon sampling in
uncontaminated areas near the site. Other radionuclides that should be sampled for if suspected to be
present included thorium-230, thorium-232, uranium; and lead-210 should also be determined if suspected
to be present.

If elevated levels of radionuclides other than radium are expected to remain after the radium-226
criteria have been met, the reviewer will determine whether an appropriate approach for cleanup and
verification ispresented in the reclamation plan.

6.4.3 Acceptance Criteria

The procedures for conducting postreclamation and decommissioning radiological surveys are
acceptable if they meet the following criteria:

(1) The cleanup criteria for radium in soils are met as provided in 10 CFR Part 40,
appendix A, criterion 6-(6).

This criterion states that the design requirements for longevity and control of radon
releases apply to any portion of a licensed and/or disposal site unless such portion
contains a concentration of radium in land, averaged over areas of 100 square meters,
which as a result of byproduct material, does not exceed the background level by more
than

(i) 5 picocuries per gram (pCi/g) of radium-226, or, in the case of thorium byproduct
material, radium-228, averaged over the first 15 cm below the surface, and

(ii) 15 pCi/g of radium-226, or, in the case of thorium byproduct, material,
radium-228, averaged over 15-cm thick layers more than 15 cm below the
surface.

(2) Background radionuclide concentrations are determined using appropriate methods as

described in Section 2.9 of the SRP.

(3) Acceptable cleanup criteria for uranium in soil are as follows:

NUREG-1569
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(a) 10 pCi/g total uranium, with (or without) decay products in secular equilibrium,
with no restriction on burial method.

(b) 30 pCi/g total uranium, with no decay products present, With no restriction on
burial method.

(c) Higher concentrations are acceptable if the materials are buried at least 4 ft below
the surface and if it can be demonstrated that the buried materials will be
stabilized in place and not be transported away from the site. An NRC Branch
Technical Position on disposal of thorium or uranium (NRC, 1981) describes
acceptable concentrations and criteria that must be met for this option to be
applied.

(4) For areas that already meet the radium cleanup criteria, but that still have elevated
thorium levels, an acceptable cleanup criterion for thorium-230 is that concentration
which, combined with the residual concentration of radium-226, would result in the
radium concentration (residual and from thorium decay) that would be present in 1,000 yr
meeting the radium cleanup standard.

An acceptable alternate criteria for a deeply-buried thorium deposit would be to
determine, for a 1,000 year period, that the amount of radon that could exit into a 100 m'
structure built over that deposit would meet the EPA radon progeny standard for habitable
structures (0.02 WL).

(5) The survey method for verification of soil cleanup is designed to provide 95 percent
confidence that the survey units meet the cleanup guidelines. Appropriate statistical tests
for analysis of survey data are described in sections 8.5.4 and 8.5.5 of NUREG/CR-5849
(Berger, 1992). For verification of radium-226 in soil, each survey unit is a 100 m2 (or
smaller) area, based on the requirements of the cleanup criterion.

(a) For verification of radium-226 in soil, the following sampling program is
acceptable. In each 100 m2 area, one 9-plug composite soil sample is collected.
If this sampling method is used, the sampling error/uncertainty would have to be
considered in performing the statistical comparison.

(b) For verification of radium-226 in soil, an acceptable alternative sampling and
measurement program is the following. Regressions can be developed between
gamma scan measurements and concentrations of radium-226 in soil. The gamma
scans can be used as the primary verification technique, with a percentage of the
100 m2 areas being sampled as above. Typically, 5 to 10 percent of the 100 m2

areas should be sampled, although lower percentages are acceptable if the
statistical comparison test is still met. For performing the statistical comparison,
the uncertainty in predicted concentrations from the regression must be
considered.
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(c) For verification of otherradionuclides in soil, methods similar to the above may
be used, as long as the sampling or measurement technique is determined to be
appropriate for the radionuclide being measured.

(6) Acceptable surface contamination levels for equipment and structures are provided in
table 5.7-1.

6.4.4 Evaluation Findings

If the staff's review, as described in this section, results in the acceptance of the procedures for
conducting postreclamation and decommissioning radiological surveys, the following conclusions may be
presented in the TER.

The NRC has completed its review of the postreclamation and decommissioning radiological
surveys proposed for use at the ISL facility. This review included an evaluation of
the methods that will be used for the postreclamation and decommissioning radiological surveys using the
review procedures in SRP section 6.4.2 and the acceptance criteria outlined in SRP section 6.4.3.

The applicant has developed an acceptable program for cleanup of radium that demonstrates that
the radium concentration is the upper 15 cm of soil will not exceed 5 pCi/g and in subsequent 15 cm
layers will not exceed 5 pCi/g. The applicant has established an acceptable program for cleanup of total
uranium at 10 pCi/g or less with decay products in secular equilibrium; 30 pCi/g or less with no decay
products present; or higher concentrations if buried at least 4 ft beneath the surface, and it has been
demonstrated that the uranium will be stabilized in place. The applicant has an acceptable plan for
cleaning up areas with elevated thorium levels by continuing reclamation until the radium activity (residual

* and from thorium decay) that would be present in 1,000 yr will be 5 pCi/g or less in the top 15 cm of soil
and 15 pCi/g or less in subsequent 15 cm layers standards, or the applicant has demonstrated that for a
deeply-buried thorium deposit, the amount of radon that could exit into a 100 m2 structure built over that
deposit would meet the EPA radon progeny standard for habitable structures. The applicant has acceptably
sampled for thorium and has ensured that habitable buildings to remain onsite will be evaluated against
the EPA radon progeny standard and that interior gamma levels are demonstrated to meet the EPA
standard. The applicant has acceptably demonstrated that the survey methods employed to determine
contamination on facilities and equipment are sufficient to show compliance with the NRC limits on
decontamination of facilities and equipment destined for unrestricted use.

Based on the information provided in the application and the detailed review conducted of the
procedures for conducting postreclamation and decommissioning radiological surveys for the

ISL facility, the NRC staff has concluded that the procedures are acceptable and are
in compliance with 10 CFR 40.32(c), which requires the applicant's proposed equipment, facilities, and
procedures to be adequate to protect health and minimize danger to life or property; 10 CFR 40.32(d),

o.: Vwhich requires that the issuance of the license will not be inimical to the common defense and security
or to the health and safety of the public; 10 CFR 40.4 1(c), which requires the applicant to confine source
or byproduct material to the locations and purposes authorized in the license: 10 CFR Part 40. appendi\
A, criteria 6 and 7, which provide groundwater standards and gretHIdA 2,-:-.
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necessary to comply with these standards; and 10 CFR 51.45(c), which requires the applicant to provide
sufficient data for the Commission to conduct an independent analysis. The related reviews of the 10 CFR
Part 51 environmental protection regulations for domestic licensing and related regulatory functions for
plans and schedules for groundwater restoration in accordance with SRP sections 5.0, Operations; and 7.0,
Environmental Effects; are addressed elsewhere in this TER.

6.4.5 References

Berger, J.D. 1992. Manual for Conducting Radiological Surveys in Support of License Termination. Draft
report for comment, NUREG/CR-5849. Washington, DC: Nuclear Regulatory Commission.

Nuclear Regulatory Commission, 1981, Disposal or On-site Storage of Thorium or Uranium Wastes From
Past Operations, Federal Register, vol. 46, p. 52061, October 23, 1981.

6.5 FINANCIAL ASSESSMENT FOR GROUNDWATER RESTORATION,
DECOMMISSIONING, RECLAMATION, WASTE DISPOSAL, AND
MONITORING

6.5.1 Areas of Review

The staff shall review financial assessments provided by the applicant for the costs of
groundwater restoration (section 6.1); reclamation (section 6.2); and decommissioning, waste disposal,
and monitoring (section 6.4). These assessments may be provided in the form of a narrative or as an
appendix. The staff shall review provisions for a financial surety similar to those contained in criterion 9
of 10 CFR Part 40, appendix A.

6.5.2 Review Procedures

The staff shall review the financial surety assessment provided by the applicant to verify that
the activities incorporated in the financial assessment are consistent with the activities proposed in the
application. In addition, the reviewer shall verify that the activities proposed in the application are included
in the financial assessments. The purpose of the financial surety is to provide sufficient resources for
completion of reclamation of the facility including building decommissioning and well-field restoration
and soil decommissioning by an independent contractor if necessary.

The reviewer shall determine whether the assumptions for the financial surety analysis are
consistent with what is known about the site (SRP section 2.0) and the design and operations of the
facility and its effluent control system (SRP sections 3.0, 4.0, and 5.0). To the extent possible, the
applicant should base these assumptions on experience from generally accepted industry practices, from
R&D activities at the site, or from previous operating experience in the case of a license renewal. The
values used in the analysis should be based on current dollars (or adjusted for inflation) and reasonable
values for the costs of various activities. The reviewer shall also examine the type of financial instrument
proposed for the surety to ensure that it is in accordance with the requirements of 10 CFR Part 40,
appendix A, criterion 9.
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For license renewals and amendment applications, appendix A to this standard review plan (SRP)
provides guidance for examining facility operations and the approach that should be used in evaluating
amendments and renewal applications.

6.5.3 Acceptance Criteria

The financial assessment for groundwater restoration, decommissioning, reclamation, waste
disposal, and monitoring is acceptable if it meets the following criteria:

(1) The bases for establishing a financial surety are provided in accordance with those found
in 10 CFR Part 40, appendix A, criterion 9. Surety for well fields is usually established
as they go into production. Once accepted, the surety will be reviewed annually by NRC
to assure that sufficient funds would be available for completion of the reclamation plan
by an independent contractor. Detailed guidance on reviewing financial assessments for
ISL operations is found in appendix E of this SRP.

(2) All activities included in the financial analysis are activities that are included either in the
reclamation plan or in sections 6.1 through 6.4.

(3) All activities included either in the reclamation plan or in sections 6.1 through 6.4 are
included in the financial analysis.

(4) The assumptions used for the financial surety analysis are consistent with what is known
about the site (SRP section 2.0) and the design and operations of the facility and its
effluent control system (SRP sections 3.0, 4.0 and 5.0). To the extent possible, the
applicant has based these assumptions on experience from generally accepted industry
practices, R&D at the site, or previous operating experience in the case of a license
renewal.

(5) The applicant commits to funding the approved financial surety through one of the
mechanisms described in Regulatory Guide 3.66 (Nuclear Regulatory Commmission,
1990).

6.5.4 Evaluation Findings

If the staffs review, as described in this section, results in the acceptance of the financial
assessment for groundwater restoration, decommissioning, reclamation, waste disposal, and monitoring,
the following conclusions may be presented in the TER.

The NRC has completed its review of the procedures for conducting financial assessment for
groundwater restoration, decommissioning, reclamation, waste disposal, and monitoring proposed for use
at the ISL facility. This review included an evaluation of the methods that will be
used to develop the procedures using the review procedures in SRP section 6.5.2 and the acceptance
criteria outlined in SRP section 6.5.3.
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The applicant' has established an acceptable financial surety based on the requirements in
10 CFR Part 40, appendix A, criterion 9. The applicant has assured that sufficient funds would be
available for completion of the reclamation plan by an independent contractor. The applicant has included
in the financial analyses all the activities in the reclamation plan or in sections 6.1 through 6.4 of the SRP.
The applicant has based the assumptions for financial surety analysis on site conditions including
experiences with generally accepted industry practices, R&D at the site, and previous operating experience
(in the case of a license renewal). The values used in the financial surety analysis are based on current
dollars (or adjusted for inflation) and reasonable costs for the required reclamation activities are defined.
The financial instrument proposed is a (i) surety bond, (ii) cash deposit, (iii) certificate of deposit,
(iv) deposit of a government security, (v) irrevocable letters or lines of credit, or (vi) combinations of the
above that meet the total surety requirements (select appropriate description) and is acceptable.

Based on the information provided in the application and the detailed review conducted of the
procedures for conducting the financial assessment for groundwater restoration, decommissioning,
reclamation, waste disposal, and monitoring for the ISL facility, the NRC staff has
concluded that the procedures are acceptable and are in compliance with 10 CFR Part 40, criterion 9,
which requires financial surety arrangements be established by each operator. The related reviewsof the
10 CFR Part 51 environmental protection regulations for domestic licensing and related regulatory
functions for plans and schedules for groundwater restoration in accordance with SRP sections 5.0,
Operations; and 7.0, Environmental Effects; are addressed elsewhere in this TER.

6.5.5 References

Nuclear Regulatory Commission, 1990, Standard Format and Content of Financial Assurance Mechanisms
Required for Decommissioning Under 10 CFR Parts 30, 40, 70, and 72.
Regulatory Guide 3. 66, Washington DC: Nuclear Regulatory
Commission, Office of Nuclear Regulatory Research.
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July 3, 1996

Mr. Richard F. Clement, Jr., President
Hydro Resources, Inc.
12750 Merit Drive
Suite 1020, LB 12
Dallas, Texas 75251

SUBJECT: SUMMARY OF JUNE 19 AND 20 MEETING

Dear Mr. Clement:

Enclosed are the summary and attachments from our June 19 and 20 meeting at
U.S. Nuclear Regulatory Comtission Headquarters.. If you have any questions
concerning the meeting summary, please contact Mr. Michael Layton, the NRC
Project Manager, at (301) 415-6676 or me at (301) 415-7295.

Sincerely,

(Original signed by)

Daniel M. Gillen, Assistant Chief
Uranium Recovery Branch
Division of Waste Management
Office of Nuclear Material Safety

and Safeguards

cC: Paul Willmott, HRI
Mark Pelizza, HRI
Lorraine Heartfield, HRI
Narendra GanaJi, HRI
Grace Klement, HRI
James Saulsbury, ORNL
John Russell, CNWRA
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Meeting Summary

SUBJECT: STATUS OF NRC'S LICENSING REVIEW OF THE HYDRO RESOURCES,
INC. APPLICATION TO OPERATE IN-SITU LEACH URANIUM FACILITIES
NEAR CROWNPOINT -AND CHURCH ROCK, NEW MEXICO; DOCKET 40-8968

DATE/TIME
OF MEETING: June 19, 1996 / 1:30pm to 5:00pm and

June 20, 1996 / 2:00pm to 3:00pm

MEETING LOCATION: U.S Nuclear Regulatory Commission Headquarters
Two White Flint North, Room T-7 C I

ATTENDEES: See Attachment I

This announced public meeting was scheduled on June 6, 1996 at the request of
ir. Richard Clement, President of Hydro Resources, Inc. (HRI), to discuss the *

above referenced subject. The meeting was attended by representatives of HRI,
HRI's contractors, NRC staff, NRC's contractor - Oak Ridge National Laboratory
(ORNL), and one interested party. A list of discussion topics for the meeting
(Attachment 2) was provWed to all attendees at the beginning of the meeting.

Initial discussions focused on HRI's expressed concern.with NRC staff's recent
verbal notification that the forecasted completion of the Environmental Impact
Statement (EIS) had been revised to October-November, 1996 from a previously
scheduled completion of August, 1996. HRI's concerns had been enumerated in
an undated letter, postmarked June 4, 1996 from Mr. Clement to NRC staff. NRC
staff expressed an understanding of HRI's concerns and provided an explanation
of the schedule change, as detailed in a letter from Mr. Holonich to Mr.
Clement dated June 17, 1996.

Discussions then centered on the potential schedule for the informal hearing
requested by several petitioners. Mr. Turk from NRC's Office of General
Counsel was available to answer questions pertaining to the hearing. Mr. Turk
indicated that the latest correspondence he..has received from the Atomic
Safety Licensing Board Panel (ASLBP) was that the presiding officer has held
the hearing in abeyance pending the NRC staff completing the licensing review
and documenting its findings in an EIS and Safety Evaluation Report. The
presiding officer also has not determined the standing of the petitioners.
Mr. Turk indicated that a realistic prediction of the hearing duration was not
possible. HRI inquired whether it could begin construction on some portions
of the facilities before a license was issued. NRC staff recommended that HRI
review the provisions of 10 CFR 2.1205(1), 2.1263, and 40.32; and could not
comment on such a request without a written proposal.

Enclosure



2.

The remainder of the meeting focused on specific technical review issues
identified by NRC and ORNL reviewers. NRC staff provided a tabulation of the
identified open issues, current as of June 19, 1996, for discussion purposes
(Attachment 3). Discussions of ground-water open issues were not completed on
June 19, and were continued on June 20. HAI provided additional ground-water
quality information for the Unit 1 property during the meeting (Attachment 4),
which will be considered in the review. NRC staff committed to providing HRI
with a complete request for additional information and clarifications by July
11, 1996.

4v

Attachments: I.
2.
3.
4.

Meeting Attendance Sheets
Meeting Discussion Topics
Open Issues Tabulation, 6/19/96
HRI Information Submittal

Encl osure
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SHlO INC.
(A Subeldley of Utmlm Re,,am. IM.)

SoM*h StOpS 12760 Mot DOt P.O. 6ox T07
Suite 250, LB 8 Sub 1020. LB 12 Crowioint. New Mexico 87313

Corpus Chrft. Texas 75411 064M. TOM 75251 Telhoww: (505) 786-5845

Telephone: (512) 993-Tr3i Telephone: (214) 387-7777 Fax:. (506) 786-5555

Fax: (512) •9•-5744 Fc (214) 37-777w

June 18, 1996

Mr. Mike Layton
High-Level Waste & Uranium:Recovery Branch
Division of Waste Management
Office of Nuclear Material Safety and Safeguards
U.S. Nuclear Regulatory Commission
11545 Rockville Pike
Mail Stop TWFN 7J-9
Washington, D.C. 20555

RE: Crownpoint Project

Dear Mr. Layton:

Please find enclosed water quality information which we have found for the Unit I property.

We believe the results of this information supports the finding in Response #52 to the NRC
questions dated February 9, 1996.. Please feel free to contact me with any questions pertaining to this material.

Sincerely,

Mark S. Pei*
Vice President
Health, Safety and Environmental Affairs

MSP/dlg
Encl.
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Have Other Urlum ISL Mines In the9 .S.
Successfully Achieved Restoration of Uranium and Radium

to Site-Specific Baseline and/or Drinking Water Standards?'

Company Project State Type Base.Rest.
Oper.U U(3) (ffo) (mWL)

Base. ResL
Ra Ra
(PM) (PCVL)

Meets2
Base-
line?

Meets
USEPA
Stds.?4

Crow Butte
Exxon
Malapai
Mobil
OPI
Qwvera
UNC
UNC
Union Pacific
Uranerz
URI
URI
URI
URI
URI
URI
URI
URI
URI
URI

Crow Butte
Highland
Willow Creek
Section 9
Bison Basin
Bill Smith
Luenberger
Teton
Reno Creek
Ruth
Benavides I
Benavides 2
Benavides 3
Benavides 4
Longoxia 1
Longoria 2
Kingsville Dome
Kingsville Dome
North Platte
Rosita

NE
WY
WY
NM
WVY
WY
WY
NM
WY
WY
TX
TX
TX
TX
TX
TX
TX
TX
TX
TX
WY

D
D
D
D
D
D
D
D
D
D
C
C
C
C
C
C
D
C
D
C
D

5.0 0.84
0.22 0.39
0.0352.42
0.01 0.32

<0.001 0.4
0.28 1.45

<0.1 0.52
0.12 2.7
0.15 3.46
0.01 0.04
2.0 1.04
2.0 0.28
3.0 1.5
2.0 0.95
3.0 1.2
3.0 1.8
0.0140.00r
0.07 3.03
0.01 2.51
0.28 0.97
0.04 0.96

953 331 Y7
127 67 WY
73.2 94.9 N/N
97.2 59.9 WY

165 124 WY
340 477 N/N
186.5309 NIN

3.9 a5NIN
437 181.8 WY

55 41 WY
83 17.4 Y
83 5•2Y/Y

173.1 405 Y/Y
83 61.3 Y/Y
97 49.7 Y/Y
37 27 V/V

'12.3 2.6N/N
5.6 43 NIN

135.8178.6 N/N
84 55.6 NY
27.8 24.7 N/Y

N/N
NIN
NIN
NIN
N/N
N/N
NIN
NIN
N/N
Y?/N
N/N
NIN
N/N
N/N
NIN
N/N
y/y*
N/N
N/N
NIN
NIN

Meets
USNRC
Stds.?5

N/N
Y/N
N/N
Y/N
Y/N
NIN
N/N
N/N?
NIN
Y/N?
N/N?
Y/N?
N/N?
N/N
N/N?
N/N?
Y/y
N/N?
N/N
N/N?
N/N?

YINY/N
Y/N
Y/N
Y/N
Y/N
Y/N
Y/Y
Y/N
Y/N
Y/Y
Y/Y
Y/N
Y/N
Y/N
Y/Y
YV/
YIN
Y/N
Y/N
Y/Y

Meets
NM-GW
Stds.?6

Wyo. Minerals Irigaray

% of sites where baseline or standards were achieved (n - 21)
(notes on revere side)

330/9/67% 9.5%/5%W 290/05% 100%/29%



Have Other Uranium ISL Mines In the U.S.
Successfully Achieved Restoration of Uranium and Radium
to Site-Specific Baseline and/or Drinking Water Standards?'

Notes:

ISOURCE OF DATA: HRI Response to NRC Question No. 52, April 1, 1996.

2Answers question, "Were baseline, USEPA, NRC or New Mexico standards achieved for uranium and
radtumr

3Type ot Operation: D-demonstration; C-commercial; the 'restoration demonstration" projects listed here
were granted commercial licenses.

4USEPA drinking water standards: 0.02 mg/L uranium (proposed); 5.0 pCiuL radium 226+228.

5USNRC standards: 0.44 mg/L uranium; 5.0 pC01L radium 226+228, or wellfield average.

SNew Mexico ground-water standards: 5.0 mg/L uranium; 30.0 pCi/L radium 226+228.

7N -,o and Y-yes; "N/N4 means "no" achieved U baseline or standard and "no" achieved Ra baseline or
standard; ? Indicates uncertainty about the radium level NRC will apply as a restoration standard.

prepared by SRIC. 12/97; revised 5/98
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GEOLOGY OF CROWNPOINT SEC. 29 URANIUM DEPOSIT,
McKINLEY COUNTY

by D. W. Wentworth. Conoco Inc., 9301 Indian School Rd. N.E., Albuquerque, Ne. Afexico 87112,
D. A. Porter, Conoco Inc., 555 17th Street, Denver, Colorado 80202. and

H. N. Jensen, Conoco Inc.. 9301 Indian School Rd. N.E., Albuquerque. New Aexico 87112

Abstract
The Crownpoint Sec. 29 deposit, located in the west-central

part of the Grants mineral belt, represents a relatively recent
uranium discovery in the Westwater Canyon Member (Jurassic)
of the Morrison Formation. This deposit, estimated as contain-
ing up to 10 million pounds of uranium oxide, occurs in four ver-
tically separate sandstone units. The average depth of the ore
mineralization is approximately 2,000 ft (610 m) below the
ground surface. Present-day structure of the Crownpoint Sec. 29
area is relatively simple and consists of gentle north-northeast-
dipping strata with no known faulting. This deposit is located in
an east -southeast-trending Westwater Canyon depocenter, whose
course is believed to have been influenced by subtle Jurassic
structure, which was penecontemporaneous with sedimentation.
The deposit has been delineated by drilling on 200-ft (60-m)
centers, involving approximately 348 holes and is awaiting shaft
sinking and mine development.

Introduction
The Crownpoint Sec. 29 uranium deposit is located in sec. 29,

T. 17 N., R. 12 W., McKinley County, New Mexico, immediately

east of the village of Crownpoint. The deposit is in the Grants
mineral belt, approximately 100 air mi (160 kin) northwest of
Albuquerque and 35 air mi (56 kin) northeast of Gallup. The area
has excellent road access from NM-57, which crosses the section
(fig. I).

This paper discusses geological observations about the Crown-
point Sec. 29 deposit-a major uranium discovery. The deposit
occurs as a series of tabular ore pods at a depth of approximately
2,000 ft (610 m). This exploration-oriented report is based on
data interpreted from the electric and gamma logs of rotary drill
holes and a limited number of cores. More detailed information
will be obtained during the mine development and production
phases of the project.

ACKNOWLEDGMENTS-We appreciate permission given by
Conoco to publish this paper, and we thank the many people in
the Minerals Department who assisted in its preparation. Special
thanks are extended to L. W. Heiny, who provided encourage-
ment and support over the years for the Crownpoint project, and
to Rob Lease for his special assistance with this paper.

Exploration history
Conoco became interested in the Crownpoint area in the early

1970's as a result of a regional study of the Grants mineral belt.

FIGURE I -INDEX MAP OF GRANTS MINERAL BELT.

(New Mexico Bureau of Mines & Mineral Resources, Memoir 38,19801
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These studies indicated a good possibility of finding economic

uranium deposits to the north and downdip of the known ura-nium orebodies of the region. Another company had drilled
uranium test holes immediately to the east and west of the village
of Crownpoint. Six of these holes were drilled in sec. 29, and two
penetrated strongly mineralized zones at a depth of about 2,000
ft (610 m). Electric logs of these holes showed that the host rocks
are stratigraphically similar to those in the Ambrosia Lake min-
ing district.

Mineral leases in sec. 29 were acquired in August 1972 as a
result of a successful bid for a group of properties offered by the
New Mexico and Arizona Land Company. These properties con-
sisted of both fee and Indian-allotted leases. Shortly after ac-
quisition, Conoco initiated a first-phase drilling program on the
sec. 29 properties. Three north-south fences with 800-ft (245-m)
spaced holes were drilled across the northern part of the section
to determine the extent of the previously discovered mineraliza-
tion. This program was unusually successful; seven of the nine
holes drilled penetrated ore-grade mineralization. At this time, a
major multi-horizon deposit seemed to have been discovered
trending east-west across the northern part of the section. A
potential ore-reserve estimation was made, based on 15 wide-
spaced holes, which did not vary appreciably from reserves calcu-

ied after the deposit had been completely delineated on 200 ft
inm) centers. The additional drilling of 333 holes confirmed the
'ence of a major uranium deposit and provided necessary in-

Tormation concerning the configuration of the individual ore
pods, distribution of grade, and other data needed for mine plan-
ning. Ore delineation was carried out in two phases conducted on
400-ft (120-m) and 200-ft (60-m) centers. This deposit is now
awaiting shaft sinking and mine development.

Current ore-reserve estimates indicate that the deposit may
contain up to 10 million pounds (4,500 metric tons) of in-place
uranium oxide. The actual number of pounds that may be real-
ized is dependent on several factors, some of which are: royalty
burdens, severance taxes, environmental restraints, capital and
production costs, and the future price of uranium.
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Geologic setting

W dstone units of the Westwater Canyon Member of the Mor-
Formation (Upper Jurassic) are the hosts for the Crown-

At Sec. 29 uranium deposit (fig. 2). Overlying the Morrison
Formation are approximately 1,750 ft (530 m) of Cretaceous
rocks that include the Dakota Sandstone, Mancos Shale, and
Mesaverde Group. Rock units below the Morrison Formation are
interpreted to consist of approximately 3,900 ft (1,180 m) of Up-
per Jurassic, Triassic, and Paleozoic sediments resting on a
Precambrian crystalline basement.

In the subsurface of the Crownpoint area, three members of
the Morrison Formation are recognized (in ascending order):
Recapture Member, Westwater Canyon Member, and Brushy
Basin Member. The regional depositional patterns and source
areas for these members have been described by Craig and others
(1955), Saucier (1976), and Galloway (1978).

The Recapture Member has a thickness of 255-270 ft (78-82
m). This unit is composed of red-brown and grayish mudstones
and siltstones with interbeds of fine- to medium-grained white
sandstone. The contact between the Recapture and overlying
Westwater Canyon Member appears to be conformable in the
* ownpoint area.

he Westwater Canyon Member is the host unit for the
ranium deposits of sec. 29 and is 250-350 ft (76-107 m) thick. It

consists of a series of gray- to light-red, fine- to medium-grained,
feldspathic sandstones with a number of well-defined mudstone
beds of variable thickness. The sandstones are generally
crossbedded, poorly sorted, and only moderately well cemented.
Subsurface studies made with electric logs show that the member
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FIGURE 2-ELECTRIC LOG SHOWING THE RELATIONSHIP OF THE MAJOR ORE

ZONES TO THE WESTWATER CANYON MEMBER OF MORRISON FORMATION.

SEC. 29, T. 17 N., R. 12W.

is separated by mudstone beds into five distinct sandstone units
that are informally termed, in descending order, the A, B, C, D,
and E sands (fig. 2). The sandstones are 30-100 ft (9-30 m) thick
and are correlated across sec. 29, with only an occasional inter-
ruption resulting from the erosion of the intervening mudstone
unit. The mudstone units are colored pale green with sparse red
mottling and range from a few inches to more than 30 ft (9 m)
thick. The most persistent mudstone bed separates the B sand
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Structure
The area containing the Crownpoint Sec. 29 deposit is located

on the Chaco slope, a gently dipping structural terrace between
the Zuni uplift to the south and the inner San Juan Basin to the
north. The strata in sec. 29 have north-northeast dips of 1-2".
Northeast-trending normal faults with limited displacements
have been mapped in the Crownpoint area, but no faults are
known to cut the ore-bearing beds in sec. 29.

A structure map contoured on the top of the Twowells sand-
stone (Upper Cretaceous) shows a gentle northward dip of 1-2"
(fig. 3). A similar structure map contoured on the base of the CP
mudstone of the Westwater Canyon Member also shows a gentle
northward dip that is interrupted by local anticlinal nosing in the
north-central part of sec. 29 (fig. 4). This nosing does not appear
to have affected the main Westwater Canyon depositional pat-
terns, and no significant evidence of this structure has been
found above the base of the Dakota Sandstone. This structural
feature probably was formed during the period of deformation
that occurred on the Colorado Plateau near the end of the Juras-
sic Period (Kelley, 1955).

Paleostructural-depositional relationships
The Morrison Formation in northwest New Mexico is a se-

quence of fluvial and lacustrine sedimentary rocks that wer
deposited in a series of coalescing alluvial fans on the northern.
slope of the ancient Mogollon Highland (Craig and others,
1955). The Mogollon Highland is believed to have been located in
southeastern and southern Arizona. The general direction of
stream flow in the Crownpoint area was east-southeast, roughly
parallel to the axis of the ancient Zuni uplift on the south. The
configuration of the Westwater Canyon depositional fan in the
area of the Grants mineral belt probably was influenced by wide-
spread but subtle tectonic processes that were active during
deposition. The influence of tectonic movement penecontempo-
raneous with Westwater Canyon deposition has been recognized
previously (Hilpert and Moench, 1960; Moench and Schlee,
1967; Saucier, 1976).

A series of normal, east-southeast-striking basement step
faults is believed to lie parallel to the Zuni uplift. These faults
also are believed to be downthrown to the north and occur at
relatively regularly spaced intervals. Initiation of the faulting is
thought to be pre-Morrison and may be as old as Precambrian.
Recurrent movement along these basement faults may be re-
flected in the depositonal patterns of several overlying sedimen
tary units, including the Westwater Canyon Member.

Movement along these basement faults is believed to have in-
fluenced Morrison Formation paleotopography. Subtle down-

FIGURE 3-ISOPACH MAP OF WESTWATER CANYON MEMBER ON SEC. 29,
T. 17 N., R. 12 W.

from the C sand in the upper part of the Westwater Canyon and
is designated the CP mudstone.

The Brushy Basin Member consists of 80-125 ft (24-38 m) of
pale-green, bentonitic mudstone with lenses of siltstone and gray,
fine- to medium-grained sandstone. It conformably overlies the
Westwater Canyon Member, and its basal mudstone units inter-
tongue with the upper sandstones of the Westwater Canyon. The
Brushy Basin Member is separated from the overlying Dakota
Sandstone (Cretaceous) by a regional unconformity that shows
considerable relief in the Crownpoint area.

*~'8

0--

N/2 of SectIon 29
T.17 N.,R.12 W. 0, 114AI,

FIGURE 4-STRUCTURE MAP CONTOURED ON THE TOP OF THE TWOWELLS SANDSTONE.

(New Mexico Bureau of Mines & Mineral Resources, Memoir 38, 1980]
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warping, produced by subsiding fault blocks, was transmitted to
the surface and formed broad, shallow troughs that affected the

* overall depositional patterns of the Westwater Canyon sandstone
units. Regional subsurface mapping of the Westwater Canyon
fluvial systems shows that sedimentation was influenced by
subtle positive and negative structural movements. Subsidence
along these fault trends appears to have accelerated moderately
during deposition of the uppermost Westwater Canyon Member
and to have resulted in thick accumulations of channel sand.
stones confined to the broad troughs. The result of this deposi -
tion was development of an extensive system of southeast-
trending structurally influenced depocenters, up to 2 mi wide,
across the western part of the Grants mineral belt.

The Crownpoint Sec. 29 deposit is associated with such a depo-
center. Isopach mapping (fig. 5) shows that the axis of the
depocenter follows a nearly east-west course across sec. 29,
where the maximum sandstone thickness in the Westwater Can-
yon is approximately 350 ft (106 m). In places near the southern
limit of the section, total Westwater Canyon thickness decreases
to approximately 250 ft (76 in); north of the section, the West-
water Canyon Member also thins significantly. The increase in
sand thickness is mainly the result of an increase in number and
thickness of sandstone units deposited in the upper part of the
Westwater Canyon Member. These upper sandstone units inter-

ngue with the basal Brushy Basin Member mudstone units.

Ore deposits
The Crownpoint Sec. 29 deposit is similar in host rock, ore

geometry, and uranium minerals to other large deposits in the
Grants mineral belt. Uranium minerals were identified by x-ray
diffraction and microprobe studies of core. Coffinite is the
major uranium mineral, with sparse to minor amounts of amor-
phous urano-organic clay complexes. Secondary uranium miner-
als are sparse; they include carnotite, zippeite, and schroeking-
erite. The zippeite and schroekingerite probably were derived
from the oxidation of core samples (Lee, 1976).

Uranium concentrations occur as a series of pods in well-
developed channel sandstones composing the upper three-fourths
of the Westwater Canyon Member. The individual pods are ir-
regular in configuration and are elongated and parallel to the. onal sedimentary trends (N. 70-80° W.). Ore pods occur in

A, B, C, and D sandstone units (fig. 2), and within each sand-
I e unit the pods may overlap, coalesce, or occur en echelon.

5dividual pods range from a few feet to 200 ft (60 m) wide and
from a few inches to 20 ft (6 m) thick. Collectively, the ore pods
compose the Crownpoint Sec. 29 deposit, which is approximately
2,000 ft (610 m) wide and extends across the length of the section
(fig. 6).

in sec. 29, uranium occurs in successively lower sandstone
units from south to north. Thus, deposits in the D sand are far-
ther north and structurally deeper than those in the upper three
sandstone units (fig. 7). The opposite occurs at Ambrosia Lake,
where the ore deposits ascend in stratigraphic level downdip to
the north. The Crownpoint deposits seem to be the result of
dissolution and differential movement of uranium downdip by
oxygenated ground waters. The main ore deposits in the C and D
sands appear to have been moved northward from their original
location. Small remnants of C and D ore are preserved along the
south side of the Crownpoint Sec. 29 deposit (fig. 6). Studies of
Westwater Canyon drill-cuttings samples suggest that the north-
ward movement of the ore in the C and D sands was impeded by
a decrease in grain size and permeability in the northern part of
the Crownpoint depocenter. The ore deposits in the upper, more
lenticular A and B sands seem to have been less affected by ox-
idizing ground waters, and their ore deposits remain very close to
where they were emplaced originally.

The oxygenated ground waters that apparently moved the ore
in the C and D sands may have been associated with a regional
oxidation front. Westwater Canyon Member sandstone units
have been altered by a northward encroaching front covering a
15-mi (24-km) distance from the outcrop to the southern edge of
the Crownpoint Sec. 29 deposit. In the southern part of sec. 29,
the gray pyritic sandstones of the Westwater Canyon Member
have been altered by oxidation to a reddish, hematitic color.
Here the alteration pattern is complex, and vertically separate
sandstone units in a single drill hole generally exhibit different
degrees of oxidation. The oxidation represents a dissipating and
destructive force and is believed to have destroyed uranium
trends previously existing south of the present front. Saucier (this
volume) believes that this front was formed during the Miocene-
Holocene cycle of erosion.

Ore genesis
Rubidium-strontium age dating of ore-stage clay minerals sup-

ports a Late Jurassic age (139 m.y.) of uranium mineralization
for the Crownpoint Sec. 29 deposits (Lee and Brookins, 1978).
Squyres (1972) postulates a similar age for deposits at Ambrosia
Lake. The deposits jOrobably began to form during the time of
Westwater Canyon deposition. The uranium in the sec. 29 area
was introduced by ground water migrating down-gradient in an
east-southeast direction along the strike of porous sandstone
units. These ground waters probably were slightly alkaline and
carried uranium in the form of carbonate complexes (Hostetler
and Garrels, 1962). The uranium could have been derived both
from the weathering of volcanic ash in the Mogollon Highland
source area and from volcanic material deposited in the West-
water Canyon Member.

T.17 N.,R.12W. a, 1,4-I

FIGURE S-STRUCTURE MAP CONTOURED ON THE BASE OF THE CP MUDSTONE.

fP,•.,,-lJ.,.;.- r ..... .. tsr'_.. - ,,
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FIGURE 6
-ORE-ZONE MAP SHOWING DISTRIBUTION OF ORE ON NORTHERN HALF OF SEC. 29.

The ground waters migrating through the Crownpoint region
had a relatively uniform uranium content at the time the deposits
were emplaced in sec. 29. The controlling factor for ore emplace-
ment seems to have been the presence of large buried masses of
organic derivatives. Evidence for the association of organic
material with the ores of the Grants mineral belt is well known
(Granger, 1963; Kelley, 1963; Moench and Schlee, 1%7), and the
presence of organic material in these ores has caused minor mill-
ing problems over the years (Matthews, 1963). This organic
material appears in the form of humates, which are humic-acid
derivatives that contribute to the dark color of the ores.
Examination of cores has shown that many of the high-grade
mineralized zones at sec. 29 are black, which is similar to the ore
produced in the Ambrosia Lake mining district.

The uranium deposits in sec. 29 are thought to have been em-

placed originally as a result of a chemical reaction between
uranium-bearing ground waters and elongate humate masses
located along the southern margins of several east-southeast-
trending channels within the Crownpoint depocenter. An addi-
tional factor appears to have been the proximity of well-
developed mudstone beds associated with this part of the
depocenter; they may have controlled the localization of the
humate masses and also acted as adsorbants.

Summary
The Crownpoint Sec. 29 deposit represents a significant

uranium discovery in the western part of the Grants mineral belt.
Conoco acquired the sec. 29 leases in 1972 and subsequently
delineated an east-west trending deposit, which involved the drill-
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ing of 348 holes on a 200-ft (60-m) grid. The widespread holes
of the first phase of exploration were unusually successful and in-
dicated that a major ore deposit might be present in the section.

* The results of additional drilling using closer spacing dem-
onstrated that the deposit may contain up to 10 million pounds
(4,500 metric tons) of in-place uranium-oxide reserves. The ac-
tual amount recovered will be determined by a number of
economic factors, some of which are difficult to predict at this
time.

The uranium mineralization in sec. 29 occurs in multiple hori-
zons in the Westwater Canyon Member of the Morrison Forma-
tion (Upper Jurassic) at depths of approximately 2,000 ft (610
m). Regional subsurface studies in the western part of the Grants
mineral belt have shown that the ore-bearing sandstone units of
the Crownpoint Sec. 29 deposit were deposited in an east-
southeast-trending fluvial depocenter. Original mineralization in
sec. 29 probably was emplaced parallel to the fluvial trends soon
after deposition. Mineralization is believed to have been localized
by the presence of masses of humic material in the Westwater
Canyon Member. The individual uranium deposits occur in
elongate pods and usually are located in successively lower sand-
stone units from south to north. The deposits in the lower sands
appear to have been shifted northward from their original site of
emplacement. These deposits have been encroached upon from

south by a destructive regional oxidation front.
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September 12, 1997

Ms. Georgia Cash, District I Supervisor
Land Quality Division
Wyoming Department of Environmental Quality /'4
Herschler Building 7 # "/&5,
Cheyenne, Wyoming 82002 SEP1 99 7  o0

RE: Permit to Mine No. 603 *.. ",?,-, .r
1997 Annual Report o

. , ear Ms. Cash:

Enclosed please find two (2) copies of Power Resources, Inc.'s (PRI) 1997 Annual Report
for the Highland Uranium Project. The report addresses applicable reporting requirements
contained within the approved permit application, the WDEQ Annual Report Form, and
W.S. 35-11-411.

Appendix 2 of the report contains the proposed 1997-19.98 Reclamation Surety Estimate
,evision. The proposed Surety Estimate revision results in an amount of $14,780,400

Ahich is $1,254,943 over the existing amount of $13,525,457. The increase in this
proposed surety estimate primarily results from expanded production operations and
associated ground water restoration activities in the F-Wellfield, plugging of monitoring
ells to be installed in the proposed H-Wellfield, the abandonment and decommissioning

an additional waste disposal well planned for installation in 1998 and the additional costs
associated with installing and plugging approximately 100 wells proposed for use during
ground water restoration. It should be noted that because the "flare factor" questions have
not yet been resolved with your staff, this estimate utilizes the 2.94 interim "flare factor"
estimate agreed uponby the WDEQ and PRM for the 1996-1997 Surety Estimate update.

Please call should you or your staff have any questions.

Sincer eC,

Paul R. Hildenbrand
Manager of Environmental and

Regulatory Affairs

SPR H /drc-. . -,...

cc: Crew Schmitt w/o att W. F. Kearney .. ...
Mark Wittrup w/o att. M'. Kelly w/o att. LAND QULCty DIVI SIC

L.C. McGonagle wv/o att. R L. Thurman w/o att.
File 4.3.3.1 9ECEIzi•O 5 p .5
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1.4 Minerals Mined:

Uranium (U3OS)

1.5 State Leases and Federal Claims Inside the Permit Area:

State Lease Numbers

0-40077 0-27211 0-40211
0-27233B 0-27233C

Federal Claims

Federal Claims within the permit area are shown on the location map (Map 2) within
Volume I, Appendix A of the approved permit application.

1.6 Reporting Period:

July 1, 1996 through June 30, 1997.

2.0 MINING ACTIVITIES

Plates IA through ID - "Affected Areas Map and Environmental Monitoring Locations"
show the locations of existing facilities at the Highland Uranium Project and areas of planned
operation during the next report period.

2.1 A and B-Wellfields and Satellite No. I

Ground water restoration activities (ground water sweep pumping and reverse
osmosis treatment) continued at the A and B-Wellfields throughout the report period.
These activities are discussed in Section 3.0.

2.2 Satellite No. 2

Satellite No. 2 processes production fluid from the C, D, E-Wellfields and eastern
portions of the F-Wellfield. Satellite No. 2 commenced operation on July 20, 1989
when production activities commenced in the C-Wellfield. During the period June 1,
1996 to May 31. 1997, 3.729.4 AF (1.22E9 gal) of production fluids were pumped
through Satellite No. 2 and 3,652.9 AF (I.19E9 gal) of injection fluids were pumped
from Satellite No. 2 to the C, D, E and F-Wellfields. Injection fluid was withdrawn
as "bleed" from the production zone aquifers. A production bleed is maintained by
treating a portion of the injection fluid and disposing of it at PSR-2/Irrigator No. 2.
The total bleed during this period was 76.5 AF (2.49E7 gal) which represents 2.1%
of the total production fluid volume.
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2.3 Satellite No. 3

Satellite No. 3 began operation on June 4, 1996 and processes production fluid from
the western part of the F-Wellfield. During the period June 1, 1996 to May 31, 1997
3,980.7 AF (1.30E9 gal) of production fluids were pumped through Satellite No. 3
and 3,929.8 AF (1.28E9 gal) of injection fluids were pumped from Satellite No. 3 to
the western portions of the F-Wellfield. A production bleed is maintained by treating
a portion of the injection fluid and disposing of it at PSR-2/Irrigator No. 2. The total
bleed during this period was 50.9 AF (1.66E7 gal) which represents 1.3% of the total
production fluid volume.

The purge from Satellite No. 3 was pumped to Satellite No. 2 where it was treated
for removal of uranium and Ra-226 and pumped to PSR-2 and Irrigator No. 2. To
accommodate the additional flow of purge fluid from Satellite No. 3, the treatment
system at Satellite No. 2 was upgraded. The process for Ra-226 removal was
changed from a batch operation to a flow through operation. An additional filter
press was also installed. The system's instrumentation and control were automated.
Another consideration of the process upgrade was the increased restoration fluids that
will result when ground water restoration begins in C-North in the third quarter of
1997.

2.4 C-Wellfield

Production activities continued at the southern porton of the C-Wellfield during the
report period. A total of 201 patterns exist in the C-Wellfield. As of May 31, 1997,
approximately 78.7% of the estimated uranium reserve in this area has been
recovered.

2.5 D-Wellfield

Production activities continued throughout the report period in the D-Wellfield. A
total of 43 production patterns exist in the D-Wellfield. As of May 31, 1997,
approximately 82.1% of the estimated uranium reserve in this area had been
recovered. The D-Wellfield will continue to operate through the next report period.

2.6 E-Wellfield

Production activities commenced in the northern portion of the E-Wellfield on
November 22, 1991. A total of 153 production patterns exist in the E-Wellfield. As
of May 31, 1997, approximately 100.8% of the estimated uranium reserve in this area
has been recovered. The E-Wellfield will continue to operate through the next report
period.
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2.7 F-Wellfield

Wellfield development and production activities continued during the report period
in the F-Wellfield. As of May 31, 1997, a total of 299 production patterns (62% of
the total planned F-Ring patterns) were in operation, including areas F- I through F-9
and F-I I through F-29. The locations of all wells installed in the F-Wellficld are
shown on Plates 5A and 5B. As of May 31, 1997, 51% of the uranium reserve has
been recovered from the areas currently in production on that date. The F-Well field
will continue to operate through the next report period.

2.8 Topsoil Stockpiling

Tabulated topsoil stockpile volumes and dates of stockpiling are summarized in Table
2-1.

The location of topsoil stockpiles are shown on Plate 1. Topsoil stockpiles associated
with wellfield roads in the C, D, and E-Wellfields are shown on Plates 2A and 2B.

2.9 Affected Areas

Tabulated acreage disturbed as of May 31, 1997 is summarized by year in Table 2-2.
In order that a more accurate estimate of the amount of areas affected by mininig
activities could be determined, PRI contracted with Horizon's Inc. for aerial
photographs of the affected areas at the Highland Uranium Project. The aerial
photographs were taken in August 1997. The tabulated acreages in Table 2-2 were
generated, and/or revised from earlier reports, from the aerial photographs. No areas
affected by PRI activities have been permanently reclaimed.

2.10 Uranium Production

Tabulated uranium production (net eluted pounds) as of June 30, 1997 is shown in the
following tabulation:

URANIUM PRODUCTION BY YEAR

Year Pounds Uranium Eluted

1/7/88 - 6/30/88 412,177 9 - -
7/1/88 - 5/10/89 621,000 -

5/11/89 - 4/30/90 886,097
5/1/90 - 6/30/91 1,396,298
7/1/91 - 5/31/92 1,026,676
6/1/92 - 5/31/93 847,082
6/1/93 - 5/31/94 833,542
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6/1/94 - 5/31/95 693,804
6/1/95 - 6/30/96 969,023
7/1/96 - 6/30/97 1,373,658

Total pounds uranium produced (drummed) as of June 30, 1997:

9,182,040

3.0 GROUND WATER RESTORATION

General

The time period covered by this Annual Report is from July 1, 1996 to June 30, 1997. In
order to allow sufficient time for analytical results to be returned from the laboratories and
reviewed, the ground water restoration section of the Report usually includes sample data
only up to May 31 of each year. Therefore, the Report period and the ground water
restoration data collection period are typically out of phase by one month. When the
submission of the Annual Report is delayed, as is the case with this report, then additional
data will continue to be incorporated into the report wherever possible. Therefore, use of the
term "current reporting period" in this report implies coincident report and data collection
periods.

3.1 A-Wellfield Restoration Activities

Ground Water Sweep

Ground water restoration activities commenced in the A-Wellfield on July 16, 1991
when injection of lixiviant was discontinued and ground water sweep was started in
the AI-A2 group of patterns in accordance with Section RP 4.3.2 of the approved
permit application. From July 16, 1991 to the present time, ground water has been
continuously pumped from the A-Wellfield. During the reporting period from June
1, 1996 to May 31, 1997, the pumping rate was maintained at approximately 15 gpm.
The ground water sweep fluids are processed at Satellite No. 1 to remove dissolved
residual uranium and radium prior to pumping to the radium settling basins. From the
radium settling basins, the treated water is pumped to the Satellite No. 1 Purge
Storage Reservoir where it is stored for periodic disposal at the Satellite No.1
Wastewater Land Application (Irrigation) Area.

During the current reporting period, a volume of approximately 16 AF of ground
water sweep fluid was pumped from the A wellfield. Most of this water was pumped
from wells AR-1, AR-2 and AR-3 to control excursions in monitor wells M-IOA and
M-11. These monitor wells are located near the hole in the aquitard between the 20-
sand and 30-sand aquifers, the existence of which was described to the WDEQ in a
letter dated May 1-3. 1996. The cumulative total volume of ground water sweep
fluids pumped from the A-Wellfield since the beginning of around water restoration
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activities, up to May 31, 1997, amounted to 76 AF. This represents 5.3 pore volumes
(PV) removed and treated using the revised pore volume estimate of 14.3 AF/PV.
A proportion of this fluid volume was extracted from an area of the aquifer outside
of the patterns which has been impacted by fluids migrating from the 30-sand.
Therefore, the number of cumulative pore volumes withdrawn from the A-Wellfield
patterns cannot be determined exactly, but it is smaller than 5.3 PV and is probably
less than 3 PV. The pumping of ground water sweep fluids from the 20-sand aquifer
between 1991 and 1994 was a contributing factor in drawing 30-sand fluids through
the aquitard hole.

Reverse Osmosis

The Satellite No. I Reverse Osmosis (RO) unit (#1I) was put into service on June 8.
1994 and has been operated in accordance with section RP 4.3.3 of the approved
permit application. This RO unit treats approximately 100 gpm of feed water with the
production of approximately 75 gpm of permeate. All of the RO permeate produced
to date has been reinjected into the 20-sand inside the A-Wellfield where it circulates
through the formation and is drawn towards the pumping wells. The increase in
hydrostatic pressure from injection of permeate allows for increased pumping flow
rates, while the introduction of the very clean water replaces and dilutes the impacted
ground water and restores it at a faster rate than ground water sweep. Injection of
RO permeate was started inside the mining patterns using well configurations
comprised of arrays of three or four patterns ("megapatterns"). Wells located
centrally inside the megapatterns were used for injection, while peripheral wells were
used for pumping. Other internal megapattern wells not required for injection were
used for sampling to monitor restoration progress.

During the current reporting period, the focus of circulation of RO permeate in the
20-sand aquifer was progressively moved away from the A I -A2 mining patterns to
the A3 patterns and towards the aquitard hole so that the zone impacted by fluids
migrating from the 30-sand could be restored. This followed a plan which was
outlined in correspondence to the WDEQ dated May 13, 1996, and was achieved
using additional AR wells which had been installed to assist with restoration activities.
A volume of approximately 122 AF (8.5 PV's) of affected A-Wellfield ground water
was removed and treated by RO during the current reporting period, bringing the total
volume of ground water treated from the A-Wellfield by RO to 302 AF (21 PV's).
A similar quantity (117 AF) of treated RO permeate was reinjected. The difference
between the two totals is due the bleed taken by the RO which is included with the
ground water sweep total noted in the previous paragraph. The effect of circulation
of RO permeate on the quality of the ground water is discussed below.

Additional Restoration Wells

During the reporting period from June 1, 1996 to NMay 31. 1997.3 new restoration
wells (AR-i Ito AR-13) were installed inside the A-WeIlthied monitor ring to assist
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with circulation of RO permeate through the area of 20-sand aquifer impacted by 30-
sand mining fluid. These wells are in addition to the 10 AR wells installed during the
previous reporting period and referred to in the letter and report to the WDEQ dated
May 13, 1996. The locations of all the AR wells are shown on a map of the A-
Wellfield in Figure 3-1. Pilot hole drilling for well AR-12 revealed that the 20-sand
thins to 5 feet or less in a zone between the A I and A3 pattern areas and its location
had to be moved closer to well AR-13.

Iniection of Hydrogen Sulfide Reductant

During the current reporting period, the hydrogen sulfide (H,S) tank trailer and
associated injection equipment was moved from its location at the Cl wellfield
experimental injection site to the A-Wellfield for use in final remediation of the 20-
sand aquifer. This is in accordance with Section RP 4.3.4 of the approved permit
application. Due to the possibility of H,S returning to Satellite I with feed water
being pumped to the RO unit, an extensive system of sensors, alarms and shut-off
valves had to be designed, installed and tested. A delay of several months was
incurred as problems with calibration of the sensors and other equipment were
progressively resolved. Injection of H2S gas into the 20-sand aquifer dissolved in the
RO permeate stream at a concentration of 200 ppm was begun on May 20, 1997, with
the reductant being directed to selected wells in the Al pattern group and some of the
AR wells near the aquitard hole. At the present time, loss of injectivity due to well
screen plugging has not been experienced to the same degree in the A-Wellfield as it
was in the C1 wellfield. No indications of reductant breakthrough have been noted
yet at the recovery wells and it is assumed that all of the injected HS is being
consumed in the formation.

A-Wellfield Water Levels

Water levels are measured in selected perimeter M wells and internal (injection) wells
in the A-Wellfield (20-sand) semi-monthly (every 2 weeks). Additionally, water levels
are measured every week in M wells on excursion status. All of these data are
included in the Quarterly Reports. At least once a year, water levels are also
measured in a selected number of injection or production wells throughout the
wellfield on a date which coincides with one of the semi-monthly measurements of the
monitor well water levels. These data are used to compile a contour map representing
the potentiometric surface for the wellfield on that date. Figure 3-1 of this report is
a contoured potentiometric surface map of the A-Wellfield measured on June 10,
1997. It is not generally possible to accurately depict the shape of the potentiometric
surface from a limited set of water level measurements while injection and pumping
is taking place at a number of wells in close proximity. In the case of the A-Wellfield,
the measured water levels show a gradient towards the northwest part of the wellfield.
consistent with the focus of the ground water sweep pumping from wells AR-1, AR-
2. and AR-3. This activity has been represented on Figure 3-1 by a water level
minimum located around the Al line drive patterns. A second, smaller. water level
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minimum has been added at the A3 patterns to represent the net withdrawal of ground
water taking place there. As with all computer generated contour maps, extrapolation
of the contour lines to the map boundaries where there is no data is an artifact of the
contouring program and should be ignored.

Ground Water Quality in the 20-Sand

Bi-Monthlv MP Well Sampling

Ground water quality in the A-wellfield is monitored at perimeter M wells, overlying
(MO) wells, underlying (MU) wells and wells in the production pattern areas (MP
wells) every two months to help assess the progress of restoration activities. The
samples are analyzed for uranium, chloride, bicarbonate and conductivity. Monitor
wells on excursion are also sampled on a weekly basis. These water quality data are
included in the Quarterly Reports. The MP wells are completed in the production
zone and were sampled prior to leaching to establish baseline water quality conditions
and target restoration values. Appendix 3A contains the bimonthly water quality data
collected through May 31, 1997 for wells MP-I through MP-5. Figure 3-2 contains
graphs for the same wells which show the changing concentration of chloride,
conductivity and uranium since restoration began in July 1991, with water level
elevations and bicarbonate concentrations added from July 1992.

A review of the tabulated data and time-concentration graphs for the A-wellfield MP
wells shows the impact of the first two stages of restoration of the ground water in
the 20-sand aquifer since July 1991. The graphs are best considered in reverse order.
The graph for well MP-5, located near the southern end of the main AI-A2 pattern
group, is a good illustration of the effect of progressive ground water sweep. From
July 1991 until the fall of 1995, unaffected formation water was drawn towards the
mining patterns, resulting in gradual dilution of leaching fluids and a decrease in
concentration of all parameters. The slow change in ground water quality was a
consequence of the limited pumping rate that was possible from the 20-sand aquifer.
Late in 1995, injection of RO permeate was directed to the southernmost wells
surrounding well MP-5. Subsequent sample data shows a rapid decline in the residual
concentrations of chloride, bicarbonate and uranium to values of 3,322 and 0.5 mg/I
respectively, with chloride being below baseline. This response is noticeable as curve
inflections on the graph for well MP-5. Injection of permeate to this area was
discontinued during the current reporting period and no deterioration of water quality
has since been noted.

The effectiveness of injection of RO permeate is more evident in wells MP-4 and MP-
3, which were located inside the first megapatterns to be operated. Prior to permeate
injection, water sample data from well MP-4 showed only minimal decline in
concentration of the measured parameters, while data from well MP-3 showed no
decline at all. Both.wells even registered a steady increase in uranium concentration.
This condition is now interpreted to be caused by acontinuing supply of leaching
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fluids migrating from the 30-sand aquifer through the aquitard hole. Circulation of
RO permeate past these MP wells from June 1994 until July 1995 was very effective
in flushing the formation, which quickly reduced major ionic species to concentrations
close to baseline. The RO permeate was also effective in reducing uranium to
concentrations of 1-2 mg/l.

Most of the improvement in water quality at wells MP-4 and MP-3 occurred during
the first two months of permeate injection. It appears that little benefit resulted from
the extended circulation time. After injection of RO permeate was moved to other
patterns, water sample data from both of these MP wells showed a small rebound in
bicarbonate concentration and conductivity levels, but the values declined again
during the current reporting period. The temporary rebound of dissolved bicarbonate,
together with calcium, is interpreted to be caused by solution of small amounts of
calcite from the 20-sand formation. When these wells were last sampled, on May 27,
1997, well MP-4 showed 6 mg/I of chloride, 5.8 mg/I of uranium and 264 mg/I of
bicarbonate. Equivalent concentrations for well MP-3 were 2, 0.7, and 161 mg/l,
respectively, of which only uranium is slightly above baseline.

The time-concentration plots for wells MP-2 and MP-1 exhibit patterns similar to that
for well MP-5, namely, a long, slow improvement in water quality from ground water
sweep, followed by a more rapid change during the current reporting period as RO
permeate was circulated past these wells. The curves show some fluctuation in
values, however, as the efficiency of sweep along the staggered line drive is not as
effective as with conventional 5-spot patterns. When sampled on May 27, 1997, both
MP wells exhibited similar concentrations of measured parameters; 3-5 mg/1 chloride,
272-275 mg/I bicarbonate and 4.1 mg/i uranium.

Circulation of RO permeate through that part of the A-Wellfield impacted by
migration of leaching fluids from the 30-sand aquifer has been achieved by using
peripheral injection wells at the mining patterns and the AR remediation wells which
were installed during the previous and current reporting periods. Restoration
progress was expected to be slower in this area due to the wider spacing between
wells, but significant improvements in water quality have been noted at the recovery
wells. As an example, a time-concentration plot for the routine weekly sample
parameters (conductivity and uranium) for well AR-7 has been included with this
report (Figure 3-3). The graph shows a steady decline in both parameters during the
12 month period from, July 1996 to July 1997. When last measured on July 7, 1997,
the conductivity level was 668 pimhos/cm and the uranium concentration was 1.7
mg/l.

One characteristic feature of RO permeate circulation in this area of impacted ground
water beyond the mining patterns is the tendency of the bicarbonate concentration to
stabilize at approximately 400-430 mg/1, while the chloride concentration continues
to decline. This is interpreted to be caused by dissolution of calcite from the 20-sand
formation by the permeate, which may also be dissolving trace quantities (often less
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than I mg/I) of reduced iron. Re-precipitation of dissolved iron has been causing
problems in Satellite 1 with plugging of filtration systems by flocculated iron oxy-
hydroxides. Buffering by the formation may reduce the elevated bicarbonate
concentrations over a period of several months if the trend observed inside the mining
patterns is repeated in the impacted area outside.

In addition to time-concentration plots for individual wells, and in accordance with
Section RP 4.5 of the approved permit application, the progress of ground water
restoration can also be demonstrated by means of contoured iso-concentration maps.
Figures 3-4 through 3-7 contain contoured A-Wellfield iso-concentration maps for
chloride, bicarbonate, conductivity and uranium, respectively. The data used to
construct these maps is collected from different wells at different times and each data
set may represent sampling in a time window of 2-3 months. However, the maps
incorporate only the most recent values for wells which are sampled several times
during that period and these are posted below the well symbols. Labeled wells
without posted values represent injection wells. To facilitate contouring, these have

been assigned values based upon analyses of RO permeate samples collected in the
Satellite. Lower contour intervals of 600 jimhos/cm conductivity, 10 mg/l chloride,
250 mg/l bicarbonate and 3 mg/l uranium have been selected to reliably depict the
zones of impacted ground water.

It can be readily seen from the chloride map of the A-Wellfield (Figure 3-4) that the
most significant remaining area where concentrations are elevated above baseline is
at the location of the hole in the aquitard. Elimination of this final "bubble" of
impacted water will not be achieved until the source of leaching fluids in the 30-sand
aquifer near the aquitard hole is treated by RO permeate injection. A second, smaller
zone of slightly elevated chloride concentration can be seen at the A3 patterns. As
the time-concentration plots for recovery wells in the A3 patterns show little evidence
of improvement in water quality, it is possible that this area is also being affected by
leaching fluids from 30-sand patterns in the B-Wellfield above.

The bicarbonate map (Figure 3-5) shows a similar pattern to the chloride map except
that small zones of elevated concentrations remain around the pumping wells,
probably due to dissolution of formation calcite, as noted above. The conductivity
map (Figure 3-6) has a very similar appearance to the bicarbonate map because the
two parameters are directly correlated when chloride concentrations are low. The
uranium map (Figure 3-7) shows that there has been a small rebound of this parameter
within some of the mining patterns to concentrations of 6-8 mga!/. Concentrations up
to 9.8 mg/l exist near the location of the aquitard hole and the latest samples from the
A3 pumping wells had a maximum concentration of 16.43 mg/I. While injection of
RO permeate can be very effective in lowering uranium to concentrations of only a
few mg/l, its final removal has to be completed with injection of chemical reductant.

Injection into the A-Wellfield of hydrogen sulfide dissolved in RO permeate has only
taken place in the last two weeks of the current reporting period. Consequently. there
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has been no noticeable affect so far on ground water quality from the addition of this
reductant.

Annual Guideline-8 Sampling

Section RP4 of the approved permit application commits PRI to sample the MP wells
for the Guideline-8 (Table 1) parameters at the end of "each year's active restoration
period". In previous years this sampling was done in July since ground water
restoration activity has been continuous since it began in July 1991. This sample
schedule did not correspond with the June 30 date when the WDEQ Annual Reports
were due, and, as a consequence, discussions of the changes in ground water quality
for that year were based upon sample results that were 12 months old. In the
previous reporting period (June 1, 1995 to May 31, 1996), this schedule was changed
and the sample dates brought forward so that the results could be included in the
current year's report. Sampling of MP wells for Guideline-8 parameters in this
reporting period was conducted between May 27-29, 1997. The results are included
with this report as Appendix 3B. Table 3-1 of this report summarizes the mean water
quality characteristics for selected Guideline-8 parameters from the A-Wellfield MP
wells for data collected annually from 1991 to 1997. Baseline and "Class of Use"
concentrations for each of these parameters are also shown in the table. Changes in
concentration of these parameters are discussed below.

A review of Table 3-1 shows that sulfate, chloride and TDS concentrations, as well
as conductivity levels, continued to decline during the period from June 1996 to May
1997. All of these parameters lie within a narrow range and are below their respective
baseline concentrations. This improvement in ground water quality is the result of
restoration by injection of RO permeate and these data duplicate the trends shown by
the bimonthly MP well sampling. Data from other pumping wells in the A-Wellfield
patterns show similar improvements and confirm that the ground water restoration
process has been extended throughout the wellfield area. As an example, time-
concentration plots for 4 selected A-Wellfield wells are shown on Figure 3-8.

The averageselenium concentration is 0.36mg/l in a range of 0.069-0.64 mg/l, while
the average uranium concentration is 3.03 mg/I within a range of 0.46-5.8 mg/l. The
statistics for both of these parameters are similar to those observed at the end of the
previous reporting period and both remain above baseline. Finally, the average
radium concentration is 1057 pCi/l in a range of'566-2474 pCi/l, lower than in the
previous reporting period, but still above the baseline concentration of 675 pCi/l. It
should be noted, however, that the average baseline radium concentration at wells
MP-I to MP-5 is over 100 times the limit for drinking water. It is also well
documented that migration of radium in the ground water is naturally attenuated by
the formation to a significant extent.
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3.1.1 Monitor Well Excursions

At the beginning of the current reporting period, three wells in the A-Wellfield, M-8A,
M-IOA and M-I 1, were on excursion status. These wells are all located on the west
side A-Wellfield monitor well ring. The activities undertaken to mitigate these
excursions are discussed elsewhere in this report and in the Monthly Excursion
Reports which have been submitted to the LQD. Individual well data are included in
these Monthly Reports and the Quarterly Monitor Well Data Reports. By the end of
the current reporting period, only well M-I I remained on excursion status. As the
cause of this excursion is linked to the aquitard hole between the 20-sand and 30-sand
aquifers, it is unlikely that this monitor well will be taken off excursion status until
further quantities of RO permeate have been circulated through the 30-sand in the
vicinity of the hole.

3.1.2 Ground Water Restoration Plans for 1997-1998

Restoration of the ground water to baseline quality in the A-Wellfield is at an
advanced stage. Two small areas of partially treated leaching fluids remain around
the aquitard hole and at the A3 patterns. These will be treated during the next
reporting period in conjunction with RO permeate injection into the overlying 30-sand
aquifer. Residual concentrations of dissolved uranium and selenium, located mainly
inside the mining patterns, will be treated by continued injection of HS reductant into
the 20-sand formation. For operational and safety reasons, the H,S will be injected
into only a few patterns at one time. Periodically, the injection system will be
relocated to different groups of patterns until the entire wellfield has been treated.
Changes will be made to the injection and recovery headers to allow permeate to be
replaced as the gas carrier by water recirculated from the pumping wells without
further treatment by RO. The permeate capacity made available can then be used
more effectively in the B-Wellfield for reducing the concentration of major solutes.
After injection of the H,S reductant has been completed, probably at the end of 1997,
the A-Wellfield will begin a 6 month stability monitoring period.

3.2 B-Wellfield Restoration Activities

Ground Water Sweep

Ground water restoration activities commenced in the B-Wellfield on July 16, 1991
when injection of lixiviant was discontinued and ground water sweep was started in
several selected groups of mining patterns in accordance with Section RP 4.3.2 of the
approved permit application. From July 16, 1991 to the present time, ground water
has been continuously pumped from the B-Wellfield. During the period from June 1,
1996 to Mvay 31. 1997, the pumping rate was maintained at approximately 30 gpm.
The ground water sweep fluids from the B-Wellfield combine with those from the A-
Wellfield and flow through Satellite No. I to remove dissolved residual uranium and
radium and then to the radium settling basins. From the radium settling basins, t-:e
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treated water is pumped to the Satellite No.1 Purge Storage Reservoir where it is
stored for periodic disposal at the Satellite No.1 Wastewater Land Application
(Irrigation) Area.

During the same reporting period, a volume of approximately 40 AF of ground water
sweep fluid was pumped from the B wellfield, bringing the cumulative total of
withdrawn fluid by May 31, 1997, to 357 AF. Using the revised B-Wellfield pore
volume estimate of 98.3 AF, this represents 3.6 PV displacements. Most of the
ground water sweep fluid was pumped from the B4, B12, B13 and B17 pattern
groups, with some intermittent pumping from the B16 pattern group. Pumping wells
in B4 and B 17 were operated with the objective of maintaining a lower hydrostatic
head in the 30-sand aquifer around the aquitard hole which connects it to the
underlying 20-sand aquifer. While the ground water gradient created by this activity
may have restricted further migration of 30-sand leaching fluids to the 20-sand
through the hole, unfortunately it also contributed to the encroachment into the B-
Wellfield of fluids from the Exxon underground workings. This caused monitor wells
M-56, M-62 and M-63 wells to reach excursion status.

The pumping of a well in B 13 is a continuation of a practice that has been maintained
since ground water restoration activities began in the B-Wellfield. The objective was
to prevent any migration of leaching fluids in the direction of the Exxon open pit
where ground water gradients become steeper. During the current reporting period,
investigations made in preparation for injection of RO permeate into the 30-sand
aquifer demonstrated that this strategy had been effective. Unfortunately, it was also
discovered that pumping from wells in B13 had caused the southward migration of
leaching fluids from the B 12 pattern group into the space between B 12 and B 13. At
the present time, ground water sweep fluids are being recovered from a single, new
restoration well (BR-5), when RO unit #2 is not in operation. Continuedpumping of
ground water sweep fluids from a well in B 13 is no longer seen as being of any
benefit.

From the previous two examples, it is becoming increasingly apparent that in areas of
wellfields where there are discrete groups of patterns, extended periods of ground
water sweep, as outlined in Section RP 4.3.1 of the approved permit application, may
not be as beneficial as originally thought. In order to balance flows and prevent
migration of leaching fluids between these groups of patterns, pumping wells have to
be operated in every pattern group. This requires the withdrawal, treatment and
disposal of larger volumes of ground water. It might be preferable to keep ground
water sweep activities to a minimum, especially where natural ground water gradients
are relatively flat. Pumping of ground water sweep fluids should occur from selected
wells with specific ground water control objectives and it would be more effective to
begin RO treatment at an earlier stage.
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Reverse Osmosis

During the current reporting period, two areas of the B-Wellfield have been prepared
for injection of RO permeate, the BI 1/B12/B13/B14 and B4/B17 pattern groups
(Figure 3-9). In the former area, a second, trailer mounted, RO unit (#2) has been
constructed and linked to the B 13-14 header house. Trial operation of this RO unit,
which has a maximum permeate capacity of 125 gpm, began in May 1997. Some final
design modifications are being made and routine operation will start in August 1997.

In the 134/B 17 pattern group areas, reconstruction of most wellheads and two of the
header houses was required. This work was delayed during the spring of 1997 by
frequent snow storms. Construction work began in June 1997 and injection of RO
permeate started in July 1997. The permeate is supplied from RO unit #1 in the
Satellite I building and is being injected into selected B4 wells near the aquitard hole.
Further permeate injection capacity will be diverted to these pattern groups as the A-
Wellfield is progressively converted to an operating mode which involves recirculation
of ground water in the header-houses without treatment in the satellite. There has not
been sufficient injection time in either of these two B-Wellfield areas for weekly
sample data to show any reportable change in ground water quality.

Additional Restoration Wells

The intention of installing up to 43 additional BR wells to assist with accelerated
restoration of the B-Wellfield was discussed in the 1996 Annual Report to the
WDEQ. During the current reporting period, a total of 13 new restoration wells
(BR2 to BR14) were installed in the 30-sand aquifer between the B12 and B13
pattern groups when it was discovered that leaching fluids had migrated there after
five years of ground water sweep pumping from wells in B 13-B 14. The BR wells will
be used for both pumping and RO permeate injection.

30-Sand Water Levels

Water levels are measured in all excursion monitor wells and MP wells in the B-
Wellfield every 2 months. Additionally, water level data is measured every 2 weeks
in MP wells on excursion status. All of these data are included in the Quarterly
Reports. Once a year, water levels are also measured in a selected number of
injection or production wells throughout the wellfield on a date which coincides with
one of the bimonthly measurements of the monitor well water levels. These data are
used to compile a contour map representing the potentiometric surface for the
wellfield on that date and Figure 3-9 of this report is a contoured potentiometric
surface map for the B-Wellfield measured on June 10, 1997. A well defined cone of
depression is shown surrounding the three wells pumping ground water sweep fluids
from the B4/B17 pattern groups. It represents the situation in this part of the B-
Wellfield prior to the start of injection of RO permeate in July 1997. The gradient
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from this cone extends to the northwest as far as the Exxon underground workings,
in which monitor well M-80 is completed.

No cone of depression existed in the southern half of the wellfield at the time the
water level survey was completed. This is because the routine -pumping of ground
water sweep fluids from the B12 and BlI3 pattern groups had been temporarily
discontinued to enable the header houses and pipelines to be converted for circulation
of RO permeate. At the present time, a single well, BR-5, is operated as a ground
water sweep well on those days when RO Unit #2 is not undergoing operational trials.
When RO Unit #2 is operating, the injection and pumping wells complicate the
potentiometric surface and a well defined cone of depression if difficult to measure.
However, a net wellfield bleed is maintained by the RO Unit at all times.

As with all computer generated contour maps, extrapolation of the contour lines to
the map boundaries on Figure 3-9, where there is no data is an artifact of the
contouring program and should be ignored.

Ground Water Quality in the 30-Sand

Bi-Monthly MP Well Sampling

Ground water quality in the B-wellfield is monitored at excursion monitor wells and
MP wells every two months. Monitor wells on excursion are also sampled on a
weekly basis. These water quality data are included in the Quarterly Reports. The
MP wells are completed in the production zone and were sampled prior to leaching
to establish baseline water quality conditions and target restoration values. Appendix
3C contains the bimonthly water quality data collected through May 31, 1997 for the
wells MP-I 1 through MP-31. Figures 3-10 through 3-13 contain graphs for these
wells which shows the changing concentration of chloride, conductivity and uranium
since restoration began in July 1991, with water level elevations and bicarbonate
concentrations added from July 1992.

A review of the tabulated average values for the B-wellfield MP wells for the current
reporting period shows no significant changes from the previous year. A slow, but
progressive, decline in the measured parameters has occurred at most MP wells since
the pumping of ground water sweep fluids began in July 1991. However, dramatic
improvements in water quality are not generally expected at MP wells which are
centrally located within pattern groups during this phase of restoration, particularly
when the MP wells are used as pumping wells. The time-concentration graphs show
that the changes in ground water quality at individual MP wells can be variable as
volumes of water with different characteristics are sampled each year. During the
current reporting period, some of the MP wells, notably MP-15 and MP-20,
registered temporary increases in the measured parameters which subsequently
disappeared. In other MP-wells, such as MP-19 and MP-28. an increase in these
parameters was beginning to develop in May 1997. Significant improvements in
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ground water quality are expected to be observed at wells MP-I 1, MP-25, MP-26,
MP-27 and MP-29 in the next reporting period as RO permeate is injected in the

B4/B 17 and BI I/B 12/B 13/B 14 pattern groups.

Preparation of iso-concentration maps for the B-Wellfield, in accordance with Section

RP 4.5 of the approved permit application, has not been attempted for previous
Annual Reports because of the limited sample data available. Such maps would have
been very generalized and subjective, with little practical value. During the current
reporting period, sampling of the 13 new BR wells, together with a number of
injection and production wells, has generated a data set which has been used to

produce a series of iso-concentration maps for the southern part of the B-Wellfield
in the B312/B13/B14 areas (Figures 3-14 through 3-17). Lower contour intervals of
600 jimhos/cm conductivity, 10 mg/I chloride, 250 mg/I bicarbonate and 3 mg/l
uranium have been selected to reliably depict the zones of impacted ground water.

A review of these maps clearly shows two important effects of the enhanced wellfield
bleed withdrawn from the B13-B14 pattern group, during both production and
restoration periods. Firstly, the ground water quality at the southern-most patterns
is very close to baseline values, with the exception of uranium, which is at 5 mg/1.
This illustrates the success of the production bleed and ground water sweep pumping
in preventing the migration of leaching fluids towards the Exxon open pit. Sufficient
native ground water has been drawn into the wellfield from the south to dilute the
leaching fluids and confine this water to the pattern area. The second effect is not so
beneficial, as leaching fluids from the BI 1 and B12 pattern groups have been caused
to migrate southwestwards into an area of the B-Wellfield lying between the B 12 and
B 13 patterns. The volume of impacted ground water now located there probably
contributed to the prolonged excursion at monitor well M42.

In the center of this impacted wellfield area, conductivity levels up to 2560
[tmhos/cm, bicarbonate concentrations over 1000 mgIl, and chloride concentrations
over 260 mg/I have been measured from wells BR-9 and BR-12. The uranium
*concentrations at these wells, possibly showing some natural attenuation by redox
reactions in the 30-sand formation, do not exceed 24 mg/1. The installation of the 13
BR wells will assist with the injection of RO permeate and the restoration of ground
water in this part of the wellfield.

Annual Guideline-8 Sampling

Section RP4 of the approved permit application commits PRI to sample the MP wells
for the Guideline-8 (Table 1) parameters at the end of "each year's active restoration
period". As described in the equivalent section for the A-Wellfield, these samples
have been collected earlier in the reporting period so that current data can be

17 LAMt, QUALrTYoIVISION

RECEIVED SO 15 a;



reviewed in the Annual Report. Sampling of MP wells in the B-Wellfield for
Guideline-8 parameters in this reporting period was conducted between May 27-29,
1997. The results are included with this report as Appendix ID. Table 3-2
summarizes the mean water quality characteristics for selected Guideline-8 parameters
from the B-Wellfield MP wells for data collected annually from 1991 to 1997.
Baseline and "Class of Use" concentrations for each of these parameters are also
shown in the table.

A review of the Guideline-8 water quality data confirms that there has been no
significant change in the measured parameters during the current reporting period, as
indicated by the bi-monthly sampling data. There is only a limited variation between
the 1996 and 1997 results for the major ions, although some of the trace elements,
particularly selenium and radium, show more fluctuation. A similar variability and
absence of trend for selenium and radium is evident in the mean annual values for all
of the years from 1991 to 1997.

3.2.1 Monitor Well Excursions

During the current reporting period, three B-Wellfield excursion monitor wells were
on excursion status with the WDEQ. All three wells are located in the northwest
corner of the monitor well ring, close to the Exxon underground mine workings.
Wells M-62 and M-63 were on excursion status at the start of the reporting period
and remained on excursion throughout the period. Well M-56 went on excursion
status on November 22, 1996. As discussed in correspondence to the WDEQ dated
November 27, 1996, these wells are being affected by ground water being drawn from,
the abandoned underground mine as a consequence of the enhanced potentiometric
gradient of the 30-sand aquifer towards the B-Wellfield. The steeper gradient is a
result of the pumping of ground water, sweep fluids from the wellfield, and in
particular, from the B4, B 17 and B 18 pattern groups.

PRI has requested that the Upper Control Limits (UCL's) for these wells be revised
to account for the change in water quality which is not a result of PRI's in situ mining
activities. Individual well data are included in the Monthly and Quarterly Reports.

3.2.2 Ground Water Restoration Plans for 1997-1998

Restoration of the ground water in the B-Wellfield will be accelerated during the next
reporting period by operation of both RO units for permeate injection into the 30-sand
aquifer, as previously discussed. Another group of BR restoration wells will be
installed between the 89/B 15 and B6/B 10 pattern blocks where it is suspected that
past ground water sweep activities may have caused the migration of leaching fluids
away from the patterns. If the ground water quality in that part of the wellfield being
treated by permeate from RO unit 12 (13 2/B 13/3 14) improves to a sufficient extent,
this RO unit will be relocated to the central area to operate in conjunction with the
next group of BR wells. At that time, the H1S injection system will probably be



moved to the B 12/B13/B 14 area for final immobilization of residual concentrations
of dissolved uranium and selenium. Wells pumping ground water sweep fluids at a
combined flow rate of 15-20 gpm will be operated in the B1/B2, B6 and B19 pattern
groups.

3.3 C-Wellfield Restoration Activities

General

Production began from the 50-sand aquifer in the north of the C-Wellfield in 1989.
At the present time, there are no operating wells in the northern half of the C-
Wellfield, but a number of wells still remain in production in the southern half.
Preparation for restoration of the ground water in the northern half of the C-Wellfield
began towards the end of the current reporting period, with the objective of starting
the restoration in August 1997. This preparation consisted of renovation and
sampling of the 20 CMP wells and installation of an electrical power supply and other
surface facilities. Two pumping wells which had been maintaining a wellfield bleed
where shut off and the pumps moved to more appropriate wells to begin ground water
sweep.

It should be noted that the naming convention for wells was changed in the C-
Wellfield, when the wellfield letter started to be used as a prefix. Thus, in the C-
Wellfield, individual production and injection wells are labeled "CP-" and "CI-",
pattern areas are labeled "Cl", "C2" etc., and monitor wells are labeled "CM-",
"CMP-", "CMO-" and "CMU-".

No perimeter monitor (CM) wells are on excursion status in the C-Wellfield.

Ground Water Sweep

Two pumping wells were in operation during the current reporting period.
withdrawing a combined bleed of 10 gpm from the C 12 pattern group. This bleed
was sufficient to maintain a cone of depression in the 50-sand aquifer in the northern
half of the wellfield. In preparation for the beginning of ground water restoration, the
pumps were moved to different wells in the C8 and C3 pattern groups towards the
end of the current reporting period. This was to prevent undesirable migration of
leaching fluids beyond the pattern areas at the increased flow rates and to also pump
undiluted production fluids.

Reverse Osmosis

RO Unit 43 is planned to be constructed in late 1997 for operation early in 1998. In
Section 3.1, the effectiveness of RO permeate circulation in improving ground water
quality in the A-Wellfield was discussed. The impact of the same activity in the B-
Wellfield will be closely monitored and, if the same response is observed, PRI wiil
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propose a revision to the approved permit application so that injection of RO
permeate can begin in the C-Wellfield at an earlier stage. Only minimal pumping of
ground water sweep fluids will be recommended to maintain control of potentiometric
surface gradients..

Additional Restoration Wells

During the current reporting period, a total of 10 new trial CR wells were installed
which will be used to define the extent of the impacted ground water and to assist
with its restoration in the 50-sand aquifer. The location of these wells is shown on
Figure 3-18. The wells will be used for both pumping and injection of RO permeate
in conjunction with the existing pattern wells.

Hydrogen Sulfide Reductant Injection Test

During 1995 and 1996, an experimental pre-restoration reductant injection test was
conducted at the northern end of the C-Wellfield. One objective of this test was to
develop equipment and safety procedures for routine operation of the H2S injection
facility. Another objective was to observe the reaction of injected H,S with undiluted
production fluids prior to any ground water restoration treatment and the effect, if
any, on residual dissolved uranium and selenium concentrations. The experiment
involved closed-loop circulation of ground water containing dissolved HS gas in the
Cl pattern area using five patterns at a time. Approximately 20,500 lbs of H2S was
injected into a total of 10 patterns over a period of 10 months, although most of this
reductant was injected into patterns CP-1 to CP-5. Fluid containing dissolved
reductant was injected into the comer injection wells and pumped from thecentral
production wells, in the same configuration as used during wellfield production.
Samples were collected from the pumping wells at regular intervals during the
experiment and on several occasions since the injection of HS was discontinued.
Some of these samples were collected during the current reporting period. The
samples were for analyzed for selected parameters which may have indicated changes
in redox potential or breakthrough of reductant.

The sample data from wells CP-I through CP-5 have provided the most consistent
results from the experiment. As an example, a graph (Figure 3-19).of the measured
parameters from one of the pumping wells, CP-5, has been included with this report.
Graphs for wells CP-1 through CP-4 show similar features. It can be seen that the
uranium concentration at well CP-5 was reduced from nearly 40 mg/I to 13 mg/I
during the injectionphase of the experiment. A further reduction to below 2 mg/I
occurred several months after injection was discontinued, then the concentration
increased again to nearly 6 mg/l. It cannot be concluded unequivocally that all of the
reduction in uranium concentration was a result of the injection of reductant. Some
of the changes may have been a consequence of recirculation of the ground water.
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Of the remaining curves on Figure 3-19, only the oxidation-reduction potential (ORP)
readings show a declining trend which matches that of the uranium. There was no
evidence of reductant breakthrough from the sulfate, pH or selenium data, although
selenium concentrations were low at this well before the experiment began. Selenium
curves for some of the other recovery wells do show evidence of decreasing
concentrations, despite the complications caused by "noise" from the analytical error.
Well CP-5 is also well CMP-9 and was sampled recently and analyzed for Guideline-8
parameters. The uranium and selenium concentrations in these results were essentially
unchanged at 3.3 and 0.006 mg/I respectively.

From an operational standpoint, the experiment suffered from persistent screen
plugging of the injection wells. This is now thought to have been caused by formation
of pyrite solids when the HS gas reacted with dissolved iron and particulate iron oxy-
hydroxides which were probably contained in fluid flowing from the pumping wells.
The consumption of reductant by the undiluted leaching fluids was also thought to be
excessive and probably contributed to the absence of breakthrough at the pumping
wells. The experiment is not yet complete, however, because trace elements may
precipitate in the reduced formation within the C I area as fluids are drawn through
it during normal ground water restoration activities. Sampling for the same
parameters will continue when restoration begins.

50-Sand Water Levels

Water levels will be measured in all peripheral monitor wells and MP wells in the C-
Wellfield every 2 months, starting in August 1997. Once a year, water levels are also
measured in a selected number of injection or production wells throughout the
wellfield on a date which coincides with one of the bimonthly measurements of the
monitor well water levels. These data are used to compile a contour map representing
the potentiometric surface for the weilfield on that date. Figure 3-20 of this report
is a contoured potentiometric surface map of the C-Wellfield measured on August 4,
1997, after the relocation of the two ground water sweep pumping wells. The data
has been supplemented by water level measurements taken in the nearest E-Wellfield
perimeter monitor wells to indicate the continuity of the potentiometric surface. The
contours indicate that a cone of depression exists around these pumping wells. It is
connected to a shallower trough of depression which extends through the southern
half of the C-Wellfield and into the E-Wellfield, which is contiguous and is permitted
in the same aquifer.

Ground Water Quality in the 50-Sand

Bi-Monthlv MP Well Sampling

MP wells are completed in the production zone and were sampled prior to leaching
to establish baseline water quality conditions and target restoration values. Sampling
of MP wells is suspended while welifields are in production and then resumed once
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ground water restoration begins. Routine sampling of the CMP wells will start in
August 1997, two months after the first post-mining Guideline-8 samples were
collected. These water quality data will be included in future Quarterly Reports.
Contoured iso-concentration maps will be prepared for sections of the wellfield from
these and other data throughout the next reporting period and included with the 1998
Annual Report.

Annual Guideline-8 Samplin.

Section RP4 of the approved permit application commits PRI to sample MP wells for
the Guideline-8 parameters to characterize an "end of injection" water quality average
and thereafter at the end of "each year's active restoration period". The "end of
injection" samples were collected from the CMP wells during a period from June 10
to June 26, 1997. The results are included with this report as Appendix 3E, with
averaged selected parameters summarized on Table 3-3. Data for only 17 of the 20
CMP wells are included, as the wellheads of wells CMP-3, CMP-5 and CMP-l 3 have
been damaged and require repair before they can be sampled. The absence of data for
these three wells is unlikely to make any significant difference to the 1997 averages
for the selected water quality parameters or to the conclusions derived therefrom.
The averages summarized in Table 3-3 will be updated with the missing data after the
wells have been sampled and the revised values reported in the next Annual Report
to the WDEQ.

A review of Table 3-3 shows that the ground water quality in the C-Wellfield pattern
areas is typical of undiluted wellfield leaching fluids. When compared to the "end of
injection" averages for major ions from the A- and B-Wellfields, the sulfate and TDS
concentrations are a little higher, but the chloride, and bicarbonate concentrations, and
the conductivity levels are slightly lower. Among the trace element averages, uranium
is similar to the B-Wellfield but lower than the A-Wellfield, while radium is higher
than the B-Wellfield and lower than the A-Wellfield. The average concentration of
selenium in the C-Wellfield is significantly higher than both but is biased by the single
sample at the high end of the concentration range, which is from 0.006 to 14.4 mg/l.
The latter value is from a suspect sample and a duplicate will be taken to confirm it.

Underground Mine Workings

During 1991 it was determined that production fluids from the 50-sand aquifer within
the C-Wellfield had entered the abandoned underground workings below. This was
not unexpected, as the workings and the C-Wellfield production zone are connected
by raises and fan drilling at several locations. The workings also extend to the 40-
sand production zone in the D-Wellfield. In November 1992. the WDEQ approved
a permit revision to include the workings in the C-Wellfield production zone.
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Additional wells were installed to monitor the potential movement of production
fluids within and surrounding the workings. As described in Section RP 4 of the
approved permit application, this group of II monitor wells (CMU- 1, CMU-2, CMU-
3, CMU-12, CMU-13, CRMW-1 through CRMW-6) are to be sampled during the
restoration and stability periods to assess the progress of ground water restoration in
the underground workings. Sampling of these wells will begin in August 1997 and
the results will be included in the Quarterly Reports.

3.3.1 Ground Water Restoration Plans for 1997-1998

Ground water sweep pumping will continue throughout the next reporting period.
During the second half of 1997 additional ground water sweep wells will operated in
the northern half of the C-Wellfield in areas with the highest conductivity water. The
combined bleed rate is unlikely to exceed 30 gpm. Construction of RO Unit #3 will'
begin in September 1997, when RO Unit #2 is completely operational and all the
recent design changes have been finalized. The capacity of this unit will be 125 gpm
of permeate. Repair and upgrading of wellfield surface facilities and electrical power

will continue throughout the remainder of 1997 and the early part of 1998. Minor
modifications will also be made to the pipelines to Satellite 2 to enable the
restorations flows to be treated in conjunction with the production stream.

Injection of permeate from RO Unit #3 is expected to begin in the Spring of 1998,
probably starting with the C1/C2/C3/C5 pattern groups and using the CR wells to
help treat leaching fluids beyond the pattern area. Injection and pumping wells will
be configured in "megapattems"; i.e. multiples of regular mining patterns. Installation
of additional CR wells may be required to assist with the* ground water restoration
activities and a number of existing pattern wells may also require recompletion of
screened intervals to improve flow rates.

4.0 RECLAMATION ACTIVITIES

4.1 Seeding of Disturbed Areas

Reclamation activities during the report period consisted of seeding approximately 36
acres within the F-Wellfield during the Spring of 1997. Plates IC and ID show the
areas in the F-Wellfield which were seeded. Approximately 11,800 linear feet (4.1
acres) of decommissioned wellfield access roads in the C, D, E and F - Wellfields
were also seeded during the Spring of 1997. Thirty-eight (38) topsoil stockpiles, most
of which were associated with wellfield access road construction, were also seeded
at the same time. All seeding activities used the approved permanent seed mix, as

follows:
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TABLE 3-1

A-WELLFIELD
SELECTED MEAN WATER QUALITY CHARACTERISTICS AT

WELLS MP-1 THROUGH MP-5
(mg/I unless noted)

...COND.
S D (nmoscn S6e. U3O0 Ra(pCi/1)

July 1991

July 1992

July 1993

uly 1994

July 1995

July 1996
(MP2-MP5)

July 1997

720

817

782

487

407

394

381

341

265

100

92

50

213

209

182

65

43

7

1507

1564

1399

687

570

358

2390

1926

1997

1077

879

556

1.00

0.84

0.66

0.46

0.51

0.33

0.36

47

53

50

22

21

4

3286

2550

2877

2235

1678

1439

1057259 41 4 319 471 3- L ________ L ________ L - I ______________ _________ ________ ___________

Baseline

Class of Use
Domestic

Class of Use
Livestock

215

NA

NA

91

250

3000

4

250

2000

330

500

5000

525

NA

NA

<0.001

.05

.05

.05

5

5

675

5

5
__________ .1. J .~ __________ .L _________________ ___________ _________________________



TABLE 3-2

B-WELLFIELD
SELECTED MEAN WATER QUALITY CHARACTERISTICS AT

WELLS MP-l I THROUGH MP-31
(mg/l unless noted)

COND.
cl TDS XVtrnhos/ rn)

so U 0 Ra(pCi/)
........ ..

July 1991

July 1992

July 1993

0 uly 1994

July 1995

July 1996

July 1997

824

802

720

633

595

534

561

402

346

270

292

229

215

208

232

201

165

146

109

91

94

1672

1559

1331

1212

1035

941

981

2580

2010

1901

1773

1602

1388

1365

0.81

0.48

0.79

1.17

.58

.69

0.37

26

37

29

22

19

19

17.5

1478

1571

1203

1515

1222

951

1060

Baseline 210 117 5 355 574 <0.001 .07 313

Class of Use NA 250 250 500 NA .05 5 5
Domestic

Class of Use NA' 3000 2000 5000 NA .05 5 5
Livestock 1 _ _ 1 ,

LAND OtJrjj.JyD1VjI3Io
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TABLE 3-3

C-WELLFIELD
SELECTED MEAN WATER QUALITY CHARACTERISTICS AT

WELLS CMP-I THROUGH CMP-20
(mg/l unless noted)

1 1 Cond
YerHCO 3  SO 4 jCI TDS (imimhos/cmn) jS' 3 8  R~~f)

July 1997 628 627 199 1995 2343 2.56 25 2261

Baseline 203 210 5 492 721 .02 2.16 703
(CMPI-CMP32)

,lass of Use NA 250 250 500 NA .05 5 5
)omestic)

FClass of Use NA 3000 2000 5000 NA .05 5 5(Livestock)

3A c-
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TABLE 7-1

SATELLITE NO. 1 LAND APPLICATION FACILITY

IRRIGATION FLUID COMPOSITE DATA

01-May-96 1-Jul-96 12-Sep-96 Irrigator did Irrigator ald 12-Mar-9B 03-Apr47 07.May.-? 03-Jun-9?

IRRIGATION TO TO TO not Operate In not Operate In TO TO TO TO

CYCLE 1D-Ml.9 i- -L.p-9jk i2 January 1997 February 1997 21ilarfl 06hMay-97 02ýJunfl 02-i&1Z

VOLUME (AF) 27.3 30.6 14.2 0 0 2.8 1.7 10.2 15.1

MAJOR IONS (mg/I)

DET.LIMIT
Ca 1.0 175 203 230 173 171 164 171
Mg 1.0 46 53 56 43.4 42.9 44.7 45.2
Na 1.0 92 100 117 90.1 93 94 95.1
K 1.0 14.8 16.9 18.3 12.9 12.6 12.7 13.1
HC03 0.1 137 126 51.7 232 154 151 134

S04 1.0 505 594 641 364 340 353 329
C I 1.0 286 362 372 272 283 327 309
TDS @ 180 C 1.0 1240 1340 1540 1187 1220 1190 1230

pH (units) 0.10 7.24 7.04 7.27 7.97 8.08 7.92 7.69
SAR 2.26 2.28 1.79 1.58 3.02 1.67 1.67

TRACE METALS (mg/f)

_ As 0.001 0.004 <0.001 0.005 0.002 0.001 0.011 <0.001
Ba 0.10 <0.10 <0.10 <0.10 0.10 0.12 <0.10 <0.10
E3 0.10 <0.10 0.10 0.10 <0.10 <0.10 <0.10 <0.10

Se 0.001 0.610 0.580 0.524 0.585 0.449 0.418 0.407

RADIONUCLIDES

U-NAT (mg/I) 0.0003 1.323 1.346 1.020 0.449 0.413 0.338 0.323
Ra226 (pCi/I) 0.2 0.8 0.9 0.9 1.2 9.2 0.8 1.1

Ra ERR. EST. +/- 0.3 0.2 0.2 0.2 0.5 0.2 0.2
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TABLE 7-2

SATELLITE NO. 2 LAND APPLICATION FACILITY
IRRIGATION FLUID COMPOSITE DATA

IRRIGATION

CYCLE

14-&I.y-J6

TO

02zJt.9g

03-JL-46

TO

31-iA.9

01-Aug-96

TO

10O3*P.96

TO

hllatot did bflgatof Cod br~alor dId "at~or did W98g or did Ir¶14of did TIr~gd at did "Valor did

1101 OP"N"O In 1101 OP~r.l 01 r14( OP"'aG In Mot4 OPerls In not OPwrN. In W1 OPMN.l In not4 Operate In rout Oprm.t in

VOLUME (AF) 36.1 38.5 28.1 16.2

MAJOR IONS (mg/I)
DETLIMIT

Ca 1.0
mg 1.0
Na 1.
K 1.0
HCO3 0.1
S0, 1.0

CI 1.0
TDS @ 180 C 1.0

pH (units) 0.10
SAR

TRACE METALS (rngi1)

277
79

74.3
18.1
118
704

292
1719
7.95

1.43

271
86
86

21.2
173
632

317
1596

7.87

1.64

305
101
88

22.7
121
743
387

1849

8.04
1.57

0.002
<0.10
0.17

0.713

390
101

80.5
22.2
405
731

330
2080

7.79

0.94

As

,(3

10
cRADIONUCLIDES

J--:NAT (mg/I)
:ta226 (pCi/I)
.pa ERR EST. */-

01

EllI

0.001
010
0.10

0.001

<0.001
<0,10
0 12
1.145

0.002
<0.10
<0.10
0.760

1 066

0.9
0.3

0.063
<0.10
0.15
2.25

00003 1 231
02 06

03

1.540 0239
1.0 09
0.3 02



TABLE 7-5

LAND APPLICATION FACILITY- SATELLITE NO. 1
ANNUAL SOIL WATER DATA-1996

SAMPLE SITE: NW 1/4-6' NW 1/4-4' NW 1/4-2'

NE 1/4-6' SW 1/4-4' NE 1/4-2'
SE 1/4-6' SE 1/4-4' SW 1/4-2'
Composite Composite SE 1/4-2"

Composite

Sample Date: 11-Jun-96 11-Jun-96 11-Jun-96

MAJOR IONS (mg/I): DET. LIMIT
HCO3 0.10 543 354 165
S04 1.0 2214 908 557
CI 1.0 1567 401 293
Cond (umho/cm) 1.0 7758 3227 2277
pH (units) 0.1 7.95 8.05 8.07

TRACE METALS (mgYI):
B 0.10 0.39 0.27 0.17
Se 0.001 0.766 0.255 0.132

RADIOMETRIC
U-Nat: (mg/I) 0.0003 0.336 0.085 0.047
Ra226: (pCi/I) 0.2 7.3 14.0 82.3
Ra ERR. EST. +/- 1.0 1.7 3.8

1, 1ý f.-4 F 0 b. k- . Y I
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TABLE 7-6

LAND APPLICATION FACILITY - SATELLITE NO. 1
ANNUAL SOIL WATER DATA- 1997.

SAMPLE SITE:

Sample Date:

MAJOR IONS (mg/I):
HCO3
S04
CI
Cond (umho/cm)
pH (units)

NW 1/4-6'

NE 1/4-6'
SE 1/4-6'
SW 1/4-6'

Composite

19-Jun-97

NW 1/4-4'

NE 1/4-4'
SE 114-4'
SW 1/4-4'

Composite

19-Jun-97

NW 1/4-2'

NE 1/4-2'

SE 1/4-2'
SW 1/4-2'

Composite

19-Jun-97

DET. LIMIT
0.10
1.0

1.0
1.0

0.1

0.10

0.001

0.0003

0.2

TRACE METALS (mg/I):
B
Se

RADIOMETRIC
U-Nat: (mg/I)
Ra226: (pCi/I)
Ra ERR. EST. +/-

570

1884
1620

7710

8.01

0.43

0.430

0.257
1.6

0.2

334

757
415

3150

8.04

0.26

0,049

0.038
<0.2
NA

184

635

221

2480

7.95

0.18

0.025

0.022

1.6

0.2

LAND QUALITY tDvusgi

RIECEIVED SEP 1
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FIGURE 3-19. HYDROGEN SWFIDE INJECTION T F- WELL CP-5
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FIGURE 5-1
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URI, INC.
(A Subsidiary of Uranium Resources, Inc.)

12377 Merit Drive
5656 South Staples Suite 750, LB 14 Rosita Plant

Suite 250. LB 8 Dallas, Texas 75251 HCO1, Box 50
Corpus Christi. TX 78411 Telephone (214) 934-7777 San Diego, Texas 78384
Telephone (5T2) 993-7731 Telecopy (214) 934-7779 Telephone: (512) 279-3342
Telecopy (512) 993-5744 TWX 910-867-4701 Telecopy: (512) 279-3343

MP .CAL E LK,•HER

TEY"AS WATER CCMrISS.CN
p E;, " 13037

•(;.P 1m' v. , L " ., 7 -C '

AU:TIN. .TE>:7AS 7`7, 1 -30.7

R " E : "E CUR.S C:N 0ON M C 3: Ti_, R 14! E- L L ,

DEAR MR. VOHLER:

As PER'YOUR CONVERSATION WITH MR. MARK PELTZZA, THIS IS A

LETTER OF CONFORMATION ON AS EXCURSION WHICH WAS DETECTED FOR THE

FIRST TIMIE ON%- APRIL 1, 1992 'URING OUR ROUTINE BI-WEEK'LY SAMPLING

O'F OUR M ONIT.,'OR WELL RING. SINCE THAT TIME WE HAVE BEEN SAMPLING

DAIL", T CONFIRM THE EV.CURSIT..;.. A.' INDICATIONS AT THIS TIME SHOW

AN EYCURSION HAS OCCURRED ON MODNITOR WELL #13. SAMPLING IS

CONDUCTED ACCORDING• TO STANDARD OPERATING PROCEDURES OUTLINED IN

.,1'S "STANDARD OPERATING PF-..:;..,_ES MANUAL AS SPECIFIED BY THE

TWC (CoP'Y ENCLOSED).-

ENCLOSED PLEASE FIN.,D A HISTORY OF THE FLUID DUALITY ON M.4 #12

SAM. =LING =EGAN. THIE PARAF.M-ETERS WERE ESTABLISHED ACCORDING

TrANDARDS SET E-'- 74r, PER%-;IT # UR02880-0i1I SECTION VTI.

SPECIAL PROVISIONS, SUE-PART A " CONTROL. PARAMETER-S AND UPPER
LIMITS" (BASELINE READINGS ATT7CHED) . THE CONTROL PARAMETER -UPPER

LIMITS FOR M1ONI, TOR WELL IN_. A. C,,1NTROL ZONE ARE:

CONTROL PARAMETERS AND UPPER LIMITS

CONDUCTIVITY (4UH,:) 4988
URANIUM4 (MG!L) 6.20
CHLORIDE (MG/L) 1 296

HISTORY CF THE FLUID O.UALITY .- MW #18 (ATTACHED) BEGAN 9/11/90 AT

TI?4E O= 3TART-UP FOR THE PLANT. SINCE THEN SAMPLES HAVE BEEN

TAKEN E-I -,'"t..;- " 'E-'_L YT. CO T DUC IIT. Y TO DATE HAS NOT EXCE=DED THE

CONTROL PARAMETERS. CHLORIDE READINGS HAVE STAYED UNDER CONTROL

PARAM!ETERS TO DATE. URANIUM .HOWS READINGS OF e1 FROM'- START-UP TO

2 /1/9 . AN INCREASE IN THE URANIUM BEGAN TO SHOW ON MARCH 25,

19e2 WITH THE FIRST READING INDICATING A SIGNIFICANT INCREASE OF

VOLUME OF JRANIU'M GOING FROM -. 1 TO 4.300. CONTINUED SAMPLING
INDI fCATED AN EXCURSION ON 4/,/,2 WITH A READING OF 12.7 MG,/L. A
V\ER I-FY'IN G ANALYSIS 2N .4/_D2 SH-:WED A READING OF 1 .5 M1CG/L

C,.ONFIRMING3 AN E:"CYR::;- A.ND OR=R=CTIVE .ACTION W",• 'ATA,



(A URI, INC.
(A Subsidiary of Uranium Resources, Inc.)

12377 Merit Drive
5656 South Staples Suite 750, LB 14 Rosita Plant

Suite 250, LB 8 Dallas, Texas 75251 HCO1. Box 50
Corpus Christi, TX 78411 Telephone (214) 934-7777 San Diego, Texas 78384

Telephone (512) 993-7731 Telecopy (214) 934-7779 Telephone: (512) 279-3342
Telecopy (512) 993:5744 TWX 910-867-4701 Telecopy: (512) 279-3343

CORRECTIVE ACTION

fJ-RING PLANT T.A-.:2-EY' TIME, A CONTITNUOUS BLEED WILL EE

UTILIZED TO M.'-INTA:N A C.NE OF DEPRESSION I, THE WELLFIELD. FOR

THE DURi,.ATI,,. 0,F THE ELE'ATED URANIU.M LEVELS ITN A MW #II, THE

MA.jOF:TT':" OýF THE 2E W..f ,- --R k.'JILL EE PRODUCE FPROMP THE PROr'JCTION

wELLS NEAREST TO #!!. ! _#12 ONCE THE CHEM.ICAL PARAMETERS APE REDUCED,

TO SATISFACTO',R( LEV'ELS, T-HEE BLEED WILL BE REDUCED IN RATE, BUT

:'-.17,', TA_,:NE: FOR THE -JURAr e',l OF THE PLANT STAND-BY TIME. -THIS WILL-

ENSUE A CONSTANT C:N:;NE C2 DEPRESSION IN THE AREA AND SERVE TO PULL

BACY< TO THE WELLFIELD AN"," LEACH SQLUTIONS IN THE VICINITY OF MW'Im
#.f 1 S"

IF ELEVAT.E .:.N.U,, CONCENTRATIONS CONTINUE FOR LONGER THAN

ANTICIPATED '~PE .... LAT:: .CEE-WT TAý.EN TO CLEAN UP THE

WATER CHEMISTRY N.",

THANK YODU FOR Y;'UR 1TTENTION TO THIS MATTER AND IF THERE IS
".--U.RTHER NCR.,AT , ",U MAY .:EjTE,T WILL BE GLAD TO FORWARD

IT TO- YOU. ,LLO--J - ON A M*C',THL' BASIS WILL BE SUBMITTED
- Y'OUR AGEC"" .:CTATEr'D B'," TH- TAC 3! .35 (F) WITH A COMPLETE

LAS ANALYSSIS FRr-JCRDA-j LABORATORIES TO BE DONE EVERY TWO WEEK'-':S.

-,,_. . LA,.£ AN.AL,"YST WL L EE DONE O'N THE MONITOR WELL O" A

7 - S C _T .',EE-- . AD' H,-'LTA S) TO INSURE CORRECTIVE

ACTION IS EFFECTIVE. A WATER SAMPLE WAS BROUGHT IN, THIS

M-N.IN' .. .- WHI'S SHOWED UIRANIUM BACK- DOWN TO 5.62 -IG/L

WHICH.IS BELO1W 0L P.PE. CONT NTROL LI1T -:_'P AGENCY WILL BE ,EPT

ZNCjFC.RME ON THE F-r:TIER =-'R.OGRES5 OF THIS CORRE:TIVE ACTION.

SINCEREL :.

nL ~E %NJNELLE CANALES
.S,0/1'1 M ,)HA INSTRUCTOR

C":- a",'=•" t"• T -7 A

E'.4VIFRD'.JMIENTAL MANA..AGE R

PHILIP E . $-;S•-V._ . . , CHIE=
TEŽ;AS DEPARTMENT OF H-E=_ALT,-
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THE
NAVAJO
NATION
P.O. BOX 308 . WINDOW ROCK. ARIZONA 86515 0 f602) 871-4941

. (602~ 871-4941

PETERSON ZAH
PRESIDENT

MEMORANDUM

Date: 22 December 1994

MARSHALL PLUMMER
VICE PRESIDENT

To: Boy !!dystedt, Envir ental Specialist II

Fo:Navajo
Fr i ...

Julii urtiss, R 'a on Specialist II
Suprfund Program, Navajo EPA

RECEIVED
DEC 29 1994

NAVAJO ErV1R3;MDJTALPRiOIl01514h AW-1;L

Re: Comments on the draft EIS for HRI's Crownpoint Uranium Solution Mining Project

The attached comments are submitted on behalf of the Navajo Superfund Program on HRI's
proposed in situ uranium mining project. The comments are arranged by document section
as much as possible.

Please contact me with any questions or concerns.

Attached: 4 pages

xc: Diana Malone, Director, NSP
Sadie Hoskie, Director, NNEPA (w/o attch.)



Comments on the Draft Environmental Impact Statement,
Crownpoint Uranium Solution Mining Proiect (NRC Doc. NUREC-1508)

December 1995

General Comments

Figure 1.1: The map does not accurately reflect the external Navajo Nation boundary. Since
the project areas are actually within the external contiguous boundary of the Navajo Nation,
this should be changed.

Section 1.3: The responsibilities of the Navajo Nation Environmental Protection Agency are
not mentioned; neither are any of the permitting requirements of the Navajo Nation. These
should be more clearly delineated, as the Navajo Nation fully intends to exert any and all
jurisdiction appropriate during the project.

Section 2.3.1: No pilot testing is intended at any of the sites. A pilot test, using a tracer such
las sodium would be appropriate at all sites after the initial well installation. This would
serve to further confirm the results of the pump testing, and would also confirm that such a
recovery system would function.

Figure 2.1: Are the mine units supposed to be mined sequentially? This should be indicated
on the figure.

Section 2.3.2.1: What is a "line drive pattern"? A diagram of this should be included in
Figure 2.3, and should include a flow diagram for the pattern. 'Wells not passing integrity
tests will commonly be reworked..." Please define the term "reworked" and what will be
involved. If a shutdown is necessary during freezing weather, can the lines be drained to
prevent freezing?

Section 2.3.2.4: The process for extracting radium and other trace metals from the barren
solution is not addressed in this section or in Figure 2.7. Reinjecting these elements into the
aquifer seems to serve no purpose in uranium extraction; not reinjecting them would speed'
up the aquifer restoration.

Section 2.3.3.3: During decommissioning, would the soil under the pond liners be sampled?
Leak detection systems are not foolproof, and some undetected contamination could take
place. This is especially critical if the land is to be returned to unrestricted or grazing use.

Section 2.3.4.3: Does Figure 2.9 accurately reflect the waste water flow? This section and
Section 4.1.1 state that through reverse osmosis the contaminants are concentrated in one-
third of the water (brine), and two-thirds are purified. However, Figure 2.9 shows a 200 gpm
stream divided into a 160 gpm brine stream and a 40 gpm purified permeate stream. Which
is correct?

Section 2.4.3: It is suggested that the reclamation plan be reviewed by the BLM and BIA as
well as the NRC; and that all agencies be encouraged to involve the Navajo Nation and the
New Mexico Environment Department in the review process.

Section 3.3.3.2: What marker will be used for the base of the Westwater Canyon? The
Recapture intertongues with the Cow Springs and with the Westwater Canyon to the east of

lHR1..E1S.COMl(12/15/951/jmc



the Churchrock project area, and dies out 1.5 miles west under Section 13. All wells must be
carefully logged to determine whether the Recapture provides a lower aquitard for the
Westwater. Fence diagrams should be constructed showing the relationship between the
units. Pump testing should also be considered in areas where the Westwater appears to rest
directly on the Cow.Springs, to determine whether the Cow Springs is in hydraulic
communication with the Westwater.

Section 3.3.3.3: While the faults observed in the project area may not allow communication
between separate units, is there sufficient geologic and/or geophysical evidence to show that
the faults will not create preferential flow patterns and/or allow leakage outside the well
patterns in the project area? Was the pump test that is discussed in Section 3.4.1 conducted
in the area of the faults in Sections 24, 19, and 29? If so, what were the results?

Figure 3.9: This potentiometric surface figure only covers a portion of the Crownpoint lease
area, and does not include any of the Unit I lease area. It is much too limited in scope, and
should be expanded. Until this is done, it is difficult to evaluate the potential impacts to the
municipal supply wells shown in Figure 3.10.

Figure 4.2: Figure 2.2 shows that areas in both the Unit 1 and the Crownpoint lease areas
will be developed during the initial five years; however, Figure 4.2 does not show the
anticipated drawdown in the Unit 1 area. As with Figure 3.9, this figure is much too limited
in its scope.

Section 4.1.4.5: This section states that the problems with molybdenum concentrations during
the Section 9 pilot test will not be repeated during the HRI project due to lack of
molybdenum in the affected ore zones. However, neither this section or Section 3.3.3 contain
data about the whole-rock chemistry, nor do they describe the suite of minerals associated
with the uranium ore bodies. Squyres (1980) indicates that jordisite (MoS%) bodies commonly
accompany uranium ore bodies throughout the Grants uranium belt; without data to the
contrary, it must be presumed that jordisite occurs with the Churchrock and the Crownpoint
ore bodies.

In addition, due to the arkosic nature of the sandstone (Section 3.3.1), clays will be formed as
feldspars are degraded. These clays will then assimilate various constituents in the water
during the mining process, which will be released at a later time (Osiensky and Williams,
1980).

Fig~ure 4.4: This figure does not show the prevailing wind direction.

Section 4.5.1.1: This section states that "the applicant would be required to report all
significant pipe breaks or ruptures." Please define "significant." Also, what are the Federal
standards for radionuclides in soil in unrestricted areas? Would all other contaminants, such
as sodium, chloride, and sulfate also be cleaned up to certain standards, or to background
levels?

Section 4.6.1.1: Why are there no monitoring wells below the Westwater within the
Recapture or the Cow Springs in the Churchrock project Larea? The Recapture member thins
to the west, eventually disappearing within 1.5 miles (Peterson, 1980). This could indicate an
interfingering relationship between the Recapture and the Westwater that would allow for
excursions to take place. The pregnant solution has a greater specific -r~uity than wa••r. -an
'would sink in areas where the lateral flow is not strong, or in stagnant zones.

IHRIE1S.COMJ[12/15/951/jrnc



What are the upper control limits for the excursion indicators? How will they be
established? Will the monitor wells be completed to the base of the Westwater? What
indicator is used for determining the base of the Westwater-how is the Recapture
differentiated from the numerous mudstone layers within the Westwater?

Section 4.6.2: How long after the completion of aquifer restoration will the monitoring
program continue? What are the contingency plans if a decrease in water quality is seen
after the completion of aquifer restoration?

Section 4.7.3.2: This section states that ground-water quality would be restored to baseline
conditions, according to the tests in Section 4.1.4. The attached figure graphically plots
background and restored water quality in the referenced tests for the major ions,
molybdenum, radium and uranium. From this graph, it becomes obvious that radium and
uranium are not restored to baseline conditions. This may be due to the short-term and
incomplete nature of the leaching process; but does indicate a problem.

Appendix D, p. D-3: The seventh license condition on this page states where baseline water
quality will be established; it does not state how baseline water quality will be established.

Appendix D. p. D-3: The tenth condition on this page states that monitor wells shall be
sampled twice per month. However, the main document states that monitoring shall be done
every two weeks. Which is correct?

Appendix D- There is no licensing condition describing when ground water restoration shall
begin with respect to cessation of mining operations within a mining unit. To prevent
excursions, restoration should begin immediately upon cessation of lixiviant injection.

References

Osiensky, J.L. and R.E. Williams, 1990, "Factors Affecting Efficient Aquifer Restoration at In
Situ Uranium Mine Sites," Ground Water Monitoring and Remediation, National Ground
Water Association, Spring 1990, p. 107-112.

Peterson, R.J., 1980, Geology of pre-Dakota uranium geochemical cell, Sec. 13, T16N, RI7W,
Church Rock Area, McKinley County, in Rautman, C.A., ed., Geologv and Mineral
Technology of the Grants Uranium Region 1979 New Mexico Bureau of Mines and
Mineral Resources, Memoir 38, p. 131-138.

Riese, A.C. and C.J. Popp, 1980, Application of solution-mineral equilibrium chemistry to
solution mining of uranium ores, in Rautman, C.A., ed., Geology and Mineral
Technology of the Grants Uranium Region 1979 New Mexico Bureau of Mines and
Mineral Resources, Memoir 38, p. 344-354.

Squyres, J.B., 1980, Origin and significance of organic matter in uranium deposits of Morrison
Formation, San Juan Basin, New Mexico, in Rautman, C.A., ed., Geology and Mineral
Technology of the Grants Uranium Region 1979 New Mexico Bureau of Mines and
Mineral Resources, Memoir 38, p. 86-97.
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.,'# THE NAVAJO NATION

-: , DEPARTMENT OF WATER RESOURCES MANAGEMENT
SP.O.Dra ,^r 140 * Fort Defiance, Arizona 86504 * (602) 729 - 4004

PETERSON ZAHJ MARSHALL PLUMMER
PAESID&NT VICE. PRESIDENr

M E M OR A N D U M:

TO: Peg Rogers, Staff Attorney
Natural Resources Unit, Department of Justice

FROM:
4ik Johnsn Hydrologist
Department of Water Resources Management

DATE: December 29, 1994

SUBJECT: Draft Environmental Impact Statement Concerning Hydro
Resources Inc.'s (HRI) Proposed Uranium Mining Venture

In response to your request, attached please find the
Department of Water Resources Management's comments on Nuclear
Regulatory Commission document 1508: Draft Environmental Impact
Statement to Construct and Operate the Crownpoint Uranium Solution
Mining Project Crownpoint, New Mexico (DEIS). The entire document
was reviewed; however in the understanding that the Navajo
Environmental Protection Administration was also reviewing the
DEIS, and in an attempt to avoid duplication, these comments were
limited to those sections of the document which specifically
concern water resources, principally within Section 3 (Affected
Environment) and Section 4 (Environmental Consequences, Monitoring,
and Mitigation).

In summary, based on a technical review of the material in the
DEIS and related documents it is the Department's opinion that the
DEIS does not adequately ad•dress environmental concerns regarding
the proposed activities, for reasons detailed in the attached
comments. The Department disagrees with the review group's
conclusion that the action called for on the basis of the
information presented in the DEIS is to issue HRI a combined Source
and Byproduct Material License and minerals operating leases for
the proposed activities.

I hope that this information is useful. If you have questions
regarding these comments or require further assistance on this
matter please contact me.

xc: Teresa Showa, Director DWRM



Department of Water Resources Management

COMMENTS ON NUCLEAR REGULATORY COMMISSION DRAFT ENVIRONMENTAL
IMPACT STATEMENT (DEIS) TO CONSTRUCT AND OPERATE THE CROWNPOINT
URANIUM SOLUTION MINING PROJECT
CROWNPOINT, NEW MEXICO

1.3 Federal and State Authorities and Responsibilities

This section should at least note that the Navajo Nation
exerts sovereign jurisdiction over its waters through the Navajo
Nation Water Code, 22 Navajo Tribal Code S§ 1101 et sea (1984),
which requires that all actions which may affect the waters of
the Navajo Nation may only be undertaken pursuant to approval of
a water use permit. The proposed action in this DEIS (uranium
solution mining at Church Rock and Crownpoint) is considered such
an action by the Navajo Nation Department of Water Resources
Management (Department), which would require the submission of
water use and well permit applications by HRI for both sites, and
would conduct extensive permit application review activities.

2.3 Details of the Applicant's Proposed Plan (Alternative 1)

2.3.1 Description of Facilities

It is stated in this section that HRI would begin mining on
a full production scale, while simultaneously conducting
demonstration restoration projects (page 2-3). It is the
Department's opinion that HRI should be required to demonstrate
aquifer restoration capabilities at a pilot scale before full
production activities at either site are initiated.

2.3.2 Principal Features and Procedures

2.3.2.1 Well Field Procedures and Equipment

The geometry of the ore body and surface topography are
listed as criteria for determining appropriate well field
patterns (page 2-6). Heterogeneity and isotropy of aquifer
hydraulic properties, and the geographic distribution of these
characteristics as determined from a more complete
characterization of the Westwater aquifer at both sites, should
also be used by the applicant as criteria for the determination
of appropriate well field patterns.

2.3.4 Waste Management and Effluent Control System

2.3.4.3 Waste Water Treatment

Although it is stated that, if classified as byproduct
material, waste materials generated by radium removal would be
transported to a licensed byproduct waste disposal facility
(pages 2-20 and 2-21), no such facility is identified, nor are
transportation methods or haul routes specified.



Comments on NRC/HRI DEIS
December 29, 1994
Page 2

3.3 Geology

3.3.1.1 Morrison Formation

Significant reinterpretation of the depositional environment
and history of the Morrison Formation, in particular the
Westwater Canyon Member, has occurred in the geological
literature in recent years (Turner-Peterson and others, 1986;
Cowan, 1991). Sedimentologic and stratigraphic work by Turner-
Peterson (1986), including detailed paleocurrent analysis, has
shown that the Westwater Canyon Member consists of a complex
sequence of vertically-stacked braided stream deposits, with
interbedded fine-grained units interpreted as overbank and
lacustrine deposits, contrasting with the simple alluvial fan
model cited in the DEIS (Galloway, 1980).

This reinterpretation of the Westwater Canyon Member has
been supported by the further work of Cowan (1991) in the
vicinity of the Church Rock site. Based on outcrops at the White
Cliffs and White Rock Mesa located approximately 3.5 miles south
of the Old Church Rock Mine site, Cowan (1991) determined that
the mudstone units in the Westwater are thicker and more
laterally continuous than previously thought, and that the
presence or absence of these units has exerted significant
control on groundwater flow in the Westwater. In addition, Cowan
(1991) determined that preferred post-depositional aquifer
conduits exist within the Westwater sandstone, within individual
sandstone sheets on a scale much smaller (approximately 15-30
feet thick) than that assumed in previous depositional models of
the formation. These conduits indicate that significant
heterogeneity of hydraulic properties exists within the
Westwater, complicating the assurance of horizontal control of
mining fluids and making the possibility of unforeseen excursions
of those fluids more likely.

The authors of the DEIS apparently did not consider these
important reinterpretations of the depositional history and
sedimentary architecture of the Morrison Formation in their
characterization of the geology of the affected environment.
Given that the pumping tests performed by HRI in the Church Rock
and Crownpoint areas may have been inadequate to fully
characterize the hydraulic properties of the Morrison and
adjacent formations, in particular the horizontal and vertical
distribution of these properties within the Westwater Canyon
Member, it is important that all geological evidence be used to
conceptualize the hydrogeology at both sites. In any case, it is
clear that not all of the available geological data and
interpretations regarding the Westwater Canyon Member were
evaluated in the preparation of the DEIS.
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3.3.3 Geology of the Proposed Mine Zones

3.3.3.1 Ore Occurrence

The description in this section of ore zones within the
Westwater Canyon Member notes that the distribution of these
zones indicates that varying rates of groundwater flow exist
within the formation, controlled by the distribution of
sedimentary facies in the Westwater Canyon Member. This has been
commented on both by Peterson (1980) for the Church Rock area,
and by Wentworth and others (1980) for the Crownpoint area. The
presence of such hydrogeologic heterogeneity must be considered
in the evaluation of the completeness and accuracy of the
characterization of the hydraulic properties of 'the Westwater
Canyon Member. The determination of effects of the proposed
activity depends on a thorough characterization of the hydraulic
properties of the Westwater and adjacent formations. It is
uncertain from the information presented in the DEIS that such
thoroughness has been achieved.

3.3.3.2 Church Rock

The research of available geological data for the proposed
Church Rock site was incomplete. Phelps and others (1986)
analyzed seismic data in the vicinity of the proposed Church Rock
site, but this data is not evaluated in the DEIS. Seven seismic
lines were run in the area, including one running northwest to
southeast through Sections 8, 9, 16, and 21 of T16N, R16W--
directly adjacent to the eastern edge of the proposed mine area.
Their interpretation of the seismic data shows the presence of at
least four high-angle normal faults in the area. The trace of

O the one northeast-southwest trending fault evident in their
seismic data coincides with Pipeline Canyon, indicating that the
"Pipeline Canyon fault" of Chapman and others (1976) and Peterson
(.1980) does indeed exist. Although Phelps and others (1986) show
this fault terminating several miles northeast of the proposed
mine zone, they do indicate three faults on the seismic line
located adjacent to the proposed mine zone, any of which could
possibly be an extension of the Pipeline Canyon fault.

The presence of these faults is important because they
influenced the deposition of the Westwater Canyon Member,
exerting significant control on the depositional geometry and
structure of the sandstone units in the Westwater (Phelps and
others, 1986), and because possible post-depositional movement on
these faults may have influenced fracturing in the Westwater
Canyon Member. All of these factors could influence groundwater
flow in the Westwater in the proposed mine zone and vicinity. In
any case, this information and its implications should have been

__ addressed in the DEIS.
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3.4 Ground-Water Hydrology

The maps showing the potentiometric surface in the Westwater
Canyon Sandstone at each site (Figs. 3.8 and 3.9) imply that
these represent actual groundwater gradients at each site, and
that these gradients are well-characterized, uniform and
essentially unidirectional at each site. In fact, these are
simulations produced by computer modelling based on assumptions
about the aquifer and adjacent formations (HRI, 1993). These
figures should be clearly identified as the result of such
simulations.

One of the modelling assumptions at the Crownpoint site is
that the underlying Recapture Member provides strict confinement
of the Westwater. However, because no underlying aquifers were
monitored during pump testing at this site, this assumption isS based solely on the lithology of the Recapture Member as
interpreted from well logs, and not on actual pump test data
(HRI, 1993).

Presumably the simulations of potentiometric surfaces
illustrated in Figures 3.8 and 3.9 are based on the monitoring
data from the points indicated on these maps as existing monitor
wells. If this is the case, the data are inadequate to support
these simulations. Only five such data points are indicated on
the map of the Church Rock site (Figure 3.8), and only six
(including NTUA-1) are shown on the map of the Crownpoint site
(Figure 3.9). The hydrologic conditions illustrated in these
figures served as the basis for calibration of the computer
modelling of drawdown following mining and restoration at both
sites (HRI, 1993), therefore the validity of this modelling and. its results are questionable. This is important because the
results of this modelling as presented in Section 4.1.2 served as
essentially the sole basis for the determination of the
hydrologic effects of the proposed action.

The pump tests conducted by HRI at both sites are
inadequately described, and quantitative results are not
summarized in the DEIS. The locations of the pumping well and
monitor wells at each site should be indicated on maps. At both
sites it is noted that HRI utilized only one pumping well. This
is problematic, given the size of the area proposed for mining at
each site, and the importance for mining, monitoring, and
restoration activities of detailed characterization of the
distribution of hydraulic properties within the Westwater
aquifer. This is particularly important at the Crownpoint site,
which involves a total (between the Unit 1 and Crownpoint units)
of approximately 480 hectares of ore reserves--corresponding to
an even greater area of aquifer which would be affected by mining
and restoration activities.
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3.4.1 Aquifer Hydraulic Properties Near Crownpoint

This section only discusses the hydraulic properties of the
Westwater Canyon Member in a qualitative sense, and provides none
of the data upon which conclusions regarding preferred fluid
migration paths were based. It is stated that "similar aquifer
properties exist in the mineralized zone within the zone of
influence of the test" (page 3-16), but the zone of influence of
the test is not stated, making it impossible to assess the
validity of applying the results of this test to the entire
proposed mine area. Nor is it stated precisely what is meant by
the "long-term results of monitoring" (page 3-16). The phrase
"long-term" should be quantified.

Given the possibility 'for significant internal heterogeneity
within the Westwater Canyon Member and the possibility that
preferred fluid migration paths may exist within the Westwater
aquifer itself, the adequacy of a single pumping test for the
determination of aquifer hydraulic properties and hydrodynamic
control for the entire Crownpoint site is doubtful. Because the
computer simulations of current hydrologic conditions, and of the
effects of the proposed mining and restoration activities, are
based on the results of this pumping test, careful and critical
evaluation of the adequacy of this test is crucial. In summary,
the adequacy of the single pumping test performed by HRI at the
Crownpoint site, and the thoroughness of the evaluation of this
testing in the DEIS, are questioned.

3.4.2 Aquifer Hydraulic Properties Near Church Rock

This section only discusses the hydraulic properties of the
Westwater Canyon Member in a qualitative sense, and provides none
of the data upon which conclusions regarding preferred fluid
migration paths were based. HRI's data collection and analysis
activities are described, but the source of the data is not
specifically cited.

Given the possibility-for significant internal heterogeneity
within the Westwater Canyon Member and the possibility that
preferred fluid migration paths may exist within the Westwater
aquifer itself, the adequacy of a single pumping test for the
determination of aquifer hydraulic properties and hydrodynamic
control for the entire Church Rock site is doubtful. Because the
computer simulations of current hydrologic conditions, and of the
effects of the proposed mining and restoration activities, are
based on the results of this pumping test, careful and critical
evaluation of the adequacy of this test is crucial. In summary,
the adequacy of the single pumping test performed by HRI at the
Church Rock site, and the thoroughness of the evaluation of this
testing in the DEIS, are questioned.
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3.4.3 Ground-Water Resources and Supply Network

The DEIS states on page 3-18 that the replacement of NTUA-1
would be subject to approval by BIA and NTUA. This neglects the
fact that the drilling of any replacement well, as well as the
shutting in or plugging and abandonment of any existing well,
within the territorial jurisdiction of the Navajo Nation would be
subject to permit approval by the Department.

4.1.2 Aquifer Hydraulics

No independent analysis of the aquifer modelling is
presented, despite the fact that the entire discussion in the
DEIS of the projected effects of the proposed mining and
restoration activities on groundwater conditions in the Westwater
aquifer at both sites is based entirely on the results of this
modelling. None of the data or assumptions used in the
"independent" modelling (performed by a contractor for HRI) are
presented or evaluated in the DEIS.

4.1.2.1 Church Rock

This section fails to note the projected effects of the
proposed on the nearest public water supply well (16T-586),
operated by the Navajo Water Development and Maintenance
Department, located approximately 2.7 miles northeast of the
proposed mine zone.

4.1.2.2 Crownpoint

The position of the simulated groundwater divide is
dependent upon the validity of the groundwater modelling. The
validity of this modelling is questioned based on comments in
other sections.

4.1.3 Ground-Water Quality

The statement that "[plumping from domestic water supply
wells completed in the Westwater Canyon must be suspended if they
are capable of altering lixiviant migration" (page 4-5) is based
on a faulty premise: that production of water from the Westwater
aquifer for domestic and municipal use would be of secondary
importance to the proposed solution mining operation. The
Department considers use of the Westwater aquifer for public
water supply to be of primary importance in the Crownpoint area,
where no other dependable, high-quality water supply is currently
available. Therefore the proposed solution mining should be
contingent upon absolutely no interference with or interruption
of the use of the Westwater aquifer for public water supply,
rather than the reverse.
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4.1.4 Aquifer Restoration Demonstrations

4.1.4.1 Core Leach Studies

The characterization of HRI's laboratory core leach test
procedures as "extremely conservative" is debatable. The
effective porosity and permeability of the in-situ ore-bearing
sandstone is almost certainly considerably less than that of the
disaggregated samples used in the leach tests. The conclusion
that uranium and radium concentrations remained elevated during
restoration due to the fact that the leach tests were not
conducted to "fully remove" the uranium from the rock is specious
given that it is unlikely that actual in-situ production would
fully remove uranium minerals from the rock either.

Also, it could be argued that the ability to both leach
uranium and successfully flush the sample should increase as a
result of sample crushing. The act of crushing the uranium-
bearing material would increase the surface area of that material
available for reaction with the lixiviant, therfore increasing
dissolution. Because the chemical reactions involved are
essentially surface-area dependent, the efficiency of both
leaching and flushing could be expected to be greater with a
disaggregated sample than with the intact-rock. The increased
permeability of the disaggregated sample over in-situ conditions
would also contribute to increased efficiency of leaching and
flushing in the laboratory sample. Therefore HRI's difficulties
achieving satisfactory restoration of uranium and radium in the
core leach tests are problematic and should not be so easily
dismissed in the DEIS, because in-situ conditions in the
Westwater aquifer are likely to be even less conducive to
efficient leaching of uranium during production, and flushing
during restoration.
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NOTED:

December 21, 1994

Peg Rogers, Navajo Nation Department of Jus

Cultural Re orce Compliance Section
Historic Preservation Department
Division of Natural Resources

Alan Downer, Department Director __

SUBJECT: DEIS, Crownpoint Uranium Solution Mining

Thanks for the tip on a response to the DEIS, So often we're not
kept in the loop on these things and we don't get the opportunity
to comment. our suggested language for the response is presented
here:

In Section 3.13 the DEIS mentions that the applicant will
"complete detailed pedestrian surveys of all well field
areas prior to construction." It should say that the
applicant "Will arrange for a detailed pedestrian survey,
identification of historic properties, and evaluation of
those properties' eligibility to the National Register of
Historic Places prior to any ground disturbing activity,
including but not limited to: well field development,
facilities construction, and access road improvement."

Regarding Traditional Cultural Properties (TCPS) the
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applicant "must (the DEIS says "would;" I don't know what
"would" means in this context) complete a Traditional
Cultural Properties inventory for the project's areas of
potential effect, and such surrounding areas that may
contain TCPs that might be affected by the undertaking").

The DEIS does not reference Navajo Tribal Code regarding
the protection of cultural resources until the very last
section. The final document must say that in all cases
the Navajo Nation Cultural Resources Protection Act (CMY-
19-88) will be followed. The FEIS should also say that
any Programmatic Agreement developed regarding the
treatment of Historic Properties will include the Navajo
Nation as a consulting party.

Section 3.13 should name the lead Federal Agency for
compliance with the National Historic Preservation Act
and specifically state that agency will consult with the
Navajo Nation Historic Preservation Department regarding
determinations of eligibility, effect and treatment.

Section 4.4.2 says Abundant cultural resources occur in
the proposed lease area, but Section 3.13 says that the
inventories did not result in any sites or cultural
resources identified as eligible to the national register
of historic places. The document must clarify this
apparent ambiguity. The determination of eligibility of
any sites on Navajo Land and any possibly Navajo Sites on
other jurisdictions must happen in consultation with the
NNHPD.

In Section 4.4.2 says the management plan is designed to
avoid all cultural resources within the lease area.
Since this section of the DEIS references indirect
effects, the management plan must also discuss effects to
properties located outside of the lease areas but in the
area of potential effect. This is particularly important
in regards to TCPs since they can be adversely effected
by physical, auditory and visual encroachment in areas
broader than conventional "site" boundaries.

Section 4.6.3.2 mentions a study of sacred/traditional
cultural properties in the lease areas. Any meaningful
study will incorporate the effects of the development on
possible sacred sites in the general area of the
development. Information regarding Sacred sites would
not be housed at the New Mexico State Archaeological
Records Center (NMCRS). Any confidential information
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regarding Navajo Sacred sites will be forwarded directly
and solely to the NNHPD.

The document does acknowledge the need for close coordination with
the NNHPD on many aspects of implementation of this project.
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December 22, 1994

or MEMORANDUM

TO: Peg Rogers, DOJ

FROM: Jim Walker, Navajo EPAI

SUBJECT: Comments on Draft EIS
Crownpoint Uranium ISL Mining Project

The following are my comments on the Draft EIS prepared by the
NRC:

1. The Westwater Canyon formation is described as fractured and
jointed with faults existing in or near the proposed mining
areas at the Crownpoint and Churchrock sites (page 3-9 to 3-
12). This raises the concern of possible leakage into
overlying and underlying aquifers through faults or fractures
extending through confining layers. Aquifer tests were
performed by HRI to evaluate the possibility of leakage
occurring during mining operations (page 3-16). HRI contends
that results were favorable. We question whether the tests
were of sufficient duration to be conclusive. The EIS accepts
HRI testing results as indicative of non-communication between
separate aquifers at both sites. In addition, the existence
of fractures and joints in the Westwater Canyon aquifer
complicates the ability of computer models to predict
groundwater flow patterns and directions during mining
operations. We believe that the possibility of significant
lateral and vertical excursions is much greater than indicated
in the EIS. Monitor well sampling and corrective actions when
excursions are detected are required, but we are not convinced
that all excursions can be detected and corrective actions
will be fully successful given the complex geology of the

AD Westwater Canyon aquifer.

2. Monitoring for excursions into underlying aquifers is not
proposed. Monitoring should be a requirement in our view and
can be required by Federal UIC regulations applicable to
Navajo lands. Pump tbsts conducted in the underlying Cow
Springs aquifer at Churchrock were limited to a single well
and the duration of the testing is not stated in the EIS (page
3-16, section 3.4.2). Short duration pump test results in a
single well are not applicable to the entire mining area, in
our view. No testing of underlying aquifers is reported in
the Crownpoint area (page 3-16, section 3.4.1). More
extensive testing and evaluation should be conducted before
mining operations are allowed to commence at either site. In
addition, testing should be conducted in the areas where
faults are known to exist.

3. HRI tested core samples of the aquitard materials and found
"sufficiently less permeability than the mineralized zone"



(page 3-16, section 3.4.2). Core sample testing for
permeability can be unrepresentative of the aquitard as a
whole, especially when the aquitard is fractured or penetrated
by faults as is the case here.

4. The screened interval in the older water supply wells that
supply Crownpoint includes aquifers in the overlying Dakota
and Gallup sandstones (page 3-16, section 3.4.3). These wells
provide potential conduits for migration of contaminants from
the Westwater Canyon to the overlying aquifers if mining is
allowed near these wells. The EIS should address this concern
and ensure that mining activity, if allowed, is limited to a
sufficient distance from these wells to preclude cross-
contamination of overlying aquifers.

5. The proposed replacement of NTUA-1 water supply well in
Crownpoint would require approval of the Navajo Nation EPA and
other Tribal departments in addition to NTUA and BIA (Page 3-
18, section 3.4.3). Furthermore, a UIC permit and aquifer
exemption approved by US EPA would be required because the
Westwater Canyon currently serves as a source of drinking
water from six wells in the Crownpoint area, five of which are
located on or near the HRI mineral leases.

6. The presence of abandoned underg'round mine workings at both
sites raises concerns about the ability to model and predict
groundwater flow patterns during mining operations (page 1-3,
section 1.1). The existing mine shafts and ventilation holes
at Churchrock and Crownpoint penetrate overlying aquifers that
might allow cross-flow between aquifers. Possible commingling
of lixiviant with ground water contained in overlying aquifers
introduces additional uncertainty and risk. These concerns
should be addressed in the EIS. Does HRI intend to close the
open shafts and ventilation holes before commencing
operations?

7. The possible existence of unplugged or improperly completed
boreholes in the mining areas presents the risk of vertical
migration of lixiviant into overlying or underlying aquifers
(page 4-24, section 4.5.3). Locating all such abandoned
boreholes can be difficult, and pre-operational testing is
limited in its ability to detect confinement throughout the
mining area. Additional testing and evaluation should be
conducted before commencement of mining operations, as
discussed in No. 2 above.

8. Maximum injection pressures are not specified in the EIS.
Fracture pressures of the Westwater Canyon formation and
confining layers should not be exceeded in the operation of
injection wells. This requirement will be a condition of any
UIC permit issued for the project.

9. Mechanical integrity testing standards as described in the EIS
differ somewhat from MIT standards applied by US EPA Region IX



for Class III injection wells. If a UIC permit is issued for
Class III injection wells on Navajo lands, MIT standards set
by EPA Region IX will be applied if more stringent than NRC
standards. Standards for injection well design, construction,
operating, monitoring, and reporting would also be controlled
by UIC regulations, which is affirmed in the EIS on page 2-6.

10. Injection wells that repeatedly fail MIT must be plugged and
abandoned in accordance with UIC regulations and requirements.
The EIS states that all such wells (including production and
monitoring wells that repeatedly fail MIT) must be plugged in
accordance with New Mexico State Engineer requirements(page 2-
22, section 2.4.2.1.). The frequency of mechanical integrity'
testing may be less than 5 years where an injection well has
only one layer of protection as is proposed in the HRI
application. In addition, injection wells that are reworked
in such a manner that could cause casing damage would require
mechanical integrity testing in accordance with UIC
requirements.

11. UIC regulations applicable to Navajo lands require aquifer
cleanup and monitoring as prescribed by the US EPA for
adequate protection of USDWs. Cleanup standards are set by
UIC permit conditions and concentrations of contaminants must
be as close as feasible to original conditions. Termination
of cleanup operations and plugging of injection wells is
subject to the approval of US EPA. The plugging and
abandonment plan for injection wells must also have prior
approval by US EPA.

12. HRI owns and/or operates four ISL uranium mining properties in
Texas. There is no discussion of the excursions that may have
occurred or the results of aquifer restoration at those sites.
Comparisons with conditions at the Crownpoint and Churchrock
sites would be useful in assessing the probability of success
in control of excursions and restoration at the at Crownpoint
and Churchrock. Discussion of relevant characteristics and
environmental impacts of other ISL operations comparable to
the proposed project should be included in the EIS.

13. Previous model studies- core leach studies, pilot projects,
and experimental studies discussed in the EIS raise some
doubts about the ability of proposed cleanup efforts to
achieve adequate aquifer restoration within a reasonable
period of time (page 4-5 to 4-9, section 4.1.4). If the
project is approved, we recommend limiting the project
initially to pilot studies in each of the three proposed
mining areas to evaluate uranium recovery and restoration
results in terms of achieving baseline conditions for all
contaminants.

cc: Sadie Hoskie, Director, Navajo Nation EPA
Jose Guiterrez, US EPA Region IX
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NAVAJO TRIBAL UTILITY AUTHORITY
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May 20, 1997 
'9

Mr. Joseph J. Holonich, Chief
Uraniam Rcovezy Branch
Divi'on of Waste agment, ONMS&S
U. S. Nuclear Regulatory Commission MS T - 7J9
Washington, D.C.20555-0001

RE: IFETS. WNON SOLUTIO0N MINING. NUEF.G-I1508

Dear Mr. Holonich.

This morming in Gallup, New Mexico, we met with Mesa= Walker, Lind, and Laxi-Gue=o
of Region NMae, EPA; associates of Southwest Research and Information C te=, the Navajo Nation,
New Mexico Law F'nn, Ct al., to review the FELS Docker No. 40-896S deewloped for the Cwwnpoint
urnium solutionmning projec

As the operafing public water supply ulity for de Qrwnpoint mca, we fed fe FEIS fai to
address the fate of the wte supplyissues for &h Cwwnpoint area during the micnn actvites. The
Crownpoint wels supply water for not only dt Crwnpoint area, but also.the Little Watr area the
Beceti area, the Dalton Pass area, and to all the individual families without water supply facilitics who
hadl wate to dwremote ranches. This could wdl enmpas an ame of several hundred square miles.
The FEIS mentions that the NTUA (and Bureau ofIndian Affaira) water wdls will be rdoated before
the mining process commences howeer, the report does not provide an analysis of the Cow Springs
aquifer - the proposed new source of supply - or a projection of the ability of that aquifer to meet the
qualtatiM and qumfitative needs of th system. Actually, the FEIS state in the first paragraph, Page 3-
25, that "little is available on this aquifer..." and 'The limited water quality data availabl arm
incoz i c-." Natury, you am able to apprecate our insecurby when you reaze that postily we will
need to depend on this formation for our future 20-to-30 year water supply. Also, we have not been
approadwd by HRI with a specific proposal regarding the relocation of our wcls. We have bee undr
the impression that HRI by now would haw devlopod a comprehesivec for the well
field replacement that would hav satisfied our needs.
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Wih dis kow-is a copy ofthe April 1,1997 cowespondeme to Mr. Chris Shucy, Dfirect of the
Souh•w Rmcaech and hftxmation Center in Albuquerque, New Mexico, cxpressing u Ml ccs.
We s= noopkfs in the in-situ ming proca, but would appreate knowing that our welfare is being
condered. How should we proceed firm here?

very t'ly your,

NAVAO TRBALAUTHORMT

Kaineth L- Oraig. Manager
OpeainsDiviio

KL.CCU/ad
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April 1, 1997

Mr. Chris Shut), Director
Southwest Research and Information Center
P.O. Box 4524
Albuquerque, New Mexico 87106

Re: CR0'N'POLNT TRA.NIL* MLN'ING

Dear Mr. Shucy.

With interest, we are following the ev-nts that have led up to the approval by the NRC of the in situ
mining operation which has been proposed by Hydro Resources, Inc., for the Churchrock and
Crowpoin ar We oprate several wells in the vicinity of Crownpoint - all of them completed in the
Westzraer - which is to our undertanding the formation which will be subjected to the leaching process
of oxygenated sodium bicarbonate.

We art cognizant that a temendous amount of testing and evaluation will be conducted prior to the
commencement of mining, and that Hydro Resources will endeavor to establish a replacement water
suppl. for us. the BIA, et aL. from the Cow Springs; however, we arm somewhat unsettled regarding the
long termn effects of this project:

0 At the conclusion of the mining process and the reclamation work. when will the Westwater bc
awailablc as a potable water supply aquifer?

" To what extent will the Westwater formations be depleted? What will bc the drop in the water
table in Crownpoint?

" Since this mining process is planned over a 20-year period, what will happen if the lixi'iant from
the Westwatcr %= to contminate the Cow Springs during the mid-term of the rining operation
leaving the area without a water source? What remedial action would be taken by Hydro
Resources?

0 What is the sustainable production level and specific capacity of the Cow Springs?

0 What will be the complction technique for the new water wells which will be drilled as substitute
for the existing NTU•A wells? Most assuredly, we will det=rmne the types of pumps and motors.
MCCs, communication, automation, and SCADA facilities?



Mr. Chris Shuey
April 1, 1997
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* Wil Hydo Resources absorb the additional operational and maintenance costs for any additional
pumping charges associated with the new production wells?

We are not experts in evaluating in situ mining operations, but these arc few of the questions which
rctain unaawerd and caus us a bit of anxiety. We would appreciate recemn the final EIS (due to
be released soon?) and the names and telephone numbers of unbiased indiiduals who have had
cxperene with I-bH o Resources. their leaching process, and their willingness to respond to commxiity
problems when variously unplanned problems of the mining or reclamation proce arise.

Very truly yours,

NAVAJQ TRIL UILITY AUTHORITY

Operations Division

KLCcja
xc: Malcolm P. Dalton, NTUA General Manag=

Walter F. Wolf Jr., NTUA Legal Coumsel
Joseph I. Holonich, Chie ffice of Nuclear Mat Safety & Safguard, NRC
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

REGION IX

75 Hawthorne Street

San Francisco, CA 94105-3901

SE 2 3 1997

Joseph J. Holonich, Chief
High-Level Waste and Uranium Recovery Branch
Division of Waste Management
Office of Nuclesr Material Safety and Safeguards
Mail Stop TWFN 7J-9
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Holonich:

The U.S. Environmental Protection Agency (EPA) has reviewed the Final
Environmental Impact Statement (FEIS) to Construct and Operate the Crownpoint
Uranium Solution Mining Project, McKinley County, New Mexico. Our review and
comments are provided pursuant to the National Environmental Policy Act (NEPA), the Council
on Environmental Quality's NEPA Implementation Regulations at 40 C.F.R. 1500-1508, and
Clean Air Act §309.

The FEIS evaluates alternatives for Hydro Resources, Inc. (HRI) to construct and operate
facilities to recover uranium at three separate locations in McKinley County, New Mexico. The
preferred alternative involves construction of injection and extraction wells, ion exchange plants,
retention ponds, and support facilities. In situ leach mining and ion exchange would be
conducted to recover uranium at each of the three sites. A central plant would provide drying
and packaging of the "yellowcake" for transport offsite. Uranium recovery activities would be
conducted at the Church Rock, Unit 1, and Crownpoint sites for eight, 17, and 19 years,
respectively.

In February, 1995, EPA reviewed the Draft Environmental Impact Statement (DEIS) for
this project and rated the DEIS as EO-2 - Environmental Objections-Insufficient Information.
We indicated to the Nuclear Regulatory Commission (NRC) that our objections to the proposed
project were based on its proximity to domestic supply wells and residences and insufficient
hydrogeologic modeling and field testing to ensure a completely closed system. We also
requested additional information in the FEIS regarding the results of hydrogeologic modeling
and field tests, including the potential for, and environmental impacts of, contaminated
groundwater migrating off-site as a result of injection activities; aquifer restoration; and effects
of drawdown of supply wells for the City of Crownpoint. We indicated that additional studies
should be performed at the project sites and that this information should be provided in the FEIS.
We also requested additional information in the FEIS regarding permitting, spill response,
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management of sludges and other process wastes, and Radionuclide National Emissions
Standards for Hazardous Air Pollutants.

Our review of the FEIS indicates that many of the issues raised in our February, 1995,
DEIS comment letter have been resolved; however, several significant issues remain unresolved.
Furthermore, in light of some new information, we have a few additional comments and/or
questions. Our concerns regard the pressure control in the Churchrock mine workings,
hydrogeologic monitoring and aquifer testing and analysis, baseline water quality, injection well
design, aquifer restoration, wildlife monitoring and mitigation, waste management and
emergency response, and indemnification of the federal government by HRI.

We appreciate the opportunity to review this FEIS. We wish to discuss the unresolved
issues with you before NRC signs a Record of Decision (ROD). If you have any questions,
please contact me at (415) 744-1584, or have your staff contact Jeanne Geselbracht at (415) 744-
1576 or Jim Walker at (415) 744-1833.

Sincerely,

David J. Farrel, Chief

Office of Federal Activities

Enclosure

002376

cc: Bennie Cohoe, Navajo Nation EPA
Catherine Everett, New Mexico Environmental Department
Ray Leissner, EPA Region 6
Dave Sitzler, Bureau of Land Management -Albuquerque
Leonard Robbins, Bureau of Indian Affairs - Gallup
Jennifer Fowler-Propst, U.S. Fish and Wildlife Service
Bob Wilson, New Mexico Department of Game and Fish



Crownpoint In-Situ Mining FEIS
EPA Coments -- September. 1997

General Comments

EPA comments below are made primarily on the basis of our review of the FEIS and
related submittals ( including the Consolidated Operations Plan (COP) Revision 2.0,
August 15, 1997) and the Crownpoint Unit 1 Underground Injection Control (UIC)
permit application, but without access to the complete NRC license application and full
knowledge of commitments made by HRI in its application to NRC. Discussions about
key issues with NRC staff, HRI representatives, and other interested parties were
supplementary to our review of those documents. The license application material is
voluminouis, disorganized, and seemingly contradictory in some respects, making it and
the FEIS difficult to evaluate. The application should be organized into one document or
a cross-reference should be provided.

EPA has serious concerns about the "Performance Based License" format described in
the COP. NRC has confirmed that it intends to apply the performance based license
format to this project. The ability of HRI to make changes to the facility, process, or
procedures presented in the COP without the prior approval of NRC or other regulatory
agencies is contrary to standard EPA permitting procedures. For example, all federal
UIC permit modifications require approval by EPA, and major modifications require
public notice and participation in the process.

Indemnification

We could not find a response to our DEIS comment that HRI should agree to indemnify
the United States for the costs of any environmental damage and/or remediation. EPA
considers an indemnity provision in the NRC license very important to prevent the need
for the federal government to pay for any remediation of the proposed mine site.

Well Field Facilities

1. Churchrock Mine Workings: Re EPA comment on DEIS: "The open shafts at the
Churchrock site and any wells or holes that exhibit the potential to promote fluid
migration should be plugged in a manner which will not allow the movement of fluids
either into or between underground sources of drinking water (USDWs)." Response
A.7.2.6 in the FEIS addresses this concern essentially by stating that vertical excursions
through the open shafts can be prevented "by sealing off the shafts or structuring well
field pressures so that in the area around the shafts they are less than overlying aquifer
pressures." The FEIS (page 4-56) states that "HRI has not specifically demonstrated
how this would be accomplished." HRI should be more specific in this regard. EPA is
extremely concerned that wellfield pressures will not be fully controlled in the area
around the shafts to the extent necessary to ensure that vertical migration cannot occur. If

I



Crownpoint In-Situ Mining FEIS
EPA Comments -- September. 1997

possible, the open shafts and raises should be sealed to preclude fluid migration into or
between USDWs. EPA may not be able to grant an aquifer exemption for the mining
proposed in the Westwater Canyon aquifer in Section 17 if the openings are not
effectively sealed. We have reviewed maps and a cross section of the workings recently
provided by HRI. The location of the main shaft, two vent holes, and a gravel hole are
shown on the maps. The locations of raises open to the horizontal workings in the
Westwater Canyon, Brushy Basin, and Dakota formations are not shown on the maps
provided. If these locations are not known, absolute control of vertical excursions may
not be possible.

2. Monitoring the Underlying Aquifer: EPA does not necessarily agree that the Cow
Springs aquifer, or other aquifers, underlying the injection zone, "need not be monitored
at any of the three sites." We agree that baseline water quality of the underlying aquifer
should be established and pump testing conducted to test for aquifer confinement at the
three sites as stated in NRC Requirement No. 1 under the proposed license conditions. If
confinement of the underlying aquifer from the Westwater Canyon aquifer is not
conclusively established from pump testing, monitoring for excursions should be
conducted similar to the monitoring proposed in the overlying aquifer(s). The federal
UIC program for Navajo Indian country requires placement of monitor wells in USDWs
below the injection zone of Class III injection wells if those USDWs are affected by
mining operations.

3. Baseline Water Ouality and Upper Control Limits: The statistical method proposed
for establishing baseline means and elimination of outliers in determination of upper
control limit (UCL) concentrations is not sufficiently described in the FEIS. HRI's
description of the statistical assessment of baseline water quality data in Section 8.6.3 of
the COP and determination of UCLs in Section 8.6.4 of the COP is incomplete.
However, the COP, Revision 2.0, references the EPA document "Statistical Analysis of
Ground-Water Monitoring Data at RC.A-4 Faci!ities, Interim Final Guidance (Chapter 8,
A Discussion of Outliers) as a basis for determination of outliers. EPA considers the
inclusion of all data within five standard deviations of the mean of the gross data to be an
excessive range for determination of outliers. HRI should be required to provide a more
complete description of the procedures for determination of UCLs, statistical assessment
of baseline water quality data, and the treatment of outlier data prior to NRC granting a
license. Descriptions and examples of the Standard Operating Procedures to be applied
would be helpful. If not already a commitment in the application, baseline means should
be established for the water quality in the orebody wellfield and separately for monitor
wells outside the orebody.

We have concerns about the characterization of existing groundwater quality and
restoration standards. For example, the uranium restoration standard proposed by NRC
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of 0.44 mg/i is inconsistent with the drinking water maximum contaminant level (MCL)
standard of 0.020 mg/l (or 30 pCi/L using an activity-to-mass conversion of 1.3 pCi/ug)
proposed by EPA in the Federal Register of July 18, 1991(Vol 56, NO. 138) and adopted
for cleanup of an aquifer at the Fernald Superfund site. The Uranium Mill Tailings
Reclamation Act (UMTRA) standard for uranium mill tailing sites is 0.044 mg/i, which is
equivalent to 30 pCi/L based on the assumption of secular equilibrium. The FEIS does
not explain how the proposed uranium restoration standard of 0.44 mg/1 is protective of
human health and the environment.

4. Aquifer Restoration: EPA is concerned about the number of pore volumes required -to
restore the aquifer, especially as it relates to sufficient financial assurance for closure. We
are not yet convinced that nine pore volumes will be sufficient to achieve full restoration
or that it can-be achieved for all parameters in a reasonable time frame and cost. We also
question whether the proposed restoration demonstration at Churchrock should be applied
to the Unit 1 and Crownpoint sites because hydrogeological characteristics of the Unit
1 and Crownpoint sites substantially differ from the Churchrock site. In addition, based
on our current knowledge of the site, a full scale demonstration may be required at each
site that is permitted under the federal UIC program.

5. Monitor Wells: Additional monitor wells may be needed for better detection of
excursions in the event there are preferential flow pathways not penetrated by monitor
wells spaced at 400 foot intervals. The heterogeneity of an alluvial fan type deposit, such
as the Westwater Canyon formation, could allow bypassing of monitor wells spaced at
intervals greater than the width of an isolated channel sand deposit located between the
wells. Furthermore, additional monitor wells may be required in the buffer zone outside
the exempted area to detect contamination from an excursion into the surrounding
USDW. In addition, the screened intervals in some of the monitor wells should coincide
with the screened intervals in the orebody, and across the entire thickness of the aquifer in
others. We recommend that the NRC license provide for the option to require placement
of monitor wells at closer spacing and/or in tiers, and screened at various depths in the
aquifer, as the wellfields are developed and additional hydrogeologic data are obtained.

6. Hydrologic Testing: The FEIS (pg. 4-43) describes premining hydrologic tests that
would be conducted in each well field prior to the injection of lixiviant to evaluate
vertical confinement of the well field. The FEIS indicates that the test results would be
"submitted to the New Mexico Environmental Department for review, " and "would be
reviewed by an HRI Safety and Environmental Review Panel to ensure that the results of
the hydrologic testing and the planned mining activities are consistent with technical
requirements and do not conflict with any requirement stated in the NRC license. " The
test design and results will also be subject to the review of USEPA and NNEPA where
the testing applies to mining operations in Navajo Indian country. Authorization to
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commence injection of lixiviant in a new mining unit would be given only after
appropriate review by USEPA and NNEPA to ensure compliance with UIC permit
conditions.

7. Mechanical Integrity Issue: It should be noted that EPA Region 9 uses a 5 percent
variance in 30 minutes standard for pressure testing of injection wells, compared to the
standard of 10 percent decline in 1 hour, described in the FEIS (page A-29 under Well
Completions and Well Patterns), and the BLM standard of 10 percent decline in 30
minutes. EPA intends to apply its more stringent pressure test standard to injection wells
permitted by the Agency.

In addition, the proposed use of PVC pipe at the Churchrock site is questioned, because
"maximum injection pressures could easily exceed the burst pressure ofPVC pipe in a
poorly cemented P VC-cased well," as stated on page 4-25 of the FEIS. The integrity of
the cement sheath for the entire length of the casing is not necessarily assured by
circulation of cement to surface during cementing operations, as provided by BLM
specific requirements described in Section 4.3.3. The impression is left in the FEIS that
PVC and fiberglass casing are acceptable for use if the combined strength of the casing
and cement sheath exceeds the maximum operating pressure. Response 7.2.2 on page A-
29 of the FEIS appears inconsistent with the discussion of casing and cement design in
Section 4.3.1, page 4-25 and Section 4.3.3., page 4-63. However, BLM and/or NRC
requirements appear to preclude the use of PVC or fiberglass.casing where the cement
sheath provides the margin of safety for burst and/or collapse strength of the casing.
NRC staff have assured EPA that the requirements under the "NRC Staff-recommended
Action" (FEIS, page 4-63, Section 4.3.3) would apply to the strength of uncemented
casing. Federal UIC permits issued by EPA will also disallow the use of the cement
sheath to satisfy casing design requirements.

The FEIS does not indicate the method to be employed to evaluate the cement sheath and
the seal between the casing, cement, and borehole for integrity over the complete length
of the casing; i.e., the external mechanical integrity. EPA will require in the UIC permits
that the external mechanical integrity be evaluated by use of an appropriate logging
device. Furthermore, EPA permits may require that casing centralizers be placed on each
joint of casing through the Westwater Canyon formation and the overlying aquifers in
order to prevent contact of the casing with the borehole through the intervals to be
protected.

8. Subsurface Geology: It appears from our review of the FEIS and other license
application information that the subsurface geology of the project sites may not have been
sufficiently analyzed. EPA may require that HRI provide more detailed analyses of the
subsurface geology at each mine site in Navajo Indian country, such as structure contour
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maps, structure cross sections, and isopach maps of the Westwater Canyon, Brushy
Basin, Dakota, and Recapture formations and the confining layers between each aquifer
in those formations. Individual sand lenses in the Westwater Canyon should be identified
and correlated in each cross-section to show lateral continuity and discontinuities where
they may exist. The location of orebodies should be identified in cross-sections and in
plan view. The location, orientation, and displacement of any faults should be shown.

In addition, during the technical review of UIC permit applications, EPA may require that
HRI provide more detailed hydrogeologic analysis, in the form of groundwater and
contaminant transport modeling at each mine site. We believe that the analysis should be
performed by a third party with guidance by EPA technical staff.

Public Health and Emergency Response

We understand that a memorandum of understanding (MOU) between HRI and the local
health and emergency response officials must be in place before project operations can
begin. The MOU should address specifically how medical emergencies and hazardous
spills would be handled in the project vicinity, and what provisions HRI has committed to
in order to respond to these emergencies and related concerns of the local community and
health and emergency personnel.

Socioeconomic Impacts

The impact analysis in the FEIS indicates positive benefits to the community based on the
project's creation of jobs and royalty income or taxes to the Navajo Nation. However, it
is unclear from the FEIS whether HRI has committed to hiring Navajo employees or
paying taxes to the Navajo Nation. Any positive benefits to the local community are
speculative until HRI commits (in writing) to hire Navajo employees and taxes to the
Navajo Nation, both of which may be required by Navajo law.

Waste Disposal and Spill Response

I1. The reference to a zero-release NPDES permit on page 4-81 of the FEIS is confusing.
In addition, the discussion regarding land application of wastewater and/or the need for
an NPDES permit for wastewater discharge at the Churchrock site is vague (FEIS, p. 4-
116). If an NPDES permit would be necessary in Indian country, EPA would have to
comply with NEPA and consider whether to adopt this EIS before issuing a permit.

2. The FEIS, Appendix A states that metals accumulation in soils from land application of
wastewater is not expected to be a problem. However, this conclusion is unfounded in
the FEIS. It appears that soils irrigated with wastewater would need to be closely
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monitored because soil sodium and TDS could become a significant problem. It remains
unclear what standards would be used for contaminant levels and application rates. In an
August 27, 1997, telephone conversation with Jeanne Geselbracht of my staff, Mark
Pelizza, HRI, indicated that HRI would commit to an NRC license condition regarding
monitoring and ensuring that certain threshold values in soil (e.g., sodium absorption
ratios and total dissolved solids, metals, etc.) would not be exceeded as a result of land
application of HRI's mine water. We recommend that a provision be included in the
NRC license requiring HRI to monitor impacts to soil and the vadose zone, demonstrate
that these impacts are not detrimental to soil or groundwater, and mitigate any
detrimental impacts.

3. We were unable to find a response in the FEIS to our comment on the DEIS regarding
how pipeline ruptures would be detected within one hour and the specific precautions
and instrumentation that would be included in the plan of operations. We understand that
pressure sensors would be required, but we continue to also recommend that automatic
shut off valves and an automatic phone dialing system for emergency notification be
incorporated into the facility designs.

Biological Resources

Page 4-118: We understand that HRM does not anticipate bird mortalities or other impacts
to birds and, therefore, does not intend to net ponds, although they would be relatively
small. In an August 28, 1997, telephone conversation with 5eanne Geselbracht, EPA
Region 9, Mark Pelizza, HRI, indicated that HRI would commit to water quality
monitoring in all waste water and/or process ponds to ensure against ecological iisks to
birds. In addition, if bird mortalities or other adverse wildlife impacts are detected, NRC
should require HRI to notify and consult with the U.S. Fish and Wildlife Service, as well
as New Mexico Department of Game and Fish and the Navajo Nation to determine what
measures are needed to rectify the problem. Noise and nuisance tactics may not be
effective in keeping birds away from wastewater ponds at mhne sites.
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DECLARATION STATEMENT

SITE NAME AND LOCATION

Fernald Environmental Management Project (FEMP), formerly the Feed Materials Production Center

(FMPC) - Operable Unit 5

Hamilton and Butler Counties, Ohio

STATEMENT OF BASIS AND PURPOSE

This decision document presents the selected remedial action for Operable Unit 5 of the FEMP site in

Hamilton and Butler Counties, Ohio. Operable Unit 5 consists of impacted environmental media.including groundwater in the underlying Great Miami Aquifer, perched groundwater, surface water,

soil, sediment, flora, and fauna.

This remedial action was selected in accordance with the Cqmprehensive Environmental Response,

Compensation, and Liability Act, as amended by the Superfund Amendments and Reauthorization Act

of 1986 (hereinafter jointly referred to as CERCLA), and to the extent practicable, the National

Contingency Plan, 40 CFR Part 300. The decision is based on the information available in the

administrative record for this site.

S The State of Ohio concurs with the selected remedy.

ASSESSMENT OF THE SITE

Actual or threatened releases of hazardous substances from Operable Unit 5, if not addressed by

implementing the response action selected in this Record of Decision, may present an imminent and

substantial endangerment to public health, welfare, or the environment.

DESCRIPTION OF THE SELECTED REMEDY

The selected remedy for Operable Unit 5 involves the excavation of contaminated soil and placement

in an on-property disposal facility and the restoration of the Great Miami Aquifer to its full beneficial

use. The selected remedy is comprised of the following major components:

[5. 1"s 1:50M D-i
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Excavation, using conventional construction equipment, of contaminated soil and sediment
to the extent necessary to establish statistically, with reasonable certainty, that the
concentrations of contaminants at the entire site are below final remediation levels.

* Excavation, using conventional construction equipment, of contaminated soil containing
perched water that presents an unacceptable threat, through contaminant migration, to the
underlying aquifer.

Placement of contaminated soil and sediment, which attain concentration-based waste
acceptance criteria, in an on-property disposal facility. Soil exhibiting contaminant
concentrations exceeding the waste acceptance criteria (e.g., soil contaminated with organic
constituents) will be treated before placement in the on-property facility or shipped off site
for disposal at an appropriate commercial or federal disposal facility. Soil from six
designated areas where a reasonable potential exists for the presence of charalceristic waste
(as defined by the Resource Conservation and Recovery Act) will be treated, as needed,
before disposition. No off-site waste will be disposed of in the on-property disposal
facility. Emergent technologies are being retained as potential options for treating soil to
meet the on-property waste acceptance criteria. Retaining emergent technologies is
appropriate due to the uncertainty of the long-term availability of off-site disposal capacity.

Extraction of contaminated groundwater from tie Great Miami Aquifer to the extent
necessary to provide reasonable certainty that final remediation levels have been attained at
all affected areas of the aquifer.-

Treatment of contaminated groundwater, storm water and wastewater to the extent
necessary to attain performance-based concentration discharge limits, mass-based discharge
limits, and final remediation levels in the Great Miami River.

Application of institutional controls, such as access controls, deed restrictions, and
alternate water supplies, during and after remedial activities to minimize the potential for
human exposure to site-introduced contaminants and ensure the continued protection of
human health.

* Implementation of a long-term environmental monitoring program and a maintenance
program to ensure the continued protectiveness of the remedy, including the integrity of
the on-property disposal facility.

Operable Unit 5 is one of five operable units at the FEMP. Operable Unit 5 addresses the

environmental media at the site and beyond the property line contaminated by releases from the four

source operable units at the facility. The source operable units contain the principal threat at the site;

Operable Unit 5 is comprised of a large volume of contaminated soil and groundwater exhibiting

relatively low concentrations of contaminants.
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STATLrURY DErERMINATIONS

The selected remedy is protective of human health and the environment complies with federal and

state requirements that are legally applicable or relevant and appropriate to the remedial action (or

justifies a CERCLA waiver), and is cost effective. The selected remedy uses permanent solutions and

alternative treatment technologies to the maximum extent practicable. A U.S. Environmental

Protection Agency waiver is required from Ohio solid waste disposal regulations to allow waste

disposal over a high-yield sole-source aquifer. The waiver is granted pursuant to CERCLA

121(d)(4)(D) which allows a waiver of an applicable or relevant and appropriate requirement if the

remedial action selected will attain a standard of performan that is equivalent to that required under. the otherwise applicable standard, requirement, criteria, or limitation, through the use of another

method or approach." The justification for this waiver is provided in the Decision Summary of this

record of decision and is supported by the administrative record for Operable Unit 5.

When coupled with the selected remedies for the other four FEMP operable unwt, the siewide

remedy satisfies the statutory preference for remedies that employ treatment that reduces toxicity,

mobility, or volume as a principal element.

Because this remedy will result in hazardous substances remaining on site above health-based levels, aSreview will be conducted no less often than each five years after the commencement of remedial

actions to ensure that the remedy continues to provide adequate protection of hIman health and the

evironment

. "n Date
Manager, Ohio Field Office,
U.S. Departnt of Energy

Reinal Admaterto
~.'(~US. Evironmental Protection Agency Regin 5
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FOREWORD

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO BE CONSIDERED REQUIREMENTS FOR OPERABLE UNIT 5

The tables in this appendix identify the chemical-, location-, and action-specific applicable or relevant

and appropriate requirements (ARARs) for Operable Unit 5; two types of tables are provided for

each.

The first type (Tables B. 1, B.2 and B.3) identifies the regulations that are ARARs or to be considered

([BC) criteria for the anticipated Operable Unit 5 remedial activities at the FEMP, and includes: I)

an explanation of what the requirement is about, 2) identification as an ARAR or TBC, and 3) why it

is an ARAR or TBC. Note that the requirements column in these tables provides only a summary;

the regulation, statute, or Federal Register citation listed in the tables should be consulted for a full

description of the requirement.

The second type (Tables B.4.A through B.4.C) summarizes the methods of compliance with the

requirements for the Operable Unit 5 selected remedy. TBCs (proposed requirements) are not

included in these tables because they are not ARARs. Therefore, they are not used to determine if

the selected remedy will be in compliance with environmental regulations.

FMI•CRUSU&CM=D M-&tDD•CMMbew 11. 1995 4:3.5pm B-iv
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TABLE B.1

citation Requirement ARARfFBC Rationale

DRINKING WATER
. . . . . .... . . . ... . . . . . .:* * .. t.f....... .. . ..... . ... ... . .. . *:.. .. . .

EPA National Primary The following are maximum contaminant levels for radiological contaminants: Relevant and Thia requirement Is not applicable to OW
Drinking Water Appropriate activities because there are no public drinking
Regulations Combined radium-226 and -228 ....................................... 5 pCi/L water systems Involved with this remedlation.
40CFR 1141.13and The MCLA are considered relevant and
1141.16 aross alpha particle activity ....................................... 15 pC/L appropriate to the OMA as it Is a sole-source

(Including radium-226 but excluding radon and uranium). aquifer currently used to supply drinking
Ohio Drinking Water water to the regional ares.
Regulations Bets and photon radioactivity ..................................... 4 mrem/year
OAC 3745-91-15 from man-made radionucildes
OAC 3745-81-16

Strontium-90 ................... ................................. 8 __CI/

........... N oo k .......... :: : i: '. ' ? .." ... : _._ .... .-

56 Federal Register 33050 The following are .the proposed maximum contaminant levels for radiological contaminants: TBC These proposed MCLa are not ARARo
(July 18, 1991) because they are not promulgated. The

Radium-226 ..................................................... 20 pCi/L proposed MCL" have been adopted as TBCs
I ,because they represent health-based guidance

Radlum-228 ..................................................... 20 PCiIL for application to the OMA to ensure
protectiveness of human health.

Radon-222 ..................................................... 300 pCi/L

Uranium ........................................................ 20 Igg L

Beta and photon emitters .................................... 4 mnem cede/year

(excluding radium-228)

Adjusted gmrs alpha emitters ....................................... IS pCIfL
(excluding radium-226, uranium, and adon-222)

100
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9.1.0 INTRODUCTION

This appendix includes the potential statutory and regulatory requirements impacting remedial 3

alternatives for Operable Unit 5. Remedial action decikms must include consideration of any

applicable or relevant and appropriate requirements (ARARs). Section 121(d) of the Comprehensive 5

Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), as amended by the 6

Superfund Amendments and Reauthorization Act of 1986 (SARA), and Section 300.68(i)(1) of the 7

National Oil and Hazardous Substances Pollution Contingency Plan (NCP) require CERCLA response s

actions to attain or exceed environmental and public health ARARs unless specific waivers are 9

obtained from regulators. CERCLA lists specific federal environmental laws that must be considered to

as part of an ARARs analysis. This list includes: 11

32

: Toxic Substances Control Act (TSCA) U:S Safe Drinking Water Act (SDWA) 1,

• Clean Air Act (CAA) is
* Clean Water Act (CWA) 16

* Solid Waste Disposal Act/Resource Conservation and Recovery Act (RCRA). 17

- Is

A requirement under these other environmental laws may be either "applicable" or "relevant and 19

appropriate," but not both. Identification of ARARs is site-specific, and is defined as:

21

* Applicable requirements are cleanup standards, standards of control, and other substantive
environmental protection requirements, criteria, or limitations promulgated under federal or
state law that specifically address a hazardous substance, pollutant, contaminant, remedial 24

action, location or other circumstance at a CERCLA site.

* Relevant and appropriate requirements are cleanup standards, standards of control, and other .,7
substantive environmental protection requirements, criteria, or limitations promulgated under -,
federal or state law that, while not "applicable" to a hazardous substance, pollutant, 29

contaminant, remedial action, location, or other circumstance at a CERCLA site, address 30

problems or situations sufficiently similar to those encountered at the CERCLA site that their 31

use is well suited to the particular site. 32

33

34

In addition to ARARs, the NCP directs that other nonpromulgated criteria, advisories, and guidance 35

issued by federal or state government that are not legally binding may be used as "to be considered"

(TBC) criteria and do not have the status of potential ARARs. However these TBC criteria are 37

considered along with the ARARs in determining the necessary level of cleanup or technology 38

requirements to protect human health and the environment. 39

4o

Some TBC criteria include U.S. Department of Energy (DOE) Orders, which pertain only to DOE 41

facilities through the Atomic Energy Act (AEA) requirements. The substantive requirements of DOE 42

FERJOUSFS/APXS/APPENDIXB/Mareh39. 1995 9:25pm B-1-1
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Orders are TBCs, which, when specifically incorporated in a CERCLA Record of Decision (ROD). I

are enforceable cleanup standards under CERCLA. Mr U.S. Environmental Protection Agency's

(EPA's) Compliance with Other Laws Manual (1988) staes "DOE Orders are not promdilgated 3

requirements and are not potential ARARs.' The mamm further states that, *To the exten that DOE

Orders are more stringent or cover areas not addressed by. existing ARARs, they should be considered s -

when necessary to develop a protective remedy.'
7

The NCP has identified three categories of ARARs: a

9

Chemical-specific ARARs are usually health- or risk-based numerical values or to
methodologies used to determine acceptable concentrations of chemicals that may be found in It
or discharged to the environment (e.g.. maxinum contaminant levels (MCLs) dtm establish 12
safe levels in drinking water). 13

'4
* Location-specific ARARs restrict actions or contaminant concentrations in certain :5

environmentally sensitive areas. Examples of areas regulated under various fedea laws 6
include floodplains, wetlands, and locations where endangered species or historically 11
significant cultural resources are present. 18

19

* Action-specific ARARs are usually technology-, performance-, or activity-based
requirements or limitations on actions or condions involving special substances.

A description of the chemical-, location-, and action-s;=ific requirements are included in this .3
appendix. In addition, summary tables of the potenrWia ARARs and TBC requirements are attacbed to 24

this appendix for all the requirements. 2.

26

Two types of tables are provided for ARARs identific2on for each of the chemical-, location-, and

action- specific ARARs. The first type of table identifies the requirements that may be a potential ,8

ARAR or TBC for any anticipated remedial activities z this site (Tables B.1, B.2, B.3, and B.4 of .,9
this Appendix). This first type of table has several components, including: (1) an explanation of 30

what the requirement is about, (2) identification of the requirement as an ARAR or TBC. and (3) why 31

the requirement is an ARAR or TBC. The second type of table (B.5.A through B.5.C) sumnmarizes 32

what will be necessary to meet compliance of the requirements for the proposed remedial action 33

alternatives in Operable Unit 5. TBCs (proposed requirements) are not included in the compliance

tables because they are not ARARs, and, therefore, are not used to determine if an alternative will be 35

in compliance with environmental regulations. 36.

37

Note that the requirements column in the ARAR-specific tables (Tables B. 1, B.2, B.3 and B.4) 38

provide only a summary of the requirement. The regtuation, statute, or Federal Register citation 39

listed on the tables should be consulted for a full descr~tion of the requirement. 40,
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CITIZENS' SUMMARY

ENVIRONMENTAL This annual report documents the Uranium Mill Tailings Rcmedial

PROGRAM Action (UMTRA) Project environmental monitoring and protection
program. The UMTRA Project routinely monitors radiation, radioactive

O VERVIEW residual materials, and hazardous constituents at associated former

uranium tailings processing sites and disposal sites.

At the end of 1994, surface remedial action was complete at 14 of the 24
designated UMTRA Project processing sites: Canonsburg,
Pennsylvania; Durango, Colorado, Grand Junction, Colorado; Green
River, Utah; Lakeview, Oregon; Lov.man, Idaho; Mexican Hat, Utah;
Riverton, Wyoming; Salt Lake City, Utah; Falls City, Texas; Shiprock,
New Mexico; Spook, Wyoming; Tuba City, Arizona; and Monument
Valley, Arizona. Surface remedial action was ongoing at 5 sites:
Ambrosia Lake, New Mexico; Naturita, Colorado; Gunnison, Colorado;
and Rifle, Colorado (2 sites). Remedial action has not begun at the 5
remaining UMTRA Project sites that are in the planning stage: Belfield
and Bowman, North Dakota; Mavbell, Colorado; and Slick Rock,
Colorado (2 sites). The ground water compliance phase of the UMTRA
Project started in 1991.

The UMTRA Project Environmental Protection Implementation Plan, as
required by U.S. Department of Energy (DOE) Order 5400.1, General
Environmental Protection Program. identifies the elements of the
UMTRA Project environmental protection program detailed in
compliance and monitoring plans and guidance documents. The
UMTRA Project Office implements all environmental protection
programs required by DOE Order 5400.1, including a waste
minimization and pollution prevention awareness program, a ground
water protection management program, and an environmental
monitoring program. Implementation of these programs ensures that
UMTRA Project activities are in compliance with all radiological and
nonradiological environmental requirements and are performed in a safe
and environmentally sound manner. The UMTRA Project Office
continually evaluates compliance with environmental regulations and
UMTRA Project requirements by conducting internal appraisals at
Project sites to review records and work practices.

Because the UMTRA Project sites are in different stages of remedial
action, the breadth of the UMTRA environmental protection program
differs from site to site. In general, sites actively undergoing surface
remedial action have the most comprehensive environmental programs
for sampling media. At sites where surface remedial action is complete
and at sites where remedial action has not yet begun, the environmental
program consists primarily of surface water and ground water
monitoring to support site characterization, baseline risk assessments,
or disposal site performance assessments.

CS-1
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CITIZENS' SUMMARY

COMPLIANCE
SUMMARY

ENVIRONMENTAL
MONITORING
SUMMARY

In accordance with DOE policy, the UMTRA Project complies with all
applicable federal and state environmental requirements. In 1994,
activities at UMTRA sites complied %vith all applicable regulations,
including those pertaining to hazardous material management,
underground storage tanks, air-emissions, surface water discharges,
community-right-to-know notifications, plans for spill prevention control
and countermeasures, and environmental impact analyses. Chapter 2 of
this report contains a complete summary of compliance issues and
activities. Chapters 5 through 14 give more detailed, site-specific
information on compliance issues and activities.

The UMTRA Project Office has developed an environmental monitoring
plan that describes the types of environmental monitoring activities that
will be conducted at UMTRA sites. To assess the conditions of concern
at each site, this plan is implemented through a series of site-specific
monitoring plans. Environmental monitoring was conducted at UMTRA
sites during 1994 for airborne radionuclides and fugitive dust,
environmental penetrating gamma radiation, and radiological and
nonradiological contaminants in surface water and ground water.
Chapter 3 of this report contains general environmental monitoring
information and details on the monitoring methodologies applied at
UMTRA sites.

The most comprehensive monitoring programs (which covered air,
surface water, and ground water) were conducted at active sites where
surface remedial action occurred in 1994. At nonactive sites where
surface remedial action has not yet begun or is complete, the program
typically consists of surface and ground water monitoring. The
environmental monitoring program at each UJMTRA site is discussed in
detail in the site-specific sections (Chapters 5 through 14) of this report.

Air monitoring for radon-222 gas and for thorium-230 airborne
radioactive particulates w-as conducted at all UJMTRA sites undergoing
surface remedial action. Air particulate and radon gas sampling stations
were established adjacent to these active sites and in nearby residential
areas. Air monitoring was continuous from I month before the start of
remedial action to I month following completion of the radon barrier on
a disposal cell.

The annual average thorium-230 concentrations for all UMTRA sites
undergoing remediation were below the DOE limits established in DOE
Order 5400.5, Radiation Protection of the Public and the Environment.
Background levels of radon-222, at some UIN4TRA sites, may be higher,
on the average, then those found eslewhere in the U.S. This is due to the
natural abundance of uranium in the areas immediately surrounding
some UMTRA sites and radon contributions from open uranium mine
air vents and from active uranium mill tailings sites adjacent to UMTRA
radon monitoring stations. These factors are unrelated to the UMTRA
Project.

Airborne
Radioactivity
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Fugitive Dust Fugitive dust emissions (total suspended particulates) arc of concern only
at active sites. In most cases, active sites arc not required to monitor
specifically for fugitive dust emissions. usually, dust suppression
programs are all that is required. However, total suspended particulates
monitoring was required and conducted at the Rifle, Colorado,
processing site in accordance with site-specific state permits. Total
suspended particulates monitoring was also conducted at the Gunnison,
Colorado, site although the monitoring was not required by state of
Colorado air permits. However, the Gunnison site is conducting
modified total suspended particulates monitoring as per an agreement
with the Colorado Department of Public Health and Environment-Air
Pollution Control Division (CDPHE-APCD). Air sampling stations were
installed around the site boundaries at both the Rifle and Gunnison sites.

In 1994, an agreement with the CDPHE-APCD and the UMTRA Project
provided that all total suspended particulates exceedances which were
demonstrated to be caused by off-site activities, would only require
telephonic notification and be reported in each individual total suspended
particulates Quarterly Report rather than an individual report for each
total suspended particulate exceedance caused by off-site activities.

In 1994, the total suspended 24-hour particulate threshold limit value of
150 micrograms per cubic meter (.tg/m 3) established by the state of
Colorado and adopted from the U.S. Environmental Protection Agency
(EPA), was exceeded six times at only one UMTRA site, in Colorado.
All exceedances were the result of off-site activities not related to the
UMTRA Project.

The annual geometric mean of 60 ilrg/m 3 was not exceeded. The state
issued no violations or citations. There were no exceedances of the
annual guidelines in 1994 or in the first quarter of 1995.

Environmental dosimetry monitoring for penetrating gamma radiation
was conducted at all UMTRA sites undergoing surface remediation. A
.monitoring network at these sites measured the external penetrating
gamma radiation dose to the public. The sampling locations and
schedules used to monitor environmental penetrating gamma radiation
were used to monitor airborne radioactivity.

The annual gamma radiation/dose levels for all sites monitored were
below the DOE guideline of 100 millirem above background established
in DOE Order 5400.5.

The surface water monitoring program is designed to monitor I)
compliance with discharge permits, 2) the effects of construction
activities on surface water bodies adjacent to active sites, and 3) the
impact of ground water contamination on surface water quality.

Environmental
Penetrating Gamma
Radiation

Surface Water

0

CS-3
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Surface water discharged from UMTRA Project sites is monitored using
methods and frequencies identified in federal and state discharge
permits. The issuing agencies determine which constituents %%ill be
monitored and their acceptable release limits. During 1994, only one
site in Colorado discharged surface water, in accordance with the state
waste water discharge permit.

Samples were collected from surface water bodies at active sites to
assess the potential environmentaj impacts of site remedial action
activities and discharges to local sewer systems. Taken quarterly and
after storm events, these samples were analyzed for thorium-230 and
radium-226. Wherever possible, samples were taken from upstream and
downstream locations as well as from standing water bodies. Monitoring
results from these sites showed concentrations of these radionuclides in
surface waters were less than the derived concentration guide values in
DOE Order 5400.5.

The impact of ground water contamination on surface water quality was
assessed at 14 UMTRA sites in 1994. Samples were analyzed for
radiological and nonradiological constituents identified in the EPA
ground water standards for UMTRA Project sites. Site-specific
constituents of concern were identified, based on previous site
characterization information and historical records on the uranium
processing methods used at the sites. This round of surface water
sampling generally coincided With the site ground water sampling.
Ground water contamination at most UMTRA sites did not influence
surface water quality in 1994.

Ground water was monitored at 24 UMTRA sites in 1994 to observe
changes in ground water quality before, during, and after surface
remedial action and to support UMTRA Ground Water Program
baseline risk assessments. At five of these sites, ground water
monitoring also supported assessments of disposal site performance and
determined compliance with ground water protection standards. Ground
water samples were analyzed for major ions and the hazardous
constituents listed in the EPA ground water protection standards and
indicator parameters. The ground water data were used to identify the
extent of contamination of hazardous constituents and indicator
parameters. Constituent concentrations were compared with
background levels and EPA maximum concentration limits.

Quality assurance in the UMTRA Project environmental monitoring
program is consistent with DOE Order 5700.6C, Quality Assurance,
and includes the applicable portions of the I 1 quality assurance
elements identified in DOE Order 5400.1. Trained personnel implement
environmental monitoring and compliance activities and follow formal
sampling, chain-of-custody, analysis, and data validation procedures.
Instruments are routinely calibrated with National Institute of Standards
and Technology reference materials Vendors and 12flt)--'_ --

Ground Water

Quality Assurance
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certified and accredited where necessary, and arc audited for compliance
with program requirements. These measures ensure consistent quality
throughout the UMTRA Project environmental monitoring program.
Chapter 4 of this report presents details of the UMTRA Project quality
assurance program.



. CHAPTER 3 - ENVIRONMENTAL PATHWAYS, RADIATION
FUNDAMENTALS, AND ENVIRONMENTAL MONITORING
METHODOLOGIES

Table 3-1 EPA maximum concentration limits for ground
water protection

Constituent concentration Maximum'
Constituent concentration Maximum a

Arsenic
Barium

Cadmium

Chromium

Endrin

Lead

Lindane

Mercury

Methoxychlor

Selenium

Silver

Toxaphene

Nitrate (as N)

Molybdenum

Combined radium-226 and radium-228

0.05

1.0

0.01

0.05

0.0002

0.05

0.004

0.002

0.1

0.01

0.05

0.005

10.0

0.1

5 pCi/L

30 pCi/L
15 pCi/L

Combined uranium-234 and uranium-238

Gross alpha-particle activity (excluding
radon and uranium)

2,4-Dichlorophenoxyacetic acid
2,4,5-Tdchlorophenoxypropionic acid

0.1

0.01
aMilligrams per liter, unless stated otherwise.

Ionizing Radiation

Special instruments allow us to detect and measure radiation. A familiar
example is the Geiger counter, which produces audible clicks that get
faster as the radiation intensity increases.

The forces in ionizing radiation are revealed upon examining the atom
(Figure 3-4). A single human hair is a million times thicker than an
atom. But small as it is, an atom is made up of even smaller particles.
Particles called protons have a positive charge, while electrons have an
equal negative charge. A third particle, called a neutron, has no charge.
At the center of a helium atom (a good example because of its simple

structure) is a nucleus formed by two protons and two neutrons. Two
electrons orbit this nucleus. The balance of positive and negative
charges, equal in strength, makes the atom neutral.

3-10
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Table 5-5 Ground water quality results

Monitoring well location

Indicator 901 906 904
parameter' Guideline (background) (contaminated area) (downgradient)

Chloride 250b 11 410 95

Molybdenum 0.1 - <0.01 0.51 <0.01

Total Dissolved 500b 180 7000 400
Solids

Selenium 0.01c <0.005 0.16 0006

Sulfate 250b 18 2700 76

Uranium 0.044c 0.003 1.36 0.003

'Ground water samples were collected August 1994. Results are reported in
milligrams per liter.

bSecondary Drinking Water Standard.
CMaximum concentration limit.

< indicates actual level is less than the detection limit (number shown).

Ground Water
Conclusions

Ground water near the Tuba City disposal cell has been contaminated
as a result of the former uranium processing activities. Ground water
quality conditions immediately downgradient of the disposal cell (in
the vicinity of monitoring well 906) show a significant increase in
chloride, sulfate, total dissolved solids, and uranium concentrations.
This trend is caused by the release of tailings pore fluids (transient
drainage) into the aquifer. The continued transient drainage of
contaminated water from the disposal cell is expected to last for the
next several years. However, the concentrations pose no risk to public
health and the environment at this time because ground water is not
being used for domestic or industrial purposes.

5-24
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ný! ini) dur(iin major organogencsis and foun id no adverse fetal effcft%.
Iric' fiv ,'t al. (1978) exposed rats to 1.500 ppm (3.840 mg/nO)'during
pregnancY and observed that there was increased fetal mortality but no

rmalformarions.

Although Infante etal. (1976a,b) reported increased rates of malforma-

tions in one city where a vinyl chloride plant was located, subsequent stud-

ies by Edmonds et al. (1978) revealed that the parents of these children had

not been workers in the plant nor had they been living closer to the manu-

facturing source than had the controls. Infante et al. (1976b) reported a

significant increase in fetal loss among the wives whose husbands had been

exposed. As a "control" group, they used workers in rubber plants.

Sanotskii et al. (1980) did not find an increase in spontaneous abortions
among the wives of vinyl chloride workers.

In summary, vinyl chloride does not appear to be teratogenic in rats or

rabbits. The data on humans are not adequate for judgment to be made.

CONCLUSIONS AND RECOMMENDATIONS

A SNAIRL for chronic exposure was not calculated because orally adminis-

tered vinyl chloride is an established carcinogen in humans. It is also car-

cinogetic in mice, hamsters, and rats, in which angiosarcomas were
lioit d, regardless of route. The older animals and females appeared to be

ni,,re susceptible. The cancer risk estimate for vinyl chloride can be found

i Volume I of Drinking Water and Health.

URANIUM (U)

Ii raniuni was evaluated in the third volume of Drinking Water and Health

(National Research Council, 1980, pp. 173-178). That review was devoted

exclusively to the element's chemical toxicity. In the following review, the

committee also considers its radiological effects and provides updates and,

io somie instances, reevaluations of the information on chemical toxicity

coltainCd in the previous volume. Included are some references that were

not m.ssscd in the earlier report.

Uraitdiutt is ubiquitously distributed throughout the earth's crust. It has

a ci•imdCx radioactive decay scheme resulting in the emission of different

radiltiiis and the production of several radioactive daughter pnrluctt,

B,:caisc its abundance in the crust varies geographically. uranium is a

hiKhly %ariablc s)urce of contamination of drinking waters that mail t

directly o'mxtumcd by humansi and incorporated into their dict. In thiis t,-

e i,'• Ol C• ,m'i ldittc di.cu is the 1•,tential for radiation and ti -

t41,, ,•, hit., the inItretho of natural uranium .and 0lAWf-t thO 4.t1 t"V

* I,.tet'cn radiation toxicity and the rather well-studied chemical toxicity of
thi% elunient. For the purpose of brevity and conciseness, not all of the
primary references have been cited; rather, the committee has provided
several references that are representative and sufficiently broad to cover
the needs of this report.

Natural uranium is present in soils and rocks in concentrations generally
varying between 0.5 and 5 ppm. The average is approximately 1.8 ppm in%
most soils. Higher concentrations are present in salic rock, in granite, and
in sedimentary shale. More than 99% of uranium is present as the isotope
uranium-238. Another 0.72% occurs as the fissionable isotope uranium-
235, and 0.0054% by weight of uranium as uranium-234. The half-lives
are: uranium-238, 109 years; uranium-235, 108 years; and uranium-234,
105 years. The radioactivity of the three isotopes in natural uranium aver-
ages approximately 7.35 X 105 disintegrations per minute per gram, al-
most all of which is from uranium-238 (National Council on Radiation
Protection and Measurements, 1975).

Uranium-238 is generally found to be in equilibrium with thorium-234,
palladium-234, and uranium-234, so that a gram of natural uranium
would contain 0.33 uCi of each of the four nuclides. Furthermore, ura-
nium-238 and uranium-234 are generally in disequilibrium in nature. The
fractionation of 234 from 238 is believed to occur by the displacement of
the daughter atom uranium-234 from the crystal lattice by recoil, which
renders uranium-234 potentially capable of being oxidized to the hexava-
lent stage when it is more easily leached into the water phase than the par-
ent 238. Because of the disequilibrium, the 234:238 uranium activity con-
centration ratio can vary among water samples. Reported values range
from 0.7 up to 9 (United Nations, 1977).

The activity concentration of uranium-238 in tap water is usually re-
ported to be less than 0.03 pCi/liter. Thus, the contribution of drinking
water to total dietary intake is generally small. A report by the United Na-
tions (1977), however, states that concentrations of uranium found in Rus-
sian tap water have been as high as 70 pCi/liter and that concentrations of
approximately 1,000 pCi/liter have been measured in several wells in Fin-
land. The highest concentration actually reported was 5,000 pCi/liter. The
very high concentration of uranium in the water from those wells was at-
tributed to small, localized uranium-rich deposits (Asikainen and Kahlos,
1Q80; Kahlos and Asikainen, 1980).

Although uranium may adhere to inhaled particles, inhalation is only a
minor route of entry into humans. The United Nations (1977) estimated
,that the daily adult intake via inhalation is approximately I X 10- pCi.
l',e majr route of entry is ingestion.

The Nat6onal Council on Radiation Protection and Measurements
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1 I ;4',,,un,,ieI 1.8 kg 'day food intake level for a "reference man" and.
in Iinit'd nica~tirecnits, determined that drinking water provides 2% of
the I 10Ci of Uraniunm ingested daily. Approximately 20% of the daily in-
take is pr,, ided by grains and cereal products; 20% by meat, fish, and
eggs; 20% by green vegetables, fruits, and pulses; and 20% by root vegeta-
bles. As much as 10% may be present in milk and dairy products.

ME V TA B 011S M

The data indicate that approximately 1 pCi (-1 ug) of uranium is con-
su med daily and that from 2% to 3% of that amount is derived from drink-
ing water (National Council on Radiation Protection and Measurements,
1975). To a large extent, the uptake and fate of ingested uranium are con-
trolled by the total quantity ingested and, to a lesser extent, on the particu-

char chemical form. In general, the smaller the amount ingested, the greater
tlie fraction absorbed (Durbin and Wrenn, 1975). For the purposes of this

it.l) , it %ill be assumed that the quantity of uranium ingested by humans
is vrY snall and, therefore, the maximum uptake possible occurs. Hursh
and Spoor (1973) cite data indicating that between 12% and 30% of the
ingustcd irarium is absorbed from the intestinal tract into the blood-
sir•e. An intermediate figure-of 20% is assumed in the following discus-
sion.

(Of tIh: absorbed uranium, approximately 80% is excreted, 10% goes to
Ihle kidnelys,, and the remaining 10% is depbsited in the skeleton. The kid-
(Icv rctc(ntni,0 is believed to be brief, with a biological half-life of I to 2
weteks. Ihe uranium deposited in the skeleton is divided disproportion-
ately bhctkcci the spongy and compact bone compartments. Approxi-
mately 60";, of.t hic skeletal mass is assumed to be compact bone in which

of 1hep.(!l,•osited uranium has a short effective half-life ranging
toni I 111mit •nIte I year, whereas only - 2% of the absorbed uranium in the
renaining 20 'A ot the skeleton may have an average half-life of about
10* years (Rý.l and Wrenn, 1980). Because of efficient renal clearance

,(0 circultliatil, ,uranium, redistribution of uranium deposits is inefficient
and the hody burden of uranium probably reflects recent dietary intakes.

Natural uraniuiim bicarbonate complexed with proteins is filtered by the
kidney glucruli. The plasma equilibrium is shifted from the protelnate to
the bicarbonate until all uranium not deposited in the skeleton has passed
through the glmiicruli. Once in the kidney tubules, the bicarbonate com-
plex is partially vdissociated to conserve sodium. With the accompanying
renal reabsi,rltion of water, the urine becomes more acidic, the uranium
more t. &!t.,d, and further bicarbonate disassociation occurs. The
freed rtirn: ,.• r tid to the luminal surfaces of the cells lining the proxi-

"I
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real renal tubules and. with sufficient time and dosage, can cause tubular
damage (Durbin and Wrenn, 1975). Hodge (1951) noted, "The uranium-
inhibited reaction is located on the cell surface, is rate limiting in the pres-
ence 9f uranium, is chemical in nature, is an enzymatic not a diffusion
process, is specific, and probably involves the reaction of uranium with the
phosphates of adenosine triphosphate." Therefore, the mechanism of tox-
icity is likely to be suppression of cellular respiration. The site of action is
invanlably confined to the proximal convoluted tubules of the kidney
(Hursh and Spoor, 1973).

HEALTH ASPECTS

Observations in Humans

The committee found no reports of radiological toxicity in humans ex-
posed to natural uranium by ingestion. Furthermore, as Hursh and Spoor
(1973) noted, "The implication that the contamination of drinking water
by uranium is an uncommon and relatively unimportant hazard is con-
firmed by the dearth of precise and unambiguous information in the litera-
ture." The excellent summarized history of uranium poisoning by Hodge
(1973) indicates that renal injury occurred in uranium-treated diabetics in
the last century and early in this century. These patients were generally
given hundreds of milligrams per day over extended periods. There are no
population studies, and only specific clinical assessments have been re-
ported. Recent studies in humans are confined to those in which much
lower concentrations of uranium were used. The aim of these studies was
to determine the absorption and urinary excretion of oral doses to assist in
interpreting reports of early therapeutic administrations.

Luessenhop et al. (1958) investigated the effects of intravenous adminis-
tration of uranyl nitrate [U0 2 (NO3 )21 in humans. Five volunteers with ter-
minal brain cancer received doses that ranged from 0.097 to 0.28 mg/kg
(average, 0.15 mg/kg). They noted the following distribution-excretion
pattern: from 6% to 14% to the skeletal system, 16% to the kidneys, and
49% to 84% excreted in the urine*. These percentages are comparable to
those found in studies of small animals. The most sensitive indicator of
renal damage was an increase in urinary catalase. Other chemical signs
included albuminuria, urinary casts, and a suggestion that there was inter-
ference with the renal capacity for reabsorption of sodium and chloride
and the secretion of potassium. These authors concluded that, of the com-
mon laboratory animals, rats appear to correspond most closely in sensitiv-
ity to humans in regard to intravenous tolerance to uranium.
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{ •, , • • 11,., O• .ther 3pec'ies

.l 01 ,i/ I0• l'hc renal injury associated with uranium toxicity usu-
all) mianififeis itself several days after exposure. In rats, cellular necrosis
a i'p.rs in the lower portion of the proximal convoluted tubules as demon-
straied by liyaline casts or casts containing shed necrotic cells. Accompa-
nying ihe pathological changes are functional changes in the kidney, char-
act 'ritCd bY proteinuria. impaired Diodrast and p-aminohippuric acid
clearance, and increased clearance of amino acids and glucose (Stone et
al.. 1961 ).

In studies in dogs, Thompson and Nechay (1981) demonstrated that
uiranium as uranyl nitrate [U0 2(NO 3)2] produced a 74% inhibition of re-
nal ca•cium Ca 2 + ATPase and an 84% inhibition of renal magnesium
MV: ' AI'a.,c at concentrations of 3 X 10-5 M and 1 X 10-s M, respec-
tmilv. 'Ieliy postulated that uranium dioxide (UO2+) may compete with
.\1 P I r iwidi tites on the Ca 2 + and Mg 2+ ATPase and that this may be
a factor in its renal toxicity.

Nimi'yama e.t al. (1974) demonstrated in rabbits that early renal injury
could be detected by increases of specific enzymes in the urine following
one intravenous injection of uranyl acetate (0.2 mg of uranium/kg bw).
ULrin;rv alkaline phosphatase, glutamic oxaloacetic transaminase, and
glutantiii-pyruivic transaminase all increased significantly before changes
W•el• •flscrýed in routine urinalyses or renal function tests. Thus, assays for

~clctil urinary enzymes may be more sensitive indicators of early renal
0(0111 %.
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damage predominates as the toxic end point. As pointed out by Durbin
and Wrenn (1975), "Because uranium has along residence time in bone,
the radiation dose is limiting for all uranium isotopes except 23sU and 238 U

andall mixtures of uranium isotopes containing at least 91.5%7 211U by
weight (12-fold enrichment in 235U by the gaseous diffusion process has at
least an equal amount of 234U).".

For example, in a classic toxicity study by Finkel (1953), injections of
natural uranium in concentrations as high as 1 mg/kg induced no malig-,
nant bone tumors, whereas uranium-233 doses of 1 mg/kg proved to be a
maximally effective bone carcinogen, comparable to uranium-232 at 5 X
10-4 mg/kg. More importantly, the uranium-232 activity was approxi-
mately 10 /Ci/kg, as was that of the uranium-233, whereas the natural
uranium contained a maximum of 7 X 10-4, Ci/kg.

Maynard and Hodge (1949) conducted 2-year studies in which rats were
continuously fed different uranium compounds ranging from 0.1% to
20% of the dietary mass. The lowest dietary levels producing retardation of
growth were: uranyl fluoride, 0.1%; uranyl nitrate hexahydrate, 0.5%;
and uranium tetrafluoride, 20%. Uranium dioxide at 20%, the highest
level tested, produced no effect. The only major pathological effect ob-
served as a result of chronic oral exposure was necrosis of the renal tubular
epithelium, involving predominantly the proximal convoluted tubule. The
same effects were frequently observed in dogs and rabbits exposed for only
30 days. Although chemical toxicity was observed, primarily in the kidney,
no radiogenic effects were noted.

The same authors also fed various uranium compounds at graded doses
of 0.0002 to 0.2 g/kg/day to dogs over a I-year period. With the exception
of one dog fed the highest level (0.2 g/kg/day) of uranyl nitrate, all the
dogs survived, gained weight, and were healthy and active. Only at dietary
doses greater than 0.02 g/kg/day were any effects of uranium toxicity
noted. Moderate elevations in blood nonprotein nitrogen and urea nitro-
gen were observed as well as transient urinary sugar and proteinuria. Path-
ological effects were not described.

The investigators observed interesting differences in response between
dogs dosed for 1 year and rats dosed for 2 years. Rats were more resistant
to the toxicity of uranyl fluoride (U0 2F2) by a factor of approximately 25.
For uranyl nitrate [U0 2(NO 3 )2 -6H 20J, the rats were more resistant by a
factor of about 20, and for uranium tetrafluoride (UF 4), by a factor of 4.

In summary, studies in laboratory animals have produced radiation-re-
lated cancers only when high specific-activity isotopes of uranium were
used. There have been no reports of cancers resulting from the ingestion of
natural uranium in laboratory animals.

A\t interest ing phenomenon observed after acute exposure to uranium is
thi dIhclop•n•,nt of tolerance (mainly in rats) to the effects of repeated ex-
po;ltc. Ilhi tolerance may be related to the ability of "uranium-condi-
(ionved" aninials to excrete uranium more efficiently or to a mechanism in
which lie renal tubular epithelium does not bind and retain uranium as
well as "unconditioned" epithelium (Durbin and Wrenn, 1975).

Maynard and Hodge (1949) also studied the acquired uranium tolerance
in ra•s and concluded that "prolonged exposure to uranium may produce
conditi ions ,miler which injection of an ordinary damaging dose of uranium
results in no, appreciable renal tubular necrosis."

(.hr.,roi, I6/.t'cts Many studies have been conducted to compare the
tox •ity' of nattural uranium and some of its isotopes after continuous inges-
tion. Rodetnts and dogs continuously fed a wide range of natural uranium
concentrations developed no radiogenic cancers. At the higher levels, renal
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, tr',.'0,ý,,il No data were found by the committee.

itIoi,.e'icity' No data were found by the committee.

¶
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N("I.tj INS AND RECOMMENDATIONS

A, '/,.'. [v No.Adverse-Response Level (SNARL)

in,',mtii E;p.osure Because there is no evidence that naturally occur-
I i ri tiraninu-238 is carcinogenic, a chronic exposure SNARL will be cal-

,lt.•t,.'I wo,-ear studies in rats and a 1-year study in dogs by Maynard
i I I I hdge 11949) have indicated that the dog is the more sensitive species.

I•; ho:tic exposures, the highest dietary level tolerated by dogs with no
,I,. ,' •UN ill body weight gain or symptoms of renal involvement was
I !1 "kg di'. Luessenhop et al. (1958) found 0.15 mg/kg to be the mini-
,iit ohsct'vcd-cffect dose in humans, but this dose was administered in-

ni'.. ousk. This amount is approximately the same as that absorbed (as-
t111lii6g 20"1;, gastrointestinal absorption) following an oral dose of

I itog.kg. I Ring an uncertainty factor of 100, and assuming that a 70-kg
ilidt ctsuincs 2 liters of water daily and that 10% of the uranium intake
k 1)ro%41(h(l by lhe water, one may calculate a chronic SNARL as:

1.0 mg.kg X 70kg ×0.1 = 0.035 mg/liter, or 35 pg/liter.
I ×o X 2 liters

If ,Iic woNimies that the isotopic ratios in natural uranium are in equi-
liti., ihci, there would be 0.33 pCi/pg of uranium- 23 8 . A value of
.V., 'liter would be equivalent to 11.6 pCi/liter, which is about twice the 5
ohJ'-fiter ,.4t;,hlished as the current maximum contaminant level (MCL)
hI, ý,ht, (U.S. Environmental Protection Agency, 1975a). Ingestion of
watcr c,• itmining radium at 5 pCi/liter is estimated to carry a risk of be-
Iwul ,i. if t) 3.0 fatal cancers per year per million persons exposed. There
is ci'itrrni I lio) standard for uranium.

I iw •i absence of carcinogenic effects from ingested natural uranium
ii cihlite ainimals or humans makes it difficult to develop an appropriate
IllodtI for the radiotoxicity of that element. Furthermore, the fact that
dh ioking water rarely contributes more than 2% to 5% of the total uran
tiiom iigcstcd daily leads to the conclusion that a radiation risk model for
nalural oranium .is inappropriate and unjustified on the basis of present
knowledge. When natural uranium is subjected to an enrichment process
resulting in specific activity exceeding 106 disintegrations per minute per
gram. it is possible that a radiotoxicity model could be developed (U.S.

Energy Research and Development Administration, 1976). This assump-
tion is based primarily on the findings of Finkel (1953), who studied ura-
nium-233 and natural uranium, and on the radioactivity rather than the
mass relationships of the different uranium isotopes tested in laboratory
animals. Finkel reported that the radioactivity, in terms of alpha disinte-
gration rate, reached levels comparable to those seen in radium-226 toxic-
ity. For purposes of this discussion, the effectiveness of uranium-233 ano.
uranium-235 can be regarded as fairly comparable to that of radium-226,
based on ingested uCi per unit time.• Because of its low specific activity, natural uranium does not pose a
problem of radiotoxicity in drinking.water. Assessment of uranium toxicity
in drinking water should be based on its chemical toxicity and not on radi-
ation toxicity. However, when the specific activity of uranium in drinking
water has been altered so that it is greater than that of natural uranium,
potential radiotoxicity should be given attention equal to that of the chemi-
cal toxicity. The committee also recommends that toxicological assessment
of uranium in water be based solely on its renal toxicity in all instances
except when industrial processes result in a marked enrichment of shorter-
lived uranium isotopes.

Additiohal research should be carried out to determine with greater pre-
cision the dynamics of uranium absorption from the gastrointestinal tract
for different chemical forms of uranium.

CONCLUSIONS

Chronic Toxicity

Table 11-10 lists the compounds reviewed in this volume for which there
were sufficient data to calculate either a chronic SNARL or cancer risk
estimate. The statistical methodology for the cancer risk estimate is de-
scribed for chlorobenzene on page 21. Further details on methodology can
be found in Volumes I and 3 of Drinking Water and Health (National
Research Council, 1977, 1980). It is important to stress that the reader
should refer back to the discussion on individual compounds for specific
details.

Mutagenicity As described in Chapter 1, a chemical was judged to be a
mutagen when it could be shown that it was mutagenic in any one short-
term test. The data summary in Table 11-11 is based on this criterion. It is
important to stress that the reader should refer back to the discussion on
individual compounds for specific details.
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TABLE II-11 Mutagenicity Studies of Chemicals
Reviewed in this Volume

Suggested No-Adverse-Response
Level (SNARL), mg/liter, for
Chronic Exposure

Upper 95%
Confidence Estimate
of Lifetime Cancer
Risk per ug/liter

A Id I, rl'

l~r)i'h~,~ezn

I 1 -Ile~~tt/Ll

N!if

0.0070
2.13 X 10 -'b

0.3e
0.0940-c
0.10
0.039

1.85 X 10-6
0.175
1.05
0.014
d

0.035

Chemical Mutagenicitya

Aldicarb
Carbofuran
Carbon tetrachloride +
Chlorobenzene ND"
o-Dichlorobenzene _-c
p-Dichlorobenzene ND
1,2-Dichloroethane +
1, 1-Dichloroethylene +

cis- 1.2-Dichloroethylene
trans- 1,2-Dichloroethylene
Dichloromethane +
Dinoseb +
Hexachlorobenzene +
Methomyl +
Picloram +
Rotenone --

Tetrachloroethylene +
1,1,I-Trichloroethane +
Trichloroethylene +
Vinyl chloride +
Uranium ND

'See text for details.

bND = no data.

'lnconclusive data. see text for details.

11,

d

2.98 X 10-8b
3.3 X 10-7'

I t! iw uv.'gcotcd no-advetse-offect level calculated in Volume I of Drinking Water and Health (Na-
I'.•-,, u-.h f mttul. 1977) and continues to hc the recommended SNARL.
i. ,,,! cdcnce!%e Chapter l) from ongoing studies being conducted by the National Toxicol-

,, .!r,,, •,'t 'l et The studies on these compounds have undergone peer review and the resultsare
III p•rt' % at flu, t Iinoct.

If, LNA I) (1.0( 1w rtcevsed when the cancer bioassay is completed and reviewed (see text for details).
" ; : .! I ',"'I n, ,r .incer risk estimate has been calculated by the committee pending the outcome of

-m ,. i. c,,oucicud by the National roxicology Program (0982d).

',,,, Aity The only compound reviewed in this volume that
, It.U•,gdnic potential following oral exposure was hexachloroben-

/1 , I 1 hiwv•b was teratogenic following intraperitoneal, but not oral expo-
mrer. I lie data for rotenone and trichloroethylene are inconclusive.

,tl- ! ARCH RECOMMENDATIONS

Aithoigli specific research recommendations are given for many of the
C(tIIIlattttnds reviewed, the major areas are summarized here.

I. Hie mo.st urgent need is for comparative data on various aspects of
mnetabolisti in laboratory animals and humans. Only with such data can
relevanl anitnal models be used to predict more accurately the potentially
adverse health effects in humans.

2. Ini conjunction with the above recommendation, these kinds of data
utliniatclv need to be included in the mathematical models now used to

esttim: r ncer risk.

3. Data on reproductive effects including teratogenicity should be gen-
erated for the majority of the compounds reviewed.
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1 TESTIMONY OF MICHAEL F. SHEEHAN
2
3 I. INTRODUCTION
4
5 A. Qualifications
6
7 Q.1. PLEASE STATE YOUR NAME AND QUALIFICATIONS.

8 A.1. My name is Michael F. Sheehan. I am a partner in the firm of Osterberg

9 & Sheehan, Public Utility Economists, of Scappoose, Oregon and Mount

Vernon, Iowa. I hold B.S., M.A. and Ph.D. degrees in economics from

q0 the University of California at Riverside. I have taught project analysis,

12 quantitative economics, and operations research, as well as basic,

'13 intermediate, and graduate courses in economic theory and policy at the

14 Graduate School of Administration at the University of California at

15 Riverside; at California State College, San Bernardino; and in the

0 Graduate Program at Chapman College. In 1979 1 was hired into the

17 Graduate Program in Urban and Regional Planning at the University of

18 Iowa, where I taught courses in environmental policy and planning, public

19 utility policy and planning, planning economics, local energy planning,

20 and state and local development finance. I have published a substantial

21 number of articles in scholarly journals and a number of chapters in
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1 books. Much of my practice over the last twenty years has been involved

2 with environmental planning and regulation, including geothermal

3 development in California, surface mining in Oregon, high and low level

.4 radioactive waste issues in the west and midwest. I have worked

5 extensively on water quality issues, including reclamation of waste water

6 in the Los Angeles basin, NPDES permits in the meatpacking and related

contexts, and radium 226 problems in the midwest. I have published on

q0 the economics of water supply, and been involved in several studies and

9 cases involving water supply economics. I have published a number of

'0 articles on public policy related to toxics. My dissertation was largely

11 focused on the issues of infrastructure and mining development in the

12 United States and Mexico. Further details of my professional experience

are set forth in my resume, Attached hereto as Exhibit A.

14 Q.2. HAVE YOU PREVIOUSLY TESTIFIED ON ISSUES RELATED TO
15 FINANCE OR PROJECT PLANNING?
16
17 A.2. Yes. I have testified before the Indiana Utility Regulatory Commission in

18 a number of cases dealing with including incentives, utility planning,

19 valuation, and rate of return. I have testified before the Oregon Public

20 Utility Commission on utility planning, rate design and cost allocation;
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1 before the Kentucky Public Service Commission on cost of service, rate

2 design, credit and service, and conservation related issues. Before the

3 Iowa Utility Regulatory Board, I have presented testimony on rate of

4 return, rate design, excess capacity, issues involving municipalization,

5 utility franchises, and utility planning in a series of electric, natural gas,

6 and telephone cases; before the Massachusetts Department of Public

Utilities on utility planning and rate design issues in the area of demand-

side management and least cost planning; the South Dakota Public

9 Utilities Commission on rate design and utility planning; the New York

Public Service Commission on avoided costs in the allocation of

11 preference power; and the Wisconsin Public Utilities Commission on rate

12 of return. I have testified before the Alaska Public Utilities Commission

0 on investment planning in telecommunications, cross-subsidization, rate

14 design, and the problems of the communications handicapped; before the

15 Texas Public Utility Commission on economic development rates; and

16 before the Hawaii Public Utility Commission on rate design and low-

17 income conservation programs. In addition, I have testified before the

18 Illinois Commission on utility planning issues in the nuclear context, and I
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1 have appeared before committees of the Nebraska, Missouri, Iowa, and

2 Washington legislatures on various aspects of utility regulation and energy

3 management, and valuation of service territories.

4
5 Q.3. HAVE YOU EXAMINED ENVIRONMENTAL OR PLANNING
6 ISSUES IN ANY OTHER FORUMS?

7 A.3. Yes, I worked on contract to Economic Research Associates to provide

several chapters of a detailed study of energy planning in Missouri,

9 including the impact of the Clean Air Act Amendments. Together with

10 Skip Laitner I prepared a report on low income weatherization as a

'W1 stimulus to economic development in Washington.

12 From about 1982 1 have been involved in several studies involving

13 problems of utility franchises. I was a member of the Iowa City

Franchise Review Committee in 1983-4, and I am co-author of an article

15 in the Urban Lawyer on utility franchise fees.

16 I have also provided services on contract to the Vermont

17 Commission staff on utility planning issues, the Nebraska Energy Office,

18 and the Iowa Energy Policy Council in the areas of local energy planning

19 and the relationship of energy pricing to local economic development.
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1 I have served on the Rate Advisory Committee and the Resource

2 Acquisition Council of the Columbia River People's Utility District, the

3 Research Advisory Committee of the National Regulatory Research

4 Institute at Ohio State University, and the National Consumer Advisory

5 Panel to AT&T.

6 I have been economic consultant on issues related to municipal

solid waste disposal to METRO, the region government for the three

8 counties around Portland, Oregon, and I am a member of the Solid Waste

9 Advisory Committee for Columbia County, Oregon. I have worked on

'0 costing and valuation issues for various cities and other organizations. I

11 have consulted on issues related to radioactive materials in the low level

12 waste context and in other proceedings. I assisted David Osterberg in his

0 preparation to testify In the Matter of Lousiana Energy Services, L.P.

14 (Claiborne Enrichment Center), NRC Docket No. 70-3070-ML (1997).

15
16 B. Purpose
17
18 Q.4. WHAT IS THE PURPOSE OF YOUR TESTIMONY?

19 A.4. I have been retained by ENDAUM and SRIC as an expert in the field of

20 energy, economics, and environmental risk in the matter of the licensing
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1 proceeding for the application for a source and byproducts materials

2 license submitted by Hydro Resources, Inc. (HRI) for the Crownpoint

3 Uranium Solution Mining Project, Crownpoint and Churchrock,

4 McKinley County, New Mexico.

5 The purpose of this testimony is to provide my professional opinion

6 on the adequacy of the financial assurances required of HRI relative to the

0 scope of the project described by the FEIS and the License, and on the

8 economic viability of HRI. In my professional opinion, HRI has not met

9 and cannot meet the financial assurance requirements as set forth in NRC

0 regulations; it also is my professional opinion that HRI is not in an

11 economic position to conduct the Crownpoint Project.

12 Q.5. WHAT MATERIALS HAVE YOU REVIEWED IN PREPARATION
13 FOR YOUR TESTIMONY?

0 A.5. I have reviewed the following documents and classes of documents

16 among others in support of this testimony: The DEIS and FEIS, pertinent

17 parts of NRC and EPA rules, various documents relating to the financial

18 condition of the applicant including 10-Ks and 10-Qs, among others, parts

19 of the applicant's response to Staff's Q.92, various materials from and

20 about the uranium industry, parts of the COP, the license, Wyoming and
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1 Texas regulatory materials, the Staub Report, certain EIA materials on

2 uranium markets, certain GAO reports on various aspects of the nuclear

3 industry, and certain pleadings filed in this case. I also have discussed the

4 issues addressed in my testimony with my partner David Osterberg.

5
6 II.
7 REVIEW OF THE FINANCIAL
8 ASSURANCE REQUIREMENT

O Q.6. PLEASE DESCRIBE THE FINANCIAL ASSURANCE
10 REQUIREMENT FOR URANIUM PROJECTS OF THIS SORT
11 FROM THE ECONOMIC PERSPECTIVE.

12
13 A.6. The NRC has three sets of rules that bear directly on the financial

*4 assurance issue. Financial assurance rules for ISL mining operations are

15 set forth at 10 C.F.R. § 40.36, with the parallel rules for milling

16 operations at 10 CFR 40 Appendix A Criterion 9. NRC rules at 10

0 C.F.R. § 40.32(c), (d) and (e) also bear on the magnitude of the financial

18 assurance required.
19
20 10 C.F.R. § 40.36 sets forth financial assurance requirements to be

21 determined at the time of license application for mining operations. Three

22 of the requirements of this section are of particular significance from the

23 financial analysis perspective. The first of these requirements is
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1 §40.36(a):

2 Each applicant for a specific license authorizing the
3 possession and use of more than 100 mCi of source material
4 in a readily dispersable form shall submit a
5 decommissioning funding plan as described in paragraph (d)
6 of this section." (Emphasis added).
7
8 Therefore, the proper time to develop and analyze the costs of

9 decommissioning and restoration and the applicant's plans for

guaranteeing funding for these costs, is at the time of license application.'

There is no reason to issue a license to begin with if the decommissioning

12 and restoration costs are.uneconomically large, or if the applicant does not

have the financial capability to provide the required financial assurance.

14 The rule's timing requirement is efficient and sensible, and prevents

15 valuable resources from being placed at risk without the proper analysis

* being done and resulting guarantees in place.

As to timing, note also that §40.31(i) requires that "as provided by §40.36,
certain applications for specific licenses filed under this part must contain a proposed
decommissioning funding plan or a certification of financial assurance for
decommissioning." (Emphasis added). Requiring a decommissioning funding plan to
be included in the application is logical in order to adequately internalize the risks to
natural and human resources of projects of this sort. This sound principle is reinforced
by §40.41(a), which tells us that the rule requiring the submission of a
decommissioning funding plan is effective at the time of license issuance.
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1 The second requirement is set forth in §40.36(d), which mandates

2 the contents of the decommissioning funding plan:

3 "Each decommissioning funding plan must contain--
4 "a cost estimate for decommissioning and,"
5 "a description of the method of assuring funds for
6 decommissioning ***

7
8 The third requirement of particular economic importance is

9 40.36(e), which sets forth strict limits on the types of financial assurances

which are acceptable. So, for example, if the applicant elects to provide

11 the financial assurance by prepayment in cash or other liquid resources,

12 this will be permitted as long as the amount prepaid is "sufficient to pay

a3 decommissioning costs." 2

14 Appendix A, Criterion 9 deals with the financial assurances

15 required for milling operations.3 It contains a number of economically

6 significant provisions:

17 (1) Financial surety arrangements must be established by each
.18 mill operator prior to the commencement of operations,
19 (Emphasis added).

2 Section 40.36(e) is also important in that it prohibits "guarantees by the applicant"

"in any situation where the applicant * * * has a parent company holding a majority
control of the voting stock of the company." §40.36(e)(2).

3 Uranium milling is defined in §40.4.
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2 This determines when the surety has to be in effect.
3
4 (2) to assure that sufficient funds will be available to carry out
5 the decontamination and decommissioning of the mill and
6 site and for the reclamation of any tailings or waste disposal
7 areas.
8
9 This sets forth how much the surety is to be.

10
11 (3) The amount of funds to be ensured by such surety
12 arrangements must be based on Commission-approved cost

estimates in a Commission-approved plan ***q0 (Emphasis added).

16 This requires that a study be done of costs, that the cost study be part of a

17 plan, and that both the cost estimates and the plan be approved by the

@8 Commission.

19 (4) The licensee shall submit this plan in conjunction with an
20 environmental report that addresses the expected
21 environmental impacts of the milling operation,

decommissioning and tailings reclamation, and evaluates
alternatives for mitigating these impacts.

24
25 This requires that the environmental report be submitted at the same time.

26 And finally,

27 (5) This will yield a surety that is at least sufficient at all times
28 to cover the costs of decommissioning and reclamation of
29 the areas that are expected to be disturbed before the next
30 license renewal. (Emphasis added).
31
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1 This tells us that the full scope of the license determines the scope of the

2 financial surety requirement for the milling operations.

3

4 III.
5 THE REQUIREMENTS OF AN ADEQUATE
6 FINANCIAL ASSURANCE ANALYSIS
7

8 Q.7. IN ORDER TO HAVE A RELIABLE BASIS FOR THE
DETERMINATION OF FINANCIAL ASSURANCE, WHAT IS THE
MINIMUM DATA NECESSARY FOR LICENSE ISSUANCE?

12 A.7. The rules require NRC-approved cost estimates, an NRC-approved plan

13 for decommissioning and restoration, a decommissioning and restoration

O4 funding plan, and an environmental report which sets forth and analyses

15 the costs of the various alternatives for risk minimization,

16 decommissioning and restoration.

At a minimum the relevant data has to be gathered, and has to be

18 sufficient to provide credible support for the estimation of the costs of

19 decommissioning and restoration, taking into consideration the impact of

20 the financial condition of the applicant corporation on the magnitude of

21 those risks. Without such an analysis, financial assurance is no more than

22 a guess and important economic resources will be left at unnecessary risk,
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1 contrary to the requirements of §40.36 and Criterion 9.

2 Q.8. WHAT IS YOUR EVALUATION OF THE LICENSE
3 REQUIREMENTS WITH RESPECT TO FINANCIAL
4 ASSURANCE?
5
6 A.8. While there are several provisions dealing with financial assurance in the

7 license, the license appears to have been issued without the applicant

8 having submitted the Decommissioning Funding Plan or established a

0 surety as required by §40.36. Nor do there appear to be "Commission-

10 approved cost estimates in a Commission-approved plan" for financial

11 assurance for decontamination and decommissioning of mill facilities as

' 2 required by Criterion 9. The result of this is that the requirement of

13 having an adequate surety in place for the entire project at the time the

14 license is issued appears to have been avoided. No dollar value of

0 financial assurance is set forth in the license, and the analytical apparatus

16 and data to calculate a financial assurance amount does not appear to have

17 been presented.

18 LCs 9.5, 10.28 and 10.29 of the license make some provision for

19 financial assurance. The first provision of LC 9.5 shifts'the timing of the

20 financial assurance analysis from the licensing stage to a post-licensing
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1 stage. The result is to remove the adequacy of financial assurance as a

2 licensing issue; all the relevant aspects of what constitutes adequate

3 financial assurance are deferred to a time when they can be

4 settled bilaterally between the Staff and the licensee.

5 As a prerequisite to operating under this license, the licensee
6 shall submit an NRC-approved surety arrangement to cover
7 the estimated costs of decommissioning, reclamation, and
8 groundwater restoration. LC 9.5.

The license then presents a limited outline of some aspects of the

11 financial assurance program to be worked out in the future.

12 Surety for groundwater restoration of the initial well
34 fields shall be based on 9 pore-volumes. LC 9.5.

15 Having established the 9 pore-volume value, the license then locks it in

16 for an indefinite period:

Surety shall be maintained at this level until the number of
pore-volumes required to restore the groundwater quality of

19 a production-scale well field has been established by the
20 restoration demonstration described in LC 10.28. LC 9.5.

21 Exhibit B shows HRI's time lines for production and restoration at

22 each site. Notice particularly that production is to occur at all three sites
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1 within the initial license period expiring on January 5, 2004.' This is

2 significant for the analysis of HRI's ability to provide the requisite

3 financial assurance, since the financial assurance amount has to cover all

4 the production and restoration activities contemplated in the initial license

5 term. 5 Moreover, restoration is also to begin within the intial license

6 period at all sites, and HRI is obliged to provide financial assurance to

carry out the plan for restoration set forth in the COP.

q8 LC 10.28 prevents HRI from injecting lixiviant at either Crownpoint or

9 Unit 1 until HRI demonstrates how much it costs to "restore a production-

0 scale well field." However, as long as HRI doesn't attempt to begin

11 production in the Crownpoint or Unit 1 fields, this LC 9.5 language

12 appears to limit the surety that can be required at Church Rock to that

* based on 9 pore-volumes.

14 Q.9. WHAT IS YOUR EVALUATION OF AN APPROPRIATE
15 FINANCIAL ASSURANCE FOR HRI'S PROJECT?
16
17 A.9. I would begin with HRI's response to Q.92 and work upward from there.

4 HRI's Response to Scheduling Conference Briefs of All Petitioners; Affidavit of
Mark S. Pelizza (Sept. 8, 1998). Exhibit C.
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1 Exhibit D presents data from HRI's response to Staff Request for

2 Additional Information ("RAI") Q.92 in 1996. In the documents

3 submitted along with that response, HRI estimated its cost for restoration

4 and reclamation at over $28 million, based on 4 pore volumes. HRI's

5 own estimate is inadequate for four reasons.

6 First, we know that the restoration/reclamation cost figures

presented by HRI were based on 4 pore volumes. Id. However, Licenseq0 Condition 9.5 establishes that 9 pore volumes is the appropriate figure.6

9 Even if we assume that the Staff's 9 pore volume figure is correct, the

HRI's cost estimate will have substantially understated the appropriate

11 amount. Given HRI's calculation of $28 million for 4 pore volumes, and

12 assuming proportional costs for each succeeding pore volume, 9 pore

* volumes would require a restoration/reclamation cost figure of at least

14 $63 million.

15 Second, HRI's figures are from a computer program run from

6 Even 9 pore volumes seriously underestimates the number of pore volumes

required for restoration. The Mobile pilot project on section 9 in Church Rock
required 16.7 pore volumes and still did not reach complete restoration. FEIS 4-
37. At PRI's operations in Wyoming, well field A has taken 21 pore volumes
and restoration is not complete. Exhibit E.
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1I April 1996, almost three years ago. Inflation has been slow but still

2 positive over those years, and the surety must be adjusted accordingly.

3 Just for illustration, the increase in CPI-U between April 1996 and

4 November 1998 was 4.9 percent.

5 Thirdly, HRI underestimates the cost of production. The Staff in

6 February, 1997, estimated that production would be in the range of 42

million pounds. FEIS 4-10 and 4-11. Exhibit G. This is 75 percentq8 higher than the HRI figure of 24 million pounds from sometime before

9 April 1996. HRI's figure is apparently based, at least in part, on

'0 assuming a reduction of production acreage to only a fraction of the three

11 producing areas analyzed in the FEIS. If we assume that the Staff is

12 correct, then there will be substantially more wells, substantially more

land use, and substantially more aquifer territory to clean-up.

14 Finally, HRI's uncertain financial state merits an increase in surety

15 value. (See my responses to questions 12 below.) The ability of the

16 company to conduct environmentally sensitive operations that potentially

17 pose a risk to public health and safety and to natural resources is directly

18 related to the company's financial health and the economic viability of the
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1 operation. Under NRC regulations § 40.36(b)-(e), the NRC is required to

2 determine before granting a license that the applicant is financially

3 capable of conducting its operations without endangering the "health and

4 safety of the public" or "environmental values." A company that is not

5 healthy financially or that is undertaking a project that is not economically

6 viable can expect more environmental and public health and safety

problems for four reasons:

(1) Because the applicant's poor capitalization or financial condition will
9 often mean that there will be a tendency to cut comers on expenditures

10 related to safety, thereby increasing the risk of events adversely affecting
11 public health and safety or the environment;

(2) Greater risk means an increase in the expected number of such
14 adverse events;
15
16 (3) Poor capitalization, especially if prices are low relative to costs in
17 product markets, will mean the company will be less able to provide a full

and comprehensive response out of operating funds to events affecting
public health and safety and the environment;

20
21 (4) Operating fund stress due to the need to cope with more and more
22 severe public health and safety and environmental problems will tend to
23 produce a downward spiral in performance.
24
25
26 The NRC should compensate for the additional expected losses

27 reasonably foreseeable from an undercapitalized firm by requiring a higher
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1 level of guarantees at the outset to correspond to the higher level of

2 expected losses from such a firm. This would ensure that when adverse

3 environmental and public health and safety events occur, there will be

4 adequate funds to cope with them at least from the financial assurance fund,

5 if not from the internal funds of the company. The economic test is whether

6 a firm can cover all of its costs--including all externalities--and still make a

profit. If it can't, the firm should not undertake the project or be allowed to

48 place public health and safety or environmental resources at risk.

9

10 Q.10. WHAT DO YOU CONCLUDE FROM YOUR ANALYSIS?

01 A.10. My conclusion, assuming proportionality in the cost of pore volumes, is

12 that the cost of restoration/reclamation is at least $63

13 million at 9 pore volumes and almost certainly substantially more.

* Therefore the required financial assurance should be set upward of $63

15 million, with adjustments in the cost of inflation and a realistic estimate of

16 production.

17 Q.11. HAS HRI COMPLIED WITH THE FINANCIAL ASSURANCE
18 REQUIREMENTS OF 10 C.F.R § 40.36 AS TO THE PROVISION
19 OF A CASH GUARANTEE OR OTHER SURETY?

20 A.11. No, to the best of my knowledge, HRI has not filed a decommissioning
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plan or provided a cash guarantee or other surety.

2 Q.12. HAS HRI COMPLIED WITH THE REQUIREMENTS OF
3 CRITERION 9 TO 10 C.F.R. PART 40?

4 A.12. No, HRI has not complied with Criterion 9 because it has not submitted a

5 financial assurance plan.

6 IV. HRI'S ABILITY TO
7 CONDUCT THE PROPOSED CROWNPOINT PROJECT
8 AND TO PROVIDE FINANCIAL ASSURANCE

01 A. HRI's Financial Condition

12 Q.13 ARE YOU FAMILIAR WITH THE FINANCIAL CONDITION OF

13 THE APPLICANT HRI IN THIS CASE?

04 A.13 HRI, the nominal applicant in this proceeding, is URI's wholly

15 owned operating subsidiary in New Mexico. The relationship of URI and

16 HRI is described by HRI's president in a recent letter to the NRC:

b My name is Richard F. Clement, Jr. I am the President of
18 HRI, Inc. (HRI) which is a subsidiary of Uranium
19 Resources, Inc. (URI). URI has been in the in-situ uranium
20 mining (ISL) business since 1977 and has successfully mined
21 and reclaimed two commercial ISL mines. We are currently
22 operating two commercial ISL mines in south Texas as well
23 as permitting two additional properties, which are also in
24 south Texas. URI's wholly owned subsidiary, HRI is the
25 operating arm of the company in ew Mexico. Clements to
26 NRC, 19 August 1998. (Emphasis added). Exhibit F.
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*1 Moreover, Uranium Resources, Inc. treats the New Mexico operations of

2 HRI as part of its consolidated operation. Uranium Resources, Inc. 1997

3 10-K, p.5. Exhibit B to Osterberg.

4 I am familiar with the financial condition of Uranium Resources,

5 Inc., and through Uranium Resources, Inc.'s consolidated financial

6 reports and other data, with HRI.

Q.14 DOES THE APPLICANT CURRENTLY HAVE THE FINANCIAL
CAPABILITY TO ASSURE THAT IT CAN CONDUCT THE

10 PROPOSED PROJECT OR TO PROVIDE ADEQUATE
11 FINANCIAL GUARANTEES TO ENSURE THAT IT WILL WITH
12 CERTAINTY BE ABLE TO SUCCESSFULLY DECOMMISSION,
3 RESTORE AND RECLAIM THE LAND, FACILITIES AND

GROUNDWATER AT ITS NRC LICENSED OPERATIONS IN
15 NEW MEXICO?

16 A.14 No, it does not.
17

* Q.15. PLEASE EXPLAIN.

20 A.15. Due to market conditions and other factors Uranium Resources, Inc.

21 ("the Company") lacks the financial capability to conduct this project in a

22 responsible manner or to provide the necessary financial assurance

23 required by 40.36(e). Moveover, the Company's financial situation

24 appears to be deteriorating. The primary focus of the company's

OSTERBERG & SHEEHAN
Public Utility Economists

33126 S.W. Callahan Road
Scappoose, Oregon 97056SPAGE 20 TESTIMONY OF MICHAEL F. SHEEHAN 503-543-7172 FAX 543-7172



1 operations are long term contracts. Exhibit H (MFS-8) shows the state of

2 the company's long term sales contracts as represented in the 10-Q filed

3 in March of 1998. Notice that while the Company had eight such long

4 term contracts in 1998, it anticipates having only 2 in 2002. Sales by

5 pound also decline from 1.4 million in 1998 to 258,000 in 2002.

6 Revenues decline from $21.5 million in 1998 to $3.5 million in 2002.qRecall that the license period runs to the beginning of 2003.

9 Exhibit I (MFS-9) is the Company's Consolidated Statements of

10 Operations Data for 1997. The bottom panel shows that the average cost

O1 of produced pounds sold is substantially higher than the average sales

12 price per pound. Moveover, the Company showed a substantial loss from

13 operations and negative net earnings, and earnings would have been even

* more negative but for the Company's sales of purchased (not produced)

15 uranium.7 Since the margin of price over production cost is negative, the

16 Company is keeping afloat by purchasing uranium from others and selling

7 Produced uranium was 74 percent of the total of produced plus purchased in 1996
whereas it was only 41 percent of the total in 1997, showing the downward shift in the
profitability of the production end of the Company's business.

OSTERBERG & SHEEHAN
Public Utility Economists
33126 S.W. Callahan Road

PAGE 21 TESTIMONY OF MICHAEL F. SHEEHAN Scappoose, Oregon 97056
503-543-7172 FAX 543-7172



1 it to meet orders under its long term contracts. Purchase prices in these

2 contracts decline, however, over time from $14.95 in 1997 to $13.04 in

3 2001:

4
5 These conditions put the Company in a price/cost squeeze. As

6 prices fall, production becomes less economical and is reduced. But

7 reduced production means reduced economies of scale and scope and so

higher costs. This appears to be what happened in Uranium Resources,

9 Inc.'s Texas fields (operated by its subsidiary URI) in 1997-98, where

10 limited production pushed costs per pound into the $15 to $16 per pound

@1 range. Third Quarter 1998 10-Q, p. 12. Exhibit BB to Osterberg.

12
13 The Company's cash position is also deteriorating. The

Company's cash at the end of 1996 was $16.9 million, but this had fallen

15 to $2,325,000 at the end of 1997, and by the end of the third quarter of

16 1998 it was down to $978,515. Similarly, working capital was down

17 from $15.3 million in 1996 to $6.0 million in 1997, to $4.0 million at the

18 end of the third quarter 1998. Moreover, the third quarter of 1998

19 generated a negative cash flow of $1,751,000. In this quarter the adverse
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1 economic conditions facing the Company led it to write down the value of

2 its uranium properties and other assets by $18 million, leading to a net

3 loss for the quarter of almost $15 million.
4
5
6 A firm with these financial characteristics cannot undertake a

7 project of the magnitude of the proposed Crownpoint operation; such a

8 firm also will not find it easy or cheap to fund its financial assurance

obligation under any provision of 40.36(e).

10

11 C. Uranium Markets and Project Economics

2 Q.16. HOW ARE SHORT AND LONG TERM CONDITIONS IN
13 URANIUM MARKETS AFFECTING THE FINANCIAL VIABILITY
14 OF HRI AND ITS ABILITY TO CONDUCT THIS PROJECT OR
15 TO PROVIDE THE NECESSARY FINANCIAL ASSURANCE?
16

0 A.16. Current market prices are well below the HRI cost of production at any of

18 its licensed New Mexico production areas. Spot market prices are

19 currently (January 7) at $8.75 per pound in the restricted market and

20 $8.10 in the unrestricted market. Costs of production at the three New

21 Mexico sites are presented in Table 5.1 of the FEIS. Exhibit G. Current

22 spot market prices are below production costs at all sites and for all
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1 production alternatives. The highest production costs, it should be

2 pointed out, are found at the Church Rock site where HRI and the Staff

3 intend production to begin first. These costs range from $11.30 to $11.83

4 per pound, which are more than $2.00 above the current spot market

5 prices.8

6
7 Q.17. GENERALLY SPEAKING HOW HAS THE PRICE OF URANIUM

VARIED OVER THE LAST TEN YEARS?

A.17. Uranium spot prices have been below $11.00 for most of the period from

10 1989 to the present. Exceptional periods have been mid-1990, 1995-6,

1 and late 1997 to early 1998 where prices rose quickly only to fall rapidly

12 again to below $11.00. From 1997 to the present prices have been

13 trending downward, with the current price, as noted, in the $8 range.

O Q.18. DID THE COMPANY AND THE STAFF OVERESTIMATE
16 MARKET PRICES FOR URANIUM AT THE TIME THE FEIS
17 WAS PREPARED?

18 A.18. The Staff estimate of spot market prices into the future as presented in

8 Since the Company estimates that production cost per pound would be under $10

at its new Alta Mesa property in Texas, it is not clear why it would prefer to operate at
Church Rock with costs between $11.32 and $11.80.
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1 Table 5-2 of the EIS was overly optimistic, suggesting that prices for

2 1998-1999 would be in the $12.62 to $13.00 range, $4 to $5 over the

3 current spot price. Furthermore, the Company concedes that low prices

4 will probably continue for a significant period into the future.

5 The market price of uranium has fallen to levels that
6 are currently below the Company's cost of uranium
7 production. The outlook for uranium prices through
8 the end of 1999 indicates that a price rebound during

this period is not likely. URI, 10-Q, Third Quarter
1998, p. 9 . Exhibit BB to Osterberg.

12 There are structural factors beyond the natural variation in uranium

13 markets at work here. For example, the announcement of the 75 million

@4 pound treasure trove of uranium held by the USEC has had a substantial

15 and continuing depressive effect on the market. Combine this with

16 substantial supplies from Russia of various forms of uranium, and other

demand side factors discussed by David Osterberg in his testimony, and

18 we see that the Staff's estimates are liable to be overstated for the

19 foreseeable future.9 All these factors are to the disadvantage of HRI, and

20 work to impair its ability to borrow, generate or justify the expenditure of

9 The Company has a substantial discussion of these issues in its Third Quarter
1998 10-Q, p. 10. Exhibit BB to Osterberg.
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1 funds for financial assurance.

2 Q.19. HOW SERIOUS IS THE COMPANY'S FINANCIAL SITUATION?

3 A.19. The Company's statements in its financial reports and elsewhere support

4 the proposition that the Company is in deep financial trouble due to

5 market conditions. One manifestation of this is that the Company is

6 closing down its production facilities.

The prospect of potentially depressed uranium prices for
continued periods could adversely impact the Company's
ability to secure additional long-term sales contracts at

10 prices that exceed the Company's overall costs. Third
11 Quarter 1998 10-Q, p. 10. Exhibit BB to Osterberg.

2 The Company concedes that it is faced with a financial crisis, and

13 has determined to shutdown its producing fields in Texas and plans to

14 satisfy its "remaining 1998 and 1999 sales contracts" through deliveries

* from existing inventory and "taking advantage of low uranium prices" by

16 "arbitraging its contractual position in the market." Third Quarter 1998

17 10-Q, p. 10. Exhibit BB to Osterberg.

18 Q.20. WHAT OTHER EVIDENCE IS THERE THAT THE COMPANY IS
19 IN SUBSTANTIAL FINANCIAL TROUBLE?

20 A.20. One such important indicator is the Company's actions with respect to its

21 employees. The Company has made the following statement about its
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reliance on experienced personnel:

2 Certain of the Company's employees have significant
3 experience in the ISL mining industry. The number of
4 individuals with ISL experience is small. The continued
5 success of the Company is dependent upon the efforts of
6 these key individuals, and the loss of any one or more of
7 such persons' services could have a material adverse effect
8 on the Company's business operations and prospects. The
9 Company has not entered into employment contracts with *

10 * * any of these individuals. Third Quarter 1997 10-K,
11 p. 2 8 . Exhibit B to Osterberg.

0 In light of this reliance, the following statements are indicative of

13 serious. financial stress:

14 In connection with the shut-in of production, the Company
56 will be making cost reductions at all levels. These cost

406 savings will include * * * personnel reductions in both its
17 operating and its general and administrative workforce and
18 reductions in compensation for the Company's executive
19 management. Third Quarter 1998 10-Q, p. 11. Exhibit BB
20 to Osterberg.

0 Such measures would not be taken unless the Company were
23 driven to it, especially in light of the requirement in 10 CFR 40.32(b) that
24 in order to receive a license to operate the applicant be,
25
26 qualified by reason of training and experience to use the source
27 material for the purpose requested in such a manner as to protect
28 health and minimize danger to life or property. 10 CFR 40.32(b).

29
30 Q.21. HOW HAS THE STOCK MARKET REACTED TO THE
31 DIFFICULTIES THE COMPANY FINDS ITSELF IN?
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1 A.21. On October 7, 1998 the Company filed an 8-K with the SEC noting that t

2 he NASDAQ stock exchange had initiated the process to delist the

3 Company's shares owing to the fall in the Company's stock price below

4 one dollar. October 1998, 8-K, Item 5. Exhibit J. URI stock had fallen

5 to low of 16 cents per share in 1998 from a 5 year high of $17.63. The

6 stock price has been well below one dollar for an extended period,

reflecting the market's evaluation of the conditions facing the Company

q0 and the industry.

9
10 Q.22. ARE THERE OTHER INDICATIONS THAT THE APPLICANT IS

LACKS THE FINANCIAL CAPABILITY TO CONDUCT THIS
PROJECT AND TO PROVIDE ADEQUATE ASSURANCE AT ITS

13 NEW MEXICO PROPERTIES?

14 A.22. Yes. URI has announced its intention to reevaluate its plan to proceed

* with production at its New Mexico properties:

16 The Company continues to evaluate its core uranium assets
17 in * * * New Mexico * ** . Possible alternatives for these
18 uranium assets may include the sale or joint venturing of
19 certain of these properties or the termination of the
20 Company's rights for those properties whose holding costs
21 are determined to be in excess of their expected value.
22 Third Quarter 1998 10-Q, p. 11. Exhibit BB to Osterberg.

23 The owners of the Company are now attempting to sell off the Company
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or its assets.

2 The Company has entered into discussion with a number of
3 domestic and international uranium production companies
4 regarding the divestiture of all or a portion of the Company
5 or its assets. Third Quarter 1998 10-Q, p. 11. Exhibit BB to
6 Osterberg.

7 The Company's efforts in this direction have resulted in,

8 certain of these uranium production companies expressing an
9 interest in certain of the Company's projects and assets." Third

Quarter 1998 10-Q, p. 11. Exhibit BB to Osterberg.

12 Q.23. HOW DOES THE COMPANY PLAN TO FINANCE THE
13 OPERATIONS PERMITTED IN THE LICENSE AT ISSUE HERE?
14'5 A.23. The cost of permitting and land holding at the Company's New Mexico

16 production areas are substantial.

17 Capital expenditures at the Company's Church Rock, Crownpoint
18 and Vasquez projects for permitting and land holding costs totaled

approximately $1,300,000 and $2,900,000 in 1996 and 1997,
respectively and are expected to be $1,200,000 in 1998. Capital

21 requirements for 1998 and beyond for these projects are
22 expected to be met through sales proceeds from current and
23 additional uranium delivery contracts and through future
24 sources of debt and/or equity financing. URI, 1997 10-K, p.36.
25 (Emphasis added). Exhibit B to Osterberg.

26 As is readily apparent, each one of the listed sources of potential capital

27 to fund into the future is suspect given known conditions in the market.
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1 And even relatively small amounts like $1,200,000 for land holding and

2 permitting costs bulks large when total cash on hand is only $978,000 for

3 all of Uranium Resources, Inc., not just HRI (as of September 30, 1998).

4 Compare this to even the Company's estimate of decommissioning and

5 restoration and it is apparent that any legitimate financial assurance figure

6 is going to be beyond the capability of the Company under current

8 conditions.

9 Q.24. HAS THE COMPANY GIVEN ANY INDICATION THAT IT
10 INTENDS TO REDUCE EXPENDITURES AT ITS NEW MEXICO
11 OPERATIONS IN LIGHT OF ITS DIFFICULTIES?

4h A.24. Yes. In a press release reported by Reuters, the Company gave notice

13 that it intends to sharply reduce its expenditures on its New Mexico

14 properties in order to "maintain a positive liquidity position."

* The South Texas uranium producer added that it would cut
16 costs in 1999 by reducing corporate overhead by 33 percent,
17 reducing expenses in New Mexico by 60 to 70 percent and
18 reducing capital expenses in South Texas by about 90
19 percent. URI Press Release, November 16, 1998.
20 (Emphasis added). Exhibit K.
21
22
23 Q.25. WHAT DO YOU CONCLUDE FROM THESE FACTS WITH
24 RESPECT TO THE ABILITY OF THE COMPANY TO CONDUCT
25 THE CROWNPOINT PROJECT OR TO PROVIDE ADEQUATE
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1 ASSURANCE?

2 A.25. I conclude that under current conditions the Company lacks the financial

3 capability to fund or otherwise procure the financial assurance required by

4 section 40.36.

5
6 VI. CONCLUSIONS
7
8 Q.26. WHAT DO YOU CONCLUDE BASED ON YOUR ANALYSIS?

is A.26. I have six conclusions on the issues of financial assurance and the

10 financial capability of the company to conduct the proposed Crownpoint

11 Project:

Q2 Timing and Scope Based on my review of 40.36 1 conclude that the
13 appropriate financial assurance amount to be provided at the beginning of
14 the license period, is the amount proper to the entire project as licensed
15 and likely to be disturbed within the initial license period.
16

Calculation The rules require that a Decommissioning Funding Plan and
other cost estimates be submitted to and approved by the NRC at the time

19 of licensing. This provides the analytical basis for the determination of
20 the appropriate financial assurance amount.
21
22 Adequate Capitalization While there is no independent requirement for
23 a financial capability review in Part 40, it is important to recognize that a
24 poorly capitalized firm creates a higher risk of environmental loss and a
25 higher expected value of environmental loss. This should be taken into
26 account by the NRC in determining whether to license the company. In
27 addition, because of this the level of financial assurance needs to be
28 higher, other things equal, for firms in poor financial condition.
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1
2
3
4
5
6
7
8
9

10
11
12

Financial Assurance Amount It is not possible to determine the
appropriate financial assurance amount on this record. However, the
Applicant estimated restoration and reclamation costs at roughly $28
million in 1996 based on 4 pore volumes and other assumptions. These
assumptions tend to result in an underestimation of the proper figure, and
so the actual amount would be greater than $28 million.

Capability to Conduct the Proposed Project and to Fund Financial
Assurance Under current market conditions and Company's prevailing
under-capitalization and other problems, the Company lacks the financial
capability to conduct the Crownpoint Project or to fund an adequate
financial assurance amount for that Project.

Q.27. DOES THIS CONCLUDE YOUR TESTIMONY?

A.27. Yes it does.16

'7
18

19

21

22

23

24

25
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Articles in Trade
Publications:

"Coordinating Public Utility Expansion, Industrial Siting
and Pollution Control: A Workable Dynamic Programming
Algorithm," Socio-Economic Planning Sciences, April
1977, V. 11, (Sheehan, Kogiku). Reprinted in Kiichiro
Kogiku, ed., Resource Allocation Models: Essays on the
Management of Resources and the Environment, Tokyo
(Aoyama Gakuin University Press) 1990.

Employment and Jobs: The Employment Impact of Federal
Environmental Investments National Commission for
Employment Policy; Washington D.C. April 1995
(Research Report 95-02). With Skip Laitner and Marshall
Goldberg.

"Utility Franchise Charges and the Rental of City Property,"
in New Jersey Municipalities December 1995, p.10ff.

"Cash for Clunkers Program Can Hurt the
Poor." State Legislatures 33 (May 1993) (with Roger
Colton).

On the Brink of Disaster: A State by State Analysis of
Low-Income Natural Gas Heating Bills (Flying Pencil
Publications: Scappoose, OR 1994) (With Roger Colton).

"Raising Local Government Revenues Through Utility
Franchise Charges: If the Fee Fits Foot It," Reprinted in
Freilich and Bushek, eds., Exactions, Impact Fees and
Dedications: Shaping Land- Use Development and Funding
Infrastructure in the Dolan Era, ABA, Chicago, 1995;
p.233ff (With Roger Colton).

"Whose Goals and Whole Alternatives? How Bad Can a
Private Goal Be and Still Define the EIS Under NEPA?,"
Presented to the National Park & Public Land Symposium,
to be reprinted. (On the New World Mine proposal) 1995.

"Law and Economic Policy: The Institutionalist
Contribution." In Warren Samuels ed., Handbook of
Evolutionary and Institutional Economics (M.E. Sharpe,
forthcoming).

Books:

Articles in Books:
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"The Allocation of Wildfire Control Investments." (With
Kiichiro Kogiku, equal authors) chapter 3 in Kiichiro
Kogiku, ed., Resource Allocation Models: Essays on the
Management of Resources and the Environment, Tokyo
(Aoyama Gakuin University Press) 1990.

"A System Simulation Analysis of New Strategies for
Long-run Cost Minimization in Wildfire Control." (With
Kiichiro Kogiku, equal authors) chapter 4 in Kiichiro
Kogiku, ed., Resource Allocation Models: Essays on the
Management of Resources and the Environment, Tokyo
(Aoyama Gakuin University Press) 1990.

"An Application of Multi-criteria Decision-making to
Multiple Use Planning in U.S. Forests." (With Kiichiro
Kogiku, equal authors) chapter 5 in Kiichiro Kogiku, ed.,
Resource Allocation Models: Essays on the Management of
Resources and the Environment, Tokyo (Aoyama Gakuin
University Press) 1990.

"An Analysis of Davenport City Finances." Appendix 6B
(p. 181-191) in G. Daniels & K. Gagala, Labor Guide to
Negotiating Wages and Benefits, Reston (Prentice-Hall),
1985 (with Peter Fisher).

"The Struggle Between the Electric Utility Industry and
Small Scale Power Producers: Law, Politics and
Economics in State and Federal Policymaking." Chapter 6
in Max Neiman and Barbara Burt, eds. The Social
Constraints on Energy Policy Implementation, Lexington,
D.C. Heath & Co. 1983.

"Economism, Democracy, and Hazardous Wastes: Some
Policy Considerations" in Kamieniecki, O'Brien and Clarke,
Controversies in Environmental Policy, Albany, SUNY
Press, 1986.

"Nonrenewable Resources and the Development of Arid
Lands: A Planning Approach," in Alternative Strategies for
Desert Development and Management, UNITAR, Pergamon
Press, 1979 (Adam Rose, Michael Sheehan, Dale Hurd).

Professional Managing Partner, Osterberg and Sheehan,
Administration: Public Utility Economists, Iowa City.

Past Member, Research Advisory Committee, National
Regulatory Research Institute.
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Past Member, Board of Editors, Journal of Economic Issues

Editor, Reports on the Iowa Economy.

Past-President, Association for Institutional Thought
(AFIT) (1988-9).

Professional & Legal Matthew Glasson Esq., Glasson, Grove and Sole, Cedar
References: Rapids, Iowa.

Ellen Johnson, Oregon Legal Services,
Hillsboro, Oregon.

David Girard, Columbia Legal Services,
Seattle.

Michael Mullett, General Counsel, Citizens Action
Coalition, Indianapolis, IN.

Mark Smith, Secretary-Treasurer, Iowa State Federation of
Labor, Des Moines, Iowa.

Diane Curran, Harmon, Curran, Gallagher & Spielberg
2001 "S" Street Suite 430, Washington, D.C. 20009-1125

Utility-Related Ameritech Petition to the Indiana Utility Regulatory
Law Practice Commission for Further Deregulation. Cause 40849.

1997-8. Representing Citizen Action Coalition of Indiana,
AARP and United Seniors in Action.

Petition of CAC et al for an Investigation into the Rates
and Charges of Ameritech Indiana. Cause 41058.
Representing Citizen Action Coalition of Indiana, AARP
and United Seniors in Action. November 1997.

Indiana Bell Telephone dba Ameritech Indiana v. IURC et
al (Before the Indiana Court of Appeals). February 1998.
Representing Citizen Action Coalition of Indiana, AARP
and United Seniors in Action.

Indiana Utility Regulatory Commission Investigation into
All Matters Relating to Access Charge and Universal
Service Reform. Cause 40785. 1997-8. Representing
Citizen Action Coalition of Indiana, AARP and United
Seniors in Action.
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In the Matter of the Application of U.S. West for an
Increase in Revenues Docket UT 125 (Rate design)
Before the Oregon Public Utility Commission. 1997-8.
Representing AARP.

In the Matter of the Petition of US West for a Ruling
Clarifying the Effect of Rate Reductions on Refund
Obligations Docket UT 143 Before the Oregon Public
Utilities Commission. Representing AARP. 1997-8.

US West Communications, Inc. v. Oregon Public Utilities
Commission, CA A101358, Before the Oregon Court of
Appeals. Representing the Citizens Utility Board of
Oregon and AARP. August 1998.

Practice Before Crostic v. Golden Pacific Homes, Multnomah County
Courts (Economics): Circuit Court Action. Consumer Fraud. Before an

arbitrator. Calculation of present value of damages. May
1998.

Green v. Sunpointe Associates, Civil Action No. C96-
1542C (U.S. Dist. Ct. Western District of Washington).
Fair Housing Act Class Action. Calculation of damages.
1997.

Garneau v. City of Seattle, Federal District Court. "Seattle's
Low-Income Tenant: Relocation Assistance Ordinance: A
Review of Professor Heyne's Economic Analysis." On
behalf of Evergreen Legal Services and the City of Seattle
in defense of the TRAO. January 1995.

Pacific Northwest Bell v. Eachus et. al.
(OPUC), Multnomah County Circuit Court.
Affidavits & testimony is support of CUB's resistance to (1)
Bell's request for a stay of a commission rate reduction
order, and (2) Bell's request for a protective order. On
behalf of Oregon Citizens' Utility Board. (Spring 1990).

Azul Pacifico v. City of Los Angeles. Federal District Court
for the Central District of California. Witness statement
(33 pages) and oral testimony on the economics of
mobilehome rent control. On behalf of the City of Los
Angeles. (January 1990).
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IN RE: John & Reta Martin: Chapter 12
Bankruptcy. "Materials in Support of an Analysis of the
Appropriate Interest Rate Under 11 USC Section
1225(a)(5);" and "Moody's Corporate Bond Composite: An
Analysis in Light of 11 USC 1129(b)." Fixed interest rate
determination in support of plan confirmation. Written
reports. April 1987. Bankruptcy Court (ND, Iowa).

IN RE: De Los and Donna Martins: "Materials in Support
of an Analysis of the Appropriate Interest Rate Under 11
USC Section 1129(b)(2)." Fixed interest rate determination
in support of cramdown. Written report. April
1987. Bankruptcy Court (ND, Iowa).

IN RE: Paul and Gretchen Pothoven: "Materials in Support
of an Analysis of the Appropriate Interest Rate Under 11
USC Section 1129(b)(2)." Fixed interest rate determination
in support of cramdown. Written report plus
testimony. April 1987. Bankruptcy Court (SD, Iowa).

"An Economic Analysis of Rules Adopting 6 Percent and
$6000 Limits on Excludable Assets Essential for Self-
Support in Determining Medicaid Eligibility." A report
(affidavit) prepared for Legal Services Organization of
Indiana. February 1987.

IN RE: Merlin & Helen Theisen: "Materials in Support of
an Analysis of the Appropriate Interest Rate Under 11 USC
Section 1129(b)(2)." Fixed interest rate determination in
support of cramdown. Written report. February
1987. Bankruptcy Court (ND, Iowa).

IN RE: L.C. & Gladys Cole: Chapter 11
Bankruptcy. "Materials in Support of an Analysis of the
Appropriate Interest Rate Under 11 USC Section
1129(b)(2)." Fixed interest rate determination in support of
cramdown. Written report plus testimony. February
1987. Bankruptcy Court (ND, Iowa).

IN RE: Donald & Sharalee Kurtenbach: Chapter 11
Bankruptcy. "Materials in Support of an Analysis of the
Appropriate Interest Rate Under 11 USC Section
1129(b)(2)." Fixed interest rate determination in support of
cramdown. Written report in lieu of testimony. February
1987. Bankruptcy Court (ND, Iowa).
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IN RE: Manta C. Noe and John & Carol Noe: Chapter 11
Bankruptcy. "Materials in Support of an Analysis of the
Appropriate Interest Rate Under 11 USC 1129(b)(2)." Fixed
interest rate determination in support of cramdown. Written
report plus testimony. February 1987. Bankruptcy Court
(ND, Iowa).

IN RE: Leland & Evelyn Eganhouse: Chapter 11
Bankruptcy. "The Use of the Farm Profitability Index to
Index Annual Payments Under the Reorganization Plan."
Written report. July 1986.

IN RE: Robert & Joann Pestka: Chapter 11 Bankruptcy.
"Materials in Support of an Analysis of the Appropriate
Interest Rate Under 11 USC Section 1129(b)(2)." Fixed
interest rate determination; written report. July 1986.

IN RE: Leland & Evelyn Eganhouse: Chapter 11
Bankruptcy. "Materials in Support of an Analysis of the
Appropriate Interest Rate Under 11 USC Section
1129(b)(2)." Fixed interest rate determination; written
report. July 1986.

IN RE: Wilbert Wuebker: Chapter 11 Bankruptcy.
"Materials in Support of an Analysis of the Appropriate
Interest Rate Under 11 USC Section 1129(b)(2)." Fixed
interest rate determination; written report. May 1986.

The Maine Association of Independent Neighborhoods, et.
al. and Nancy Haggan v. Michael Petit Docket No. 83-
0360-B, The U.S. District Court for the District of Maine.
"An Economic Analysis of Rules Adopting 6 Percent and
$6000 Limits on Excludable Assets Essential for Self-
Support in Determining Medicaid Eligibility." A report
prepared for Pine Tree Legal Assistance, Inc. of Augusta,
Maine. May 1986. (Favorable Decision:
U.S. Dist. Ct. D. Maine, April 23, 1987. Docket
No. 85-0174-B).

IN RE: Paul Kaufman: Chapter 11 Bankruptcy. "Materials
in Support of an Analysis of the Appropriate Interest Rate
Under 11 USC Section 1129(b)(2)." Fixed interest rate
determination; written report. April 1986.
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IN RE: John & Marie McAllister: Chapter 11 Bankruptcy.
"Materials in Support of an Analysis of the Appropriate
Interest Rate Under 11 USC Section 1129(b)(2)." Fixed and
variable interest rate determinations; written report plus
testimony. March 1986.

IN RE: Byron & Connie Greiman: Chapter 11 Bankruptcy.
"Materials in Support of an Analysis of the Appropriate
Interest Rate Under 11 USC Section 1129(b)(2)." Fixed
interest rate determination; written report. March 1986.

IN RE: Cyrus & Annette Hopkins: Chapter 11 Bankruptcy.
"Materials in Support of an Analysis of the Appropriate
Interest Rate Under 11 USC Section 1129(b)(2)." Fixed
interest rate determination; written report plus testimony.
March 1986.

IN RE: Daniel & Helen Wolf: Chapter 11
Bankruptcy. "Materials in Support of an Analysis of the
Appropriate Interest Rate Under 11 USC Section
1129(b)(2)." Fixed interest rate determination in support of
the debtors successful cramdown effort. Written report plus
testimony. February 1986.

Practice Before In the Matter of Investigation and Hearing on Possible
Regulatory Reduction in Rates and Charges of Entergy New
Commissions: Orleans, Inc. for Electric and Gas Service in New

Orleans Docket No. UD-97-1. Before the New Orleans
City Council. May-June 1997. Expert written testimony
on the franchise agreement. On behalf of the Alliance for
Affordable Energy.

Petition of Northern Indiana Public Service Company
for Approval of a Natural Gas Alternative Regulatory
Plan. Before the Indiana Utility Regulatory Commission.
Expert written testimony on the proposal. On behalf of
Citizens Action Coalition of Indiana. February 1997.
(Settled).
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With Respect to Setting Rates Pursuant to Franchise for the
Forest Grove Transfer Station. Before the METRO Council
(Portland, Oregon). Preparation of studies and other
materials. On behalf of the Metro Staff. 1996-7.

Hydro Resources Inc. Application to Construct and
Operate the Crownpoint Uranium Solution Mining
Project at Crownpoint, NM, Before the U.S. Nuclear
Regulatory Commission. Docket No. 40-8968. 1997.
Review of the economics of the proposal (issues related to
financial capability, cost benefit analysis and need). On
behalf of ENDAUM and the Southwest Research and
Information Center.

In Re Indianapolis Power and Light Cause No.39938.
Written rebuttal testimony on rate base, rate of return, and
estimation of plant value. Before the Indiana Utility
Regulatory Commission. On behalf of Citizens Action
Coalition of Indiana. June 1995.

In Re Indianapolis Power and Light Cause No.39938.
Written testimony on rate base, rate of return, and
estimation of plant value. Before the Indiana Utility
Regulatory Commission. On behalf of Citizens Action
Coalition of Indiana. April 1995.

Petition of PSI Energy, Inc. for Authority to Raise Rates
Cause 39584 Written testimony on utility incentive
programs. Before the Indiana Utility Regulatory
Commission. On behalf of Citizens Action Coalition of
Indiana. July 1994.

In Re Kauai Electric Division Docket No. 94-0097.
Written testimony on utility rate design, and low-income
and conservation programs. Before the Hawaii Public
Utility Commission. On behalf of the Legal Aid Society of
Hawaii. March 1995.

Economic Development and Incentive Tariffs
Rulemaking Supplemental comments on the efficacy
and design of economic development tariffs. Before the
Public Utility Commission of Texas Project No. 11434. On
behalf of the Texas Ratepayers' Organization to Save
Energy. January 1994.
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In Re Request for Increased Rates for Denver Water
Comment and Exhibits on Late Payment Fees, Low-
income conservation programs, Rate Design and Rate
Shock. Prepared on behalf of ACORN. January 1994.

Economic Development and Incentive Tariffs
Rulemaking Prepared comments on the efficacy and
design of economic development tariffs. Before the Public
Utility Commission of Texas Project No. 11434. On behalf
of the Texas Ratepayers' Organization to Save Energy.
May 1993.

In the Matter of the Application of MAUI ELECTRIC
COMPANY, LTD. for Approval of Rate Increases and
Revised Rate Schedules and Rules. Written testimony on
the issues of conservation, low-income rate design, late
payment charges and rate shock. Before the Hawaii Public
Utilities Commission Docket No. 7000 on behalf of Legal
Aid Society of Hawaii. November 1992.

Petition of PSI Energy, Inc. for Approval of its Phase
Environmental Compliance Plan... Prepared written
testimony on the utility's proposed incentive plans and
allowance banking proposal. Before the Indiana Utility
Regulatory Commission, Cause No. 39346. On behalf of
the Citizens Action Coalition of Indiana. September 1992.

Comments: In the Matter of the Application of Randy
Heller for a Major Partition and Variance in the Rural
Residential-5 Zone. Written comments on zoning issues.
Before the Columbia County, Oregon Board of
Commissioners on behalf of the Scappoose-Spitzenberg
CPAC. May 1991.

In the Matter of the Investigation into the Portland
Extended Area Service Region Docket UM-261.
Supplemental written testimony on the issues of rate design
and cross subsidization. Before the Oregon Public Utility
Commission on behalf of the Citizens' Utility Board of
Oregon. February 1991.
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In the Matter of: An Adjustment of Gas and Electric
Rates of Louisville Gas and Electric Company. Case No.
90-158. Prepared written testimony on the issues of rate
design, cost of service, and residential conservation
programs. Before the Kentucky Public Service Commission
on behalf of the Attorney General of Kentucky. November
1990.

In the Matter of the Investigation into-the Portland
Extended Area Service Region. Docket UM-261.
Prepared written testimony on the issues of rate design, cost
of service, and cross-subsidization. Before the Oregon
Public Utility Commission on behalf of the Citizens' Utility
Board of Oregon. October 1990.

In the Matter of: Rate Adjustment of the Western
Kentucky Gas Company. Case No. 90-013. Prepared
written testimony on the issues of rate design, cost of
service, and residential conservation programs. Before the
Kentucky Public Service Commission on behalf of the
Attorney General of Kentucky. May 1990.

In the Matter of: Notice of Adjustment of Rates of
Kentucky-American Water Company. Case No. 89-348.
Prepared written testimony on the issues of rate design, cost
of service, rates charges for public fire hydrants, and
residential conservation. Before the Kentucky Public
Service Commission on behalf of the Lexington-Fayette
Urban County Government and the Office of the Attorney
General of Kentucky. March 1990.

In the Matter of the Investigation into the Revenue
Requirements and Rate Spread of Pacific Northwest Bell
Telephone Company, d/b/a US West Communications,
Inc. Docket UT-85. Direct written testimony on
telecommunications rate design. Before the Oregon Public
Utility Commission on behalf of the Citizen's Utility Board
of Oregon. May 1989.

IN RE: City of Sheldon v. Iowa Public Service
Company. Docket NO. SPU-88-7. Petition of the City of
Sheldon for a certificate to establish a municipal electric
utility. Expert written testimony on valuation principles
and associated regulatory issues. Before the Iowa Utility
Regulatory Board. On behalf of the City of Sheldon.
March 1989.
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In the Matter of the Investigation of Cost-of-Service
Studies and the Rate design of ALASCOM, Inc. Docket
U-87-25. Expert written testimony on intrastate toll rate
design and issues relating to the provision of
telecommunication services for the hearing impaired.
Before the Alaska Public Utilities Commission. On behalf
of the Alaska Consumer Advocacy Program. February
1989.

IN RE: Docket No. DPU 86-36. Investigation into the
Pricing and Ratemaking Treatment to be Afforded New
Electric Generating Facilities Which Are Not Qualifying
Facilities. Expert written testimony on the regulatory
treatment of conservation and demand side management
programs. Before the Massachusetts Department of Public
Utilities, on behalf of the Hampshire Community Action
Commission (National Consumer Law Center). June 1988.

IN RE: Docket No. DPU 87-280. Western
Massachusetts Electric Company. Expert written
testimony on the cost effectiveness and economic
justification of certain demand side management pilot
programs. Before the Massachusetts Department of Public
Utilities, on behalf of the Hampshire Community Action
Commission (National Consumer Law Center) March
1988.

IN RE: Public Service Corporation of Indiana. Cause
37414 (Application to reduce rates). Expert written
testimony on the issue of whether PSI's Marble Hill-related
financial emergency continued, and whether PSI should be
allowed to temporarily reduce rates via certain changes in
accumulated tax accounting. Before the Indiana Utility
Regulatory Commission, on behalf of the Citizens Action
Coalition and the City of Terre Haute. April 1988.

IN RE: Public Service Corporation of Indiana. Cause
37414-Si (Investigation to determine whether existing rates
ought to be reduced). Prepared written testimony on the
issue of the financial condition of PSI. Before the Indiana
Utility Regulatory Commission on behalf of the Citizens
Action Coalition and the City of Terre Haute. April 1988.
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IN RE: New York State Electric and Gas Corporation.
Cases 29541 and 29542. Expert written testimony on cost
allocation and "economic development" rates. Before the
Public Service Commission of the State of New York. July
1987. On behalf of the Public Utility Law Project. Albany,
New York.

IN RE: Petition of CAC, City of Terre Haute, et al for a
Reduction in the Retail Electric Rates of Public Service
Company of Indiana. Cause No. 38411 Affidavit dealing
with excess earnings. October 1987.

IN RE: Application of IBP, Inc. for a Water
Withdrawal Permit for its Proposed Manchester Plant.
Draft Water Use Permit No. 14,808. "Comments on the
Public Health Impacts of Radium Contamination in the
Jordan Aquifer." Before the Iowa State Department of
Natural Resources. September 1987. On behalf of a
coalition of local farmers and environmentalists.

IN RE: Western Massachusetts Electric Company.
Docket No. D.P.U. 86-280. Expert written testimony on

the economics of conservation investments targeted to low
income and 'bad debt' customer subgroups. Before the
Massachusetts Department of Public Utilities. March
1987. On behalf of the Hampshire Community Action
Commission (National Consumer Law Center).

IN RE: Iowa Gas Company Request for Increased
Rates. Docket No. RPU-85-22. Expert written testimony
on rate design, interruptible rates for industrial users, and
the allocation of franchise/user fee expenses. Before the
Iowa State Commerce Commission. January 1986. On
behalf of the City of Des Moines.

IN RE: Proposal to Set Maximum Rates Small Loan
Companies Are Allowed to Charge Pursuant to Iowa
Code Section 536.13.1(B) and 536.13(2). Docket No.
ARC 5900. Before the Iowa State Banking Board. Written
testimony opposing the proposal to increase the maximum
rates to 36% per annum. October 1985. On behalf of the
Iowa City Ratepayers Association.
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IN RE: Union Electric Company Request for Increased
Rates. Docket No. RPU-85-9. Expert written testimony
on the question of whether the Callaway Nuclear Facility
was a cost effective source of power to Iowa, and analyzing
the impact of the proposed rates on economic development
in Iowa. Before the Iowa State Commerce Commission.
July 1985. On behalf of the Cities of Keokuk and Ft.
Madison and Lee County, Iowa.

IN THE MATTER OF: Application of Duke Power
Company for Approval of a General Increase in Electric
Rates and Charges. Docket No. 85-78-E. Technical
appendices in support of the expert written testimony of
David E. Osterberg. Before the South Carolina Public
Service Commission. July 1985. On behalf of the
Consumer Advocate of the State of South Carolina.

IN RE: Rules Regarding Permissible Additional
Charges for Involuntary Unemployment Insurance
Premiums. Docket No. ARC 5249. Before the
Administrator of the Iowa Consumer Credit Code. Written
testimony on the impact of this type of insurance on
consumers. February 1985.

IN THE MATTER OF: Union Electric Company.
Docket No. 84-0109. Expert written testimony comparing
the cost of power from Callaway Nuclear Station to other
sources of power; utility planning; and the treatment of
excessive costs. Before the Illinois State Commerce
Commission. September 1984. For the Governor's Office
of Consumer Services (Illinois).

Proceeding on Motion of the Commission as to the
Rates, Charges, Rules and Regulations of Niagara
Mohawk Power Corporation: Case Nos. 28798, 28799,
28800. Before the Public Service Commission of the State
of New York. Expert written testimony on the disposition
of the savings from the availability of federal hydroelectric
power on the Niagara-Mohawk system. September 1984.
For the Public Utility Law Project (New York).
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IN RE: Northwestern Bell Telephone Company. Docket
No. RPU-84-7. Expert written testimony on
discriminatory allocation of costs, cost causation, and the
jurisdictional treatment of jurisdictionally unnecessary costs.
Before the Iowa State Commerce Commission. June 1984.
For the coalition for Fair utility Rates and the ISU
Government of the Student Body.

IN RE: Wisconsin Power and Light Company. Docket
No. 6680-UR-14. Expert written testimony on rate of
return. June 1984. Before the Wisconsin Public Utilities
Commission. For the Citizens Utility Board.

IN RE: Young Radiator. NPDES Permit 04-07-1-02.
Report submitted on the sufficiency of the terms of the
proposed permit. Before the. Iowa Department of Water,
Air and Waste Management. April 1984. For: Local
Citizens, Centerville, Iowa.

IN RE: Peoples Natural Gas Company, Division of
InterNorth Inc. Docket No. RPU-83-20. Expert written
testimony on conservation funding and the regulatory
treatment of excess capacity. Before the Iowa State
Commerce Commission. October 1983. For the Iowa
Ratepayers Association.

IN RE: Iowa Electric Light and Power Company.
Docket No. RUP-83-23 (TF-83-264). Expert written
testimony on utility planning and excess capacity. Before
the Iowa State Commerce Commission. September 1983.
For the Iowa Ratepayers Association.

IN RE: Iowa-Illinois Gas and Electric Company.
Docket No. RPU-83-22. Supplemental written testimony
on the issue of the prudency of company management.
Before the Iowa State Commerce Commission. October
1983. For the Iowa Ratepayers Association.

Iowa Power and Light Company; Iowa Southern
Utilities Company; and Iowa Illinois Gas and Electric
Company. Docket No. RPU-82-39. Expert written
testimony on the natural gas purchasing practices of the
above listed utilities. Before the Iowa State Commerce
Commission. September 1983. For the Iowa Ratepayers
Association.
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In the Matter of the Application of Otter Tail Power
Company for Authority to Establish Increased Rates for
Electric Service in South Dakota. Docket No. F-3418.
Expert written testimony before the South Dakota Public
Utilities Commission on the issue of rate design (the OSL
Rate). July 1983. For the Citizens Organized for the
Purpose of Equality (COPE), Sisseton, South Dakota.

IN RE: Petition for a Special Exception for the
Construction of a High Voltage Transmission Line
within Iowa City, Iowa. Expert written testimony on
utility planning. Before the Iowa State Commerce
Commission. November 1982. For the Iowa City
Ratepayers Association.

Prepared written testimony in Docket No. FCU-82-5
before the Iowa Commerce Commission on the subject
of the regulatory treatment of winter utility shutoffs.
December 1982. Citizens/Labor Energy Coalition.

IN RE: Rate Making Treatment of Excess Electric
Utility Generating Capacity. Docket No. RMU-82-4.
Expert written testimony on rate making treatment of excess
electric utility generating capacity. Before the Iowa State
Commerce Commission. November 1982, p. 27.
Community Action Research Group.

IN RE: Petition for Franchise of 4.2085 Miles of 72,000
Volt Transmission Line in Clayton County, Iowa.
Docket No. E-19540. Supplementary written testimony on
utility planning and forecasting. Before the Iowa State
Commerce Commission. April 1982.

IN RE: Iowa Public Service Company. Docket No.
RPU-81-8. Supplemental direct written testimony on rate
of return, excess capacity and utility planning. Before the
Iowa State Commerce Commission. September 1981, p.
14. Woodbury County Community Action Agency and
Citizens/Labor Energy Coalition.

IN RE: Iowa-Illinois Gas and Electric Company.
Docket No. RPU-81-5. Expert written testimony on utility
planning and forecasting. Before the Iowa State Commerce
Commission. September 1982. On behalf of Iowa Planners
Network.
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IN RE: Iowa Public Service Company. Docket No.
RPU-81-8. Expert written testimony on rate of return and
other issues. Before the Iowa State Commerce
Commission. August 1981. On behalf of Woodbury
County Community Action Agency and Citizens/Labor
Energy Coalition.

IN RE: Iowa Power and Light Application for a
Revision of Rates. Docket Nos. RPU-78-23 and RPU-
80-36. Expert written testimony on rate design. Before
the Iowa State Commerce Commission. February 1981.
On behalf of the Citizens/Labor Energy Coalition.

IN RE: Iowa State Commerce Commission Rules
Regarding Rates for Cogeneration and Small Power
Production. Statement of David Osterberg and Michael F.
Sheehan on rates for Small Power Producers under Section
210 of the Public Utility Regulatory Policies Act of 1978.
Before the Iowa State Commerce Commission. January
1981. On behalf of Continental Hydro Corporation.

IN RE: Iowa Electric Light and Power's Request for
Authorization to Construct a 650 MW Coal-fired
Generating Plant at Panora, Iowa. Written testimony
providing a critique of certain aspects of the applicant's
demand forecasting methodology (with David Osterberg).
Before the Iowa State Commerce Commission. November
1980.

IN RE: Rules Requiring the Filing of Certain "Cost-
of-Service" Information with the Iowa State Commerce
Commission. Written testimony evaluating the Rules
proposed by Commission Staff. RMU-80-1. Before the
Iowa State Commerce Commission. Legal Services and
Citizens/Labor Energy Coalition.

IN RE: Rate Increase Request by Iowa Power and
Light. Written testimony evaluating: 1) the economic
rationale for special rates for certain electric appliances; 2)
the justification for proposed changes in customer charges;
and 3) various alternative block rates. Before the Iowa
State Commerce Commission. March 1981.
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Service on Columbia County Solid Waste Advisory Committee. 1998-
Government Present. Columbia County, Oregon.
Commissions & A
Committees: Conservation Acquisition Council, Columbia River People's

Utility District (Columbia County, Oregon). 1992-Present.

AT&T Consumer Advisory Panel (1990-1995)

Research Advisory Committee, National Regulatory
Research Institute, Ohio State University, Columbia, Ohio.
1990-1993.

Citizen Planning Advisory Commission, Columbia County,
Oregon 1990-Present

Rate Advisory Committee, Columbia River Peoples' Utility
District (Columbia County, Oregon). 1990-Present

Community Energy Management Advisory Board, Energy
Policy Council (State of Iowa) 1984-87.

Iowa City, Iowa: City Franchise Commission (1983-4).

Recent Studies: Principles for Valuing a Municipal Distribution Utility in
1998 May 1998.

Home-Based Enterprise in Oregon: Improving Local
Regulation of an Important Economic Asset September
1996.

An Investigation into the Elements of Regulatory Success
and Failure: Ten Studies Prepared on behalf of METRO
(the three county planning agency for the Portland, Oregon
region). 1997.

Fair Housing Plan: Analysis of Impediments and Strategies
to Address Them (With Roger Colton) August 1996. On
behalf of Washington County and the City of Beaverton,
Oregon.

Lone Star's Plan to Strip Mine Columbia County Formal
economic study presented to the Columbia County Planning
Commission in In Re Applications PA 4-96, 5-96, 6-96
for map amendments and zone changes from agriculture
and industry to surface mining. On behalf of the
Scappoose-Spitzenberg CPAC. November 1996.
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In the Matter of the Application of WEBCO for
Approval of the Preliminary Plat for the Brookfield
Subdivision Before the City of St. Helens, Oregon. Study
presented on behalf of the Friends of Good Planning.
November 1996.

The Comparative Economics of Nebraska Revised Statutes
§70-1010 A study dealing with the statutory standard for
compensating rural electric providers when municipal
electric utilities expand to keep pace with urban growth.
Presented to the Natural Resources Committee of the
Nebraska Legislature. October 1996.

Home-Based Enterprise in Oregon: Improving Local
Regulation of an Important Economic Asset Winner of the
Cascade Policy Institute's 1996 Oregon Better Government
Competition. September 1996.

Fiscal Stability and Risk Management Over Time: Planning
for Reasonable Fund Balances and Reserves January 1996.

County Sponsored Water Districts to Facilitate the
Construction of High Density Rural Subdivisions: An
Evaluation Presented to the Columbia County Board of
Commissioners on behalf of the Scappoose-Spitzenberg
CPAC. November 1995.

Fair Market Value for the Franchise: Law and Economics
of Franchise Renewal in Louisville On behalf of the Legal
Aid Society of Louisville, KY. March 1995.

Transfer Stations, Curbside Haulers, Landfills: Survey of
Costs June 1996.

Comparison of Regulatory Standards for Rate Regulation of
Transfer Station Franchisees December 1995

Environment and Jobs: The Employment Impacts of Federal
Environmental Investments National Commission for
Employment Policy: Washington, D.C., April 1995.
Research Report No. 95-02. With Skip Laitner, Marshall
Goldberg, and Marc Baldwin.

Growing Cities: Valuation and Compensation Issues in
Dealing With Rural Electric Co-ops, Prepared on behalf of
the American Public Power Association. (With Roger
Colton and Richard Cvarak) August 1995.

PAGE 22



An Assessment of Low-Income Energy Needs in
Washington State Prepared on behalf of the Washington
State Department of Community Development. November
1993. pp.3 19 . (With Roger Colton, Skip Laitner, Adrienne
Quinn, Scott Foster, and Gregory Holmes).

Economic Development Utility Rates: Targeting, Justifying,
Enforcing November 1993 (With Roger Colton).

Environmental Site Assessment: Leasehold Site for New
Library, Government Block, Scappoose, Oregon Prepared
on behalf of the Scappoose Public Library District. October
1993.

Of Sunflowers and Dandelions: A Comparative Analysis of
Low-Income Rate Discounts May 1993.

Affordable Housing and Section 8 Utility Allowances: An
Evaluation and a Proposal for Action. Part I: Adequacy of
Annual Allowances March 1993 (With Roger Colton).

Affordable Housing and Section 8 Utility Allowances: An
Evaluation and a Proposal for Action. Part II: Adequacy
of Monthly Allowances March 1993 (With Roger Colton).

Affordable Housing and Section 8 Utility Allowances: An
Evaluation and a Proposal for Action. Part III:
Individualized Relief March 1993 (With Roger Colton).

Major Telecommunications Problems for Consumers: An
Agenda for Consumer Advocates Prepared for TURN.
November 1992.

Valuation and Compensation Issues in Establishing a
Municipal Electric Operation: A Manual for Professional
Staff Prepared for the American Public Power Association
(Draft: May 1992).

Financial Plan and Review of Options Prepared on behalf
of the Scappoose (Oregon) Public Library District. April
1992.

Externalities and Least Cost Planning in Wisconsin: The
Question of Job Impacts Prepared for Economic Research
Associates, Eugene, Oregon. March 1992.

The Impact of the Clean Air Act Amendments of 1990 on
Missouri Prepared for Economic Research Associates,
Eugene, Oregon. September 1991.
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Energy Efficiency, Economic Development and the Funding
Problem Prepared for Economic Research Associates,
Eugene, Oregon. November 1991.

Energy and Economic Development: Tuning Agency Powers
to New Opportunities Prepared for Economic Research
Associates, Eugene, Oregon, 1991.

A Preliminary Assessment of the Local Economic and
Fiscal Impacts of a National Forest in Southern Iowa
Prepared for the Iowa Natural Heritage Foundation, January
1990. (With David Osterberg, Skip Laitner, and Peter
Fisher).

An Analysis of the Finances of the State of Iowa. Prepared
for the Iowa United Professionals. February 1991.

Low-Income Weatherization as a Stimulus to Economic
Development in Washington. Prepared for the Washington
State Department of Community Development. January
1991 (With Skip Laitner).

The Economics of Energy Efficiency Building Codes for
Cities With Municipally Owned Utilities Prepared under
contract to Economic Research Associates, Eugene, Oregon.
August 1990.

Elements of a Standard Minimum Program for Low Income
Ratepayers in Utility Rate Cases. A discussion paper for
general circulation. May 1990.

Incentive Rates for Large Manufacturing Concerns: A
Review and a Proposal. Prepared for the Texas
Department of Agriculture. November 1989.

Regional Citizen Advisory Groups to Multistate Utility
Holding Companies: A Public Interest Review. Prepared as
part of a Michigan Divestiture Review Fund study of the
pros and cons of an Ameritech Citizen Advisory Group.
March 1989.

Making Allies of Law; Labor and the Environment: An
Exposition for Labor Lawyers. Prepared for the Lawyers
Coordinating Committee of the AFL-CIO. (With Matthew
Glasson and Peggy Hillman). May 1989.

Issues in Demand-Side Management. Prepared for the
Department of Public Service, State of Vermont. February
1989.
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The Problem of Mass Evictions in Mobilehome Parks
Subject to Conversion. Prepared for Oregon Legal Services
for presentation to the City Council of the City of Forest
Grove, Oregon. February, 1989.

The Monopolies' Campaign to Fleece POTS: Can Plain Old
Telephone Service Be Saved?: Some Recommendations.
Prepared for the Citizens Action Coalition of Indiana.
October 1988.

An Analysis of Davenport City Finances (Revised).
Prepared for the Davenport Association of Professional
Firefighters, for presentation to an Iowa Public Employment
Relations Board arbitrator. Davenport: September, 1988.

An Analysis of Davenport City Finances (Revised).
Prepared for the Union of Professional Police, for
presentation to an Iowa Public Employment Relations
Board arbitrator. Davenport: September, 1988.

The Problem of Political and Administrative Corruption in
State Economic Development Programs. Prepared for the
Association for Ethical Government. July 1988.

Of Ratebases, Subscriber Line Charges, and Other Strange
Beasts: The Public Interest Economist as Ms. Goodwrench
in Energy/Utility Litigation. Prepared for the National
Consumer Law Center for presentation to the NLADA
Conference, Berkeley, California. July 1988.

An Analysis of Davenport City Finances. Prepared for the
Davenport Association of Professional Firefighters, for
presentation to an Iowa Public Employment Relations
Board factfinder. Davenport: June, 1988.

An Analysis of Davenport City Finances. Prepared for the
Union of Professional Police, for presentation to an Iowa
Public Employment Relations Board factfinder. Davenport:
June, 1988.

Economic Vitality for Iowa: A Choice of Programs and
Philosophies. Prepared for the Alamakee County Almanac:
May 1988. (With David Osterberg).

The Monopolization of the Meatpacking Industry: Tactics
and Results, 1978-1983. (With David Osterberg). Fall
1987-Spring 1988.
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The Iowa Department of Transportation RISE Grant to the
City of Manchester/Manchester Enterprises, Inc.: A Case of
Official Misconduct. A Complaint to the Iowa Attorney
General. (66 pages) July 1987.

Francis Lauer Youth Services, Cerro Gordo County,
Iowa. An Analysis in Support of the Transition From Cerro
Gordo County Agency to Non -Profit Corporation.
Presented to the Cerro Gordo County Board of Supervisors
on Behalf of Francis Lauer Youth Services. (52 pages). July
1987.

Predatory Competition, Jobs, and the Supply of Hogs: The
Role of State Assistance in the Collapse of the Independent
Hog Packing Industry in Iowa. Presented to the Iowa
Transportation Commission. May 1987.

Combining Fire and Ambulance Service to Improve Service
and Lower Cost. Prepared for the Davenport Association
of Professional Firefighters (Local 17, International
Association of Firefighters). March 1987.

Of Market Rates and Indubitable Equivalents: Law and
Economics in Determining the Appropriate Interest Rate in
Farm Chapter 11 Cramdowns. January 1987. 80pp. (With
Roger Colton).

Researching the American Corporation: Purposes and
Methods. January 1987. 50pp.

Local Regulation of Utilities in Nebraska: A Guide for
Local Officials. Prepared for the Nebraska State Energy
Office. Lincoln, Nebraska. December 1986. 150pp.'

A Comparison of Base Wages Plus Fringe Benefits at
Various Plants (in the meatpacking industry). Prepared for
the United Food and Commercial Workers Local
222. November 1986.

Public/Private Enterprise as an Economic Development
Strategy for States and Cities Prepared for the Economic
Development Administration of the U.S. Department of
Commerce. July 1986. (With Peter S. Fisher and Roger
Colton).

Evaluation of the Energy Management Technician Pilot
Program, Prepared for the Iowa State Energy Policy
Council. June 1986.
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The Future of Pork Packing in Monmouth, Prepared for
the City of Monmouth, Illinois, and the Illinois
Development Finance Authority. June 1986.

An Analysis of Davenport City Finances (Revised)
Prepared for the Iowa State Policemen's Association, Local
#2. April 28, 1986.

An Analysis of Davenport City Finances (Revised),
Prepared for the International Association of Firefighters,
Local 17. April 18, 1986.

The Des Moines-ICA Sewage Treatment Facilities Plan:
The Economic Ramifications of a 1991 Completion Date
Prepared for the City of Des Moines for presentation to the
U.S. Environmental Protection Agency. April 1986.

Municipal Regulation of Cable TV Holding Companies
After the Cable Communications Policy Act of 1984:
(Heritage Corporation and the Siege of Block 80) Prepared
for the Iowa City Ratepayers Association. April 1986.

An Analysis of Davenport City Finances. Prepared for the
International Association of Firefighters, Local 17.
February 1986.

An Analysis of Davenport City Finances: Preliminary
Report. Prepared for the Iowa State Policemen's
Association, Local #2. February 1986.

An Analysis of the Finances of the City of Council Bluffs.
Prepared for the Fraternal Order of Police, Council Bluffs
Lodge #1. January 1986.

Telephones for People: Providing for the Old, the Young,
the Rich, the Poor, the Middle, Business and Workers,
Cityfolks and Farmfolks. Minority Report of Six Members
of Northwest Bell Citizens Council #2. October, 1985.

Thinking About Inter-Class Telephone Subsidies: (The
Tale of the Gardener's Pay). Prepared for the Iowa
Ratepayers Association. April 1985.

The Great Gumdrop Monopoly: A Parable. Prepared for
Northwest Bell Citizen Council #2, April 1985.

Universal Service: Materials for Discussion. Prepared for
Northwest Bell Citizen Council #2, April 1985.
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The Economic Impacts of a Prevailing Wage Law for Iowa
State Construction Projects. Prepared for the Iowa State
Building and Construction Trades Council. February 27,
1985. (with Peter S. Fisher).

A Primer on Bypass. Prepared for Northwest Bell Citizen
Council #1, January 1985.

Materials on Telephone Rates: The Consumer Position.
Prepared as Part I of a manual on telephone regulation for
consumer groups. January 1985.

An Analysis of Davenport City Finances: A Preliminary
Report. Prepared for the Iowa State Policemen's
Association Local 2. January 1985.

Combining Fire and Ambulance Service. Prepared for the
City of Rock Island on behalf of the Rock Island
Firefighters Local 26. October 1984.

Designing Electric Rates to Conserve Community
Resources, Enhance Local Productivity and Stem the
Outward Flow of Energy Dollars: The OSL Rate Design
Proposal for Nebraska. Prepared for the Nebraska Energy
Office. (With Skip Laitner). October 1984.

An Analysis of City Finances: Burlington, Iowa. Prepared
for Local 301 International Association of Firefighters.
March 1984.

An Analysis of Dubuque City Finances. Prepared for the
Operating Engineers. March 1984.

An Analysis of City Finances: Burlington, Iowa. Prepared
for Local 828. The American Federation of State, County
and Municipal Employees. March 1984. With Peter
Fisher.

Source Reduction in Hazardous Materials Regulation: A
Strategy for Both Economic Development and the
Environment. Prepared for the Select Advisory Panel on
Hazardous Waste Management of the Iowa Department of
Water, Air, and Waste Management. February 1984.

The Electric Ratepayers Protection Act: An Evaluation.
Prepared for and presented to the Consumer Protection
Committee of the Missouri Legislature. January 1984.
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Investments in Energy Engineering and Technology at the
Local Level: Planning an Assist from State Agencies.
Prepared for the Nebraska Energy Office, February 1984.

The Impact of Increasing Concentration in the Meatpacking
Industry on Iowa's Livestock Producers and Communities.
Prepared for Reports on the Iowa Economy. June 1983.

Policy Options for Dealing with the Impact of Continuing
Energy Price Increases on the Iowa Economy for the Iowa
State Legislature. February 1983 (LEAG).

An Analysis of Proposals for the Reform of the Iowa Tax
System (with Peter S. Fisher). December 1982.

Reforming Iowa's Individual Income Tax to More Fully
Account for Tax Shelters (with Peter S. Fisher). October
1982.

The Iowa City Electric Franchise: A Report to the City
Manager. January 1982.

A Comparison of Major Cities in Iowa and Surrounding
States by Income, Wage Levels, and Housing and Food
Costs. March 1983.

IBP at Stanwood: Estimating the Regional Impact.
February 1983.

A Program of Progressive Tax Policies for the State of
Iowa (with Peter S. Fisher). February 1982.

Municipal and Cooperative Operation of Branch Railroad
Lines in Iowa: Two Alternatives to Abandonment For the
Iowa State Legislature (Peter Fisher and Michael Sheehan).
December 1980.

Book Reviews: Review of Walter Adams and James W. Brock, Antitrust
Economics on Trial: A Dialogue on the New Laissez Faire,
In The Journal of Economic Issues (December 1992).

Review of James A. Gross, Teachers on Trial: Values,
Standards & Equity in Judging Conduct and Competence.
In The Journal of Labor Studies. Summer 1990.

Review of Ronald M. Green and Richard J. Reibstein,
Negligent Hiring: Fraud, Defamation, and Other Emerging
Areas of Employer Liability. In The Journal of Labor
Studies. Fall 1989.
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Review of Lawrence E. Rothstein, Plant Closings: Power,
Politics, and Workers, in The Journal of Economic Issues.
March 1988.

Review of John Munkirs, The Transformation of American
Capitalism: From Competitive Market Structure to
Centralized Private Sector Planning, in The Journal of
Economic Issues, March 1986.

Review of Claes Brudenius and Mats Lundahl,
Development Strategies and Basic Needs in Latin America,
in The Annals of Regional Science, July 1985.

Review of Samuel P. Epstein, et al., Hazardous Wastes in
America, in The Environmental Professional, V.6, #1. 1984.

David Morell and Christopher Magorian, Sitting Hazardous
Waste Facilities: Local Opposition and the Myth of
Preemption, in The Environmental Professional, V.5,
#3/4. 1983.

Staughton Lynd, The Fight Against Shutdowns:
Youngstown 's Steel Mill Closings, in The Journal of
Economic Issues, September 1984.

Michael S. Baram, Alternatives to Regulation: Managing
Risks to Health, Safety and the Environment, in The
Environmental Professional, V.5, #3/4. 1983.

Richard A. Berk, et al., Lessons in Conservation from the
Great California Drought, in The Water Resources Bulletin.
October 1983.

Review of Lawrence B. Lee, Reclaiming the American
West: A Historiography and Guide, in The Water
Resources Bulletin, V. 18, #4. August 1982.

Review of Mario Barrera, Race and Class in the Southwest,
in The Journal of Economic History, V. 42, #2. June 1982.

Review of Robert D. Friedman, Sensitive Populations and
Environmental Standards, in The Environmental
Professional, V. 3, #3. 1982.

Review of E. Englebert's California's Water Planning and
Policy, in The Water Resources Bulletin. October 1981.
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Review of Charles T. Unseld, et al., eds., Sociopolitical
Effects of Energy Use and Policy. Washington, D.C.:
National Academy of Sciences, 1979, in The Journal of
Economic Issues. December 1981.

Review of W. W. Robinson, California Land, In The
Journal of Economic History. June 1980.

Review of Wm. C. Peters, Exploration and Mining
Geology, in The Journal of Energy and Development.
Autumn 1980.

Review of Burnham, P. Beckwith, The Theory of Free or
Communist Distribution, in The Social Science Journal.
January 1981.

Review of Russ Talbot, The European Community's
Regional Fund, in The Annals of Regional Science. July
1980.

Review of Louis P. Cain, Sanitation Strategy for a
Lake front Metropolis: The Case of Chicago in The Water
Resources Bulletin. April 1980.

Review of M. R. Goodall, et al., California Water: A New
Political Economy in The Water Resources Bulletin.
February 1980.

Review of Shabad and Mote, Gateway to Siberian
Resources: The Baikal-AMVR Mainline, in Growth and
Change. July 1979.

Review of N. Birnbaum, ed., Beyond The Crisis, History of
Political Economy, in History of Political Economy, Vol.
11, No. 1. Spring 1979.

Review of Mathematics of Environmental Processes, in
Journal of Energy and Development, Vol. 3, No. 2. Spring
1978.

Review of A. Zaubermann's, The Mathematical Revolution
of Soviet Economics, in History of Political Economy, Vol.
8, No. 2. Summer 1976 (H. Sherman second author).
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Post Graduate Oregon Land Use Law, OSB. Portland, Oregon December
Courses: 1996.

Advanced Insurance Issues Facing Oregon Businesses.
OSB Portland, Oregon September 1996.

National Park and Public Land Ecosystems: Meeting the
Challenge of Common Boundaries and Conflicting
Mandates. Sponsored by the Center for Environmental and
Resource Law. Snowbird, Utah. April 1995. (Paper
presented: "Whose Goals and Whose Alternatives? How
Bad Can a Private Goal Be and Still Define the EIS Under
NEPA?)

Federal Civil Litigation in Oregon, OSB. October 1994.

Economic Considerations in Managing Hazardous Waste,
The Tenth Annual Hazardous Waste Law and Management
Conference. Sponsored by the Northwestern School of
Law. October 1993.

Spanish Language Refresher: 120 hours. El Centro
Cultural. Hillsboro, Oregon. 1988-9. (Certificate).

Natural Gas Regulation Training Conference, National
Consumer Law Center, Pittsburgh, Pennsylvania, November
1982.

Faculty Workshop Program on Breeder Reactor
Technology, Argonne National Laboratory, Argonne-West,
Idaho Falls, Idaho, August 2-5, 1982.

Workshop on Appraisal of Utilities and Railroad Property
for Ad Valorem Taxation. National Tax Association --
Tax Institute of America. Wichita State University, July
27-30, 1981. (Certificate)

Simulation Modeling and Analysis. Institute for
Professional Education. Los Angeles, September 1978.
(Certificate)
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Employment History: Current: Managing Partner: Osterberg & Sheehan,
Public Utility Economists, Scappoose, Oregon
& Mount Vernon, Iowa.

Partner: Fisher, Sheehan and Colton, Public
Finance and General Economics, Scappoose,
Oregon, Iowa City, Iowa, and Belmont, MA.

Private practice of law.

1989-92 Counsel, Telecommunications Law Project,
Citizens' Utility Board of Oregon, Portland,
Oregon.

1979-84 Assistant Professor, Graduate Program in
Urban and Regional Planning; and Research
Associate at the Institute of Urban and
Regional Research, The University of Iowa,
Iowa City, Iowa 52242.

1979 Lecturer, Graduate School of Administration,
UCR, (Analysis of Projects). (Winter)

1976-9 Lecturer, Department of Economics, California
State College at San Bernardino.

1978 Consultant, Richard Terry & Associates,
Impact of Federal Sewer Sizing Limitations on
Economic Growth in the West San Bernardino
Valley.

1977-8 Research Associate, UCR-USDA (Forest Fire

Damage Functions).

1977 Water Resource Consultant, Janczyk &
Sheehan, Riverside (water quality problems in
the Santa Ana and San Jacinto watersheds).

1976-7 Holder of a Regent's Fellowship, UCR.

Spr 1976 Research Assistant (Geothermal Development
Project), Department of Economics, UCR.

1976 Teaching Assistant (Microeconomics),
Department of Economics, UCR). (Fall,
Winter)

Spr 1975 Research Assistant to Professor K. C. Kogiku
in applied mathematical economics.
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1975 Holder of a Regent's Fellowship. (Fall,
Winter)

1975 Associate-in-Economics, Department of
Economics, UCR (to teach one course in labor
economics). (Winter)

1974-76 Instructor, Chapman College
(Microeconomics, Macroeconomics, Statistics,
Development, Comparative Systems, Cycles
and Growth, Urban Economics, Decision
Theory, Quantitative Methods, and Operations
Research).

1974 Consultant, A. A. Webb Associates, Inc.,
Consulting Engineers, Riverside (urban
information systems).

1973-4 Teaching Assistant (Economic Statistics),
Department of Economics, UCR.

1970-2 Dean's Statistical Clerk, Dean James Earley,
College of Social and Behavioral Science,
UCR.

1969-70 Assistant to the Hospital Administrator, Patton
State Hospital.

1967-69 Electrician, Timna Copper Mines.

1963-66 U.S. Marine Corps.

Winner, Cascade Policy Institute Better Government
Competition 1996 for the study, Home-Based Enterprise in
Oregon: Improving Local Regulation of an Important
Economic Asset September 1996.

Fullbright Fellowship to Pakistan for 1979-81 awarded
August 1979 (declined).

Honors and Awards:

Affiliations: Association for Evolutionary Economics
Association for Institutional Thought
Lawyers Coordinating Committee, AFL/CIO
Oregon Bar Association
Policy Studies Association
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RESUME: WILLIAM P. STAUB

Work and Home Address:

6025 Nottingham Rd.
Knoxville, TN 37918
(423) 687-1480 or 687-9948

Technical Specialties:

Geotechnical Engineering
Geohydrology
Seismic Hazard Analysis
Environmental Impact Analysis

Work Experience:

12-1-97 to Present Personal services contract to Oak Ridge National Laboratory through
the University of Tennessee

1976-1996 OAK RIDGE NATIONAL LABORATORY, Tennessee
(Retired 9-30-96)

Environmental impacts of construction and operation of facilities requiring
either federal funds or government regulation: surface water, ground water
and land use impact analysis during construction, normal operations and
upset conditions.

Environmental impacts of external accidents on operating facilities: slope
stability, seismic and volcanic hazard analyses.

Environmental impact mitigation: erosion and sedimentation control plans;
spill prevention, containment, and control plans; ground water monitoring;
remediation of ground water contamination; mill tailings management;
waste management.

Regulatory issues related to federal (Department of Energy, Environmental
Protection Agency, Federal Energy Regulatory Commission, Nuclear
Regulatory Commission) and state agencies.

Facilities: uranium mill tailings; insitu uranium mines; low level radioactive
waste facilities; nuclear power plants; nuclear defense plants; coal-fired,
geothermal, and hydro-electric power plants; mines; and demilitarization of
chemical munitions.



1969-1976 THE UNIVERSITY OF TENNESSEE, Knoxville

Professor of Geological Sciences
Courses taught: introductory physical geology, introductory geology for
engineers, Quaternary geology for engineers, introductory geophysics,
physics of the earth, petrophysics, ground water geology, structural geology
Chairman: Graduate Admissions and Assistantship Committees.
Chairman: five thesis committees and one dissertation committee.

1968-1969 COLLEGE OF ST. THOMAS, St. Paul, Minnesota

Professor of Geology
Courses taught: introductory physical geology, mineralogy, ore deposits,
structural geology.

1964-1968 IOWA STATE UNIVERSITY, Ames

Instructor of Geology
Courses taught: introductory physical geology, geology for engineers.

1956-1964 CHEVRON OIL COMPANY, Houston, Texas

Exploration Geophysicist
Seismic interpretation and preparation of structure contour maps in
Louisiana, California, North Dakota, and the Rocky Mountain states;
seismograph crew leader in western Canada.



Education

1969 Ph.D., Geotechnical Engineering, Iowa State University, Ames, Iowa.
Dissertation: Seismic Refraction Survey of the Ames Anticline

1961 M.S., Geology, Washington University, St. Louis, Missouri.
Thesis: Gravity Survey of Southeast Missouri

1956 B.S., Geological Engineering, Washington University, St. Louis, Missouri.

Professional/Academic Honors:

Sigma Xi National Science Honorary

Professional Activities:

American Association of Petroleum Geologists
American Geophysical Union
Association of Engineering Geologists
Geothermal Resources Council
National Water Well Association
Society of Exploration Geophysicists

Community Service:

President (two years), Sterchi Elementary School PTA
Guest science lecturer, fifth and sixth grades, Sterchi Elementary School
Chairman (eight years), basketball committee, Fountain City Youth Recreation League
Baseball coach (four years), Sandy Koufax and Mickey Mantle youth leagues
Basketball coach (six years), Fountain City Recreation Commission
Assistant soccer coach (three years, AYSO)
Fund raiser for disadvantaged youth (eight years), Fountain City Recreation Commission
Judge, National Science Fair, Knoxville, Tennessee

Publicafto

W. P. Staub and L V. Sendlein, Seismic Survey of the Ames Anticline, Lake Superior
Institute, Oshkosh, Wisconsin, 1969.

W. P. Staub and V. C. Johnson, Geophysical Survey of a Power Plant Site, Southeastern
Section, Geological Society of America, 1973.

W. P. Staub and V. C. Johnson, Gravity Survey of Knox County, Tennessee, Division of
Geology, Bulletin 70, Nashville, Tenn., 1973.



W. P. Staub and L V. Sendlein, First Break Motion on a Seismogram, Southeastern
Section, Geological Society of America, 1973.

W. P. Staub and B. K. Bryan, Greenwood Gravity Anomaly of the Cumberland Plateau,
Southeastern Section, Geological Society of America, 1975.

B. K. Bryan and W. P. Staub, Gravmap, a System of Computer Programs for Reducing and
Automatic Contouring Land Gravity Data, Southeastern Section, Geological Society of
America, 1975.

W. P. Staub and E. K. Triegel, "Analysis of Disposal of Uranium Mill Tailings in a Mined-
Out Open Pit," in Management, Stabilization and Environmental Impact of Uranium Mill
Tailings, Nuclear Energy Agency, Organization of Economic Cooperation and
Development, Paris, France, 1978.

W. P. Staub, Interior Drains for Open Pit Disposal of Uranium Mfdl Tailings, Uranium Mill
Tailings Management, Volume II, Colorado State University, Fort Collins, Colorado, 1978.

W. P. Staub, "A Preliminary Direct Heat Geothermal Resource Assessment of the
Tennessee Valley Region" in Trans. Geothermal Resources Council, Geothermal Energy for
the Eighties 4, 137-40, 1980.

W. P. Staub and C. E. Price, "Gravity Survey of a Flood-Prone Karst Region," in
Proceedings of the Association of Engineering Geologists, 1980.

W. P. Staub, "A Preliminary Geothermal Resource Appraisal of the Tennessee Valley
Region," in Geothermal Energy and the Eastern United States, Johns Hopkins
University/Applied Physics Laboratory, OM-80-185, 1980.

W. P. Staub and N. L Treat, Ana/ysis of Bottom-Hole Temperatures in Oil and Gas Wells
of the Tennessee Valley Region, Geothermal Resources Council Trans. 5 (1981).

W. P. Staub and N. L Treat, A Geothermal Resource Survey of the Tennessee Valley
Region, ORAU/IEA-82-7(M), Oak Ridge Associated Universities, Oak Ridge, Tennessee,
1982.

W. P. Staub, P. R. Intemann, J. B. Cannon, L E. Stratton, C. F. Nern, and K. L Falconer,
A Process for Locating Shallow Land Burial Sites for Low-Level Radioactive Waste,
DOE/LLW-16T, National Low-Level Radioactive Waste Management Program, Idaho
Falls, Idaho, 1983.

J. D. Nelson, R. L Volpe, R. E. Wardwell, S. A. Schumm, and W. P. Staub, Design
Considerations for Long-Term Stabilization of Uranium Mill Tailings Impoundments, U.S.
Nuclear Regulatory Commission, NUREG/CR-3397, ORNL-5979, Washington, D.C.,
1983.

J. D. Nelson, R. E. Wardwell, S. R. Abt, and W. P. Staub, Consolidation of Tailings, U.S.
Nuclear Regulatory Commission, NUREG/CR-3204, ORNL'1M-8690, Washington, D.C.,
1983.



R. E. Wardwell, J. D. Nelson, S. R. Abt, and W. P. Staub, In-situ Dewatering Techniques
for Uranium Mill Tailings, U.S. Nuclear Regulatory Commission, NUREG/CR-3203,
ORNLTM-8689, Washington, D.C., 1983.

W. P. Staub, Seismic Refraction Survey of the West Chestnut Ridge Site, Oak Ridge
National Laboratory, ORNLJNFW-82/26, Oak Ridge, Tennessee, 1983.

R. D. Roop, W. P. Staub, D. B. Hunsaker, Jr., R. H. Ketelle, D. W. Lee, F. G. Pin, and
A. J. Witten, A Review of Corrective Measures to Stabilize Subsidence in Shallow Land
Burial Trenches, Oak Ridge National Laboratory, ORNITM-8715, Oak Ridge, Tennessee,
1983.

W. P. Staub, J. B. Cannon, and L E. Stratton, Statewide Screening for Low-Level
Radioactive Waste Shallow Land Burial Sites, Sixth Symposium on Uranium Mill Tailings
Management, Colorado State University, Fort Collins, Colorado, 1984.

R. D. Roop, W. P. Staub, D. B. Hunsaker, Jr., R. H. Ketelle, D. W. Lee, F. G. Pin, and
A. J. Witten, Corrective Measures to Stabilize Subsidence in Low-Level Waste Trenches,
Sixth Symposium on Uranium Mill Tailings Management, Colorado State University, Fort
Collins, Colorado, 1984.

W. P. Staub and R. A. Hopkins, Thickness of Knox Group Overburden on Central Chestnut
Ridge, Oak Ridge Reservation, ORNIJTM-9056, Oak Ridge National Laboratory, Oak
Ridge, Tennessee, 1984.

W. P. Staub, N. E. Hinkle, R. E. Williams, F. Anastasi, J. Osiensky, and D. Rogness, An
Analysis of E&cursions at Selected In Situ Uranium Mines in Wyoming and Texas, U.S.
Nuclear Regulatory Commission, NUREG/CR-3967, ORNITM-9956, Washington, D.C.,
1986.

J. D. Nelson, S. R. Abt, R. L Volpe, D. van Zyl, N. E. Hinkle, and W. P. Staub,
Methodologies for Evaluating Long-Term Stabilization Designs of Uranium Mill Tailings
Impoundments, U.S. Nuclear Regulatory Commission, NUREG/CR-4620, ORNLITM-
10067, Washington, D.C., 1986.

W. P. Staub, Ercursion Control at In Situ Uranium Mines, Ninth Symposium on
Geotechnical and Geohydrological Aspects of Waste Management, Colorado State
University, Fort Collins, Colorado, 1987.

W. P. Staub and S. R. Abt, Methodologies for Selecting and Oversizing Riprap for Erosion
Control at Uranium Mill Tailings Sites, 9th Symposium on Geotechnical and
Geohydrological Aspects of Waste Management, Colorado State University, Fort Collins,
Colorado, 1987.

W. P. Staub, Oversizing Riprap for Protection of Uranium Mill Tailing, Bulletin of the
Association of Engineering Geologists, Vol. XXVII, No. 1, pp 85-92, 1990.

W. P. Staub, Nuclear Power Station Seismic Hazard Curves and the Uniform Building Code,
Association of Engineering Geologists, Vol. XXVIII, No. 3, pp 227-233, August, 1991.



W. P. Staub and J. C. Wang, Analysis of Bore-Hole Seismic Velocity Surveys at the Paducah
Gaseous Diffusion Plant, Proceedings of the Third DOE Natural Phenomena Hazards
Mitigation Conference, St. Louis, Missouri, 1991.

R. R. Lee and W. P. Staub, The Role of Slope Stability in Cumulative Impact Assessment of
Hydropower Development: North Cascades, Washington, Environmental Geology and Water
Sciences, Tuscaloosa, Alabama, 1993.

W. P. Staub and H. K. Hardee, Post-Paleozoic Crustal Responses to the Contemporary
Stress Field in the Eastern United States, Proceedings of the Fourth DOE Natural
Phenomena Hazards Mitigation Conference, Atlanta, Georgia, 1993.

W. P. Staub, Origin of High-Standing Beach Deposits in Hawaii, to be published in either
Science magazine or the Bulletin of the Association of Engineering Geologists, in
preparation.

Environmental Impact Statements, Environmental Assessments, and Safety Analysis Reports:

H. Arnold, R. Craig, R. Nicholas, W. Staub, L Stinton, and G. Suter. Environmental
Assessment of the Hydrothermal Subprogram of the Division of Geothermal Energy, ERDA,
Washington, D.C., 1976.

R. Craig, R. Nicholas and W. Staub. Environmental Impact Assessnment Hawaii
Geothermal Project. Division of Geothermal Energy, ERDA, Washington, D.C., 1976.

H. Arnold, R. Craig, R. Nicholas, W. Staub, L Stinton, and G. Suter. Environmental
Assessment of the Geopressure Subprogram of the Division of Geothermal Energy. ERDA,
Washington, D.C., 1977.

H. Arnold, R. Craig, R. Nicholas, W. Staub, L Stinton, and G. Suter. Environmental
Assessment of the Hot-dry Rock Subprogram of the Division of Geothermal Energy, ERDA,
Washington, D.C. 1977.

H. Arnold, K. Oakes, and W. Staub. Environmental Impact Assessment for Geothermal
Food Processors, Inc, Application for Geothermal Loan Guaranty. Geothermal Loan
Guaranty Program, San Francisco Operations Office, ERDA, 1977.

H. Arnold, R. B. Craig, R. M. Cushman, W. P. Staub, and G. W. Suter. Environmental
Impact Assessment for CUI Venture's Application for Geothermal Loan Guaranty at S.
Brawey, California. Geothermal Loan Guaranty Program, San Francisco Operations
Office, ERDA, 1977.

H. G. Arnold, R. B. Craig, R. M. Cushman, W. P. Staub, and G. W. Suter. Environmental
Impact Assessment for CUI Venture's Application for Geothermal Loan Guaranty at Beryl-
Lund, Utah, Geothermal Loan Guaranty Program, San Francisco Operations Office,
ERDA, 1977.



L H. Stinton, (Editor). Programmatic Environmental Impact Assessment for Pipeline Gas
Coal Conversion Facilities, Oak Ridge National Laboratory for ERDA, Oak Ridge,
Tennessee, 1977.

G. W. Keilholtz, (Editor). Environmental Impact Appraisal of the metropolis Works - Allied
Chemical Facility, Metropolis, Illinois, NRC, Washington, D.C., 1977.

G. W. Keilholtz, (Editor). Environmental Impact Appraisal of the Erwin Fuel Cycle
Facility, Nuclear Fuel Services, Erwin, Tennessee, NRC, Washington, D.C., 1977.

J. W. Boyle, (Editor). Environmental Impact Statement (Supplement) for the Portsmouth
Gaseous Diffusion Plant Site, Piketon, Ohio, ERDA, 1977.

H. G. Arnold, (Editor). Environmental Impact Assessment - Geothermal Drilling Activity -
Coastal Plain and Piedmont Physiographic Provinces - Eastern United States, DOE, Division
of Geothermal Energy, Washington, D.C., 1977.

H. G. Arnold, M. S. Moran, K. Oakes, and W. Staub. Environmental Impact Assessment,
Coso Geothermal Project, Division of Geothermal Energy, DOE, Washington, D.C., 1978.

H. Arnold, R. M. Cushman, K. Oakes, W. P. Staub, and G. W. Suter. Environmental
Assessment of the Raft River Geothermal Test Loop Program, DOE, Washington, D.C.,
1978.

M. S. Salk, and S. G. DeCicco (Co-Editors). Environmental Monitoring Handbook for
Coal Conversion Facilities, Oak Ridge National Laboratory for DOE, Washington, D.C.,
1978.

J. W. Boyle, (Editor). Environmental Impact Statement for Hot Engineering Test Project at
ORNL, ORNL/TM-6520, for the DOE, Washington, D.C., 1978.

H. G. Arnold, (Editor). Environmental Assessment, Big Muddy Low-Tension Flood Field
Project Converse County, Wyoming, ORNL for DOE, Division of Geothermal Energy, San
Francisco, California, 1978.

M. J. Kelly, (Editor). Environmental Impact Statement - Wyoming Minerals Corporation,
Irigary In-Situ Solution Mine, NRC, Washington, D.C., 197&

M. J. Kelly, (Editor). Environmental Impact Statement - Erron Highland Uranium Solution
Mime, NRC, Washington, D.C., 1978.

H. G. Arnold, (Editor). Environmental Assessment - Geothermal Exploratory Drilling
Program - Eastern United States, DOE, Division of Geothermal Energy, Washington, D.C.,
1978.

M. J. Kelly, (Editor). Environmental Impact Statement for Homestake Mining Company's
Pitch Project, U. S. Nuclear Regulatory Commission for U. S. Department of Agriculture,
Forest Service, Rocky Mountain Region, Denver, Colorado, 1979.



M. J. Kelly, (Editor). Environmental Impact Statement - Plateau Resources, Shootering
Canyon Uranium Mill, NRC, Washington, D.C., 1979.

M. J. Kelly, (Editor). Environmental Impact Statement - Energy Fuels Nuclear, White Mesa
Uranium Mill, NRC, Washington, D.C., 1979.

M. Shaughnessy, (Chairman), P. Kanciruk, L Voorhees, W. Staub (Members)
Environmental Subcommittee, Source Evaluation Board, Strategic Petroleum Reserve,
Environmental Evaluation Reports for Private Industry Proposals to Construct Petroleum
Storage Facilities (21 unpublished reports), DOE, Washington, D.C., Jan. - May, 1979.

H. G. Arnold, (Editor). Environmental Assessment - Raft River Geothermal Pilot Plant,
DOE, Division of Geothermal Energy, Washington, D.C., 1979.

H. G. Arnold, H. G., (Editor). Environmental Assessment - Hawaii Geothermal Research
Station, DOE, Division of Geothermal Energy, Washington, D.C., 1979.

W. P. Staub, (Editor). Draft Environmental Impact Assessment - Geothermal Energy
Geopressure Subprogram - Gulf Coast Well Drilling and Testing Activity, DOE, Division of
Geothermal Energy, Washington, D.C., 1979.

U.S. Nuclear Regulatory Commission, Draft Environmental Statement Related to the
Decommissioning of the Edgemont Uranium Mill, Docket No. 40-1341, NUREG-0846
(September 1981).

U.S. Nuclear Regulatory Commission, Final Environmental Statement Related to the
Operation of Bison Basin Project, Docket No. 40-8745, NUREG-0687 (April 1981).

D. B. Hunsaker, Jr., J. W. Webb, G. K. Eddlemon, A. W. Campbell, R. D. Roop, and W.
P. Staub. U.S. Department of Energy, Environmental Assessment, Niland Development
Project, Geothermal Loan Guaranty, Imperial County, California, DOE/EA-0247, October
1984.

N. E. Hinkle, A. W. Campbell, R. L Kroodsma, R. B. McLean, W. P. Staub, V. R.
Tolbert, and J. P. Witherspoon. U.S. Nuclear Regulatory Commission, Environmental
Assessment for Renewal of Special License No. SNM-1107, Westinghouse Electric Corp.,
Nuclear Fuel Fabrication Plant, NUREG-1118, May 1985.

D. B. Hunsaker, Jr., N. E. Hinkle, L W. Rickert, W. P. Staub, F. C. Kornegay, and C. B.
Oland. U.S. Department of Interior, Bureau of Land Management and U.S. Air Force,
Final Environmental Impact Statement, West Desert Pumping Project, Salt Lake City, Utah,
ORNL/FPO-85/192, July 1986.

C. R. Boston, N. E. Hinkle, R. L. Graham. C. B. Oland, and J. M. Van Dyke.
Department of the Air Force, Draft Environmental Assessment for the Proposed Lease
Amendment between Peterson Air Force Base and the City of Colorado Springs, January
1987.



R. M. Reed, J. J. Beauchamp, J. M. Bownds, D. M. Evans, G. M. Kondolf, S. F.
Railsback, R. D. Sharp, B. L Shumpert, W. P. Staub, M. M. Swihart, E. J. Szarleta, J. W.
Webb, and T. Wright. Federal Energy Regulatory Commission, Draft Environmental
Impact Statement El Portal Project, FERCIDEIS-0049, November 1987.

N. E. Hinkle, R. L Kroodsma, W. P. Staub, J. P. Witherspoon, and V. R. Tolbert. U. S.
Nuclear Regulatory Commission, Environmental Assessment for Renewal of Special
Material License No. SNM-124, Nuclear Fuel Services, Erwin, TN., to be published by
NRC, 1987.

C. E. Easterly, D. M. Evans, R. L Kroodsma, R. L Miller, S. F. Railsback, S. F. Rayner,
L W. Rickert, W. P. Staub, and A. J. Witten. Department of the Air Force, Draft
Environmental Assessment for the Proposed Northeast Regional Communications Facility
and the Federal Aviation Administration Bamegat Project, August 1988.

S. A. Carnes, K. R. Ambrose, J. E. Breck, P. R. Coleman, J. B. Cannon, C. V. Chester, E.
D. Copenhaver, D. L Feldman, G. F. Flanagen, W. Fulkerson, R. L Graham, G. D.
Griffin, W. H. Hermes, E. L Hillsman, F. C. Kornegay, K. H. Lin, R. L Miller, N. B.
Munro, G. 0. Rogers, L L Sigal, M. B. Sears, J. H. Sorensen, W. P. Staub, V. R. Tolbert,
L C. Waters, and A. P. Watson. Department of the Army, Chemical Stockpile Disposal
Program, Final Programmatic Environmental Impact Statement, January 1988.

R. L Miller, G. F. Cada, R. D. Roop, M. S. Salk, W. P. Staub, and
J. W. Van Dyke. U.S. Department of Energy, Final Environmental Assemsment,
Underground Coal Gasification Clean Fuels Proof-of-Concept Project, DOE/EA-0342,
January 1988.

U.S. Department of the Army, Final PHASE I Environmental Report for Tooele Army
Depot, Tooel, Utah, Program Manager for Chemical Demilitarization, Aberdeen Proving
Ground, MD., September 1988.

Draft Environmental Assessment, Environmental Restoration Program Kansas City Plant,
DOE Albuquerque, 1989.

Environmental Impact Statement, Feed Materials Production Center, Fernald, Ohio, for
the U.S. Department of Energy, Oak Ridge, TN, 1989.

Draft Environmental Assessment, Decontamination and Decommissioning of Building 371,
Rocky Flats Plant, DOE Headquarters, Washington, D.C., November 1989.

Environmental Assessment Strategic Petroleum Reserve, Sulfur Mines Decommissioning and
Big Hill Expansion, DOE, New Orleans, LA, 1989.

Environmental Assessment, Coke-oven Gas Cleaning Demonstration Project, Bethlehem
Steel Corp, Sparrow Point Plant, Baltimore County, MD, U.S. Department of Energy,
Assistant Secretary for Fossil Energy, DOE/EA-0404, Pittsburgh Energy Technology
Center, Pittsburgh, Pennsylvania, October 1989.



U.S. Department of the Army, Disposal of Chemical Agents and Munitions Stored at
Anniston Army Depot, Anniston, Alabama-Final PHASE I Environmental Repon, Program
Manager for Chemical Demilitarization, Aberdeen Proving Ground, MD., July 1989.

Draft Environmental Assessment, Defense Meteorological Satellite System Program,
Modification of Building 1559, Vandenberg Air Force Base, U. S. Department of the Air
Force, Vandenberg Air Force Base, California, 1989.

U.S. Department of the Army, Disposal of Chemical Agents and Munitions Stored at
Tooele Army Depot, Tooele, Utah-Final Environmental Impact Statement, Program
Manager for Chemical Demilitarization, Aberdeen Proving Ground, MD., July 1989.

Environmental Assessment, Circulating Fluidized Bed Boiler Repowering Demonstration
Project, Southwestern Public Service Co., Nichols Station, Potter County, Texas, U.S.
Department of Energy, Assistant Secretary for Fossil Energy, DOE/EA-0415, Morgantown
Energy Technology Center, Morgantown, West Virginia, October 1989.

R. L Kroodsma et al., Environmental Assessment, Corrosion Control Facility, Kelly Air
Force Base, Texas, Department of the Air Force, Headquarters, Air Force Logistics
Command, Wright-Patterson Air Force Base, Ohio, January 1990.

Environmental Assessment, Proposed 7 GEVAdvanced Photon Source at Argonne National
Laboratory, U. S. Department of Energy, Chicago, Illinois, February 1990.

Environmental Assessment, Titan IVISolid Rocket Motor Upgrade Program, Department of
the Air Force, Vandenberg Air Force Base, California, February 1990.

U.S. Department of the Army, Disposal of Chemical Agents and Munitions Stored at
Umatilla Depot Activity, Hermiston, Oregon-Final PHASE I Environmental Report,
Program Manager for Chemical Demilitarization, Aberdeen Proving Ground, MD.,
February 1990.

U.S. Department of the Army, Disposal of Chemical Agents and Munitions Stored at Pine
Bluff Arsenal Pine Bluff, Arkansas-Final Phase I environmental Report, Program Manager
for Chemical Demilitarization, Aberdeen Proving Ground, MD., May 1990.

R. L Miller et al., Environmental Assessment, Combustion Engineering Integrated Coal
Gasification, Combined Cycle System-City Water, Power, and Light Company, Lakeside
Generating Station, Springied4 Illinois, U.S. Department of Energy, Assistant Secretary for
Fossil Energy, Morgantown Energy Technology Center, Morgantown, West Virginia, May
1990.

Final Second Supplemental Environmental Assessment, Disposal of European Chemical
Munitions Stockpile at Johnston AtollChemical Agent Disposal System, JACADS, Program
Manager for Chemical Demilitarization, Aberdeen Proving Ground, MD., June 1990.

G. P. Zimmerman, C. R. Boston, E. L Hillsman, R. 0. Johnson, R. L Kroodsma, R. L
Miller, L W. Rickert, G. 0. Rogers, W. P. Staub, and V. R. Tolbert, Disposal of Chemical
Agents and Munitions Stored at Tooele Army Depot Tooele, Utah-Final PHASE I



Environmental Report, ORNIII'M- 11211, prepared for Program Manager For Chemical
Demilitarization, Aberdeen Proving Ground, MD., by Oak Ridge National Laboratory,
Oak Ridge, TN., September 1990.

D. B. Hunsaker, Jr., C. R. Boston, J. D. Harris, E. L Hillsman, R. 0. Johnson, R. L
Kroodsma, R. L Miller, L W. Rickert, G. M. Schoepfle, W. P. Staub, V. R. Tolbert, D.
C. West, and G. P. Zimmerman, Disposal of Chemical Agents and Munitions Stored at
Anniston Army Depot, Anniston, Alabama-Final PHASE I Environmental Report,
ORNLJTM-11206, prepared for Program Manager for Chemical Demilitarization,
Aberdeen Proving Ground, MD., by Oak Ridge National Laboratory, Oak Ridge, TN.,
September 1990.

R. B. McLean et al., Draft Generic Environmental Impact Statement on Relicensing Nuclear
Power Plants, prepared for U.S. Nuclear Regulatory Commission, Office of Nuclear
Reactor Regulation, Reactor and Plant Safety Issue Branch, by Oak Ridge National
Laboratory, Oak Ridge, Tennessee, August, 1991.

G. P. Zimmerman, J. D. Harris, E. L Hillsman, D. B. Hunsaker, Jr., R. 0. Johnson, R. R.
Kroodsma, R. L Miller, J. Morrissey, T. G. Patton, L W. Rickert, G. M. Schoepfle, W. P.
Staub, V. R. Tolbert, and D. C. West, Disposal of Chemical Agents and Munitions Stored
at Umatilla Depot Activity, Hermiston, Oregon-Draft Environmental Impact Statement,
Program Manager for Chemical Demilitarization, Aberdeen Proving Ground, MD.,
October, 1991.

W. P. Staub, et aL, Pre/iminary Draft Generic Safety Analysis Report for the Y-12 Plant, Oak
Ridge National Laboratory, ORNbTM-XXXX, December, 1991.

U.S. Department of the Army, Disposal of Chemical Agents and Munitions Stored at
Aberdeen Proving Ground, Aberdeen Maryland, --Draft Final Phase I Environmental Report,
Program Manager for Chemical Demilitarization, Aberdeen Proving Ground, MD., March,
1992.

U.S. Department of the Army, Disposal of Chemical Agents and Munitions Stored at
Lexington-Blue Grass Anny Depot, Kentucky--Internal Review Draft Phase I Environmental
Report, Program Manager for Chemical Demilitarization, Aberdeen Proving Ground, MD.,
May, 1992.

U.S. Department of the Army, Disposal of Chemical Agents and Munitions Stored at the
Pueblo Army Depot, Pueblo, Colorado, --Final Phase I Environmental Report, Program
Manager for Chemical Demilitarization, Aberdeen Proving Ground, MD., September,
1992.

U.S. Department of the Army, Disposal of Chemical Agents and Munitions Stored at the
Newport Army Ammunition Plant Indiana, -Internal Review Draft Phase I Environmental
Report, Program Manager for Chemical Demilitarization, Aberdeen Proving Ground, MD.,
September, 1992.

E. T. Ensminger, J. D. Harris, E. L Hillsman, D. B. Hunsaker, Jr., R. 0. Johnson, R. L
Miller, J. Morrissey, L W. Rickert, W. P. Staub, V. R. Tolbert, and G. P. Zimmerman,



Disposal of Chemical Agents and Munitions Stored at Pine Bluff Arsenal, Pine Bluff,
Arkansas-Draft Environmental Impact Statement, Program Manager for Chemical
Demilitarization, Aberdeen Proving Ground, MD., September, 1992.

R. B. Mclean et aL, Final Environmental Assessment for Hydropower License, Bear Creek
Hydrolectric Project, FERC Project # 10371, Federal Energy Regulatory Commission,
Office of Hydropower Licensing, Washington, D.C., September, 1992.

M. J. Sale et al., Final Environmental Impact Statement for Hydropower Relicensing in the
Lower Mokelumne River Basin, California, Federal Energy Regulatory Commission, Office
of Hydropower licensing, Washington, D.C., November, 1993.

R. L Miller et al., Final Environmental Impact Statement for the Proposed Healy Clean
Coal Project, U.S. Department of Energy, Assistant Secretary for Fossil Energy, Pittsburgh
Energy Technology Center, DOE/EIS-0186, Pittsburgh, Pennsylvania, December 1993.

R. L Miller et al., Preliminary Draft Environmental Assessment for the Proposed Four
Rivers Project, U.S. Department of Energy, Assistant Secretary for Fossil Energy,
Morgantown Energy Technology Center, Morgantown, West Virginia, July, 1994.

M. J. Sale et al,, Draft Environmental Impact Statement for Potential Cumulative Impacts
Associated with Hydropower Development in the Nooksack River Basin, Washington, Federal
Energy Regulatory Commission, Office of Hydropower licensing, Washington, D.C.,
September, 1994.

R. L Kroodsma et al., Preliminary Draft Environmental Impact Statement Related to the
Stabilization and Closure of the Atlas Sit4 Moab, Utah, U.S. Nuclear Regulatory
Commission, Office of Nuclear Material Safety and Safeguards, NUREG-XXXX,
September, 1994.

W. P. Staub and R. M. Reed, Environmental Resources of Selected Areas of Hawaii:
Geological Hazards, Oak Ridge National Laboratory, ORNLbTM-12857, February, 1995.

W. P. Staub and R. M. Reed, Environmental Resources of Selected Areas of Hawaii:
Groundwater in the Puna District of the Island of Hawaii, Oak Ridge National Laboratory,
ORNLITM-12858, February, 1995.
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TIMING OF PRODUCTION

Field Planned Production Period Planned Restoration Period

Crownpoint 2000-2014 2002-2018

Unit 1 1999-2015 2001-2017

Church Point 1998-2005 2000-2006

SOURCE: HRI, Consolidated Operating Plan August 15, 1997. Figure 1.4-1.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD PANEL

Before Administrative Judge
Peter Bloch, Presiding Officer

Admiiusirative Judge
Thomas D. Murphy, Special Assistant

)
In the Matter of )

)
HYDRO RESOURCES, INC.

2929 Coors Road, Suite 101 )
Albuquerque, NM 87120 )

Docket No. 40-8968-ML
ASLBP No. 95-706-01-ML

MRI's RESPONSE TO
SCHEDULING CONFERENCE BRIFFS OF ALL PETITIONERS

I. INTRODUCTION

On July 14. 1998, the Presiding Officer issued an Order (the Order) mandating a schedul-

ing conference to consider HRI's Bifurcation Request and to address other procedural issues.

The Order also required the parties to file briefs on the scheduing conference which is currently

scheduled for September 15-17, 1998. In accordance with your Order, both MRI and Petitioners

filed their respective briefs on September 3, 1998. HR[ responds to Petitioners" briefs as fol-

lows:

HI. ARGUMENT

Petitioners' briefs rehash, at excruciating length, a series of arguments which have been

trotted out before for why this proceeding should not be bifurcated as requested by HRI and NRC
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Staff In summary, Petitioners' arguments are that bifurcation of the hearing: violates NEPA;

would somehow deprive Petitioners of their right to a meaningful hearing; and does not promote

the efficient use of judicial resources and those of the panics. These arguments are utterly with-

out merii. Petitioners should state their case more forthrightly; notwithstanding the fact that

they are unable to point to a single instance of an adverse environmental impact in the 25 year

history of ISL mining in the United States, Petitioners' objective is, at any cost, to prevent HRI.

from ever conducting any ISL mining activity in New Mexico.

A. The Proposed Bifurcation of the Hearing Is Fully Coasistent With NEPA.

Petitioners contend that HRI's bifurcation proposal would result in "unlawful segmenta-

tion" violative of the National Environmental Policy Act (NEPA or the Act). Petitioners' Brief at

19-25. They argue that bifurcation would result in the "disregard or inadequate consideration of

the regional and cumulative effects of the project." Id. at 22.

Petitioners fundamentally misunderstand NEPA and its requirements. Preparation and re-

view of an EIS is governed by a "rule of reason"-` and "the nature and form of environmental

analysis required in any given case are matters left to the discretion of the agency involved. (cita-

tion omitted).. the judgment of the NRC as the agency with the requisite technical expertise

should govern_'"V Petitioners acknowledge that the Commission already has issued a detailed EIS

for the entire Project.L NR.C Staff also have issued a Safety Evaluation Report (SER),

See Natural Resources Defense Council v. Morton. 458 F 2a 827. 837-38 (DC. Cir. 1972); Sta0e of Alaskav
Andrus 580 F 2a 465, at 472-73 (D.C. Cir. 1978)

49 Fed. Rep 9356 (March 12, 1984); citLng Alaskca V Andrus supra. 580 F 2d at 480.

-Sc Petitioners' Brief at 20-2 1.

2
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tourtnh hearing,i and that their right to a "reasonably prompt hearing" would be abridged by any

bifurcation.!

These allegations are not only false but patently disingenuous. As emphasized in its Bi-

turcation Request, HRI's proposal would not deprive Petitioners of any hearing rights but would

merely allow the hearings to proceed in a logical and efficient manner. As detailed in the at-

tached Affidavit of Mark S. Pelizza, Petitioners' concerns relevant to the Project generally, or to

Section 8, specifically, could be litigated fully at the current hearing, while concerns relating

only to Section 17, Crownpoint or Unit 1 could be addressed if and when HRI decides to develop

those sites. The claim that Petitioners are "unlikely" to learn of any subsequent developments is

particularly outrageous given the fact that HRI repeatedly has informed Petitioners of its intent to

keep the public fully informed of all such developments and has even proposed the establishment

of a public document room for this parpose.l In any case, the proposed bifurcation is likely to

benefit Petitioners since they will then have more information that will be relevant to those later

sections with which to evaluate their concerns, if, in fact, they are interested in information that

might allay these alleged concerns.

2. Petitioners' Claim That The Proposed Bifurcation Would Deprive
Them of Due Process of Law is Baseless.

Contrary to Petitioners' gossamer argument, the right to participate in an unbifurcatd

NRC licensing hearing is not a liberty interest protected by the Constitution.

Id. at II.

-' .at 13.

It is also apparent tnat a reasonable procedure for notification could be incorporated nwo an Order of the Presiaing
Officer In fact, HRI previously has suggested such a notice provision HR's Brief on Suanested Schtcdulina at 3.

4
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Petitioners' argument that t.err "limited resources" and their clients' limited mobility necessitates

tne immediate hearing of all conceivable issues is belied by Petitioners' long-winded filings and a

proposed hearing schedule that extends well into the year 2000.

II. CONCLUSION

For the aforementioned reasons, HRI respectfUlly requests that the Presiding Officer grant

RRI's Request for Bifurcation and HRI's proposed Hearing Schedule.R

Respvtfully submiued the 9th day

Jeptha P. Hill
LAW OFFICE OF JEP HILL
816 Congress Avenue, Suite 1100
Austin, Texas 78701-2443

Anthony 1. Thompson
Frederick S. Phillips
David Kim
SHAW, PITTMAN, POTTS & TROWBRIDGE
2300 N Street, N.W.
Washington. D.C. 20037-1128
Tel: (202) 663-8000
Fax: (202) 663-8007

ON BEHALF OF HYDRO RESOURCES, INC.
2929 Coors Road, Suite 101
Albuquerque, New Mexico 87120

0423 0-0 1 DOC50CI•

•HRI recognizes that the Order of tth Presiding Officer limits this Response to five pages and acknowleages that
this Response slightly exceeds that limit. HRI asks that the Presiding Officer excuse this exceedance, howcver, in-
asmuch as HRI responds by this single filing to exceecingly lengthy bncifs tiled by each of the other r*o groups of
Petitioners.

6
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the in situ leach uranium industry for 20 years. I have been actively involved with professional

trade organizations in developing the current in situ leach uranium industry rules, regulations and

policies, and have worked with federal and state regulatory agencies for this purpose.

3. During my employment with Uranium Resources, Inc.. I have personally super-

vised all radiological and non-radiological occupational health and safety and environmental pro-

grams for operations conducted by URI in Texas. This includes radiological and

non-radiological occupational and environmental baseline data collection, operational programs,

restoration/reclamation programs and regulatory liaison. I have been the primary managerial

support representative for all environmental litigation involving Uranium Resources, Inc.

4. I have personally supervised all radiological and non-radiological health, safety

and envionmental permitting activities associated with MRJ since the company and the Crown-

point Uranium Project (CUP) were conceived. In this capacity, all environmental studies, re-

ports, papers, permit and license applications and regulatory requirements have either been

completed by me or under my supervision. I have been HRI's representative at numerous public

presentations regarding the project over the past decade. I have also been HRI's regulatory liai-

son throughout the project. Given this background, I have a fis hand knowledge of the CUP de-

velopmrenal history and the general environmental framework under which HRI will be required

to operate.

MATERIALS PREPARED

5. The following documents were prepared by me or under my direct supervision:

2
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" April 10, 1996 (Response w NRC Comments)

• May 3,1996 (Response to NRC Comments)

* June 18, 1996 (Unit I Water Quality Information)

" August 15, 1996 (Response to NRC Comments)

" August 16,1996 (Response to NRC Comments)

" August 21, 1996 (page changes)

* August 30, 1996 (Response to NRC Comments)

* September 5, 1996 (Surface Water Drainage Analysis at Church Rock)

a September 6, 1996 (page changes)

• September 13, 1996 (Response to NRC Comments)

* September 27,1996 (Response to NRC Comments)

* September 30, 1996 (Crownpoint Uranium Project COP, Rev. 0.0)

* October 15, 1996 (Response to NRC Comments)

* October 18, 1996 (Restoration Standards Conminmert)

* October 20,1996 (Response to NRC Comments)

* October 29, 1996 (Response to NRC Comments)

* November 18, 1996 (Response to NRC Comments)

• November 26, 1996 (Response to NRC Comments)

* December 20,1996 (NRC Proposed Requirements and Recommendation)

* December 26, 1996 (M-I Accepance Letter to NRC Proposed Requirements and
Recommendations)

* April 1, 1997 (NRC Proposed Requirements)

• April 25, 1997 (HRI Ac.eptance Letter to NRC Proposed Requirements)

4
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September 1, 1998 (Affidavit of Mfichael G_ Wallace)

EXPERT OPNON

7. This declaration will present my expert understanding of health, safety and envi-

ronmetal effects of in situ leach (ISL) uranium mining based on my 20 years of experience with

the ISL uranium recovery industry where I have been involved in all phases of the developmental

cycle including licensing, operations, restoration and decomr•issioning. I will take the opporru-

niTy to correct the misrepresentations made in the Septeber 1, 1998, affidavit of Michael Wal-

lace. Many of the statements set forth in Wallace's affidavit are misleading. Furthermore, in

stating his concerns associated with the CUP or ISL technology in general, he overlooks the ISL

operational mitigation measures or special provisions that have been included in the Crownpoi.t-

project license or Operations Plan to assure that these potential concerns are mitigated. In doing

so, I believe his affidavit is deceiving.

8. Mr. Wallace(a;s to recognize significant naturally occurring environmental con-

mnination in uranium mineralized zones and the surroundingroundwawr and claims that pris-

tine waters will be changed by M'RIs activities. He also faito recognize the benign nature of

the proposed leach solution, describing such solution as -polluted." However, the proposed

leach solution is not significantly different from native ground water present in the ore body. It

is well documented that radionuclides limit the use of water (RA-226, RN-222 and U308) hgfre

mining in uranium-bearing aquifers. These are also the primary parameters that are elevated and

limit water use after restoration. Currently, the high concentrations of naturally occurring radi-

onuclides at the CUP properties do not affect surrounding waxer supply wells (even at

6
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Officer in this task, I have prepared a table that categorizes various technical issues that I believe

are ripe for hearing and have included it as Attachment A. In general, those items that are listed

in Column I "Site Specific" and Column 2 "General ISL" are ripe for hearing. Those items in

Column 3 "CR Only" are site specific Churchrock issues that would be subject to The proposed

bifurcated process. Those items in Column 4 "U1I Only" and Column 5 "CP Only" would be

placed in abeyance.

12. Under heading I, Wallace states that the same hydrological issues of concern are

common to all sites. Wallace states that all sites have common limiting hydrologic criteria and

should be evaluated in a single hearing. (Wallace AMClCd, ¶ 6). While I believe that the regional

geology in the San Juan Basin of New Mexico may be somewhat predictable and all CUP sits

are located within this region, it is unreasonable to evaluaw sites located miles apart based on a

general set of regional assumptions. While HRI agrees that information that is learned ax one site

may be useful in evaluating another, HR.I emphasizes that each site is different (as is each well-

field at a given mine site) and should be evaluated individually. Precisely for this reason, devel-

opment of an ISL facility proceeds in a phased manner, with testing of each wellfeld as that

wellfield is developed.

13. Wallace smas that all CUP sites share a similar water quality, being located

within the Wea*twat and Dakota aquifers. (Wallace Affui., ¶ 7). He also states that these aqui-

fers are regional domestic supplies. While I agree that these aquifers cover a good portion of

Arizona, Colorado, New Mexico and Utah, such factors as the density of use, prior use, and de-

gree of mineralization that would limit future use and local environmental sensitivity to future

8
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15. Wallace expresses the concern that the Wesrwater fonnatiOn is fluvial in origin

and therefore heterogeneous. (Affid, ¶ 8). I agree with his textbook geologic description of the

Westwater but disagree with his concerns. Wallace does state a strong case for hydrological

analysis on a mine area by mine area basis as is proposed in the Consolidated Operations Plan

and required in License Condition 10.23. This review is performed not by a theoretical analysis

based on models, but by pump rsts which can only be performed after the production well field

has been installed and is available for testing. Then, and only then, can the functionality of the

monitoring system be tested. If, because of local heterogeneity in geology or because of me-

chanical problems a well does not respond, it is replaced or repaired. If an overlying or underly-

ing well does respond, operational adjustments such as extraction well placement are

implemented. However, Wallace's concerns cannot addressed by a regional analysis but rather

by implementation of a well conceived, production scale pump test. This is a standard operating

procedure for all of the ISL facilities nationwide and has worked well.

16. Wallace expresses his concern that the proper analysis was not done for faulting.

(Affid., ¶ 8). What Wallace does not understand is Oha HRI's properties have been drilled for

uranium exploration purposes at very high density (100 to 200 foot) centers and that the drill data

has been thoroughly evaluated by teams of uranium geologists. Mine area faulting at HRI's

properties simply does not exist. If fauting did exist and it were to pose a problem in the mining

process (i.e., leakage or flow boundaries), it would only be a concern at the scale of the produc-

tion wellfield (i.e., over a few tens of acres) and would be disclosed and remedied during the pro-

duction scale pump tests.

10
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also agrees that the general criteria for this testing be considered in the initial phase of this

hearing.

22. Wallace complains that the pump test has not been conducted on Section 17 of

Church Rock. (Wallace Affid., ¶13). HRI agrees. However, if the proceeding is bifurcated, the

testing can be phased and reviewed in the futre. There is no reason to perform this pump test

until a decision is made to proceed with the development of Section 17.

23. Wallace asserm that groundwater velocities calculated for Crownpoint are incor-

rect. I strongly disagree. In any event, it is irrelevant to Section 8.

24. Wallace criticizes monitor well spacing and excursion parameters (Wallace Af-

fid., ¶3). RU's proposals are consistent with widely accepted methods. However, HRM believes

that the proposed methods apply generally to all sites and should be addressed in the first phase

of a bifurcated hearing.

25. Wallace complains (Wallace Affid., ¶13) that HRI cannot restore groundwater and

that the Church Rock site demonstration will not be applicable to other sites. I strongly disagree

with the contention that restoration cannot be done. It is a routine part of ISL operations nation-

wide. However, if Wallace wants further proof of the level of effort that is required for restora-

tion, at a site within the Westwaser Formation (an aquifer that he claims is very similar from

place to place in previous contentions), then his objection, if upheld, will cause the information

never to be available. Applicability of The Church Rock Section 8 demonstration to other CUP

sites will be demonstrated at such time as HRI decides to proceed with ISL mining at those sites.

12
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26. Wallace expresses the concern (Wallace Affid., ¶14) chat pump tests should be

performed as part of a license condition. In fact they have to be. Proper wellfield scale pump

tests can be conducTed only after The weilfield is installed and observation points are available.

The pump tests rely on actual field measurements of drawdown, not models or calculations, and

may :sult in additional corrective action, installation of additional monitoring wells or opera-

tions controls during mining.

27. Wallace states that additional pump tests will not provide more information.

(Wallace Affid., ¶15). In expressing this opinion, he shows a lack of an understanding of the

granularity of the data collected during ISL operations and the types of operational controls that

are used to assure compliance with the regulations. The number of observation points taken dur-

ing production scale pump tests, compared to the regional license type tests, increases by several

orders of magnitude. The availability of subsurface hydrologic information imposes with in-

creased numbers of wells providing increased data point density. Wallace's conclusion that more

refined pump tests will provide nothing, is clearly erroneous.

28. I agree with Wallace's assertion that Section 8 is downgradient of Section 17.

However, his assertion that mining in Section 17 after mining and restoration is completed in

Section 9 may cause fluid to migrate into Section 8 and cause HRM to perform additional restora-

tion is erroneous for several reasons. First, the probability of groundwater flow with the regional

grade (i.e., from Section 17 A from Section 8) is the same next to a restored mine as any-

where else. HRI's plans require an adequate bleed to prevem migration out of the mine area and

monitoring to demonstrate that the bleed is working. The monitoring wells between Sections 8

13
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I declare that on the 9' Day of September 1998, in Dallas, Texas, under the penalty of
pe••tuwy that this Affidavit is true and correct.

I

4
State of Texas

County of 2-611 L.>..

This imsmUnem Tas acknowledged before me on the I of .-.)¢p~ d , 1998,
by I'Ij/akij I

Nouary Pulic
My commission expires:

j Y
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ANALYSIS OF ISSUE RIPEN.ESS FOR ADJUDICATION IN HRI PROPOSED
BIFURCATED PROCEEDING

Area of Conce Site GCneral C F. U I C P.SpeoifcS . ISL' Owy) Oy' Only'

Perforrmance Based Licensing X
Potemial degradation of water supplies at CP tremuening
• kubhc health ad violating the SDWA X*

* ~~~o , e wels Wa e w lr pVn.tr re* Hydro eoo03 ev~aluation with regad to water wefls _____ ___

Potentia.1 degradation of water suppiies at CR threatening
Ru_ !ic health. and %4 lain the _SD.W.A. .. . . . . .. . . . . . --............

----------l~------------------ -. x. _i~vestok well .ar.e dr_• qj" 4kw._. . . . . . . . .. . . . . . . . . . .
9 Unoer roun.. m ine wor!ing issues - x
Fxcursions cannot, be controlled x
L ýuadtc• raortoring for excursions" x

Improper Sýiýn dtefiaM _excurs•ions ... X
_.n_ __ _ _ __hvdrologi___•_ t_ _ _x,_,_ _._ __

Inaccurate methods to calculate baseline water Quality X
1ndeq w ad wa restoration sanuards x
.Failure• .toeamv.- amecu restorallon. X

a S e- 1.0 wastew n M.- %t!! 11 si qt1 (,4- -k-W g AWX _k_--------

t*Cleatly Demonstawe treatn groud aes -- ---l-- -- be --------
aiueo p t._c_ .o dwmfrom Iiquid waste_ ddis s.l_..... ..ies

-N. _ .D * t io L rwel l r 4k c m- .e w -s ----------. . . . . .I ------- -- . . . . . . . .

SSurface dichard _r- b --ne- ------------ --- -- X .- --• Land- ýýf~icaxson reuirements - - X-)

Failure to obtain Navajo Nation pMreits _ X __ _
"Clearly JDemonsxze" that ground water will be protece
.fr'om liguid waste dis-as_ faci!lities, x
Adeqluayo/..f financial suret for restoration and reclatration X_ X#"

HRI is not .quM•.ed by E:ýpenen. of Training_ _X ..
Failure to comrply with tent!pnauton rcguarions x... .

Inadequate Air Emission controls

4 Ydllowcake Dust Xw"

Rioko of thee Natonl Hist~nori Prsratd~pimon Am-

Violation of ft Native Amoic4s omve•i Protectin Act X F

- -aplt ErUZS )9It rqqý;act---------------------------- --

0 Risk of ranversem .affeting dow nt•_r. x

- -- ---l -- -- --- --- -- - ---ces-

9 Dtscharp Of restoation wer atCrownpont & U I X," X"

----- Vun-----------------------------------._ _

• _o_.- .o~.._9ý4 Il Injecio _or WapA•plcasn _ x
. _ .l - ------------ ----- -. . . . . . . ..

* No cio A~lernimactsi0ve vrincmnl

-• _- -_- ---.-_--- --I .......ust"ce

•Risk Ofuranium n•ic downturm x X.0• ~~ ~ ~ - - - - - - ----- ---A .:h t .e ... . . . .. . . . . . . . ._ _ .. . . ..____. ..•----

• Eli~rmueal resurcs .,X "
-N.
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Administrative Judge
Thomas D. Murphy
Special Assistam
Atomic Safety and Licensing Board
Two White Flint North
11545 Rockville Pike
U.S. Nuclear Regulatory Commission
Rockville, Maryland 20852

Jep Hill, Esq.
Jep Hill and Associates
816 Congress Avenue, Suite 1100
Austin, Texas 78701

Richard F. Clement, Jr., President
Hydro Resources, Inc.
2929 Coors Road, Suite 10 1
Albuquerque, New Mexico 87120

Miuzi Young
John Hull
Office of the Gener Counsel
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Mitchell W. Capitan, President
Eastern Navajo-Dint Against

Uranium Mining
P.O. Box 471
Crownpoinz, New Mexico 87313

Lori GoodCman
DiNO CARE Navajo Nation
10 A Town Plaua, S-138
Durango. Colorado 81301

Lila Bird, Executive Director*
Water Information Network
P.O. Box 4524
Albuquerque, New Mexico 87106

Atomic Safety and Licensing Board Panel
One White Flint North
11555 Rockville Pike
U.S. Nuclear Regulatory Commission
Rockville, Maryland 20852

John J. Indall, Esq.
Comeau, Maldegen, Templeman & Indall
141 East Palace Avenue
Sante Fe, New Mexico 87504-0669

Diane Carnn, Esq.
Hannon, Curran, Spielberg & Eisenberg,
L.L.P.
2001 S Street, N.W., Suite 430
Washington, D.C. 20009

W. Paul Robinson
Chris Shuey
Southwest Research and Infonnation Center
P.O. Box 4524
Albuquerque, New Mexico 87106

Mary Lou Jones, President*
Zuni Mountain Coalition
P.O. Box 39
San Rafael, New Mexico 87051

Bernadine Martini
P.O. Box 370
Crownpoint New Mexico 87313
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HRI ESTIMATE OF RECOVERABLE POUNDS

Field Total Pounds Recoverable Pounds Percent Recovery

Crownpoint 19,416,107 12,620,470 65

Unit 1 7,316,655 4,755,826 65

Church Rock 10,414,268 6,769,274 65

TOTAL 37,147,030.00 24,145,570.00 65

SOURCE: HRI, Q.92 Response, p.7-1 for various sites.

OSTERBERG & SHEEHAN
Public Utility Economists
33126 S.W. Callahan Road
Scappoose, Oregon 97056
503-543-7172 FAX 543-7172PAGE 35 TESTIMONY OF MICHAEL F. SHEEHAN
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September 12, 1997

Ms. Georgia Cash, District I Supervisor
Land Quality Division
Wyoming Department of Environmental Quality q!,5 .. N
Herschler Building "
Cheyenne, Wyoming 82002 S 1992

RE: Permit to Mine No. 603 --
1997 Annual Report0"

Dear Ms. Cash:. Enclosed please find two (2) copies of Power Resources, Inc.'s (PRI) 1997 Annual Report
for the Highland Uranium Project. The report addresses applicable reporting requirements
contained within the approved permit application, the WDEQ Annual Report Form, and
W.S, 35-11-411.

Appendix 2 of the report contains the proposed 1997-1998 Reclamation Surety Estimate
*.evision. The proposed Surety Estimate revision results in an amount of $14,780,400
.vhich is $1,254,943 over the existing amount of $13,525,457. The increase in this
proposed surety estimate primarily results from expanded production operations and
associated ground water restoration activities in the F-Wellfield, plugging of monitoring
wells to be installed in the proposed H-Wellfield, the abandonment and decommissioning
of an additional waste disposal well planned for installation in 1998 and the additional costs
associated with installing and plugging approximately 100 wells proposed for use during

ound water restoration. It should be noted that because the "flare factor" questions have
ot yet been resolved with your staff, this estimate utilizes the 2.94 interim "flare factor"

estimate agreed upon by the WDEQ and PRI for the 19961997 Surety Estimate update.

Please call should you or your staffhave any questions.

Sincer~e,

Paul R. Hildenbrand
Manager of Environmental and

Regulatory Affairs

PRHfdrc
cc: Crew Schmitt w/o att

Mark Wittrup w/o all.
L.C. McGonaglc w/o alr.
File 4.3.3.1

W. F. Kearney
M. Kelly w/o alt.
R.L. Thurman w/o att.

L-AND QUALITY DIVISTORA

SECELWLO ft) 5Z9~

FE; fAIT 6 03
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activities, up to May 31, 1997, amounted to 76 AF. This represents 5.3 pore volumes
(PV) removed and trcated using the revised pore volume estimate of 14.3 AF/PV.
A proportion of this fluid volume was extracted from an area of the aquifer outside
of the patterns which has been impacted by fluids migrating from the 30-sand.
Therefore, the number of cumulative pore volumes withdrawn from the A-Well field
patterns cannot be determined exactly, but it is smaller than 5.3 PV and is probably
less than 3 PV. The pumping of ground water sweep fluids from the 20-sand aquifer
between 1991 and 1994 was a contributing factor in drawing 30-sand fluids through
the aquitard hole.

Reverse Osmosis

The Satellite, No I Revetrrvt Clmnsi, (RO) unit (#1) was Put into service on June 8.
1994 and has been operated in accordance with section RP 4.3.3 of the approved
permit application. This RO unit treats approximately 100 gpm of feed water with the
production of approximately 75 gm of permeate. All of the RO permeate produced
to date has been reinjected into the 20-sand inside the A-Wellfield where it circulates
through the formation and is drawn towards the pumping wells. The increase in
hydrostatic pressure from injection of permeate allows for increased pumping flow
rates, while the introduction of the very clean water replaces and dilutes the impacted
iruuiid water aid rcs~tuca it at a fmticir r-tc Lhin, guuaid vvatut . l.jctui df
RO permeate was started inside the mining patterns using well configurations
comprised of arrays of three or four patterns ("megapatterns"). Wells located
centrally inside the megapatterns were used for injection, while peripheral wells were
used for pumping. Other internal megapattem wells not required for injection were
used for sampling to monitor restoration progress.

During the current reporting period, the focus of circulation of RO permeate in the
20-sand aquifer was progressively moved away from the A I-A2 mining patterns to
the A3 patterns and towards the aquitard hole so that the zone impacted by fluids
migrating from the 30-sand could be restored. This followed a plan which was
outlined in correspondence to the WDEQ dated May 13, 1996. and was achieved
using additional AR wells which had been installed to assist with restoration activities.
A volume of approximately 122 AF (8.5 PV's) of affected A-Wellfield ground water
was removed and treated by RO during the current reporting period, bringing the total
volume of ground water treated from the A-Wellfield by RO to 302 AF (21 PV's).
A similar quantity (117 AF) of treated RO permeate was reinjected. The difference
between the two totals is due the bleed taken by the RO which is included with the
ground water sweep total noted in the previous paragraph. The effect of circulation
of RO permeate on the quality of the ground water is discussed below.

Additional Restoration Wells

During the reporting period from June 1. 1996 to May 31, 199?, 3 new restoration
wells (AR-I I to AR-13) were installed inside the A-Wellfield monitor ring to assist

7



Exhibit F



3U.,:)0'ti i i /d P.

588i

2929 Coon Road.NW- Suite 101 A~buquerque, .i a71.O-127"S05-433-17"77 Voi~cc 505-333-O777 Far

•JI c E-.,m.L toyahax nercom, corn

19 August 1998

U. S. Nuclear Regulatory Commission
Office of ?ublic Affairs
Was•ingtorm D C. 20555

Subject: NRC Scheduled Meeting on Uranium Thorium in Texas, New Me.dco, and Wyoming

and Colorado.

Dear Sirs

My name is Richard F. Clement, Jr. I am President of HR1, Inc. (HI) which is a subsidiary of Uraniun
Resources. Inc, (LWR.) URI has been in the in-situ uranium mining (ISL) business since 1977 and has successfully
mined and reclaimed two commercial ISL mines. We are currently operating two commercial ISL mines in south
Texas as well as permitting two additional properties, which art also in south Texas. URMs wholly owned
subsidiary, MP.! is the operating arm of the company in New Me'ico. HRI has acquire over 500,000 acres of
mineral rghts and has a resource base approaching 30 milion pounds of in-place uranium amenable to ISL
development

The company (HRI) began acquisition of New Mexico properties in 198"7 and submitted an application to
the NRC for a materials license in 1988. By 1993 the NRC had not processed the application for owfist
properis and by then M had acquired additional leases and had submitted applications for other licensing
actions to the NRC. In early 1993 HRI, in conjunction with the U_ S_ Bureau of Indian Affairs, signed ISL leases
with approximately 200 Native Americans on allotted lands in the vicinity of Crownpoint, New Mexico. T71 BIA
determined that before ratification of the leass by the Amea Director, an Environmental [mpact Statemen (EIS)
must be praeared Ensuing discussions with the NRC suggested that all of I-'s properties could be included in
the EIS in order to steamline the licensing procms. The Dim= of the Uranium Recovery Field Office a that
time stated that the company could also separate out mine sites of the properties for an Environmental Assesen
(EA) if the EIS process became too burdensome and protracted due to any contentious ism affecting othr
properties.

Upon this verbal assurance the company agreed to consolidate the properties for an EIS. The Draft EIS
was completed in October of 1994, shortly before the URFO was closed and its responambilizies moved to
Washington. The Draft EIS received almost 1000 comments by a number of comremters including well-known
anti-nuclear environmental activist groups. Responses to the comments were prepare,4 ail despite the
environmentally benign nature of the ISL operations, the company agreed to a number of technically unnecessary
and redundant modifications to its proposed lictns to demonstrate its commitment to protecting health, safety and
the environment as a sign of good faith to the Native American communities in the vicinity of properties proposd
for development

In 1997 the FEIS (Final Environmental Impact Statemen) was published, and in 1998 the license was
issued. NRC fees for the environmentally benupg ISL mining project totaled $1.5 million. During this protracted
licensig process, the company received a mining pe-mit from the State of New Mexico, and an aquifer exemption
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from the U. S. Environmental Protecion Agency (U.S. EPA) in 1989 covering the property slated for initial
development.

Over the last ten years the company has spe $16 million on acquisitions and preparation for property
developtnent. The majority of these funds were spent on permitting, and a sigtifieni portion of t4e funds was
ancillary to the NRC EISprocess.

The company is now at the verge of development, at the same tine that the Federal Government
(Department of Energy) has chosen to dump 75 million pounds of uranium on the market through the U. S
Erunchment Corporation action of going public. This actaon is being contested through the courts by HRI and its
'nrent company URI, in conjunction with the remaining uranium companies in the United States. At the ltast.
.ms action places a time cloud over the orderly development of the New Mexico properties.

As stated in NMA's white paper the relationship of the NRC and their regulatory control over ISL has
always been less than clear and definitive. The Atomic Energy Act precludes the NRC from being involved in
uranium auning, and NRC rigorously avoids regulating with respect to conventional uranium mining operations.
However, when it comes to ISL mining, NRC has asserted broader regulatory authority, extending to the ISL well
field. It is clear in legislation covenng ISL mining that the EPA is empowered by Congress to regulate ISL
through the underground injection control aspects of the Safe DnOiking Water Ac (SDWA-) It is also clear that an
adequate and competent program is in place in the State of New Mexico. By superimposing its own regulatory
program on top of the cxisLiag SDWA program, NRC creates an unnecessary, confusing, expensive and redundant
layer of over-regulation.

The $1.5 million in fees paid to the NRC gives no incentive for the process to be completed in a
reasonable time frame and combined with. the redundancy of the permitting process only serves to frustrate the

Sdevelopment of U. S. resr=.

SL uranimum munng is the most evirotnmmually benign method of mining currently being utlizcd in the
United States. Therefore, ISL needs to be encouraged as a positive method of development rather than bemg
hamstruzg with layer Wpon layer of regulatory ees.

It however, the NRC reains oversight on ISL mining, wellfield hydrologic controls and restoratiqs, the
ncwent NRC policy of sound "risk-informed" performance based licensing should be the operativ MCd of

The rigorous applicaion of these sound principl of regulaion corrsponds to the benign nature of ISL
oerations and should work to minimize protacted lirnusing review and associated costs.
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1

2

3

4

5

6

7

8

9

CROWNPOINT URANIUM PROJECT

PRODUCTION FIELDS

Field f Acres Depth Est. Production (lbs) Years of Operation

Crownpoint 9123 2,1005 19 million7  193

Unit 1 1,2802 2,1004 19 million7  172

Church Rock 360' 8256 4 million7  81

TOTALS 2,552 42 million

1 FEIS 2-23; 2 FEIS 2-26; 1 FEIS 2-28; 4 HRI, Q.92 Response Unit 1, 7-1;

5 HRI, Q.92 Response Crownpoint, 7-1; 6 HRI, Q.92 Response Church Rock 7-1;

OSTERBERG & SHEEHAN
Public Utility Economists
33126 S.W. Callahan RoadPAGE 34 TESTIMONY OF MICHAEL F. SHEEHAN Scappoose Oregon 97056PAGE34 ESTIONYOF MCHAL F.SHEHAN503-543-7172 FAX 543-7172
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S
1
2
3
4

5

6

7
8

9
10
11

12
13
14
15
16
17

URI!IRI
LONG TERM SALES CONTRACTS

I Item 1998 1999 20001 2001 2002

Number of Customers 8 5 4 3

Contracted Deliveries
(000 ibs) 1,439 872 753 568 250

Total Sales ($000) $21,517 $12,090 $10,033 $7,398 $3,504

Average Minimum Sales
Price Per Pound $14.95 $13.86 $13.32 $13.04 $14.01

SOURCE: LJRI, 1997 10-K, p.6.

Q
C

I
r%

33116 S.W CJI, .W.
sww. Om~p, lr,0S6

503-5-13-;] 72' I-X 543-7172PAGE 43 TESTIMONY OF MICHAEL F. SHEEHAN
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Form 8-K for URANIUM RESOURCES INC /DE/ filed on Oct 27 1998

UNITED STATES
SECURITIES AND EXCHANGE COMMISSION

WASHINGTON, D.C. 20549

FORM 8-K

CURRENT REPORT
PURSUANT TO SECTION 13 OR 15(d) OF THE

SECURITIES EXCHANGE ACT OF 1934

DATE OF REPORT (DATE OF EARLIEST EVENT REPORTED): October 7, 1998

URANIUM RESOURCES, INC.

(EXACT NAME OF REGISTRANT AS SPECIFIED IN ITS CHARTER)

Delaware

(STATE OR OTHER JURISDICTION OF
INCORPORATION)

0-17171

(COMMISSION FILE NUMBER)

75-2212772

(I.R.S. EMPLOYER
IDENTIFICATION NO.)

12750 Merit Drive, Suite 1020, Dallas, Texas

(ADDRESS OF PRINCIPAL EXECUTIVE OFFICES)

75251

ZIP CODE

972-387-7777

(REGISTRANT'S TELEPHONE NUMBER, INCLUDING AREA CODE)

Not Applicable

(FORMER NAME OR FORMER ADDRESS, IF CHANGED SINCE LAST REPORT)
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I
EXHIBIT INDEX

Exhibit No. Exhibit Description

99.1 Press Release issued October 27, 1998, by the Registrant
announcing the notification by the Nasdaq Stock Market that
the Company is not in compliance with the $1.00 minimum bid
price for continued listing of its Common Stock on the
Nasdaq National Market and may be delisted on January 7,
1999 unless corrected or successfully appealed.

S
EXHIBIT 99.1

OCTOBER 27, 1998
PRESS RELEASE

Uranium Resources, Inc. announced that on October 7, 1998 the Company
received a letter from the Nasdaq Stock Market ("Nasdaq") notifying the Company
of Nasdaq's determination that the Company is not in compliance with the minimum
$1.00 closing bid price requirement for continued listing of its Common Stock,
par value $0.001 per share (the "Common Stock") on the Nasdaq National Market
(the "National Market"). Nasdaq informed the Company that the Company will be
provided ninety (90) calendar days from October 5, 1998 in which to regain
compliance with the minimum closing bid price. If within such ninety calendar
days, the Common Stock complies with the minimum closing bid price requirement

~or a minimum of ten consecutive trading days, the Nasdaq staff will verify
~compliance with the continued listing requirements of the National Market. If,

however, the Company does not comply with the minimum closing bid price
requirement on or before the ninety-day period ended January 5, 1999, the
notification states that the Company's Common Stock will be delisted at the
opening of business on January 7, 1999.

The notification also stated that the Company may seek further
procedural remedies by requesting a hearing and paying applicable fees prior to
January 5, 1999. There can be no assurance that the Common Stock will comply
with the minimum closing bid price requirement during the ninety-day period or
that a hearing, if any, will result in the continued listing of the Common Stock
on the National Market. The Company is reviewing its option in the event that
the Common Stock is delisted from the National Market, including if the Company
would qualify for the NASDAQ Small Cap market. Delisting of the Common Stock on
the National Market could have a material adverse effect on the market price of,
and the efficiency of the trading market for, the Company's Common Stock.

A E-1
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Form 8-K for URANIUM RESOURCES INC IDE/ filed on Oct 27 1998

UNITED STATES
SECURITIES AND EXCHANGE COMMISSION

WASHINGTON, D.C. 20549

FORM 8-K

CURRENT REPORT
PURSUANT TO SECTION 13 OR 15(d) OF THE

SECURITIES EXCHANGE ACT OF 1934

DATE OF REPORT (DATE OF EARLIEST EVENT REPORTED): October 7, 1998

URANIUM RESOURCES, INC.

(EXACT NAME OF REGISTRANT AS SPECIFIED IN ITS CHARTER)

Delaware

(STATE OR OTHER JURISDICTION OF
INCORPORATION)

0-17171

(COMMISSION FILE NUMBER)

75-2212772

(I.R.S. EMPLOYER
IDENTIFICATION NO.)

12750 Merit Drive, Suite 1020, Dallas, Texas

(ADDRESS OF PRINCIPAL EXECUTIVE OFFICES)

75251

ZIP CODE

972-387-7777

(REGISTRANT'S TELEPHONE NUMBER, INCLUDING AREA CODE)

Not Applicable

(FORMER NAME OR FORMER ADDRESS, IF CHANGED SINCE LAST REPORT)
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From;
Date: Tua. 17 P- ,1 L!98 23;33:25 EeS

. To;
Subject" ntu News

Uranium Resources, Inc. Announces Writedown of Uranium Properties, Results of
Operations and Operational Changes for 1999

DALLAB--(BUSINESS WIRE)--Nov. 16, 1999--Urani-m Resources, Inc.
(Naedaq:MRIX) ("URI*) announced that its third quarter results of
operations included a pre-cax writedown of certain of its uranium
properties of approximately $16.0 million.

The writedown was determined in light of current and projected
uranium prices in relation to the projected realluability of the
Company's investment in these assets. The writedown relates to the
Company's two existing producing properties in South Texas.

Paul K. Willmott, Chairman and CEO, commented, "The uranium
industry is seeing a market In which low demand and oorresponding low
uranium prices are requiring all of the CoManiles in the busine-s to
evaluate their core assets and their current and future operating
plans. Uranium prices have fallen to levels below our existing
production costs and the current outlook for prices indicates that anO early price rebound is not likely.

In view of these circumstences, the Company has evaluated the
carrying value of its uranium properties in relation to the estimated
realizable value of these assets and concluded that a writedown
related to existing producing properties was appropriate. While this
reduction represents a significant charge against earnings in the
third quarter of this year, It is important to note that it will have
no effect on the cash position or liq•idity of the Caipany.". The Company's operations for the third quwater of 1993 resulted
in a not loss of $14,916,000 or ($1.24) ccaspred to a net lose of
$1,214,000 or (50.10) per share for the third quarter of 1997. of the
net loss experienced in the third quarter of this year, approximately
S14,428,000 or ($1.20) per share resulted from the uranim property
writedown.

Revenues in the third q(atter of 1998 totaled $4,504,400 on
deliveries of 328.000 pounds of uranium. Revenues for the sam period
in 1997 totaled $9,499,000 on 730,000 pounds of uraniam deliveries.O Cost of uranium sales (excluding the writedown) for the third quarter
of 1998 totaled $4,588,000 (and included a writedown in the carrying
value of the Company'S uranium inventory of $463,000 to reflect a
lower of cost or market adjustment). During the quarter the Company
delivered 168,000 pounds of produced uranium at a cost of $14.35 per
pound and 160,000 pounds of purchased uranium at a coat of $9.04 per
pound. C0o•t of uranium sales for the third quarter of 1997 was
$9,499,000 from deliveries of 375,000 pounds of produced material (at
$17.17 per pound) and 355,000 pounds of purchased uranixo (at $ 9.86
per pound).

The Company also announced that a number of operational and
administrative reductions will be implmented beginning In the fourth
UCIAuLVL. VZ 1998. flaw Cun X's GuV..lllw BWA and Rosita pzAdu•eian
facilities will be shut-in and placed on stand-by no later than the
end of the first quarter of 1999.

The Company has continued to maintain production at the
Kingsville Dome and Rosita facilities in 1990 in order to produce the
inventory required under its Oproduced pound" contract obligations
while arbitraging its remaining contract position. These "produced
pound" contract obligations have brought with them sales prices that
are significantly higher than the current spot maermt would permit. In
order to satisfy these contracts the Company baa continued to operate

- r



rac -. iu.ea at ieveis wnicAn apprOximated Its delivery
requirements. The operation of the projects at these levels reduced
total operating and capital expenditures but resulted In uranium
production well below optimu levels which in turn resulted in
increased per pound production costs.

With its 1998 and 1999 *produced poundw requirements expected to
be satisfied by production that is planned through the end of this
year or the first quarter of 1999, the decision has been made to
shut-in and place on stand-by the two producing properties in South
Texas. The Company will maintain certain activities at the Kingsville
Dome and Rosuta sites including the continuation of its ongoing
restoration efforts. This will allow the Company to satisfy it. future
delivery obligations through the sale of Its Inventory, where required
by contract, and by continuing to take advantage of the low uranlm
prices to arbitrage its remaining contractual position In the
Marketplace.

The Company will also be main•g additional cost reductions below
1999 levels throughout the Comany. These include a targeted 33M
reduction in total corporate overhead. Expenditures, In Bew Mexico are
projected to be reduced by between 600-700 to those levels consistent
with remaining permitting and land holding costs. With the shut-in of
production in South Texas, capital expenditures are eapected to be
reduced by approximately 90%. The Company projects that subject to the
implementation of these strategies it will be able to maintain a
continued positive liquidity position through at least 1999.

Mr. Willmott also noted, "The Company has entered into
discussions with various domestic and International uranium companies
regarding the possible divestment or joint venturing of all or a
portion of its assets. Although to date no expressions of interest
have been received for the Company as a whole, interest has been
expressed in certain of the Camqjany's projects and asnets. While these
discussions are currently in their preliminary stages, the Company
plans to continue to vigorously pureue these efforts."

URANIUM RES0U4I.E, INC.

CONDEN•ED CONSOLTDZTED STATDUMT Or OPERASVIONS

(in 000's except per share data)

(U.S. dollars)

Three Months laded Il0ne Months Ended

September 30, September 30,

1998 1997 1996 1997

REVMNUES FRCM URANIUM SALES:

Produced revenue $ 2,590 $ 5,296 $ 9,690 $12,279

Purchased revenue 1,924 4,201 4,321 4,205

Total revenue 4,504 9,499 13,011 16,484

21J



COST OF URW.UI SALES:

Purchased uranium

Awyaltlia

Produced uranium

Write down of uranium

properties

Loss from operations

before corporate expenses

CORPORATE EXPENSES

1,575

132

2,991

10,035

(19,119)

536

3,50S

393

6,509

3,591

408

8,999

3,SOS

684

12,712

-- 19,035

(508)

7/50

(17,922)

1,621

(477)

2,253

LOSS F414 OPERATIONS (10,655) (1,8se) (19,743) (2,730)

OTHER INCOME (EXPENSE):

Interest expense, net

Interest and otJher income

(39)

47

(34)

75

(114)

144

(134)

933

LOSS BlEFOREZINCOME TAME

FEDERAL INCOM TAX EXPENSE

(BENEFIT)

(19,646) (1,517) (19,113) (1,932)

(3,730) (303) (3,942) (386)

S (1, 546)
NET LOSS U14,916) $(1,214)

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

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

$ (IS,771)

NET LOSS PER& SHARE: S (1.24) S (0.10) S (1.31) 3(0.13)

can fluctuate significantly on a quarter to quarter basis during the
year because of ULc Llatisa uf deliveries requested by its utility
customers. Accordingly, operating results for any quarter or



year-zo-atme perioa are noc necasaaaz±y c0mpaxvLO &noQ may not De
indicative of the result which may be expected for future quarters or
the entire year.

Except for historical information contained In this press
release, the matters discussed herein contain formad-lookig
statements. Readers are cautioned not to place undue reliance on
forward-looking statements. Such forward-looking statements are
Inherently uncertain, and investors must recogniae that actual results
may differ from management's expectations. Wey factors impacting
current and future operations of the Comany are discussed in detail
in the Company's reports filed under the Securities Exchange Act of
1934 and include, without limitation, the spot price of Uraniu,.
weather conditions, operating conditions at thin Comany's mining
projects, government regulation of the mining'Industry and the nuclear
power industry, the world-wide supply and demand of ursiium,
availability of capital, timely receipt of mining and other permits
from regulatory agencies.

Uranium Resources, Inc. is a Dallas based uranium mining company,
whose shares trade on the NEBDAQ National MaZkt Systm under the
symbol URIX. The Comany specializes in In-situ solution mining and
holds substantial uranium reserves in South Texas and New Mexico.

CONTACT:

Uranium Resources, Inc., Dallas

Paul K. Willmott/Thomas H. Ehrlich, 972/387-7777

KEYWORD: TEXAS NEW MEXICO
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON. D.C. 20651-001

January 5, 1998

OFFICE OF THE
GENERAL COUNSEL

Chief Administrative Judge
B. Paul Cotter, Jr., Esq.*
Presiding Officer
Atomic Safety and Licensing Board
Mail Stop T-3 F23
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

Administrative Judge
Thomas D. Murphy*
Special Assistant
Atomic Safety and Licensing Board
Mail Stop T-3 F23
U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

In the Matter of
HYDRO RESOURCES, INC.

Docket No. 40-8968-ML

Dear Judges Cotter and Murphy:

The Staff is issuing a source material license to Hydro Resources, Inc. (HRI) in the

above-captioned matter. The Staffs letter to HRI dated January 5, 1998 and a copy of the

license are attached.

'John T. Hull
Counsel for NRC Staff

Attachments: As Stated

cc wlattachments: Service List
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UNITED STATES
0NUCLEAR REGULATORY COMMISSION

'WASHINGTON, D.C. M666001"

January 05, 1998

Mr. Richard F. Clement, Jr., President
Hydro Resources, Inc.
2929 Coors Blvd., NW
Suite 101
Albuquerque, NM 87120

SUBJECT: ISSUANCE OF SOURCE MATERIAL LICENSE SUA-1508, FOR THE IN SITU
LEACH URANIUM MINING PROJECT AT CROWNPOINT, NEW MEXICO

Dear Mr. Clement:

The U.S. Nuclear Regulatory Commission staff has completed its review of Hydro Resources,
Inc.'s (HRIs) license application, dated April 25, 1988 (as supplemented by the licensee
submittals listed in Attachment A of the enclosed source material license SUA-1 508), and the
Crownpoint Uranium Project Consolidated Operations Plan (COP), Rev. 2.0, dated August 15,
1997. Based on its review of these documents as discussed below, the NRC staff hereby
issues HRI a source material license SUA-1508 for its in situ leach uranium mining project at
Crownpoint, NM, effective January 5, 1998.

The NRC staff determined, in accordance with 10 CFR 51.20 and 10 CFR 51.25, that
preparation of an environmental impact statement (EIS) was necessary to document its review.
The NRC staff issued a final EIS (FEIS) for the Crownpoint Project In February 1997
documenting its environmental review. Based on its review, the NRC staff concluded that HRI's
proposed Crownpoint Project was environmentally acceptable, and that potential impacts of the
proposed project could be mitigated. These mitigative measures are enumerated as conditions
in the enclosed source material license.

In addition, the NRC staff conducted its safety review of the Crownpoint Project, and
documented its analyses in the Safety Evaluation Report, dated December 4, 1997. Based on
its review, the NRC staff concluded that issuance of a source material license, with certain
conditions specified in the enclosed license, would not be inimical to the common defense and
security or to the public's health and safety, and otherwise meets the applicable requirements of
10 CFR Parts 19, 20, 40, and 71, and the Atomic Energy Act of 1954, as amended.

The SER and the FEIS provide the bases for the NRC's decision to issue a 10 CFR Part 40
source material license to HRI. As such, HRIs source material license SUA-1508 is enclosed,
and is valid for five years from its effective date. HRI will be required to submit a license
renewal application six months prior to the expiration date of January 5, 2003.
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R. Clement -2--

If you have any questions concerning this subject, please contact Mr. Robert Carlson of my

staff at (301) 415-8165.

Sincerely,

Joseph J. Holonich, Chief
Uranium Recovery Branch
Division of Waste Management
Office of Nuclear Material Safety

and Safeguards

Enclosure: As stated

Docket No. 40-8968
License No. SUA-1508
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NRC FORM 374 PAGE 1 OF :______
U.S. NUCLEAR REGULATORY COMMISSION PAGES

MATERIALS LICENSE

Pursuant to the Atomic Energy Act of tY54. as amended, the Encrgy Reorganization Act of 1974 (Publica L•w 93-438), and Tide In. Cnde ul
Fcderal Regulations, Chapter 1, Parts 30. 31. 32. 33. 34. 35, 36, 39, 40. and 70. and in reliance on .catements and reprcscnttions herc lo're mad,
by the licensee. a license is hereby issued authorizing the licensee itt receive, acquire. possess, and iran,ler byproduct. source. and special nuclcar
material design3ted below: to use such material for the purpose(s) and m the place(s) designated below: to deliver or transfer such material to
persons authorized to receive it in accordance with the regula•ions ot the appliciable Part(s). This licensc shall bc dcemed to ccntain the conditionm
.,pe;cified in Scection 183 of the Atomic Energy Act or 1954. its amended. and is subjet;t to all applicabic ruics, rcgulations. and orders of rhc
Nuclear Regulatory Commiqsion now or hcrcafter in effect and to any conditions speciFted below.

Hydro Resources, k..nsee

2929 Coors Bivd, NW SUA-1508
. Suite 101 3. License Number

Albuquerque, NM 87120

2. January 5, 20034. Expiration Date

5. Docker or
Reference No.

ByproducL Source. and/or 7. Chemical and/or Physical 8. Maximum Amount that Licensee
Special Nuclear Material Form May Possess at Any One Time

Under Thi ,w
Uranium Any thmited

SECTION 9: ADMINISTRATIVE CONDITIONS

9.1 The authorized place of use shall be the licensee's Crownpoint Uranium Project which
includes the Crownpoint, Unit 1, and Church Rock uranium recovery and processing facilities
in McKinley County, New Mexico.

9.2 All written notices and reports required under this NRC license (with the exception of effluent
monitoring reports required under License Condition (LC) 12.3 and 10 CFR Part 40.65, which
shall also be submitted to Region IV) shall be addressed to the Chief, Uranium Recovery
Branch, Division of Waste Management, Office of Nuclear Material Safety and Safeguards,
U.S. Nuclear Regulatory Commission, Mail Stop T-7J9, Washington, DC 20555. Incidents and
events that require telephone notification shall be made to the NRC Operations Center at (301)
816-5100.

9 3 The licensee shall conduct operations in accordance with all commitments, representations,
and statements made in its license application submitted by cover letter dated April 25. 1988

(as supplemented by the licensee submittals listed in Attachment A), and in the Crownpoint
Uranium Project Consolidated Operations Plan (COP), Rev. 2.0, dated August 15, 1997 -

except where superseded by license conditions contained in this license. Whenever the
licensee uses the words "will" or "shall" in the aforementioned licensee documents, it denotes

an enforceable license requirement.

9.4 A) The licensee may, without prior NRC review or approval: (i) make changes in the Crownpoint
Project's facilities or processes as described in the COP (Rev. 2.0); (ii) make changes in its
standard operating procedures; and (iii) conduct tests or experiments, if the licensee ensures
that the following conditions are met:

(1) the change. test, or experiment does not conflict with any requirement specifically stated
in this license, or impair the licensee's ability to meet all applicable NRC regulations:
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(2) there is no degradation in the safety or environmental commitments made in the
Crownpoint Uranium Project Consolidated Operations Plan (COP), Revision 2.0, or in
the approved reclamation plan for the Crownpoint Project; and

(3) the change, test, or experiment is consistent with NRC's findings in NUREG-1508, the
Final Environmental Impact Statement (FEIS, dated February 1997) and the Safety
Evaluation Report (SER, dated December 1997) for the Crownpoint Project.

If any of these conditions are not met for the change, test, or experiment under consideration,
the licensee is required to submit a license amendment application for NRC review and
approval- The licensee's determinations as to whether the above conditions are met will be
made by a Safety and Environmental Review Panel (SERP) All such determinations Shall be
documented, and the records kept until license termination, All such determinations shall be
reported annually to the NRC, pursuant to LC 12.8. The retained records shall include written
safety and environmental evaluations, made by the SERP, that provide the basis for
determining whether or not the conditions are met.

9.5

B) The SERP shall consist of a minimum of three individuals employed by the licensee, and one
of these shall be designated the SERP chairman. One member of the SERP shall have
expertise in management and shall be responsible for managerial and financial approval
changes; one member shall have expertise in operations and/or construction and shall have
responsibility for implementing any operational changes; and, one member shall be the
Environmental Manager, with the responsibility of ensuring that changes conform to radiation
safety and environmental requirements. Additional members may be included in the SERP as
appropriate, to address technical aspects such as health physics, groundwater hydrology,
surface-water hydrology, specific earth sciences, and other technical disciplines. Temporary
members or permanent members, other than the three above-specified individuals, may be
consultants.

As a prerequisite to operating under this license, the licensee shall submit an NRC-approved
surety arrangement to cover the estimated costs of decommissioning, reclamation, and
groundwater restoration. Generally, these surety amounts shall be determined by the NRC
based on cost estimates for a third party completing the work in case the licensee defaults.
Surety for groundwater restoration of the initial well fields shall be based on 9 pore-volumes.
Surety shall be maintained at this level until the number of pore volumes required to restore
the groundwater quality of a production-scale well field has been established by the restoration
demonstration described in LC 10.28. If at any time it is found that well field restoration
requires greater pore-volumes or higher restoration costs, the value of the surety will be
adjusted upwards. Upon NRC approval, the licensee shall maintain the NRC-approved
financial surety arrangement consistent with 10 CFR Part 40, Appendix A, Criterion 9.

Annual updates to the surety amount, required by 10 CFR Part 40, Appendix A, Criterion 9,
shall be provided to the NRC at least 3 months prior to the anniversary date of the license
issuance. 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 of the
surety the licensee shall submit supporting documentation showing a breakdown of the costs
and the basis for the cost estimates with adjustments for inflation (i.e.. using the approved
Urban Consumer Price Index). maintenance of a minimum 15 percent contingency, changes in
engineering plans, activities performed, and any other conditions affecting estimated costs for
site closure. II
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The licensee shall provide an NRC-approved updated surety before undertaking any planned
expansion or operational change which has not been included in the annual surety update.
This surety update shall be provided to the NRC at least 90 days prior to the commencement
of the planned expansion or operational change.

The licensee shall also provide the NRC with copies of surety-related correspondence
submitted to the State of New Mexico, 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, identifies the NRC-related portion of the surety and covers
the above-ground decommissioning and decontamination, the cost of off-site disposal, soil and
water sample analyses, and groundwater restoration activities 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.

96

9.7

The licensee shall dispose of 1 le.(2) byproduct material from the Crownpoint Project at a
waste disposal site licensed by the NRC or an Agreement State to receive 1 le.(2) byproduct
material. At each project site, the licensee shall maintain an area within the restricted area
boundary for storing contaminated materials prior to their disposal. The licensee's approved
waste disposal agreement must be maintained on-site. Should this agreement expire or be
terminated, the licensee shall notify the NRC pursuant to LC 12.6. A new agreement shall be
ratified within 90 days of expiration or termination of the previous agreement, or the licensee
will be prohibited from further lixiviant injection.

The licensee shall implement and maintain a training program for all site employees as
described in Regulatory Guide 8.31, and as detailed in the COP of the approved license
application. All training materials shall incorporate the information from current versions of
10 CFR Part 19 and 10 CFR Part 20. Additionally, classroom training shall include the
subjects described in Section 2.5 of Regulatory Guide 8.31. All personnel shall attend annual
refresher training, and the licensee shall conduct regular safety meetings on at least a bi-
monthly basis, as described in Section 2.5 of Regulatory Guide 8.31

The Radiation Safety Officer (RSO), or his designee, shall have the education, training and
experience as specified in Regulatory Guide 8.31. A Radiation Safety Technician (RST) shall
have the qualifications specified in Regulatory Guide 8.31. Any person newly hired as an RST
shall have all work reviewed and approved by the RSO as part of a comprehensive training
program until appropriate course training-is completed, and at least for 6 months from the date
of appointment.

9.8 Written standard operating procedures (SOPs) shall be established and followed for: (1) all
operational activities involving radioactive materials that are handled, processed, stored, or
transported by employees: (2) all non-operational activities involving radioactive materials
including in-plant radiation protection and environmental monitoring: and (3) emergency
procedures for potential accidentlunusual occurrences including significant equipment or
facility damage, pipe breaks and spills, loss or theft of yellowcake or sealed sources, and
significant fires. The SOPs shall include appropriate radiation safety practices to be followed
in accordance with 10 CFR Part 20. SOPs for operational activities shall enumerate pertinent
radiation safety practices to be followed. A copy of the current written procedures shall be
kept in the area(s) of the production facility where they are utilized. All SOPs for activities
described in the COP shall be reviewed and approved as presently described in the COP.

Release of equipment, materials, or packages from the restricted area shall be in accordance
with NRC staff position, "Guidelines for Decontamination of Facilities and Equipment Prior to
Release for Unrestricted Use or Termination of Licenses for Byproduct or Source Materials,"

99



U 1/,08/138 HARMON, CURRAN, SP I -ý 15059893769-513 •d0.237 @•R
:4.6.r.•.?_ H__. - C-- , SP•.•t I 1505•-8_- 7-513 --. 237 9-R

NRC FORM 374A U.S. NUCLEAR REGULATORY COMMISSION PAGE OF

License NumberPAG

SUA 1508

MATERIALS LICENSE Dockci or Referencc Number
SUPPLEMENTARY SHEET 40-8968gU

dated May 1987. or suitable alternative procedures approved by the NRC prior to any such
release.

9.10 Any corporate organization changes affecting the assignments or reporting responsibilities of
the radiation safety staff as described in the COP of the approved license application shall
conform to Regulatory Guide 8.31.

9.11 The licensee is hereby exempted from the requirements of 10 CFR Section 20-1902(e) for
areas within the process facility, provided that all entrances to the facility are conspicuously
posted in accordance with Section 20.1902(e), and with the words, "ANY AREA WITHIN THIS
FACILITY MAY CONTAIN RADIOACTIVE MATERIAL."

9.12 Before engaging in any construction activity not previously assessed by the NRC, the licensee
shall conduct a cultural resource inventory. All disturbances associated with the proposed
development will be completed in compliance with the National Historic Preservation Act of
1966, as amended, and its implementing regulations (36 CFR Part 800), and the
Archaeological Resources Protection Act of 1979, as amended, and its implementing
regulations (43 CFR Part 7).

In order to ensure that no unapproved disturbance of cultural resources occurs, any work
resulting in the discovery of previously unknown cultural artifacts shall cease. The artifacts
shall be inventoried and evaluated in accordance with 36 CFR Part 800, and no disturbance

'shall occur until the licensee has received written authorization to proceed from the State and
Navajo Nation Historic Preservation Offices.

9.13 Prior to injection of lixiviant, the licensee shall have all applicable Memoranda of Agreements
(MOAs) between the licensee and local authorities, the fire department, medical facilities, and
other emergency services, ratified and in effect. At a minimum, the MOAs shall identify
individual party responsibilities, coordination requirements. and reporting procedures for all
emergency incident responses.

9.14 Prior to injection of lixiviant, the licensee shall obtain all necessary permits and licenses from

the appropriate regulatory authorities.

SECTION 10: OPERATIONS, CONTROLS, LIMITS, AND RESTRICTIONS

10.1 The licensee shall use a lixiviant composed of native ground water, carbon dioxide gas or
sodium bicarbonate, and dissolved oxygen or air, as specified in the COP of the approved
license application.

10.2 The processing plant flow rate at each site (Church Rock, Unit 1, or Crownpoint) shall not
exceed 4000 gallmin (15,140 L/irin), exclusive of restoration flow. Total yellowcake
production from all three sites shall not exceed 3 million lbs (1.36 million kg) annually.

10.3 Injection well operating pressures shall be maintained at less than formation fracture
pressures, and shall not exceed the well's mechanical integrity test pressure.

10.4 Only steel or fiber glass well casing shall be used at the Unit 1 and Crownpoint sites for all

wells completed into the Dakota Sandstone, Westwater Canyon, and Cow Springs aquifers.

10.5 A leak detection monitoring system shall be installed for all retention ponds. The licensee
shall measure and document pond freeboard and fluid levels in the leak detection system
daily, including weekends and holidays. If fluid levels greater than 6 in (15.2 Cm) are detected
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in the leak detection sumps, the fluid in the sumps shall be sampled and analyzed for specific
conductance and chloride. Elevated levels of these parameters shall confirm a retention pond
liner leak, at which time the licensee shall take the following corrective actions: (a) anAlyze
standpipe water quality samples for leak parameters once every 7 days during the leak period,
and once every 7 days for at least 14 days following repairs; and (b) locate and repair the
area of liner damage. After a confirmed leak, the licensee shall also file a report pursuant to
LC 12.2. At all times, sufficient reserve capacity shall be maintained in the retention pond
system to enable transferring the contents of one pond to the other ponds. In the event of a
leak and subsequent transfer of liquid, the freeboard requirements may be suspended during
the repair period.

10.6

10.7

10.8

I

10.9

At the Crownpoint site, from initial lixiviant injection through the completion of groundwater
restoration activities, the licensee shall at all times maintain sufficient emergency generator
capacity to provide a 50 gal/min (189 L/min) bleed from the Westwater Canyon aquifer. The
licensee shall document all required uses of the emergency generator, pursuant to LC 11. 1.

Liquid oxygen tanks shall be located within the well fields. Other chemical storage tanks shall
be located on the concrete pad near a waste retention pond. All yellowcake Shall be stored
inside the designated restricted area.

For all required types of surveys, the licensee shall, at a minimum, use the survey locations.
frequencies, and lower limits of detection established in Table 2 of Regulatory Guide 8.30.
Additionally, all radiation survey instruments shall be operationally checked in conformance
with Regulatory Guide 8.30.

The licensee-shall ensure that the manufacturer-recommended vacuum pressure is
maintained in the drying chamber during all penods of yellowcake drying operations. This shall

" be- accomplished by continuously monitoring differential pressure and installing instrumentation
which will signal an audible alarm if the air pressure differential falls below the manufacturer's

- recommended levels. The alarm's operability shall be checked and documented daily.
Additionally, yellowcake drying operations shall be immediately suspended if any emission
control equipment for the yellowcake drying or packaging areas is not operating within
specifications for design performance.

All liquid effluents from process buildings and other process waste streams, with the exception
of sanitary wastes, shall be disposed of in accordance with the requirements of 10 CFR Part
20, Subpart K.

Within restricted areas, eating shall be allowed only in designated eating areas.

10.10

10.11

10.12 An excursion shall have occurred if, in any monitor well: (a) any two upper control limit
parameters exceed their respective upper control limits; or (b) a single upper control limit
parameter exceeds its upper control limit by 20 percent. A verification sample shall be taken
within 24 hours after results of the first analyses are received. If the second sample shows
that either of the excursion criteria in (a) or (b) are present, an excursion shall be confirmed.
the second sample does not show that the excursion criteria in (a) or (b) are present, a third
sample shall be taken within 48 hours after the second set of sampling data was acquired. If
the third sample shows that either of the excursion criteria in (a) or (b) are present, an
excursion shall be confirmed. If the third sample does not show that the excursion criteria in
(a) or (b) are present, the first sample shall be considered to be an error.I

If

2tn l"
in in If an excursion is not corrected within 60 days of confirmation, the licensee shall either. (a)

terminate injection of lixiviant within the well field until aquifer cleanup is complete: or (b)LmMaL 1[ ]fll, ,- , ~.n 1u, m1W lUtWr , ,, v,. .,drm n , in ,. , nra' -p -* iS. ~ is. ,p.flte,. 5~ 1St St St 1St tt isA i*t 1*t 'Sri.. 1St 11 .5t St 1~TJ~[';i•'• i'll ,flit
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increase the surety in an amount to cover the full third-party cost of correcting and cleaning up
the excursion. The surety increase for horizontal and vertical excursions shall be calculated
using the method described on page 4-22, Section 4.3.1 of the FEIS. The surety increase
shall remain in force until the NRC has verified that the excursion has been corrected and
cleaned up. The written 60-day excursion report, filed pursuant to LC 12.1, shalt identify which
course of action [(a) or (b) listed abovej the licensee is taking.

10.14 At the Unit 1 or Crownpoint sites, if a vertical excursion is confirmed in the Dakota Sandstone
aquifer, the licensee shall complete and sample monitor wells to determine if the vertical
excursion has impacted any other overlying aquifers that could sustain yields greater than 150
gal/day (568 L/day). The specific aquifers to be monitored shall be identified in the licensee's
50-day excursion report, filed pursuant to LC 12. 1.

10 15 At the Crownpoint site, from initial lixiviant injection through the completion of groundwater
restoration activities, the licensee shall maintain a continuous bleed (pumping) until the
groundwater quality in the well fields has been determined by the NRC to be fully restored to
the required limits established pursuant to LC 10.21.

10.16 During groundwater restoration activities at production-scale well fields within either the Unit 1
or Crownpoint sites, the licensee shall reimburse the operators of the Crownpoint water supply
wells for any increased pumping and well work-over costs associated with a drop in water
levels due to groundwater restoration activities. This reimbursement requirement does not
apply to restoration demonstrations of small-scale well fields.

10.17 Prior to injection of lixiviant in a well field, monitor wells shall be completed in the Westwater
Canyon aquifer and shall encircle the well field at a distance of 400 ft (122 m) from the edge of
the production or injection wells and 400 ft (122 m) between each monitor well. The angle
formed by lines drawn from any production well to the two nearest monitor wells shall not
exceed 75 degrees. At the Church Rock site, Westwater Canyon aquifer monitor wells shall
be located by treating production mine workings as if they were injection or production wells.
Sampling frequencies for all monitor wells completed in the Westwater Canyon aquifer shall be
as stated in LC 11.3.

10.18 Prior to injection of lixiviant in a well field at the Unit 1 or Crownpoint sites, monitor wells shall
be completed in the Dakota Sandstone aquifer. Such wells shall be placed at a minimum
density of one well per 4 acres (1.62 ha) of well field. Sampling frequencies for these wells
shall be as stated in LC 11.3.

10.19 Prior to injection of lixiviant at the Unit 1 site, the licensee shall complete a minimum of three
monitor wells in the overlying Dakota Sandstone aquifer between the well fields and the town
of Crownpoint water supply wells, in addition to the wells required by LC 10.18. Groundwater
restoration goals and upper control limits for these yells will be established pursuant to LCs
10.21 and 10.22, except that upper control limits shall be established for these wells on a well-
by-well basis- Sampling frequencies for these wells shall be as stated in LC 11.3.

10.20 Prior to injection of lixiviant in a well field at the Church Rock site, monitor wells shall be
completed in: (a) the Brushy Basin "B" sand aquifer, and (b) the Dakota Sandstone aquifer.
Monitor wells completed in the Brushy Basin "B" sand aquifer shall be placed at a minimum
density of one well per 4 acres (1.62 ha) of well field. Monitor wells completed in the Dakota
sandstone aquifer shall be placed at a minimum density of one well per 8 acres (3.24 ha) of
well field. Any openings of the existing mine workings into the Brushy Basin "B" sand, or
Dakota Sandstone aquifers, shall be monitored by Brushy Basin "B" sand or Dakota
Sandstone monitor wells placed within 40 ft (12 m) of the openings. These wells shall be
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placed down-gradient from the openings. Sampling frequencies for all monitor wells
completed in the Brushy Basin and Dakota Sandstone aquifers shall be as stated in LC 11.3.

10.21 Lixiviant shall not be injected into a well field before groundwater quality data is collected and
analyzed to establish groundwater restoration goals for each monitored aquifer of the well
field, as follows:

A) The licensee shall establish groundwater restoration goals by analyzing three
independently-collected groundwater samples of formation water from: (1) each monitor
well in the well field: and (2) a minimum of one production/injection well per acre of well
field. Samples shall be collected a minimum of 14 days apart from each other.
Groundwater restoration goals shall be established on a parameter-by- parameter basis,
with the primary restoration goal to return all parameters to average pre-lixiviant injection
conditions. If groundwater quality parameters cannot be returned to average pre-
lixiviant injection levels, the secondary goal shall be to return groundwater quality to the
maximum concentration limits as specified in the U.S. Environmental Protection Agency
(EPA) secondary and primary drinking water regulations. The secondary restoration
goal for barium and fluoride shall be set to the State of New Mexico primary drinking
water standard. The secondary restoration goal for uranium shall be 0.44 mg/L
(300 pCi/L).

B) In establishing restoration goals, the following parameters shall be measured: alkalinity,
ammonium, arsenic, barium, bicarbonate, boron, cadmium, calcium, carbonate,
chloride, chromium, copper, fluoride, electrical conductivity, iron, lead, magnesium,
manganese, mercury, molybdenum, nickel, nitrate. pH, potassium, combined radium-

" 226 and radium-228, selenium, sodium, silver, sulfate, total dissolved solids, uranium.
vanadium, zinc, gross Beta, and gross Alpha (excluding radon, uranium, and radium).
The restoration goal for each of these parameters shall be established by calculating the
baseline mean of the data collected. Prior to calculating a groundwater restoration goal
for- a-parameter. outliersshall be eliminated using methods consistent with those
specified in EPA's 1989, "Statistical Analysis of Ground-Water Monitoring Data at RCRA
(Resource Conservation -and- Recovery Actj-Facilities, Interim Guidance." Parameter
concentrations determined to be high or low outliers will not be used in establishing
groundwater restoration goals.

10.22 Lixiviant shall not be injected into.a well field before groundwater quality data is collected and
analyzed to establish upper control limits for each monitored aquifer of the well field, as
follows:

A) The licensee shall analyze three independently-collected groundwater samples of
formation water from each monitor well in the well field. Samples shall be collected a
minimum of 14 days apart from each other.

B) The upper control limit parameters shall be chloride, bicarbonate, and electrical
conductivity [corrected to a temperature of-250C (770F)j. The concentrations of these
upper control limit parameters shall be established for each well field by calculating the
baseline mean of the upper control limit parameter concentration, and adding 5 standard
deviations. Prior to calculating upper control limits, outliers shall be eliminated using
methods consistent with those specified in EPA's 1989, "Statistical Analysis of
Ground-Water Monitoring Data at RCRA Facilities, Interim Guidance". Values
determined to be high and low outliers will not be used in the calculation of upper control
limits.
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10.23 Prior to injection of lixiviant in a well field, groundwater pump tests shall be performed to
determine if ovedying aquitards are adequate confining layers, and to confirm that horizontal
monitor wells for that well Field are completed in the Westwater Canyon aquifer.

10.24 The licensee shall perform mechanical well integrity tests on each injection and production
well: (a) before the well is first used for in situ leach uranium extraction; (b) after each time the
well has been serviced with equipment or otherwise subjected to procedures that could
damage well casing; and (c) at least once every 5 years the well is in use. After a well has
been completed and opened into the aquifer, a packer shall be set above the well screen and
each well casing shall be filled with water. The well shall be pressurized with either air or
water to 125 psi (862 kPa) at the land surface, or 25 percent above the expected operating
pressure, whichever is greater. A well shall have passed the test if a pressure drop of no
more than 10 percent occurred over 30 minutes.

10.25 If it is determined that a vertical connection exists in a well field between the Westwater
Canyon aquifer and the Cow Springs aquifer, monitor wells will be completed in the Cow
Springs aquifer within that well field at a minimum density of one well per 4 acres (1.62 ha) of
well field. Groundwater restoration goals and upper control limits will be established for these
wells, pursuant to LCs 10.21 and 10.22. Sampling frequencies for all monitor wells completed
in the Cow Springs aquifer shall be as stated in LC 11.3.

10.26 Prior 1o injecting lixiviant at a site, or processing licensed material at the Crownpoint site, HRI
shall provide and receive NRC acceptance - for that site - information, calculations, and
analyses to document the adequacy of the design of waste retention ponds and their
associated embankments (if applicable), liners. and hydrologic site characteristics, HRI shall
demonstrate that the criteria described in the following documents have been met: 10 CFR
Part 40, Appendix A, Criterion SA regarding surface impoundment design; Regulatory Guide
3111, "Design, Construction, and Inspection of Embankment Retention Systems for Uranium
Mills": VVM-8201, "Hydrologic Design Criteria for Tailings Retention Systems,"; and Final Staff
Technical Position, "Design of Erosion Protection Covers for Stabilization of Uranium Mill
Tailings Sites." As applicable, based on the designs selected. HRI shall provide information in
the following areas-

-A) maps and detailed drawings outlining drainage areas of principal water courses and
drainage features at the site;

B) drainage basin characteristics, including soil types and characteristics, vegetative cover,
local topography, flood plains, geomorphic characteristics, and surficial and bedrock
geology;

C) maps and detailed drawings showing the location of site features, particularly the
location of the retention ponds and diversion channels;

0) analyses and calculations for peak flood flows, including the PMF, and documenting the
methods and assumptions used to compute the floods;

E) analyses and calculations for water surface profiles and velocities associated with the
ability of the retention ponds or diversion channels to resist or limit erosion and flooding:

F) analyses and computations of riprap or erosion protection needed to protect the
retention ponds;
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G) specific details on the design, construction, maintenance, and operation of the waste
retention ponds and embankments (where applicable):

H) specific details on the design, construction, maintenance. and operation of the liners and
leak detection system.

I) any other analyses and computations which demonstrate that applicable design criteria

have been met.

10.27 Prior to the injection of lixiviant at the Crowripoint site, the licensee shall:

A) Replace the town of Crownpoint's water Supply wells NTUA-1, NTUA-2. BIA-3. BIA-5,
and BIA-6, construct thte necessary water pipeline, and provide funds so the existing

water supply systems of the Navajo Tribal Utility Authority (NTUA) and the Bureau of
Indian Affairs (BIA) can be connected to the new wells. Any new wells, pumps,
pipelines, and other changes to the existing water supply systems, made necessary by
the replacement of the wells specified above, shall be made such that the systems can
continue to provide at least the same quantity of water as the existing systems. The new

wells shall be located so that the water quality at each individual well head does not
exceed the EPA's primary and secondary drinking water standards, and does not
exceed a concentration of 0.44 mglL (300 pCiIL) uranium, as a result of in situ leach
uranium extraction activities at the Unit 1 and Crownpoint sites. To determine the
appropriate placement of the new wells, the licensee shall coordinate with the
appropriate agencies and regulatory authorities, including BIA, NTUA, the Navajo Nation
Department of Water Development and Water Resources, and the Navajo Nation EPA.

B) Abandon and seal wells NTUA-1. NTUA12, BIA-3, BIA-5, and BIA-6 in accordance with
applicable requirements so these wells cannot become future pathways for the vertical

movement of contaminants.

10.28 Prior to the injection of lixiviant at either the Unit 1 or Crownpoint site, the licensee shall submit

NRC-approved results of a groundwater restoration demonstration conducted at the Church
Rock site. The demonstration shall be conducted on a large enough scale, acceptable to the

NRC, to determine the number of pore volumes that shall be required to restore a

production-scale well field.

10.29 Before starting uranium extraction operations beyond the first well field at the Church Rock

.site, the licensee shall submit an NRC-approved groundwater restoration plan for the entire
project. At a minimum, this plan shall include: (a) a proposed restoration schedule; (b) a
general description of the restoration methodology; and (c) a description of post-restoration
groundwater monitoring.

10.30 Prior to injecting lixiviant at any of the sites, the licensee shall submit an NRC-approved

procedure-level, detailed effluent and environmental monitoring program. In addition, the

licensee shall develop and administer its radiological effluent and environmental monitoring
program consistent with Regulatory Guide 4.14. The licensee shall maintain, at a minimum,
three airborne effluent monitoring stations at each site, at the locations described in COP

(Rev.2.0) Table 9.5-1.

10.31 Prior to the injection of lixiviant at the Church Rock site, the licensee shall conduct a

Westwater Canyon -aquifer step-rate injection (fracture) test within the Church Rock site

boundaries, but outside future well field areas. One such test at the Unit 1 or Crownpoint site

shall also be performed before lixiviant injection begins at either of these sites.
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licensee shall- (a) collect sufficient
:uality of the Cow Springs aquifer
ampling wells for the following water
'ium, bicarbonate, boron, cadmium,
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1, nitrate, pH, potassium, combined
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radon, uranium, and radium); and (b)

w Springs aquifer beneath each of the
ion aquifer.
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SECTION If: MONITORING, RECORDING AND BOOKING REQUIREMENTS

11.1 The results of the following activities, operations, or actions shall be documented: sampling:
analyses: surveys or monitoring; survey/ monitoring equipment calibrations; reports on audits
and inspections; emergency generator use and maintenance records; all meetings and training

• .courses required by this license; and any subsequent reviews, investigations, or corrective
actions. Unless otherwise specified in a license condition or applicable NRC regulation, all
documentation required by this license shall be maintained for a period of at least five (5)
years by the licensee at its facility, and is subject to NRC review and inspection.

11.2 Flow rates on each injection and production well, and injection manifold pressures on the
entire system, shall be measured and recorded daily.

11.3 Formation water, from monitoring wells at well fields undergoing uranium extraction or
groundwater restoration activities, shall be sampled for upper control limit parameters at least
once every 14 days, and the results documented pursuant to LC 11.1. During corrective
action for a confirmed excursion, sample frequency shall be increased to once every seven
days for the upper control limit parameters until the excursion is concluded. An excursion shall
be considered corrected when all upper control limit parameters are reduced to their upper
control limits.

11 4 Radiation Work Permits shall include, at a minimum, the information described in Section 2.2
of Regulatory Guide 8.31.

11.5 Site inspections and reviews shall be completed and documented by the licensee as described
in Section 2.3.1 and 2.3.2 of Regulatory Guide 8.31.

11.6 The licensee shall implement a comprehensive bioassay sampling program that conforms to
Regulatory Guide 8.22.

11 .7 Until license termination, the licensee shall maintain documentation on all spills of source or
1 le.(2) byproduct materials, and all spills of process chemicals. Documented information shall
include date, volume of spill, total activity, survey results, corrective actions, results of
remediation surveys, and a map showing spill location and impacted area, After any spill the
licensee shall also determine whether the NRC must be notified, pursuant to LC 12.4.

11.8 Prior to land application of waste water, the licensee shall submit and receive NRC
acceptance of a plan outlining how the licensee will monitor constituent buildup in soils
resulting from the land application. The plan should identify the constituents resulting from
land application that will be monitored, constiluent threshold values for discontinuing land
application and justification for the values selected.

E
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SECTION 12: REPORTING REQUIREMENTS

12.1 The licensee shall notify the NRC by telephone within 24 hrs of confirming a lixiviant excursion,
and by letter within 7 days from the time the excursion is confirmed, pursuant to LC 10.12. A
written report describing the excursion event, corrective actions taken, and the corrective
action results shall be submitted to NRC within 60 days of the excursion confirmation. If wells
are still on excursion when the report is submitled. the report shall also contain a schedule for
submitting additional reports tO the NRC describing the excursion event, corrective actions
taken, and results obtained. In the case of a confirmed vertical excursion, the report shall also
contain a projected completion date for characterization of the extent of the vertical excursion.

12.2 The licensee shall notify the NRC by telephone within 48 hours of confirming a retention pond
liner leak, pursuant to LC 10.5. A written report shall be submitted to the NRC within 30 days
of the leak confirmation. This report shall include analytical data, describe the corrective
action taken, and discuss the results of that action.

12.3 The licensee shall submit the required effluent reports in accordance with 10 CFR Part 40.65.
The licensee shall submit the information specified in Section 7 of Regulatory Guide 4.14, in
addition to the reports required by 10 CFR Part 40.65.

124 The licensee shall notify the NRC by telephone within 48 hours of any spill of source or 11 e.(2)
byproduct materials, and all spills of process chemicals, that might have a radiological impact
on the environment. The notification shall be followed, within 7 days, by submittal of a written
report detailing the conditions leading to the spill, corrective actions taken, and results
achieved. This shall be done in addition to meeting the requirements of
10 CFR Part 20 and 40.

12.5 In addition to reporting exposures of individuals to radioactive material in accordance with
10 CFR Part 20.2202, the licensee shall submit to the NRC a written report within 30 days of
such reportable incidents, detailing the conditions leading to the incident, corrective actions
taken, and results achieved.

12.6 In the event the licensee's approved waste disposal agreement expires or is terminated, the
licensee shall notify the NRC in writing within 7 working days after the expiration date.

12.7 As part of the licensee's decommissioning activities for a site, the licensee shall submit to the
NRC for review and approval a detailed site reclamation plan. The plan shall be submitted at
least 12 months prior to the planned final shutdown of uranium extraction operations at the
site. If depressions appear at the land surface due to subsurface collapse from in situ leach
uranium extraction activities, the licensee shall return the land surface to its general contour as
part of the surface reclamation activities. Before release of any site to unrestricted use, the
licensee shall provide information to the NRC verifying that radionuclide concentrations, due to
licensed materials, meet radiation standards for unrestricted release.

12.8 The licensee shall provide in an annual report to NRC, a description of all changes, tests, and
experiments made or conducted pursuant to LC 9.4, including a summary of the safety and
environmental evaluation of each such action. As part of this annual report, the licensee shall
include any COP pages revised pursuant to LC 9.4.
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ATTACHMENT A

The licensee shall conduct its operations in accordance with all commitments, representations, and
statements made in the following submittals, which are hereby incorporated by reference, except
where superseded by license conditions in this license:

- May 8. 1989 (Crownpoint Facility Supplemental Environmental Report)
July 13, 1989 (Crownpoint Cultural Resources Survey)

- January 6, 1992 (Unit I Allotted Lease Program Environmental Assessment (EA))
July 31, 1992 (Unit I and Crownpoint Project Environmental Reports)
October 9, 1992 (Unit I Underground Injection Control (UIC) Application)

- October 30, 1992 (Cultural Resources-Environmental Assessment and Management Plan for

Crownpoint, NM.)
- March 16, 1993 (Churchrock Project Revised Environmental Report)
- March 16, 1993 (Section 9 Pilot Summary Report)
- April 5, 1993 (page changes)
- April 6, 1993 (page changes)
- July 26, 1993 (page changes)
- October 11, 1993 (page changes)

October 18. 1993 (Analysis of Hydrodynamic Control at Crownpoint and Churchrock)
- October 19, 1993 (Churchrock Surface Hydrology Analysis)
- October 19, 1993 (Churchrock and Crownpoint Aquifer Modeling Supplement)
- November 11. 1993 (page changes)
- January 24. 1994 (page changes)
- November 20, 1993 (Response to NRC Request for Additional Information)
- February 23, 1994 (Description of Radon Emission Controls)
- January 6, 1996 (EA Allotted Lease Program Unit 1)
- October 9. 1995 (Unit 1 UIC Application)
-. February 20. 1996 (Response to NRC Comments)
- April 10, 1996 (Response to NRC Comments)
- May-3, 1996 (Response to NRC Comments)
- .June 18. 1996 (Unit I Water Quality Information)
- August 15, 1996 (Response to NRC Comments)
- August 16, 1996 (Response to NRC Comments)
- August 21, 1996 (page changes)
- August 30, 1996 (Response to NRC Comments)
- September 5, 1996 (Surface Water Drainage Analysis at Churchrock)
- September 6, 1996 (page changes)
- September 13,1996 (Response to NRC Comments)
- September 27, 1996 (Response to NRC Comments)
- September 30, 1996 (Crownpoint Uranium Project COP, Rev. 0.0)
- October 15,1996 (Response to NRC Comments)

October 18. 1996 (Restoration Standards Commitment)
October 20. 1996 (Response to NRC Comments)

- October 29, 1996 (Response to NAC Comments)
- November 18, 1996 (Response to NRC Comments)
- November 26, 1996 (Response to NRC Comments)

December 20, 1996 (NRC Proposed Requirements and Recommendations)
- December 26, 1996 (HRI Acceptance Letter to NRC Proposed Requirements and

Recommendations)
- April 1, 1997 (NRC Proposed Requirements)
- April 25, 1997 (HRI Acceptance Letter to NRC Proposed Requirements)
- May 15. 1997 (Crownpoint Uranium Project COP, Rev 1.0)
- June 16. 1997 (Churchrock Design Specifications for Surface Water Diversion Channel)
- July 9. 1997 (HRI Electric Power Supply Commitment)
- August 18, 1997 (Response to NRC Comments)
- October 24, 1997 (HRI Commitment on Groundwater Baseline Sampling)



External Sinking Fund - A set-aside of money coupled with a

surety method or insurance; and/or

Statement of Intent - Available for Federal, State, and local

government licensees, a statement of intent is a promise by a

government to provide adequate funding for decommissioning

activities when required.

Each of these mechanisms, and restrictions on their use (e.g., the parent
company guarantee may not be used in combination with any other instrument),

is described in more detail in Section 3 of this guidance. Licensees also

should refer to Appendices A-E of the guidance for checklists of the documents

that must be submitted to demonstrate financial assurance.

1.1.4 Licensee Categories

Section 2 of this guidance discusses in detail the financial assurance

requirements for licensees under 10 CFR Parts 30, 40, 70, and 72. In general,

however, requirements for facilities possessing similar amounts of nuclear
material under each of these parts are the same, and licensees can be divided

into three categories which, although not specified in the regulation, are

useful for discussing the effect that the regulation will have on licensees:

Category A Licensees - Category A licensees include holders

of specific NRC licenses issued before July 27, 1990, and

applicants for specific licenses on or after July 27, 1988,

that are allowed to possess nuclear material in the following

amounts:

Unsealed byproduct material greater than 120 day half-

life and in quantities greater than l05 times the

applicable amounts specified in 10 CFR Part 20 Appendix
C (source or byproduct material from thorium or uranium

mills not included);

Source material in readily dispersible form in amounts

greater than 100 mCi (source or byproduct material from
thorium or uranium mills not included); or

Unsealed special nuclear material in amounts greater

than l10 times the applicable amounts specified in 10

CFR Part 20 Appendix C.

Holders of Category A licenses issued before July 27, 1990,

must submit certification of financial assurance in the

amount of $750,000 (not required if DFP submitted on or
before July 27, 1990) on or before July 27, 1990, and a DFP
at the time of their next license renewal occurring after

July 27, 1990. New applicants for Category A licenses must

submit a DFP at the time of their license application.
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assuring the availability of adequate funds for completion of decommissioning"
(§§30.36(c)(2)(iii)(D), 40.42(c)(2)(iii)(D), and 70.38(c)(2)(iii)(D)). The
methods used to adjust the amount of certification are discussed in section
1.2.

1.1.2 Timing for Submitting Financial Assurance

The decommissioning regulations establish different time schedules for
submitting financial assurance, depending on whether a licensee was a holder
of an NRC license issued before July 27, 1990, a holder of an NRC license
issued on or after July 27, 1990, or an applicant for a new NRC license on or
after July 27, 1988 (§§30.35(a) - (c), 40.36(a) -(c), and 70.25(a) - (c)).

Holders of NRC licenses issued before July 27, 1990, have until July 27, 1990,
to submit certification of financial assurance in amounts prescribed by the
rule or a DFP. Those holders of licenses that must submit a DFP (e.g.,
holders of Part 40 licenses authorized to use or to possess more than 100 mCi
of readily dispersible source material) are not required to submit the DFP
with a site-specific cost estimate until the time of the next license renewal
if certification is submitted by July 27, 1990.

Applicants for NRC licenses-on or after July 27, 1988, are required to submit
certification of financial assurance or a DFP when they are applying for the
license. At all times, licensees must have an amount of financial assurance
equal to or greater than the site-specific cost estimate in the DFP, if used,
or the appropriate amount of certification. Whenever a licensee intends to
change the instrument(s) used to provide financial assurance, the licensee
must notify NRC at least 90 days in advance and submit the details (e.g., text
of the instrument) of the new instrument before the instrument in place
expires. Additional notification and demonstration requirements for each
instrument are discussed in Section 3.

1.1.3 Financial Assurance Mechanisms

All NRC applicants or licensees may use one or more of three financial
mechanisms to demonstrate financial assurance regardless of whether a DFP or
certification of financial assurance is required or when financial assurance
must be submitted (e.g., immediately, upon license renewal, or by July 27,
1990). Federal, State or local government applicants or licensees may use a
fourth option to provide financial assurance, a statement of intent. The
mechanisms, specified in 10 CFR §§30.35(f), 40.36(e), 70.25(f), and 72.30(c)
are the following:

Prepayment Methods - Trust fund, escrow account, certificate
of deposit, government fund and/or deposit of government
securities;

Surety/Insurance/Guarantee - Surety bond, letter of credit,
line of credit, or a parent company guarantee based on a
financial test;
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