
UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

Before Administrative Judges:
E. Roy Hawkens, Presiding Officer
Richard F. Cole, Special Assistant

Robin Brett, Special Assistant

In the Matter of )
)

HYDRO RESOURCES, INC. ) Docket No. 40-8968-ML
PO Box 777 ) ASLBP No. 95-706-01-ML
Crownpoint, New Mexico .87313 )

INTERVENORS EASTERN NAVAJO DIN1tAGAINST URANIUM MINING'S,
SOUTHWEST RESEARCH AND INFORMATION CENTER'S, GRACE SAM'S
AND MARILYN MORRIS' WRITTEN PRESENTATION IN OPPOSITION TO

HYDRO RESOURCES, INC.'S APPLICATION FOR A MATERIALS LICENSE
WITH RESPECT TO:

GROUNDWATER PROTECTION, GROUNDWATER RESTORATION
AND SURETY ESTIMATES

March 7, 2005

_.o



TABLE OF CONTENTS

TABLE OF AUTHORITIES ......................... v
INTRODUCTION ........... ... IINTRODUCTION............ ........ ;................................................................................ I
REGULATORY FRAMEWORK .3
A. Atomic Energy Act and Implementing Regulations ............................................... 3

1. General Health and Safety Standard ........................................................... 3
2. Burden of Proof ........................................................... 3
3. Groundwater Restoration, Decomissioning and Surety Estimates Requirements
........................................................................................................ 4
4. Requirements for Completeness of License Applications ................................ 5
5 Hearing Requirement... 6

B. Safe Drinking Water Act ................ 6
FACTUAL AND PROCEDURAL BACKGROUND ... 8
A. Factual Background ........... 8

1. HRI's Application and License ................................................. 8
a. Process for injection of lixiviant and extraction of uranium ore ................ 9
b. Proposed means for preventing migration of contaminants ......... . 10

i. Maintenance of production bleed .................................................. 10
ii. Groundwater monitoring .................................................. 10

c. Proposed remediation method.................................................................. 1 l
d. Surety estimates ................................................... 12

2. NRC Staff Environmental and Safety Review . .............................. 13
B. Procedural Background .. 14

1. Intervenors' hearing request and evidentiary presentations for Section 8 ... 14
2. Licensing Board decisions relating to groundwater protection, groundwater
restoration, and financial assurance at Section 8 . .16

a. LBP-99-13, 49 NRC 233 (1999) ........................ 16
b. LBP-99-30, 50 NRC 77 (1999) ......................... 16

3. Commission decisions relating to groundwater protection, groundwater
restoration, and financial assurance at Section 8 ........................................... 17

a. CLI-99-22, 50 NRC 3 (1999) .......................................... 17
b. CLI-00-8, 51 NRC 227 (2000) ........................................... 18
c CLI-00-12, 52 NRC 1 (2000) ............................................ 18

4. Licensing Board decisions regarding Section 8 on remand ............................. 19
a. LBP-04-3, 59 NRC 84 (2004) ............................ 19
b. Commission review of LBP-04-3 ............................ 19

5. Bifurcation and Abeyance of Hearing ............................ 19
6. Reversal of Abeyance Order ............................ 21

ARGUMENT........................................................................................2............................ 22
I. THE SECONDARY RESTORATION STANDARD FOR URANIUM AT ALL

SITES VIOLATES THE SAFE DRINKING WATERACT AND THE ATOMIC
ENERGY ACT ......... 22

A. Section 17 ................ 22
1. The Secondary Restoration Standard for Uranium at Section 17 Violates the

Safe Drinking Water Act .22



a. Section 17 is an underground source of drinking water ...... 22
b. HRI's license allows permanent contamination of underground sources of

drinking water to unlawful levels ...................... 24
2. The Secondary Restoration Standard for Uranium at Section 17 Violates the
Atomic Energy Act .25

a. The 0.44 mg/i standard in Appendix B of Part 20 is not intended to protect
drinking water .25

b. The secondary restoration standard for uranium is not protective of human
health .26

i. Uranium is a potent nephrotoxin .26
ii. The chemical toxicity of uranium to the kidneys is well documented 27
iii. The weight of epidemiological evidence shows that ingestion of small
amounts of uranium can cause kidney damage ................. ............... 28

B. Unit I .. 31
1. The Secondary Restoration Standard for Uranium at Unit I Violates the Safe
Drinking Water Act ........................................................... 31

a. Unit I is an underground source of drinking water ...................................... 31
b. HRI's license allows permanent contamination of underground sources of

drinking water to unlawful levels ........................................................... 32
2. The Secondary Restoration Standard for Uranium at Unit 1 Violates the
Atomic Energy Act ............................................................. 33

C. Crownpoint ........................................................... 33
1. The Secondary Restoration Standard for Uranium at Crownpoint Violates the
Safe Drinking Water Act ........................................................... 33

a. Crownpoint is an underground source of drinking water ............................. 33
b. HRI's license allows permanent contamination of underground sources of

drinking water to unlawful levels ........................................................... 34
2. The Secondary Restoration Standard for Uranium at Crownpoint Violates the
Atomic Energy Act ............. . 34

D. Summary of Evidence and Decisions for Section 8 . ............................................. 35
1. Summary of Intervenors' Evidence For Section 8 Regarding Secondary
Restoration Standards ......................................... 35
2. Summary of Decisions Regarding Secondary Restoration Standards for
Uranium at Section 8 ........... .............................. 36

a. Presiding Officer's decision regarding secondary restoration standards for
uranium at Section 8 ............. : 36

b. Commission's decision regarding secondary restoration standards for
uranium at Section 8 .37
3. Section 17, Unit 1, and Crownpoint are Unlike Section 8 for Purposes of

Evaluating the Legality of the 0.44 mg/i Secondary Restoration Standard for
Uranium .... 38

II. THE NRC HAS DENIED INTERVENORS THEIR HEARING RIGHTS
UNDER THE ATOMIC ENERGY ACT BY ALLOWING HRI TO
ESTABLISH BASELINE GROUNDWATER QUALITY AND
HYDROLOGICAL PROPERTIES OF THE MINE SITES AFTER THE PUBLIC
HEARING ON HRI's LICENSE .39

.ii

- -



A. Section 17 ......................................................... 39
1. HRI's License Postpones the Determination of Baseline Groundwater
Quality until after the Close of the Hearing ......................................................... 40
2. The Issue of Baseline Groundwater Quality is Material to the Adequacy of
HRI's License with Respect to the Protection of Human Health and Safety ....... 41
3. Determination of Baseline Groundwater Quality is not an Exempt
Preoperational Test ......................................................... 42
4. HRI's License Postpones the Determination of Interaquifer Connection and
Fracturing Until after the Close of the Hearing .................................................... 44
5. The Issue of Interaquifer Connection and Fracturing is Material to the
Adequacy of HRI's License with Respect to the Protection of Human Health and
Safety.................................................................................................................... 44
6. Determination of Interaquifer Connection and Fracturing is not an Exempt
Preoperational Test ..................................................... 45

B. Unit I ..................................................... 46
C. Crownpoint .................................................... 46
D. Summary of Evidence and Decisions Regarding Establishment of Baseline

Groundwater Quality at Section 8 .................................................. 47
1. Intervenors Evidence Regarding Establishment of Baseline Groundwater
Quality, Interaquifer Connection and Fracturing at Section 8 .............................. 47
2. Presiding Officer's Decision Regarding Establishment of Baseline
Groundwater Quality at Section 8 .................................................. 48
3. Commission's Decision Regarding Establishment of Baseline Groundwater
Quality at Section 8 .................................................. 49
4. Section 17, Unitl, and Crownpoint Are Distinct From Section 8 ............. ....... 49

III. HRI's GROUNDWATER RESTORATION PLANS AND COST ESTIMATES
ARE INADEQUATE TO SATISFY NRC REGULATIONS .............................. 50

A. Section 17 .................................................. 50
1. HRI Has Not Dembnstrated That Its Restoration Plan Will Reasonably Assure
Restoration of the Affected Groundwater at Section 17 to Either ......... Pre-Mining
Conditions or the Secondary Restoration Standard. ........................................... 50

a. HRI's plan to restore groundwater by using nine pore volumes of
treatment water is unsupported and based on unlawful cost considerations 51
b. HRI's assertion that groundwater quality can be restored by circulating
nine pore volumes through the aquifer is contradicted by experience at other
ISL sites ............. 53
c. HRI has failed to show that natural attenuation of contaminants will assist

in groundwater restoration .55
i. Reduction of uranium in the natural environment occurs slowly ......... 55
ii. The Westwater's natural geochemistry prevents reduction of high
concentrations of uranium......................................................................... 57

2. HRI Has Failed To Provide a Reasonable Estimate of the Costs of
Decommissioning Its ISL Mine at Section 17 ................................ ; 59

a. HRI has failed to provide a reasonable cost estimate for groundwater
restoration ............................ 59

iii



b. HRI underestimates the availability and costs-associated with contract
radiological technicians ............... 61
c. HRI underestimates 11 (e)(2) waste disposal costs .61
d. HRI Fails to Account for Department of Transportation, Packaging,
Surveying, and Documentation Costs .. 63
e. HRI's RAP Fails to Include Disposal Site Decontamination and
Unloading Charges .. 62

B. Unit I ... 63
C. Crownpoint ......................................................... . 64
D. Summary Of Decisions Regarding Groundwater Restoration Plans And Cost
Estimates For Section 8 .65

1. Intervenors' Evidence Regarding Grounwater Restoration And Cost
Estimates for Section 8 . . .65
2. The Presiding Officer's Decisions Regarding Groundwater Restoration and
Cost Estimates For Section 8 .69
3. Commission Decisions Regarding Groundwater Restoration and Cost
Estimates For Section 8 ; ................. 70
4. Section 17, Unit 1, and Crownpoint RAPs Are Distinct From the Section 8
RAP ................. 72

IV. HRI's LICENSE VIOLATES THE SAFE DRINKING WATER ACT, THE
ATOMIC ENERGY ACT, AND NRC REGULATIONS BECAUSE HRI HAS
FAILED TO DEMONSTRATE THAT DRINKING WATER SUPPLIES WILL
BE PROTECTED FROM UNLAWFUL AND UNSAFE URANIUM
CONTAMINATION.............................................................................................73

A. Section 17 ................ 73
1. Legal Requirements of the Atomic Energy Act, Safe Drinking Water Act and
NRC Regulations . 73
2. HRI Has Not Satisfied the Safe Drinking Water Act or the Atomic Energy Act
Because It Has Failed to Show That Uranium Contamination at Section 17 Will
be Contained by Geological Structures .......................................................... 73

a. Published scientific literature overwhelmingly supports characterization
of the Westwater Canyon aquifer as heterogeneous ............................................. 74

b. Dr. Lucas' outcrop analogue study shows the Westwater is
heterogeneous at Section 17 ......................................................... 75
3. HRI Has Failed to Establish that Contamination from its Mining Operation at
Section 17 Will Not Move to the Underlying Cow Springs Aquifer .................... 77

a. The Recapture Does Not Exist at Section 17.....; ...................................... 77
b. HRI's expert misinterpreted the geophysical logs for Section 17 ........... 78

B. Unit I .................................................. 0........0
1. HRI Has Not Satisfied the SDWA or the AEA Because Its Own Pump Test
Data Fails to Show That Uranium Contamination at Unit 1 Will be Contained.. 80

a. RI's own pump test data show that the Westwater is heterogeneous at
Unit I ......................................................... 80

i. Pump tests are tools for determining whether aquifers are homogeneous
or heterogeneous .......................................................... 81
ii. HRI's pump test shows the Westwater at Unit 1 is heterogeneous ..... 81

iv



b. Contaminants from Unit I will reach Crownpoint municipal wells in
approximately 60 years ....................................................... 82

2. Outcrop Analogue Study Shows No Vertical Confinement at Unit I ... 83

C. Crownpoint .......... 84
1. HRI Has Not Satisfied the SDWA or the AEA Because Its Own Pump Test
Data Fails to Show That Uranium Contamination at Crownpoint Will be
Contained.............................................................................................................. 85

a. HRil's own pump test data show that the Westwater is heterogeneous at
Crownpoint .85
b. Contaminants from HRI's Crownpoint mine 1 will reach Crownpoint
municipal wells in approximately 7 years. ................................................... 86

2. The Westwater Canyon Aquifer at Crownpoint is not Vertically Confined... 87

D. Summary Of Decisions Regarding Hydrology For Section 8 . .89
1. Summary Of Intervenors' Evidence Regarding Geophysical Environment
of Section 8 .. 89
2. Presiding Officer's Decision Regarding Hydrology For Section 8 .97

a. The Presiding Officer Found That The Westwater Was Confined From
Overlying and Underlying Aquifers At Section 8 .97
b. The Presiding Officer Found That the Westwater is Homogeneous at
Section 8 .98

3. Commission's Decision Regarding Hydrology For Section 8 ............ 100
CONCLUSION....................................:.......................................................................... 101

v



TABLE OF-AUTHORITIES

NUCLEAR REGULATORY COMMISSION AND ATOMIC ENERGY
COMMISSION DESISIONS

Consolidated Edison Co. of New York. Inc. (Indian Point Station, Unit No. 2), 7 AEC
1974 ......................................................... 6, 42, 45

In the Matter of Hydro Resources. Inc, LPB-98-9, 47 NRC 261, 266 (1998) .................. 14
In the Matter of Hydro Resources. Inc., CLI-00-08, 51 NRC (2000)..4, 18, 38, 50, 69, 70,

71
In the Matter of Hydro Resources. Inc.. CLI-00-12, 52 NRC (2000).....18,37, 41, 49, 100
In the Matter of Hvdro Resources. Inc., CLI-01-4, 53 NRC (2001)... 21, 22, 49, 72, 98, 99
In the Matter of Hvdro Resources, Inc., CLI-04-33, slip.op .......................... 19, 71, 72
In the Matter of Hydro Resources, Inc.; CLI-98-22, 48 NRC (1998) ............................... 20
In the Matter of Hydro Resources, Inc., CLI-99-22, 50 NRC (1999)..4, 17, 18, 37, 38, 97,

98
In the Matter of Hydro Resources. Inc., LBP-04-3, 59 NRC (2004) ................ 1, 19, 70, 71
In the Matter of Hydro Resources. Inc., LBP-98-9, 47 NRC (1998) ................................ 14
In the Matter of Hydro Resources. Inc., LBP-99-13, 49 NRC 233, 236 (1999) ......... 16, 69
In the Matter of Hvdro Resources. Inc., LBP-99-30, 50 NRC (1999) ............. 16, 17,48, 98
In the Matter of Hydro Resources. Inc., LBP-99-40, 50 NRC (1999) ............ ........... 21, 38
In the Matter of Public Service co. of New Hampshire ALAB-366, 5 NRC 39, 52 (1977),

affd CLI-77-8, 5 NRC 503 (1977) ................................................. 6
In the Matter of Tennessee Valley Authority (Yellow Creek Nuclear Plant, Units 1 and

2), ALAB-515, 8 NRC 702, 713 (1978) ............................. ; 6
Louisiana Energy Services. L.P (Clairborne Enrichment Center), LBP-96-7, 43 NRC 142,

144-145 (1996) .4
Metropolitan Edison Co. (Three Mile Island Nuclear Station, Unit 1), ALAB-697, 16

NRC 1265, 1271 (1982) .3
NUREG-1 569, § 2.7.1(4) at 2-21 (2003) .............................. 6, 41, 45
Southern California Edison Company et al., (Virgil C. Summer Nuclear Station), ALAB-
- 680 16 NRC (1982) .............. 52, 55

Wisconsin Electric Power Co. (Point Beach Nuclear Power Plan, Unit 1), CLI-73-4, 6
AEC 6 (1973) ............. 60

Wisconsin Power Co. and Wisconsin-Michigan Power Co. (Point Beach Nuclear Power
Plant, Unit 2), CLI-73-4, 6 AEC 6 at 7 (1973) ................................ 6, 45

CODE OF FEDERAL REGULATIONS

10 C.F.R, Part 20, Appendix B, n.3 .................................. 25
10 C.F.R. § 144.12(a) .................................. 8
10 C.F.R. § 40.3 1(h) ................................... 4
10 C.F.R. § 40.32(c),(d) ................................... 3
10 C.F.R. § 40.32(d) ................................... 5, 50, 52
10 C.F.R. § 40.9 .................................. 5, 73, 80
10 C.F.R. §§ 2.732,2.1237(b) ................................... 3

VI



10 C.F.R. §2.1233 ................................ ; 1
10 C.F.R. Part 40, Appendix A, Criterion 9 .5
10 C.F.R., Part 40, Criterion 2 .61, 62
40 C.F.R. § 144.1 et. seq ......................................... 7
40 C.F.R. § 144.66()..8
40 C.F.R. §144.3 .7
56 Fed. Reg. 23,360, 23,403 (May 21, 1991) .25
Executive Order 12088 (1978), 43 Fed. Reg. 47707, reprinted at 42 U.S.C.A. §4321 ... 6-7
Final Rule, Uranium Mill Licensing Requirements, 45 Fed. Reg. 65, 521, 65, 526 (Oct.

30, 1980) .60

UNITED STATES CODE

42 U.S.C § 300g-(b)(7)(A) .7
42 U.S.C § 300h et. seq .7
42 U.S.C. § 2099 .50, 52, 73
42 U.S.C. § 223 9(a)(1).6
42 U.S.C. §§ 300h(b)(1), 300h(d)(1) .......................... ;.7
42 U.S.C. §§300h to 30h-8 .7
42 U.S.C. 300f et7seq.7
AEA, 42 U.S.C. § 2011 .3
AEA, 42 U.S.C. § 2099 ......... I..........5

FEDERAL COURT CASES

Consolidated Edison Co. of New York, Inc. (Indian Point Station, Unit No. 2), CLI-74-
23, 7 AEC 947, (1974); .6, 42

Natural Resources Defense Council v. United States Environmental Protection Agencv,
824 F.2d 1258, 1276 (15s Cir. 1987) .... 7, 25, 33

Sierra Club v. Peterson, 705 F.2d 1475, 1477 (9th Cir. 1983) ..... 7
Union of Concerned Scientists v. NRC, 824 F.2d 108, 118-19 (D.C. Cir. 1987) . ... 53
Union of Concerned Scientists v. U.S. Nuclear Regulatorv Commission, 735 F.2d 1437,

1438-1450 (D.C. Cir. 1984), cert. denied 469 U.S. 1132 (1985) .... 6,42,45

vii



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"), Grace Sam and Marilyn Morris (collectively

"Intervenors") hereby submit the following legal brief and declarations in support of their

opposition to Hydro Resources, Inc.'s ("HRI's") April 13, 1988 materials license

application ("Application"), as amended, and its license (SUA-1508), issued by the

United States Nuclear Regulatory Commission ("NRC") on January 5, 1998 (hereinafter

"License") (ACN 980116066, Hearing Notebook ("NB") 11), attached hereto as Exhibit

A. Intervenors oppose HRI's Application and License because HRI's Application and

License fail to satisfy federal law and regulations governing groundwater protection,

restoration, surety estimates and protection of human health and safety.

Litigation on all issues relevant to HRI's proposed operations at Section 8 in

Church Rock concluded in December 2004. In the Matter of Hydro Resources. Inc.,

LBP-04-3, 59 NRC 84,109 (2004). Thus, Intervenors' presentation covers issues

pertaining to HRI's proposed mining operations at Section 17 in Church Rock and Unit 1

and Crownpoint in the town of Crownpoint, New Mexico. See Id.. 59 NRC at 109.

- HRI's materials license should be revoked or amended with respect to Section 17,

Unit I and Crownpoint for four reasons. First, the secondary groundwater restoration

standard for uranium in HRI's License, which requires HRI to restore the groundwater at

its mine sites to 0.44 milligrams of uranium per liter of water ("0.44 mg/I"), violates the

federal Safe Drinking Water Act ("SDWA") and the Atomic Energy Act of 1954 ("AEA"

or "the Act").
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Second the NRC Staff ("Staff') has violated Section 1 89(a)(1) of the Atomic

Energy Act by postponing resolution of critical issues regarding the adequacy of HRI's

license application, i.e., establishment of baseline groundwater quality, which wvill

determine primary groundwater restoration standards and upper control limits, and

determination of the sufficiency of confining layers and whether rock fractures exist,

until after this Supbart L proceeding has concluded. By postponing resolution of these

material issues until after this hearing has concluded, the NRC Staff has violated the

Intervenor's hearing rights under the AEA.'

Third, HRI's Restoration Action Plans ("RAPs") and attendant surety estimates

for Section 17, Unit 1 and Crownpoint fail to satisfy NRC regulations because they do

not provide a reasonable cost estimate for restoring the Westwater Canyon aquifer after

mining operations have concluded. Specifically, HRI underestimates the number of pore

volumes necessary to restore the groundwater, improperly relies on natural attenuation to

achieve restoration, and does not account for the costs of 11 (e)(2) byproduct waste.

Finally, HRI's License should be revoked because HRI has not demonstrated that

existing drinking water supplies near the Unit 1 and Crownpoint sites, and potential

drinking water supplies at the Section 17 site, will be adequately protected against

uranium contamination from its mines. In particular, HRI's assertions that the drinking

water supply will be protected are based on mischaracterizations of the physical

characteristics of the hydrology of the mine sites and the mining region.

- 2



REGULATORY FRAMEWORK

A. Atomic Energy Act and Implementing Regulations

1. General Health and Safety Standard

The AEA, 42 U.S.C. § 2011 et. seq. as amended requires the NRC to guard

against danger to human health, safety, and the environment when it issues a materials

license. The AEA 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). The AEA's implementing regulations at 10 C.F.R. Part

40 echoes the Act's mandate 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 ...

10 C.F.R. § 40.32(c),(d).

2. Burden of Proof

The applicant for a materials license bears the ultimate burden of proof. 10

C.F.R. §§ 2.732,2.1237(b); see also, Metropolitan Edison Co. (Three Mile Island

Nuclear Station, Unit 1), ALAB-697, 16 NRC 1265, 1271 (1982). Thus, in order for the

applicant to prevail on each contested factual issue, the applicant's position must be

3



supported by a preponderance of the evidence. Louisiana Energy Services, L.P

(Clairbome Enrichment Center), LBP-96-7, 43 NRC 142, 144-145 (1996).

3. Groundwater Restoration, Decomissioning and Surety Estimates
Requirements

NRC regulations require that applications for materials licenses conform to the

requirements of 10 C.F.R., Part 40, Appendix A ("Appendix A"). 10 C.F.R. § 40.31 (h).

Section 40.31(h) provides in relevant part:

An application for a license to receive, possess, and use source material
for uranium or thorium milling or byproduct material ... shall contain
proposed written specifications relating to milling operations and the
disposition of the byproduct material to achieve the requirements and
objectives set forth in Appendix A of this part. Each application must
clearly demonstrate how the requirements and objectives set forth in
Appendix A of this part have been addressed. Failure to clearly
demonstrate how the requirements and objectives in Appendix A have
been addressed shall be grounds for refusing to accept an application.

10 C.F.R. § 40.31(h).'

The Commission has established specific regulations for the financing of

decommissioning, applicable to ISL mining, in Appendix A. The provision of Appendix

A that is relevant to HRI's RAPs for Section 17, Unit 1, and Crownpoint is Criterion 9*2

The Commission has made it clear that demonstration of an adequate surety during the

licensing hearing is a requirement of the regulations and necessary to ensure that enough

funding will be available in the event HRI is unable to decommission the site and restore

the contaminated groundwater. The NRC requirement at issue, Criterion 9, reads in

pertinent part:

'The Commission applied 10 C.F.R. § 40.3 1(h) in determining that HRI was required to submit a
restoration plan and surety estimates as part of its application, and not subsequent to this hearing.
In the Matter of Hydro Resources, Inc., CLI-00-8, 51 NRC 227, 240 (2000).
2 Commission has specifically held that Criterion 2, Criterion 5A and Criterion 9 of 40 C.F.R.
Part 40 are applicable to ISL operations. In the Matter of Hydro Resources. Inc., CLI-99-22, 50
NRC 3,9 (1999).
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Financial surety arrangements must be established ... to assure that sufficient
funds will be available to carry out the decontamination and decommissioning of
the mill and site and for the reclamation of any tailings or waste disposal areas.
The amount of funds to be ensured by such surety arrangements must be based on
Commission approved costs estimates in a Commission-approved plan for (1)
decontamination and decommissioning of mill buildings and the milling site to
levels which allow unrestricted use of these areas upon decommissioning, and (2)
the reclamation of ... waste areas in accordance with technical criteria delineated
in Section I of this Appendix ... .
Regardless of whether reclamation is phased through the life of the operation, an
appropriate portion of surety liability must be retained until final compliance with
the reclamation plan is determined. This will yield surety that is at least sufficient
at all times to cover the costs of decommissioning and reclamation of the areas
that are expected to be disturbed before the next license renewal.

10 C.F.R. Part 40, Appendix A, Criterion 9 (emphasis added). In essence, an adequate

surety must be available through the life of the project "until final compliance with the

reclamation plan is determined." An adequate surety must be available because the AEA

and its implementing regulations prohibit the issuance of a license that is "inimical to ...

the health and safety of the public." See, 42 U.S.C. § 2099 and 10 C.F.R. § 40.32(d).

4. Requirements for Completeness of License Applications

An applicant for a materials license must submit enough information to the NRC for

it to make the required health, safety, and environmental finding. The NRC regulations

provide:

[ifnformation provided to the Commission by an applicant for a license or
by a licensee or information required by statute or the Commission's
regulations, order, or license conditions to be maintained by the applicant
or license shall be complete and accurate in all material respects.

10 C.F.R. § 40.9.

Moreover, the the NRC Staffs Standard Review Plan for In Situ Leach Uranium

Extraction License Applications, 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

5



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."

Standard Review Plan for In Situ Leach Uranium Extraction License Applications,

NUREG-1569 at xv (June, 2003) ("ISL SRP").

5. Hearing Requirement

The Atomic Energy Act provides:

In any proceeding under this chapter, for the granting, suspending,
revoking, or amending of any license ... the Commission shall grant a
hearing upon the request of any person whose interest may be affected by
the proceeding, and shall admit any such person as a party to such
proceeding. 42 U.S.C. § 2239(a)(1).

Both the Commission and the United States Court of Appeals for the District of Columbia

have interpreted this provision to require that all material aspects of a licensing decision must

be subject to a public hearing. Wisconsin Power Co. and Wisconsin-Michigan Power Co.

(Point Beach Nuclear Power Plant, Unit 2), CLI-73-4, 6 AEC 6 at 7 (1973); Consolidated

Edison Co. of New York. Inc. (Indian Point Station, Unit No. 2), CLI-74-23, 7 AEC 947,

951-952 (1974); Union of Concerned Scientists v. U.S. Nuclear RegulatorvCommission,

735 F.2d 1437, 1438-1450 (D.C. Cir. 1984), cert. denied 469 U.S. 1132 (1985).

B. Safe Drinking Water Act

As a federal agency, the NRC is required to comply with underground source of

drinking water protection requirements of the Safe Drinking Water Act3 . Executive

3 In addition to EO 12088, NRC case law suggests that the NRC is bound by the EPA's
Maximum Contamination Levels. The Appeals Board, in In the Matter of Public Service Co. of
New Hampshire (Seabrook Station, Units I and 2), held that Federal Water Pollution Control Act
("Clean Water Act") vested the EPA exclusive authority to set water effluent standards by which
the Commission was bound. ALAB-366, 5 NRC 39,52 (1977), af'd CLI-77-8,5 NRC 503
(1977). See also, In the Matter of Tennessee Valley Authority (Yellow Creek Nuclear Plant,
Units I and 2), ALAB-515, 8 NRC 702, 713 (1978) (federal agencies are not to "second guess"
the EPA by undertaking their own analysis and setting their own effluent standards). Just as the
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Order 12088 (1978), 43 Fed. Reg. 47707, reprinted at 42 U.S.C.A. §4321 (requiring that

all agencies must comply with the Safe Drinking Water Act.4 '5 The SDWA ensures

protection of current and future underground drinking water sources by establishing

minimum standards and program requirements for the federal government, state

governments, and Indian tribes to administer and enforce. 42 U.S.C. §§300h to 300h-8;

40 C.F.R. § 144.1 et. seq.; Natural Resources Defense Council v. Environmental

Protection Agency, 824 F.2d 1258, 1271 (Ist Cir. i987).

The SDWA requires, inter alia, that States must establish minimum requirements

for effective programs to prevent the endangerment of "drinking water sources" by

underground injection, i.e. the subsurface emplacement of fluids by well injection. 42

U.S.C. §§ 300h(b)(1), 300h(d)(1). 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/i") total

dissolved solids ("TDS"). 40 C.F.R. § 144.3. An underground source of drinking water is

Clean Water Act vests the EPA with exclusive authority to set effluent standards, the SDWA
vests the EPA with exclusive authority to protect underground sources of drinking water. 42
U.S.C § 300h et. seq. (State UIC programs required to conform to minimum standards set by
EPA. Id. at § 300h(b); when State or Tribe does not have conforming UIC program, EPA
enforces the SDWA provisions. Id at § 300h-2(a)(2).) The EPA also has exclusive authority to
set Maximum Contamination Levels to achieve that end. 42 U.S.C § 300g-l(b)(1)(A). Under the
reasoning in Seabrook and Yellow Creek, the NRC should likewise be bound by the EPA's
MCLs.
4 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. 300f et.seq.).

5 EQ12088 was upheld by the Ninth Circuit Court of Appeals in Sierra Club v. Peterson, 705
F.2d 1475, 1477 (9h Cir. 1983) (EO was validly issued pursuant to 42 U.S.C. § 4231(a) and U.S.
Forest Service was required to comply with California's pollution control standards enacted
pursuant to the Federal Insecticide, Fungicide and Rodenticide Act).
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endangered by injection if the injection may result in the contamination of an existing or

future underground source of drinking water such that the contaminant "may cause the

violation of any primary drinking water regulation under 1 0 C.F.R. part 142 or may

otherwise adversely affect the health of persons." 10 C.F.R. § 144.12(a). The EPA's

primary drinking water standard for uranium is 0.03 mg/I. 40 C.F.R. § 141.66(e).

FACTUAL AND PROCEDURAL BACKGROUND

A. Factual Background

1. HRI's Application and License

HRI has applied for and received materials license SUA-1508 to conduct in situ

leach ("ISL") mining at Sections 8 and 17 in Church Rock, Navajo Nation, New Mexico,

and at two sites in Crownpoint, Navajo Nation, New Mexico, "Unit 1 " and

"Crownpoint." 6 HRI plans to conduct ISL mining in the Westwater Canyon Member of

the Morrison Formation ("Westwater" or "Westwater Canyon"). NUREG-1 508, Final

Environmental Impact Statement to Construct and Operate the Crownpoint Solution

Mining Project, Crownpoint, New Mexico at xix (1 997) (ACN 9703200270, NB 10)

6 HRI initially intended to mine at exclusively at Section 8, but later amended the application to
include processing in Crownpoint, and mining at Section 17, Unit 1 and Crownpoint. See eg±,
Consolidated Operations Plan, Rev. 2.0 at 5 (Aug. 15, 1997) (ACN 9712310298, NB 10.2)
("COP"), attached hereto as Exhibit B. 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 (March 16, 1993) (ACN 9304130415,NB 6.1 - ACN
9304130421, NB 6;2) ("1993 Church Rock ER"), attached hereto as Exhibit C. HRI later
reversed its position and scheduled operations to begin at Section 8, instead of Section 17. COP,
Figures 1.4-6 and 1.4-7, attached hereto as Exhibit D. The proposed operations are primarily
described in HRI's COP. The results of previous tests and reports are mainly contained in:
Churchrock Project Environmental Report (April 13, 1988) (ACN 8805200344, NB 2) ("1988
Churchrock ER"), the 1993 Churchrock ER, Crownpoint Project Technical Report and
Analytical Summary (July 31, 1992) (ACN 9509080094, NB 5.1) ("Crownpoint Technical
Report"), Unit 1 Environmental Assessment (January 6, 1992) (ACN 9509080065, NB 5.1)
("Unit 1 EA"), and Geraghty and Miller's Hydrodynamic Control report (October, 1993)
(ACN 931216178, NB 6.7) ("Geraghty and Miller Report")
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("FEIS"). The Westwater Canyon Member is a very large regional aquifer that supplies

water to over 13,100 residents from five municipal wells in Crownpoint, one well in

Standing Rock, Navajo Nation, New Mexico, and two wells in Mariano Lake, Navajo

Nation, New Mexico. Declaration of Dr. John W. Leeper at ¶ 21 ("Leeper Declaration")

attached hereto as Exhibit E.

a. Process for injection of lixiviant and extraction of uranium ore

HRI plans to construct well fields at each mine site and inject lixiviant, 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 soluble uranyl tricarbonate complex or a bicarbonate complex, called

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

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

of Dr. Richard Abitz's January 1999 testimony compares estimated lixiviant contaminant

levels with comparable drinking water standards. Intervenors Amended Written

Presentation In Opposition To Hydro Resources, Inc.'s Application For A Materials

License With Respect To Groundwater Protection, Written Testimony of Dr.' Richard

Abitz Testimony Table 7 at 27 (January 8, 1999) (ACN 9904140055) ("January 8 Abitz

Testimony"). 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; January 8, 1999 Abitz Testimony at 30. Uranium will be
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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.

b. Proposed means for preventing migration of contaminants

i. Maintenance of production bleed

In order to prevent the highly contaminated pregnant lixiviant from migrating

beyond the mine site, HRI proposes to maintain a cone of depression within the

production zone. HRI plans to create the cone of depression by pumping more water out

of the aquifer than the amount of lixiviant that is pumped into the aquifer, using a "bleed

rate" of 1%, or 40 gallons per minute ("gpm'?). HRI Response to Staff Request for

Additional Information ("RAI") 49-91, No. 59 (April 1, 1996) (ACN 9604030208, NB

9.1), attached hereto as Exhibit F. This bleed rate applies to each satellite plant and the

Crownpoint processing plant. Id. Virtually all of the 40 gpm is returned to the aquifer

during production. COP, Figures 3.1-1 and 3.1-2, at 45-46, attached hereto as Exhibit

G.

ii. Groundwater monitoring

During production, HRI is required to monitor water quality in monitor wells

located at the perimeter of the mine zone. Monitor wells will be spaced up to 400 feet

apart and up to 400 feet from the production or injection wells. SUA-1 508, License

Condition ("LC") 10. 17. In the first overlying aquifer, production wells will be spaced

at one well per four acres of production wells. LC 10.18, LC 10.21. In the second

overlying aquifer at the Church Rock sites, monitoring wells will be spaced at one per

eight acres of production wells. LC 10.21.
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c. Proposed remediation method

After concluding extraction, HRI proposes to remediate contaminated

groundwater to pre-injection water quality or "baseline". LC 10.21 (A). If that is not

possible, HRI must restore groundwater to EPA's primary and secondary drinking water

standards. Id. For uranium, the secondary standard imposed by the License is 0.44 mg/I.

Id. The License allows HRI to postpone determination of baseline water quality until

after the close of this proceeding, but prior to injecting lixiviant. LCs 10.21, 10.22.

HRI's determination of baseline groundwater quality will also be used to establish

upper control limits ("UCLs") for chloride, bicarbonate, and electrical conductivity, prior

to injecting lixiviant at any site. LC 10.22.7

HRI asserts it will accomplish remediation by using 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, attached hereto as Exhibit H; Section 17

Restoration Action Plan, § 2.1 (July23, 2001) (ACN ML012070427) ("Section 17

RAP"), attached hereto as Exhibit I; Unit I Restoration Action Plan, § 2.1 (September

14, 2001) (ACN ML012620529) ("Unit I RAP"), attached hereto as Exhibit J;

Crownpoint Restoration Action Plan, § 2.1 (November 19, 2001) (ACN ML013330643)

("Crownpoint RAP"), attached hereto as Exhibit K.

7 Upper control limits serve as the means to determine whether contaminated groundwater has
migrated out of a well field. FEIS at 4-19. If groundwater quality for any of the constituents
listed in LC 10.22 exceeds baseline mean standards by 5 standard deviations, an excursion has
occurred. LC 10.22(B).
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d. Surety estimates

HRI's surety estimate is largely based on the cost of flushing the aquifer until it

has reached the required restoration standards. The estimate is based on three basic

components: (a) the estimated "pore volume" or number of gallons of water held by the

aquifer, (b) the estimated number of times that the pore volume must be flushed through

the aquifer to achieve restoration standards, and (c) the estimated dollar value for each

gallon of water used to flush the aquifer., HRI then multiplies (a) x (b) x (c) to get a cost

estimate of restoring the aquifer.

Generally, a pore volume is the total amount of water that occupies the spaces

between the grains of sand in an aquifer. FEIS at 4-29. In the context of ISL mining, a

pore volume is the total amount of water in an aquifer that must be treated or restored,

during and after mining. Id. A pore volume at an ISL mine is calculated mathematically

by multiplying the mine's wellfield area, the ore zone thickness, and porosity of the area

to be restored. Affidavit of Mark S. Pelizza Pertaining to Water Quality Issues at 13 (Feb.

19, 1999) (ACN 9903010024) ("February 19 Pelizza Tesimony"). Horizontal and

vertical flare factors are used to account for leach solution that travels outside the specific

boundaries of the calculated ore pore volume, which result in the increase in the amount

of water in a pore volume. Id. at 13-14. All the constituent parts of a pore volume

calculation are needed in order to arriver at the number of gallons of water that constitute

the pore volume. Id. at 14. Thus, the distinction between a pore volume and the actual

volume of water, in gallons, needed to restore an aquifer is important in the context of

estimating costs for restoration surety.
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A pore volume is not a constant unit of measure such as a liter or gallon. The

amount of water in a pore volume can vary from circumstance to circumstance and from

mine to mine. Instead, the actual number of gallons of water that are flushed through an

aquifer in the course of restoration is the basis for the cost estimates for surety.

Testimony of Mark Pelizza, Transcript of Hearing (Part 2, pp. 300-472) at 427

(November 8, 2001) (ACN MLO13190584) ("Tr.2").

2. NRC Staff Environmental and Safety Review

The NRC Staff's environmental review of the Crownpoint Uranium Project

("CUP") is reported in the FEIS that was published in February 1997. The portions of

the FEIS that are relevant to a determination of the effect of the CUP on groundwater are:

§ 2.1 et. seq., which describes the proposed ISL process and facilities; § 3.2 et. seq.,

which describes regional geology and the geology at the proposed mine sites; § 3.3. et.

seq., which describes the groundwater hydrology regionally and at the proposed mine

sites; § 4.3 et. seq., which describes the environmental consequences, monitoring, and

mitigation issues with respect to groundwater at the proposed mine sites; and § 4.13,

which describes the cumulative impacts to the groundwater.

Pursuant to 10 C.F.R. Parts 19, 20, 40 and 71, the NRC Staff also conducted a

safety review and issued a Safety Evaluation Report for HRI's operations. Safety

Evaluation Report (Dec. 1997) (ACN 9712310298, NB 10.4) ("SER"). The SER

generally evaluates the adequacy of HRI's radiological safety procedures for its

operations. Id. at 1-2, attached hereto as Exhibit L. The SER also provides the Staff's

evaluation of HRI's decommissioning and reclamation plans, including HRI's surety

estimate. SER § 8.0 at 32-33, attached hereto as Exhibit M.
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Subsequent to the publication of the FEIS, HRI conducted "sensitivity analyses of

flow times from the Unit 1 site to the Town of Crownpoint wells as a function of

variations in permeability, storage coefficient, aquifer thickness, porosity, and town of

Crownpoint well pumping rates." SER at § 1.2 at 1-2. HRI's new analysis purported that

contaminant travel times from Unit I to Crownpoint municipal wells ranged from 2,103

years to 2,371 years. Id. at 1.

B. Procedural Background

1. Intervenors' Hearing Request and Evidentiary Presentations for Section 8.

Intervenors requested a hearing on HRI's license application in December 1994,

and amended their request after the FEIS was issued on February 29, 1997. ENDAUM

and SRIC's Second Amended Request For Hearing, Petition To Intervene, And

Statement Of Concerns (August 15, 1997) (ACN 9703080068) ("Second Amended

Petition to Intervene"). On January 5, 1998, Staff issued license SUA-1508. The

Presiding Officer issued granted ENDAUM, SRIC, Grace Sam, and Marilyn Morris

standing as parties and admitting a number of their concerns for adjudication. In the

Matter of Hydro Resources Inc, LPB-98-9, 47 NRC 261, 266 (1998).

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

uranium) can be achieved. Id. at 261, 281 and notes 46-50. Intervenors presented
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evidence for all areas of concern With respect to Section 8. Intervenors' evidence

regarding groundwater protection, restoration, and surety estimates for Section 8 are as

follow: Intervenors' Written Presentation In Opposition To Hydro Resources, Inc.'s

Application For A Materials License With Respect To Groundwater Protection (January

11, 1999); Intervenors' Amended Written Presentation In Opposition To Hydro

Resources, Inc.'s Application for a Materials License With Respect To Groundwater

Protection (Jan. 18, 1999) (ACN 9901210089) ("Intervenors' Section 8 Groundwater

Presentation"); ENDAUM's And SRIC's Reply In Response To HRI's And The NRC

Staffs Response Presentations On Groundwater Protection Issues (April 8,1999) (ACN

9904140049) ("Groundwater Reply"); Intervenors' Joint Response To HRI's And The

NRC Staffs Responses To The Presiding Officer's April 21, 1999 Memorandum And

Order (Questions) (May 25, 1999) (ACN 9905280111) ("Joint Groundwater Response");

Intervenors' Motion to Reopen and Supplement the Record (March 15, 2000) (ACN

ML003694962) ("Motion to Reopen"); Intervenors' Response To Hydro Resources,

Inc.'s Cost Estimates And Restoration Action Plan Of November 21, 2000 (December

21, 2000) (ACN ML0003782085) ("RAP Response"); Intervenors' Reply To The

Responses Of Hydro Resources, Inc.'s And NRC Staff's Restoration Action Plan

Presentations Of January 22, 2001 And Information Generated Subsequent To Those

Presentations (May 24, 2001) (ACN MLO1 1550427) ("RAP Reply").

2. Licensing Board Decisions Relating to Groundwater Protection,
Groundwater Restoration and Financial Assurance at Section 8.

With respect to groundwater protection, restoration and surety estimates for

restoration issues for Section 8, the Licensing Board and the Commission issued the

following decisions.
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a. LBP-99-13.49 NRC 233 (1999)

In LBP-99-13, the Presiding Officer addressed issues relating to financial

assurance for decommissioning. In that decision, the Presiding Officer determined that

the financial assurance requirements of 10 C.F.R. § 40.36 do not apply to the CUP. 49

NCR at 235. The Presiding Officer also determined that 10 C.F.R. Part 40, Appendix A

applies to the CUP. Id. However, the Presiding Officer specifically found that Criterion

1 of Appendix A, requiring permanent isolation of tailings, and Criterion 10, which

requires financial assurance for long term surveillance of waste, do not apply to the CUP

because HRI intends to take its waste off site. Id. at 236. Finally, the Presiding Officer

found that nine pore volumes was adequate to restore groundwater at Section 8 because it

was based on the NRC Staff's "professional judgment" and that LC 9.5 allows the surety

to be adjusted at any time if nine pore volumes proves inadequate to restore groundwater.

Id.

b. LBP-99-30. 50 NRC 77 (1999)

Groundwater protection issues for Section 8 were addressed in LBP-99-30. The

Presiding Officer made several main findings in that decision. First, the Presiding

Officer determined that the ore zone at Section 8 behaves like a homogeneous aquifer and

does not contain significant channel ways. 50 NRC at 88.

Second, the Presiding Officer found that the Brushy Basin Member acts as an

aquitard between the Westwater and the overlying Dakota aquifer.. Id. at 91. He

concluded that there are unlikely to be any problems with vertical excursions of lixiviant

at Section 8. Id.
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Third, the Presiding Officer found that HRI's pump test analyses and contaminant

transport model were sufficient to support its conclusions regarding the geophysical

environment at Section 8. Id. at 93-94. Moreover, the license requires additional pump

testing, which would either confirm or refute HRI's pump test analyses and groundwater

model. Id. at 94.

Fourth, the Presiding Officer found that HRI's monitor well configuration was

sufficient to detect horizontal and vertical excursions. Id. at 95-96.

Finally, the Presiding Officer appeared to find that the secondary restoration

standard for uranium at Section 8 was acceptable. Id. at 100-101. He seemed to base his

finding on 1) the mean uranium concentration for groundwater at Section 8 is higher than

the secondary restoration standard; 2) past mining at Section 17 may have affected the

natural reducing capacity of the aquifer; 3) restoration will ameliorate the high uranium

content of the mine site; and 4) natural attenuation will "rapidly" decrease uranium levels

in the groundwater. Id.

3. Commission Decisions Relating to Groundwater Protection.
Groundwater Restoration, and Financial Assurance at Section 8.

a. CLI-99-22. 50 NRC 3 (1999)

In CLI-99-22, the Commission reviewed the Presiding Officer's decision, among

others, on HRI's financial assurance plans in LBP-99-13. 50 NRC at 5. There, the

Commission determined while 10 C.F.R. Part 40, Appendix A Criterion 9 did not require

an actual surety arrangement prior to the Staff issuing a license, further proceedings were

necessary to clarify whether and when HRI submitted a financial suretyplan and to what

extent the Intervenors could challenge that plan. Id. at 18, emphasis added. The

Commission directed the parties to submit briefs on the questions of whether the financial
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assurance information submitted by HRI to that date was adequate to meet the

requirements for licensing and what the Staff meant by its assertion that the financial

assurance issue was not ripe for review by the Presiding Officer at that time. Id. at 19-20.

b. CLI-00-8. 51 NRC 227 (2000)

After receiving the parties' briefs pursuant to its order in CLI-99-22, the

Commission determined that 10 C.F.R. Part 40, Appendix A, Criterion 9 required that

HRI's decommissioning and financial assurance plans should have been submitted and

reviewed by the NRC Staff, prior to licensing. 51 NRC at 239. The Commission

therefore required HRI to submit decommissioning and financial assurance plans to the

Staff for approval and gave the Intervenors the opportunity to challenge those plans. Id.

at 242.

c. CLI-00-12, 52NRC 1 (2000)

In CLI-00-12, the Commission declined to review the Presiding Officer's

determinations with respect to groundwater in LBP-99-30. 52 NRC at 5. The

Commission was unwilling to upset the Presiding Officer's findings and conclusions with

respect to groundwater protection at Section 8, "particularly on matters involving fact-

specific issues or where affidavits or submissions of experts must be weighed." Id. at 3,

quoting In the Matter of Hydro Resources. Inc.. CLI-99-22, 50 NRC at 6.

The Commission also refused to grant ENDAUM and SRIC's motion to reopen

the record to submit additional information regarding the secondary restoration standard

for uranium. Id. at 5. In so doing, the Commission reasoned that because HRI's primary

restoration goal is baseline and the baseline concentrations of uranium at Section 8 were
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likely to be higher than the secondary restoration standard, it was therefore unlikely that

the secondary restoration standard would ever come into play. Id. at 6.

4. Licensing Board Decisions Regarding Section 8 on Remand

a. LBP-04-3. 59 NRC 84 (2004)

In LBP-04-3 the Presiding Officer addressed issues germane to HRI's

groundwater restoration plans and attendant surety estimates. In that decision, the

Presiding Officer found that Intervenors were prohibited from challenging HRI and the

Staff's nine pore volume estimate as inadequate for restoration for Section 8 because

Intervenors had already had the opportunity to do so. 59 NRC at 92-93. The Presiding

Officer also concluded that HRI's labor and equipment costs for Section 8 were

inadequate. Id. at 99-103.

b. Commission review of LBP-04-3

In CLI-04-33, the Commission affirmed the Presiding Officer's determination in

LBP-04-3 that Intervenors were barred from challenging the nine pore volume estimate

for groundwater restoration. Id., slip. op. at 17. The Commission reversed the Presiding

Officer's determination that HRI's equipment and labor cost estimates were inadequate

under Criterion 9. Id. at 33. A more detailed review of CLI-04-33 appears in Section

III.D, below.

5. Bifurcation and Abeyance of Hearing

Although HRI's license covers four proposed mine sites and the Staff's safety and

environmental reviews evaluated HRI's operations on the sites in Church Rock and

Crownpoint, in 1998 HRI requested that the hearing be "bifurcated" because HRI, at that

time, only intended to conduct mining operations at Church Rock Section 8. Hydro
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Resources, Inc.'s Request for Partial Clarification or Reconsideration of Presiding

Officer's Memorandum and Order and Request for Bifurcation of Proceeding at 2-3 (June

4, 1998) (ACN 9806090130). The Presiding Officer granted HRI's motion to bifurcate

the hearing, ordering that initially, only issues relevant to Section 8 and "any issue that

challenged the validity of the license issued to HRI" would be considered. Memorandum

and Order at 2 (Sept. 22, 1998). Accordingly, those issues involving only Section 17,

Unit 1 and Crownpoint, would be left for later litigation.

ENDAUM and SRIC opposed the Presiding Officer's order bifurcating the

hearing, arguing that such bifurcation amounted to an illegal segmentation of the project

under the National Environmental Policy Acd ("NEPA") and requested directed

certification of the issue to the Commission. Eastern Navajo Din6 Against Uranium

Mining and Southwest Research and Information Center's Request for Directed

Certification of Bifurcation Order at 3,7 (Sept. 30, 1998) (ACN ). ENDAUM and

SRIC's request for directed certification was denied. Memorandum and Order (Oct. 13,

1998).

Intervenors then petitioned the Commission for Interlocutory review of the

Presiding Officer's decision to bifurcate the hearing, again arguing that such bifurcation

amounted to an illegal segmentation under NEPA. The Commission declined to review

the order bifurcating the hearing. In the Matter of Hydro Resources, Inc., CLI-98-22, 48

NRC 215 (1998).

After the Presiding Officer issued his decision on groundwater and other issues

relating to Section 8 in LBP-99-30, HRI moved to place the remainder of the hearing, i.e.

relating to those issues pertaining to Section 17, Unit 1, and Crownpoint, in abeyance,
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allowing HRI to defend its license for the remaining three mine sites when, and if, it

decided to go fonvard with production at those sites. Motion to Place Hearing in

Abeyance at 2 (Sept. 14, 1999). This motion was opposed by Intervenors. The Presiding

Officer granted HRI's motion to place the hearing in abeyance, holding that Intervenors

had the opportunity to raise any matter that challenged the validity of the license issued to

HRI and that because HRI did not have immediate plans to conduct operations beyond

Section 8, it would be a waste of resources to litigate the remaining mine sites

immediately. LBP-99-40, 50 NRC 273, 275-276 (1999). Moreover, the Presiding

Officer noted that Intervenors would have the opportunity to challenge the remaining

portion of HRI's license when HRI decided to go forward with operations at those sites.

Id. at 276.

6. Reversal of Abeyance Order

The Commission took review of the Presiding Officer's order placing the

proceeding in abeyance and reversed. In the Matter of Hydro Resources, Inc., CLI-01-4,

53 NRC 31 (2001). While the Commission did not agree with Intervenors that the order

placing the proceeding in abeyance violated the Administrative Procedures Act, the

Atomic Energy Act, and amounted to an illegal segmentation under NEPA, it did hold

that it was "neither sensible nor fair to leave HRI's full license intact while we postpone

indefinitely a resolution to the Intervenors' challenge to it." 53 NRC at 38. Moreover,

the Commission determined that because all the Intervenors had submitted Areas of

Concern that addressed issues for all the mine sites in HRI's license and that their

petitions for hearing had been granted with respect to all the sites at which ISL mining

would be conducted, Intervenors, as a matter of fundamental fairness, must be allowed to
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challenge HRI's entire license at once. Id. at 41-42, emphasis added. The Commission

summed up its concern by noting that, "[o]ur concern lies with HRI's desire to retain a

license for mining all the sites while at the same time putting off indefinitely ... a hearing

on the other sites encompassed by its already-issued license." Id. at 42-43. Thus, all the

Intervenors are permitted to raise all issues outlined in their Areas of Concern relating to

Section 17, Unit 1, and Crownpoint.

ARGUMENT

I. THE SECONDARY RESTORATION STANDARD FOR URANIUM
AT ALL SITES VIOLATES THE SAFE DRINKING NWATER ACT
AND THE ATOMIC ENERGY ACT.

A. Section 17

1. The Secondary Restoration Standard for Uranium at Section 17 Violates
the Safe Drinking Water Act.

As discussed above in Regulatory Framework Section B, the SDWA prohibits

endangerment of existing or potential drinking water sources by injection of

contaminants. HRI's License violates the SDWA because it allows HRI to permanently

contaminate the underground source of drinking water at Section 17 to levels that exceed

the EPA Maximum Contamination Level ("MCL") of 0.03 mg/l. HRI's License should

therefore be revoked.

a. Section 17 is an underground source of drinking water

HRI proposes to inject lixiviant into the Westwater Canyon aquifer in order to

extract uranium. FEIS at 2-2. The Westwater is a rare high quality resource around the

Crownpoint and Church Rock communities. Because of the arid high desert climate in

the region, residents must rely on the aquifer for their drinking water supply. As Dr.

Leeper states in his Declaration, the Westwater, the underlying Cowsprings aquifer and
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the overlying Dakota aquifer at Section 17 are underground sources of drinking water

because they currently act as sources of drinking water and are considered by the Navajo

Nation to be amenable to future development as drinking water supplies for Church Rock

and surrounding communities. Leeper Declaration at TI¶ 28-29. Specifically, Dr. Leeper

notes that there are at least four private wells within three miles of HRI's Section 17 site.

Id. at ¶ 25. Additionally, the Cow Springs aquifer near Section 17 is the most likely

source of drinking water for the proposed Springstead Estates housing development

planned for development two miles south of Section 17. Id. at 1 29.

Moreover, with a few localized exceptions, the water quality in the Westwater

Canyon near Church Rock is generally very good with respect to all primary and

secondary drinking water standards. Exhibit B attached to Declaration of Dr. Richard J.

Abitz ("Abitz Declaration"), attached hereto as Exhibit N. 8 The localized exceptions

are found in the small fraction of the aquifer that contains uranium mineralization, i.e.,

the immediate area of the ore zones. Id. at ¶ 16.

Additionally, unlike Section 8, HRI has provided almost no water quality data for

Section 17. The water quality data presented for Section 17 is limited to data from two

mine shafts and one water supply well. Section 17 RAP, Table 4, attached hereto as

Exhibit 0. Thus, the uranium levels are artificially high due to past mining activity and

should not be considered representative of the groundwater quality at Section 17. Abitz

Declaration at ¶1¶ 16,65. Nonetheless, those groundwater samples show the groundwater

has TDS of less that 10,000 mg/l. Id. Additionally, in HRI's 1993 Church Rock ER, HRI

S HRI has only provided water quality data for Section 17 from two mine shafts and two vent
holes which show artificially high concentrations of uranium due to past mining activity. Abitz
Declaration at 1 16. This paucity of groundwater data for Section 17 illustrates the problem with
allowing HRI to establish baseline groundwater quality after this proceeding has concluded, as
argued in Part II, below.

23



also includes groundwater data from an old Church Rock mine gravel shaft that shows a

uranium concentration of 0.003 mg/I, well below the EPA MCL for uranium. Id., Fig.

2.7-2 at 88-90, attached hereto as Exhbit P. It is unclear whether this is the same gravel

shaft that appears in Table 4 of HRI's Section 17 RAP. Thus, despite the paucity of

groundwater data specific to Section 17, it is clear that the Wcstwater, Cow Springs, and

Dakota aquifers in the vicinity of Section 17 qualify as underground sources of drinking

water pursuant to 40 C.F.R. § 144.3.

b. HRI's license allows permanent contamination of underground sources of
drinking water to unlawful levels.

HRI's License provides that if it is unable to restore well field water quality to

baseline conditions for uranium, it may restore groundwater to contamination levels of

0.44 mg/I.9

Moreover, even if the Westwater Canyon aquifer at Section 17 is deemed not to

be a drinking water source, it lies next to other parts of the aquifer that do constitute

drinking water sources. As discussed below in Section IV, HRI has failed to demonstrate

that contamination will be contained within the mine zone area at Section 17, and thus

that nearby underground sources of drinking water will not be contaminated. Even a

chance that contaminants which would cause a violation of a primary drinking water

9 See LC 10.2 1A, which provides:
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 fluoride shall be the New Mexico primary
drinking water standard. The secondary restoration goal for uranium shall be
0.44 mg/L (300 pCi/b).
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regulation could migrate outside the exempted area would violate the SDWA. Natural

Resources Defense Council v. United States Environmental Protection Azency, 824 F.2d

1258, 1276 (Ist Cir. 1987) (SDWA regulations do not "require actual violations of

drinking water standards, but merely that underground injection may result in

contamination in excess of the maximum contamination levels set forth pursuant to the

Safe Drinking Water Act," emphasis in original.). Thus, because the secondary uranium

restoration standard of 0.44 mg/I will likely result in the endangerment of an underground

source of drinking water, it is in violation of the SDWA. HRI's License should be

revoked. Alternatively, the secondary restoration standard for uranium at Section 17

must be amended to 0.03 mg/I.

2. The Secondary Restoration Standard for Uranium at Section 17 Violates
the Atomic Energy Act.

a. The 0.44 mg/l standard in Appendix B of Part 20 is not intended to
protect drinking water.

The NRC states that it derived the secondary restoration standard for uranium of

0.44 mg/i (or 300 pCi/L)10 concentration from 10 C.F.R. Part 20. FEIS at 2-20. The

NRC stated that this concentration is suitable for unrestricted release of natural uranium

to water. Id. The 0.44 mg/I standard is not a drinking water standard and is not intended

to protect underground sources of drinking water. Moreover, this standard was intended

to protect against the radiological effects of uranium, not uranium's chemical toxicity. 56

Fed. Reg. 23,360, 23,403 (May 21, 1991).

1° The 300 pCi/mL figure in the FEIS is inaccurate. The correct level is 300 pCi!L. 10 C.F.R.
Part 10, Appendix B.

11 The 300 pCi/L figure obtained by the Staff appears at I0 C.F.R. Part 20, Appendix B. The
chemical toxicity standard appears at footnote 3 to appendix B and at 10 C.F.R. 20.1201(e). Id.
However, the standard enumerated in footnote 3 to appendix B, while addressing chemical
toxicity, is an air standard and therefore also inapplicable as a secondary restoration standard for
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b. The secondary restoration standard for uranium is not protective of human
health.

Based on recent epidemiological studies and the known effect of uranium on the

human kidney, the secondary restoration standard for uranium in HRI's license is clearly

not protective of human health. As demonstrated in the Declarations and supporting

documents submitted by Intervenors' expert witnesses, Dr. John Fogarty and Dr. Donald

Molony, the 0.44 mg/l restoration standard for the HRI project is not only inadequate to

protect human health, but also that chronic exposure to these uranium levels in drinking

water would be highly toxic to humans. Declaration of Dr. John Fogarty at I 15

("Fogarty Declaration"), attached hereto as Exhibit Q; Declaration of Donald A. Molony

at ¶ 6 ("Molony Declaration"), attached hereto as Exhibit R. Moreover, Dr. Fogarty's

Declaration shows that the secondary groundwater restoration standard for uranium for

the CUP is based on information that is profoundly inappropriate, outdated, and flawed.

Fogarty Declaration at ¶ 17.

i. Uranium is a potent nephrotoxin.

The weight of the'epidemiological and medical evidence shows that uranium, a

heavy metal, is a potent nephrotoxin, which when ingested at levels much lower than the

NRC's secondary restoration standard, has been shown to cause kidney damage and

eventual kidney failure. Id. Specifically, a series of studies begun in the early 1990s

show that chronic exposure to even low levels of uranium can increase the presence of

water. 10 C.F.R, Part 20, Appendix B, n. 3. The chemical toxicity standard limits soluble
uranium intake to 10 mg in a week. 10 C.F.R. § 20.1201(e). However, this is an occupational
standard, not a standard for public consumption, and is therefore also inapplicable. Id.
Moreover, as Dr. Fogarty points out in his declaration, this standard is even less protective of
human health than the current secondary restoration standard. Declaration of Dr. John Fogarty, ¶
33.
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certain chemicals in the urine, called biomarkers, that indicate the onset of renal disease.

Id.

ii. The chemical toxicity of uranium to the kidneys is well documented.

There is ample medical documentation of the effect that uranium has on the

kidney. Id. The kidney has many functions; it is able to regulate fluid volumes, filter the

blood, excrete waste products and foreign substances, regulate electrolytes and maintain

acid-base balance. Id. at ¶ 1 8a; Molony Declaration at ¶ 8.

The nephron, which is the functional unit of the kidney, is composed of four

major components; the glomerulus, the proximal tubule, the loop of Henle, and the distal

convoluted tubule. Fogarty Declaration at ¶ 1 8d. Blood enters the glomerulus and

undergoes an initial filtration process. Id. at ¶ 1 8e. Many important substances such as

blood cells and large proteins are retained in the blood and do not pass into the filtrate

which eventually becomes the urine. Id. After the initial filtration occurs in the

glomerulus, the filtrate passes into the proximal tubule. Id. at ¶ 1 8f.

The proximal tubule is able to reabsorb the majority of the fluid that passes

through it, and, in a typical day, reabsorbs about 120 liters of fluid. Id. The proximal

tubule is also able to reabsorb proteins that are not retained by filter in the glomerulus as

well as sodium, chloride, and potassium. Id. The proximal tubule cell has a brush

border, which allows for the transmission of large amounts of fluid and electrolytes. Id.

After passing through these suborgans of the kidneys, waste products are excreted into

the collecting duct and out in the urine. Id. at ¶ 1 8d.

Structures within kidney cells are also important in the context of uranium's effect

on the kidney. The mitochondria are the power plants for the cell, and the mitochondria
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produce the energy that is necessary for the cell to function. Id. at ¶ 18g. The lysosomes

dispose of waste products and contain many digestive enzymes. Id. Slides 12 and 13 in

Exhibit B of Dr. Fogarty's Declaration show an electron micrograph of the proximal

tubule cell, and illustrates the brush border, the mitochondria and the lysosomes.

The nephrotoxic effects of uranium have been well studied. Id. at ¶ 19. Uranium

affects the kidneys by binding to the brush border of the proximal tubule cell, due to its

mass, and decreasing the cell's ability to reabsorb water, electrolytes, and proteins. Id.

Uranium also passes through the border and into the cell itself, where it damages

mitochondria, the power plants of the cell, and turns off the energy supply of the cell. Id.

Consequently proximal tubular cells essentially asphyxiate or die when exposed to high

levels of uranium.

Uranium also can be taken up by lysosomes, and within the lysosomes it can form

crystals. Id. This can lead to the disruption of the lysosome with the subsequent release

of destructive enzymes leading to cellular damage and destruction. Id.

iii. The weight of epidemiological evidence shows that ingestion of
small amounts of uranium can cause kidney damage.

The Staff has concluded that the CUP secondary restoration standard is sufficient

to protect individuals who ingest water treated to that standard from renal failure based

on human and animal studies conducted between 1949 and 1973. Affidavit of

Christepher A. McKenny, attached to Dr. Fogarty's Declaration as Exhibit E. Dr.

Fogarty notes that the studies relied upon by the Staff, in addition to being outdated, are

methodologically flawed and not generalizable to human populations exposed to chronic

ingestion of uranium. Fogarty Declaration at ¶ 24.

28



The studies upon which the Staff relies for it secondary restoration standard all

have common shortcomings. First, all the human experiments involved small sample

groups, which could not yield statistically significant results. Id. at T1¶ 24b, 24d, 25.

Second, the exposure of these groups to uranium was over a short time period, which is

not useful for determining the chronic or long term effect of uranium ingestion. Id. at ¶¶

24a, 24b, 24d, 25. Finally, none of the earlier studies looked at the more sensitive

biomarkers, which more accurately indicate diminishment of kidney function prior to the

onset of frank anatomical damage or renal failure. Id. at ¶¶ 24a, 24c, 24d, 25.

More recent studies have shown a very definite association between chronic

uranium ingestion and impaired kidney function. Molony Declaration at ¶ 11. Several

recent epidemiological studies have examined human populations exposed to chronic,

small doses of uranium. Fogarty Declaration at ¶ 26. The Mao and Limson-Zamora

studies, referred to by Dr. Fogarty in his declaration, were performed on healthy human

populations that were exposed, over long periods of time, to low levels of uranium in

water and to a lesser extent, in food. Id. The Mao study found potentially serious

indications of renal problems in the exposed population who ingested water with levels of

uranium as low as 0.0 14 mg/l, thirty-one times lower than the NRC groundwater

restoration standard for uranium in this proceeding."2 Id. at 27a.

Limson-Zamora also assessed bioindicators of kidney function in 50 human

subjects from Nova Scotia and Ottawa who were exposed to concentrations of uranium

in their drinking water varying from 0.780 mg/l to 0.00002 mg/l for periods of time

12 The subjects in the Mao studies showed signs of "subclinical" disease. Subclinical disease,
which occurs early in the disease process, does not imply the absence of disease. Fogarty
Declaration at ¶ 27. Instead, subclinical disease is part of a disease spectrum for chronic disease
that can develop over years, and which can progress to overt symptoms of disease. Id.
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ranging between 1 and 59 years. Id. at 27b. Zamora and colleagues analyzed urine

samples collected from study subjects for four biomarkers of kidney function and four

biomarkers of cellular toxicity. Id. They found an association between increasing

uranium ingestion and the presence of elevated levels of urinary glucose, alkaline

phosphotase ("ALP", an enzyme localized in the brush border membranes of the

proximal tubules) and B2 -microglobulin (a low molecular weight protein that is

reabsorbed and digested in the lining of the proximal tubules). Id. These biomarkers are

indicators of injury to the kidney's proximal tubules, which, as explained in Section

I.A.2.a.i, above, process, collect, and transmit wastes from the blood. Id. This

association was observed only in the high-exposure group in which the subjects had total

daily uranium consumption from both food and water ranging from 0.003 to 0.570 mg/l,

with the percentage of uranium intake attributed to water varying from 31% to 98%. Id.

Kurttio et. al. also conducted a study that measured uranium concentrations in

drinking water and biomarkers in urine. Id. at ¶ 27c. In that case, the median uranium

concentration ingested was 0.028 mg/I. The study authors determined that there was an

association between exposure to uranium and altered proximal tubular function, even at

low concentrations. Id. The authors concluded that a safe concentration of uranium in

drinking water would be within a range of 0.002 mg/l and 0.03 mg/I. Id.

Three other studies by A.C. Gilman, et. al. were performed on rats and rabbits

using sensitive indicators of biological damage. Id. at ¶ 29. Five groups of 30 animals

were exposed for 28 to 91 days to drinking water containing uranium concentrations

ranging from 0.96 mg/I to 600 mg/I. Id. Lesions developed in the kidneys and livers of

the experimental rats in all exposure groups; lesions were even observed in the renal
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tubules and glomeruli in the rat group receiving the lowest exposure. Id. Dr. Fogarty

notes that Gilman and colleagues concluded, "the ability of uranium to produce specific

tubular injury followed by basement membrane injury at relatively low doses in even a

small portion of the exposed animals suggests that human exposure to soluble uranium

over prolonged periods needs to be monitored." Id. at ¶ 30. In sum, recent

epidemiological studies clearly show an association between chronic uranium ingestion

and decreased kidney function at very low levels - levels well below the NRC's

secondary restoration standard for the CUP. Moreover, because of this risk to human

health, regulatory agencies internationally are requiring significantly more restrictive

uranium standards in their respective regulatory spheres. Id. at TIT 31-31 d. The NRC

secondary restoration standard for uranium at Section 17 is clearly outdated,

inappropriate and should be rejected. HRI's License should be revoked. Alternatively,

the secondary restoration standard for uranium at Section 17 must be amended to 0.03

mg/I.

B. Unit 1

1. The Secondary Restoration Standard for Uranium at Unit 1 Violates the
Safe Drinking Water Act.

a. Unit I is an underground source of drinking water

As with Section 17, the secondary groundwater restoration standard for uranium

at Unit I violates the Safe Drinking Water Act. Based on groundwater data supplied by

HRI, the Westwater Canyon aquifer at Unit 1 qualifies as an "underground source of

drinking water" under the EPA's primary drinking water regulation. The Westwater at

Unit 1 has a TDS concentration below 10,000 mg/I. Section 9 Pilot Summary Report,

Attachment B (March 12, 1993) (ACN 9304130415),("Section 9 Summary") attached
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hereto as Exhibit S. Additionally, water quality in the Westwater adjacent to Unit I is

well below 10,000 mg/i TDS. Unit 1 EA, Table 2.7-3 at 2-68 - 2-75, attached hereto as

Exhibit T.'3 ' "1 Furthermore, Dr. Abitz conducted a statistical analysis of HRI's

groundwater quality data for Unit I and concluded that the groundwater quality

immediately outside the ore zone at Unit 1 met all of EPA's MCLs, including the MCL

for uranium with a uranium concentration of less than 0.001 mg/I. Abitz Declaration at ¶

33; Table 3. Finally, Dr. Leeper states that the Westwater Canyon aquifer in the

Crownpoint area qualifies as an underground source of drinking water and as such is

important as a present and future drinking water source for the town of Crownpoint and

surrounding communities. Leeper Declaration at ¶ 28. Thus, the Westwater at Unit 1

qualifies as an underground source of drinking water under the SDWA.

b. HRI's license allows permanent contamination of underground sources of
drinking water to unlawful levels.

Because HRI's license only requires restoration to 0.44 mg/i for uranium, even if

HRI is able restore the groundwater at Unit 1 to uranium concentrations of 0.44 mg/I, this

will result in the violation of the MCL for uranium and will qualify as contamination of

an underground source of drinking water.

Moreover, even if the groundwater at Unit I were deemed not to constitute a

drinking water source, the secondary restoration for uranium at Unit 1 will still violate

13 Water quality data for the overlying Dakota aquifer adjacent to Unit I also shows a TDS
concentration of less than 10,000 mg/l and that the water meets all other EPA MCLs. Unit I EA,
Table 2.7-3 at 2-77, attached hereto as Exhibit U.
14 The FEIS states that the mean uranium concentration at Unit 1 is 2.0 mg/I. FEIS Table 3.16 at
3-32. As the source for this mean concentration, the FEIS cites the Crownpoint Technical Report.
Id. While the Crownpoint Technical Report's water quality data show uranium concentrations at
all wells meeting the MCL for uranium, those wells are located in Crowpoint. Id, Tables 2.3-3 -
2.3-13 at 34 - 44, attached hereto as Exhibit V. Unit I data were produced by Mobil in 1982 and
submitted by HRI in June 1996. See Abitz Declaration at bjy 17, 30-33, 69, Tables 2 and 3. Thus,
the Staff erred in preparing Table 3.16
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the EPA's MCL for uranium because HRI has not demonstrated that contaminated water

will be contained within the mine zone. See Section IV, below. As discussed in Part A

of this section, even a chance that contaminants which would cause a violation of a

primary drinking water regulation could migrate outside the exempted area would violate

the SDWA. Natural Resources Defense Council v. United States Environmental

Protection Agency, 824 F.2d at 1276.

2. The Secondary Restoration Standard for Uranium at Unit I Violates the
Atomic Energy Act.

As at Section 17, the secondary groundwater restoration standard for uranium at

Unit I violates the Atomic Energy Act because it is not protective of human health and

safety. Intervenors incorporate herein by reference their arguments regarding the

secondary restoration standard for uranium violating the AEA at Section 17 and apply

them to Unit 1. HRI's License should be revoked. Alternatively, the secondary

restoration standard for uranium at Unit I must be amended to 0.03 mg/l.

C. Crownpoint

1. The Secondary Restoration Standard for Uranium at Crownpoint Violates
the Safe Drinking Water Act.

a. Crownpoint is an underground source of drinking water

As with Section 17 and Unit 1, the secondary restoration standard for uranium at

Crownpoint violates the Safe Drinking Water Act. HRI proposes to inject lixiviant into

the Westwater aquifer at Crownpoint, which supplies drinking water to the town of

Crownpoint and surrounding communities. FEIS at 3-22, 3-24.15 Thus, it is indisputable

15 The FEIS characterizes the groundwater in the Westwater and Dakota aquifers near the
Crownpoint site as meeting the EPA's criteria for an underground source of drinking water. FEIS
at 3-24. Additionally, the Westwater is a public drinking water supply, as defined by the SDWA
implementing regulations, that supplies drinking water to the town of Crownpoint. FEIS at 3-22.
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that the Westwater Canyon and Dakota aquifers at Crownpoint are existing underground

sources of drinking water. FEIS at 3-22, 3-24. Moreover, according to Dr. Leeper, the

Westwater and Dakota are important sources of drinking water for future development in

and near Crownpoint, due to the planned expansion of Crownpoint and the nearby

chapters. Leeper Declaration at ¶ 19.

b. HRI's license allows permanent contamination of underground sources of
drinking water to unlawful levels.

Because the secondary restoration standard for the Crownpoint site is set above

the EPA MCL for uranium, even if HRI is able to restore the groundwater to 0.44 mg/l,

the EPA MCL will be exceeded and in violation of the SDWA.

Finally, HRI's SDWA violation would not be excused by compliance with

License Condition 10.27. License Condition 10.27 requires that prior to the injection of

lixiviant at the Crownpoint site, HRI must replace Crownpoint's municipal wells NTUA-

1, NTUA-2, BIA-3, BIA-5, and BIA-6 and abandon and seal those wells. SUA-1 508, LC

10.27. Even if HRI complies with LC 10.27, HRI would still be mining in the Westwater

aquifers at Crownpoint, which is a public drinking water supply. Therefore, regardless of

where the Crownpoint municipal wells are located, HRI's operations at Crownpoint will

endanger an underground source of drinking water in violation of the SDWA. Hence, LC

10.27 is immaterial to the illegality of the secondary restoration standard.

2. The Secondary Restoration Standard for Uranium at Crownpoint Violates
the Atomic Energy Act.

As at Section 17 and Unit 1, the secondary groundwater restoration standard for

uranium at Crownpoint violates the Atomic Energy Act because it is not protective of

human health and safety. Intervenors incorporate herein by reference their arguments
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regarding the secondary restoration standard for uranium violating the AEA at Section 17

and apply them to Crownpoint. HRI's License should therefore be revoked.

Alternatively, the secondary restoration standard for uranium at Crownpoint must be

amended to 0.03 mg/l.

D. Summary of Evidence and Decisions for Section 8.

1. Summary of Intervenors' Evidence For Section 8 Regarding Secondary
Restoration Standards.

In their 1999 evidentiary presentation on groundwater protection issues,

Intervenors ENDAUM and SRIC challenged HRI's proposed secondary restoration

standard for uranium of 0.44 mg/I, on the ground that it is not stringent enough to protect

public health. Intervenors' Amended Written Presentation In Opposition to Hydro

Resources Inc.'s Application for a Materials License with Respect to Groundwater

Protection at 49-51 (January 18, 1999). See also January 8, 1999 Abitz Testimony at 44-

48, attached to Abitz Declaration as Exhibit B.

ENDAUM and SRIC contended that the 0.44 mg/I standard in 10 C.F.R. Part 20

should not be applied as a groundwater restoration goal because it is a technology-based

standard, not a health-based standard. Section 8 Groundwater Presentation at 49.

ENDAUM and SRIC noted that the U.S. EPA uses 0.044 mg/i as a restoration standard

for mill tailings sites, and in 1991 had proposed a much more stringent drinking water

standard of 0.020 mg/I. Id. EPA has also explicitly recognized that uranium is toxic to

the human kidneys and is a carcinogen; Id.

In a separate brief, Intervenors ENDAUM and SRIC also argued that the FEIS

was deficient because it failed to address the significant adverse health effects of HRI's

proposed secondary groundwater restoration standard. ENDAUM's and SRIC's Written
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Presentation in Opposition to Hydro Resources, Inc.'s Application for a Materials

License with Respect to: NEPA Issues Concerning Project Purpose and Need,

Cost/Benefit Analysis, Action Alternatives, No Action Alternative, Failure to Supplement

the EIS, and Lack of Mitigation at 52-53 (February 19, 1999) (ACN 9902240094).

On March 15, 2000, Intervenors ENDAUM and SRIC submitted to the

Commission a motion to reopen the record on the issue of the secondary groundwater

restoration standard. Intervenors' Motion to Reopen and Supplement the Record (March

15, 2000) (ACN ML003 694962) ("Motion to Reopen"). The Motion to Reopen was

supported by the affidavit of Dr. John D. Fogarty, a Crownpoint physician. Affidavit of

Dr. John D. Fogarty in Support of Motion to Reopen and Supplement the Record (March

1, 2000) (ACN ML 003694998) ("March 1, 2000 Fogarty Affidavit"). Dr. Fogarty's

affidavit cited several recent health studies which demonstrated that the uranium levels

found acceptable by the NRC Staff and the Presiding Officer for restoration of

groundwater are, in fact, quite toxic.

2. Summary of Decisions Regarding Secondary Restoration Standards for
Uranium at Section 8.

a. Presiding Officer's decision regarding secondary restoration standards
for uranium at Section 8.

The former Presiding Officer, Judge Bloch, rendered his determination on all the

groundwater issues for Section 8 in LBP-99-30, 50 NRC 77. With respect to the

secondary restoration standards for uranium at Section 8 in the context of ENDAUM and

SRIC's groundwater claims, Judge Bloch found that HRI's restoration activities would

"ameliorate the high uranium content of the mine site, because water high in toxic

elements will be removed and replaced with cleaner water." Id. at 101. Additionally, the
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Presiding Officer found that because uranium ions precipitate under reducing conditions

and because humates are common in the Westwater, uranium values can be expected to

decrease with distance from the mine area. Id., citations omitted. Thus, the former

Presiding Officer never explicitly made a determination regarding the validity of HRI's

secondary restoration standards.

With respect to Intervenors' NEPA claim, the Presiding Officer concluded that to

the extent Intervenors were challenging the validity of the NRC standard of 0.44 mg/I,

they were "impermissibly challenging the validity of an NRC regulation." 50 NRC at

1 5. The Presiding Officer also found that the secondary restoration standard was

effectively irrelevant because it would be trumped by EPA's more stringent standard:

Since EPA also will have to be satisfied with the effect of this project on the
quality of drinking water, this attempt to challenge the NRC regulation overlooks
an important additional safeguard for water quality.

Id 50 NRC at 115.

b. Commission's decision regarding secondary restoration standards for
uranium at Section 8.

The Commission made its determination regarding groundwater issues for Section

8 in CLI-00-12, 52 NRC 1 (2000). With respect to the secondary restoration standard for

uranium at Section 8, the Commission denied ENDAUM's and SRIC's petition for

review of LBP-99-30, ruling that they had identified no clearly erroneous factual finding

or important legal error requiring Commission correction. Id. at 3.

The Commission also denied ENDAUM's and SRIC's Motion To Reopen the

record regarding the validity of the NRC's secondary restoration standard for uranium in

HRI's License. Id. at 5. Although the Commision's decision was based on the timeliness

of ENDAUM and SRIC's motion, it also addressed various other issues raised by
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ENDAUM and SRIC. In particular, the Commision noted that with respect to Section 8

(to which its decision was limited) the FEIS'estimated the current baseline concentration

of uranium to be 1.8 mg/l. Id. at 6. Therefore, the Commission reasoned, the secondary

restoration standard would probably never come into play because HRI's primary

restoration standard is baseline. Id. While the Commission also observed that HRI has

yet to collect definitive baseline groundwater quality data and thus the actual baseline

groundwater quality at Section 8 could prove lower than 0.44 mg/l, the Commission

opined it unlikely that the baseline groundwater quality at Section 8 would be below 0.44

mg/L. Id.

With respect to the three other HRI proposed mining sites, the Commission

explicitly left open the question of whether it is appropriate for HRI to use a 0.44 mg/I

secondary groundwater restoration standard:

We note that Dr. Fogarty's concerns may bear on the other three sites covered by
the HRI license. Since the record is not closed concerning those sites, the
petitioners may raise this groundwater issue in the hearing on those sites. See
CLI-00-8, 51 NRC at 242; LBP-99-40, 50 NRC 273, 276 (1999).

Id. n.6.

3. Section 17. Unit 1, and Crownpoint are Unlike Section 8 for Purposes of
Evaluating the Legality of the 0.44 mg/J Secondary Restoration Standard
for Uranium.

As discussed above, the Commission rejected Intervenors' demand that it

examine the appropriateness and legality of the 0.44 mg/I secondary restoration standard,

in part on the ground that baseline uranium concentration in the groundwater at Section 8

is likely to be much higher than the secondary restoration standard of 0.44 mg/I. In other

words, the Commission concluded that Section 8 was neither a current nor a potential

source of drinking water. Thus, the validity of the secondary restoration standard was not
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likely to come into play. The circumstances at Section 8 are distinctly different, however,

from Section 17, Unit 1, and Crownpoint. As discussed above in Sections I.A.1.a,

I.B. 1 .a, and I.C. L .a, the Navajo Nation considers the Westwater aquifer near Section 17

and Unit 1 to qualify as underground sources of drinking water and as such, to be

amenable to development as drinking water sources. Moreover, at Crownpoint, the

Westwater and Dakota Sandstone aquifers are currently used as drinking water sources.

In contrast, the Commission determined that baseline groundwater uranium

concentrations would unlikely be lower than 0.44 mg/i, and thus could not be used as a

drinking water supply. Thus, unlike Section 8, if HRI is unable to restore the

groundwater at Section 17, Unit 1 or Crownpoint, to its baseline levels pursuant to its

primary restoration standard requirement, then the secondary restoration standard will

come into play.

II. THE NRC HAS DENIED INTERVENORS THEIR HEARING
RIGHTS UNDER THE ATOMIC ENERGY ACT BY ALLOWING
HRI TO ESTABLISH BASELINE GROUNDWATER QUALITY
AND HYDROLOGICAL PROPERTIES OF THE MINE SITES
AFTER THE PUBLIC HEARING ON HRI's LICENSE.

A. Section 17

As discussed above in the Regulatory Framework section, part A.2, the NRC may

not postpone resolution of material licensing issues until after a hearing has closed. Here,

the NRC Staff has violated that requirement by imposing two license conditions in HRI's

License which allow HRI to establish baseline groundwater quality for the purpose of

setting primary restoration goals and upper control limits at all its sites after the

conclusion of this hearing, without NRC oversight. SUA-1508, LC 10.21, 10.22.

Additionally, the Staff has imposed two license conditions that allow HRI to determine
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whether the Westwater Canyon aquifer is vertically confined and free of fractures. Id. at

LC 10.23, 10.31.

1. HRI's License Postpones the Determination of Baseline Groundwater
Quality until after the Close of the Hearing.

HRI's license provides that HRI must establish primary "restoration goals",

consistent with the protocols enumerated by license conditions, for cleanup of the

groundwater at the mine sites after operations have ceased. License Condition 10.21.

The primary goal is to return all parameters to baseline (pre-injection) conditions. Id.

Thus, HRI must determine baseline groundwater conditions in order to set the primary

restoration goals. The determination of baseline conditions must be accomplished "by

analyzing three formation water samples from each monitor wvell, and at least one

production/injection well per acre of well field." Id.

HRI will also use its baseline water quality determination to establish UCLs for

chloride, bicarbonate and electrical conductivity. License Condition 10.22; see also,

Factual Background Section, part A.l.c. The License prescribes the following method

for establishing the UCLs:

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.

Id.

Nothing in the License Conditions requires HRI to submit its baseline

groundwater quality findings to the Staff for approval. Thus, there is no way for

the Intervenors to obtain a hearing on whether HRI has adequately established
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baseline water quality and the primary restoration goals and UCLs that are

dependent on the determination.

2. The Issue of Baseline Groundwater Ouality is Material to the
Adequacy of HRI's License with Respect to the Protection of
Human Health and Safety.

Because it is used to set goals for cleanup of the mine sites and UCLs for

determining whether excursions have occurred during mining, the determination of

baseline groundwater quality is material to the adequacy of HRI's License with respect to

the protection of human health and safety.. Indeed, HRI itself has conceded that

establishing baseline groundwater quality is "very important" because groundwater

restoration objectives and UCLs are based upon that data. COP at 84, attached hereto as

Exhibit W. The Commission also tacitly acknowledged the materiality of baseline

groundwater quality in CLI-00-12, when it concluded that it was not necessary to address

the validity of the secondary restoration standard for uranium because it concluded

baseline groundwater quality at Section 8 was likely to be poorer than the quality that

would be achieved by compliance with the secondary restoration standard for uranium.

52 NRC at 6.

Finally, the NRC's ISL Standard Review Plan shows that the NRC Staff considers

baseline groundwater quality to be material to its licensing decisions. The SRP provides

that in reviewing applications for ISL licenses, the NRC Staff must review assessments of

available ground-water resources and groundwater quality within the proposed permit

boundaries and adjacent properties, including quantitative descriptions of the chemical

and radiological characteristics of the groundwater. NUREG-1569, § 2.7.1(4) at 2-21

(2003). Because the NRC has included establishment of baseline groundwater quality in
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its guidance for the NRC Staff for licensing of ISL operations, establishing baseline

groundwater quality at Section 17 is clearly a material aspect of HRI's license

application.

3. Determination of Baseline Groundwater Quality is not an Exempt
Preoperational Test.

Moreover, determination of baseline groundwater quality cannot be considered to

constitute the type of preoperational testing which arguably is exempt from the NRC's

hearing requirement. In Union of Concerned Scientists v. NRC, the court acknowledged

that the Commission has discretion to leave certain aspects of licensing for post-hearing

resolution. 735 F.2d at 1449. The court concluded that decisions that rest solely on

inspections, tests, or elections, were exempted from the AEA's hearing requirement. Id.

The court further concluded that this exception was designed for "on the spot decisions

made by a qualified inspector" who saw, tested, or examined the evidence himself. Id.

The exception was not intended to extend to evidence tendered by other parties. Id. at

1449-1450. Where the central decision maker's decision relies on evaluation of

questions of credibility, conflicts and sufficiency, a hearing is required. Id. at 1450.

Additionally, the Commission has determined that post-hearing resolution of

licensing issues must not be used to obviate the basic findings prerequisite to a license,

"including a reasonable assurance that the facility can be operated without endangering

the health and safety of the public." Consolidated Edison Co. of New York, Inc. (Indian

Point Station, Unit No. 2), 7 AEC at 951-952. The Commission concluded that post-

hearing resolution of issues should be employed sparingly and only in clear cases. Id. at

952.
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Here, the establishment of baseline groundwater quality is not an "on the spot"

determination made by a single individual, nor is it simple. Even though both LC 10.21

and 10.22 impose certain restrictions on how HRI establishes baseline groundwater

quality, HRI has wide latitude to exercise judgment within those parameters. Abitz

Declaration at TIT 19-20. For example, in eliminating statistical outliers, as required by

LC 10.22(B), HRI is not required to determine data distribution, which could skew

sampling results. Id. at ¶ 19. Thus, HRI is afforded considerable latitude to exercise

judgment in the determination of baseline groundwater quality data. Id. at ¶ 20.

Additionally, LC 10.21 leaves to HRI whether to set the average pre-injection

baseline as the average ore zone groundwater quality, or the average of the ore zone

groundwater and non-ore zone groundwater. As Dr. Abitz explains, averaging ore zone

groundwater quality with non-ore zone is technically unsupportable. Id. at ¶ 23 .

Therefore, any authority reviewing HRI's groundwater data must make evaluations of the

sufficiency and credibility of that data.'6

By allowing HRI to postpone determination of groundwater baseline quality until

after the conclusion of this hearing, the NRC denied Intervenors their hearing rights

under the AEA. At a minimum, the Licensing Board should retain jurisdiction over this

issue and allow Intervenors to challenge HRI's establishment of baseline groundwater

quality at Section 17. Alternatively, HRI's License should be revoked.

16 Perhaps of greater concern is the Staff's complete abdication of its authority to approve HRI's
establishment of baseline groundwater quality for the purpose of determining primary restoration
standards and UCLs. Because LC 10.21 and LC 10.22 do not require Staff approval of HRI's
baseline groundwater quality data after this hearing has concluded, HRI will be able to set
baseline at all its sites completely unconstrained by government oversight or challenge by
Intervenors.
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4. HRI's License Postpones the Determination of Interaquifer
Connection and Fracturing Until after the Close of the Hearing.

HRI's License requires that it determine whether the Westwater Canyon aquifer at

Section 17 (and Crownpoint and Unit 1) is confined by overlying and underlying

aquitards, i.e., whether the geologic formations above and below the Westwater are

impermeable and thus prevent "communication" or intermingling of fluids between those

aquifers. SUA-1508, LC 10.23. HRI's License also requires it to determine whether

there are fractures at Section 17 (and Crownpoint and Unitl) that could act as conduits

for contamination. Id. at LC 10.31. Nothing in the License Conditions requires HRI to

submit the findings of its tests to determine interaquifer communication or fracturing to

the Staff for approval. Thus, there is no way for the Intervenors to obtain a hearing on

whether HRI has adequately conducted these tests.

5. The Issue of Interaguifer Connection and Fracturing is Material to the
Adequacy of HRI's License with Respect to the Protection of Human
Health and Safety.

Determination of interaquifer connection and fracturing is material because if the

Westwater aquifer, where mining will be conducted, and underlying and overlying

aquifers are hydraulically connected, by fractures or otherwise, mining fluids from HRI's

operations could contaminate the other aquifers. See eg, Declaration of Michael G.

Wallace at ¶ 64, attached hereto as Exhibit X. At Section 17, communication between

the Westwater where mining is to be conducted and the underlying Cow Springs aquifer

that could result in contamination is significant because the Navajo Nation considers the

Cow Springs as a potential drinking water source. Leeper Declaration at T 29.

Moreover, the ISL SRP requires that in reviewing an ISL application, the Staff

should, at a minimum, evaluate whether the applicant's hydrological model of a mine site

44



is adequately supported by the data presented at the mine site characterization. NUREG-

1569, § 2.7.2(1) at 2-21. The Staff should review the applicant's pump tests, analyses,

and/or other measurements used to determine hydraulic properties of the mine site. Id.,

§ 2.7.2(3) at 2-22. Because the NRC has included establishment of interaquifer

communication and fracturing in its guidance for the NRC Staff for licensing of ISL

operations, establishing these characteristics at Section 17 is clearly a material aspect of

HRI's license application.

6. Determination of Interaguifer Connection and Fracturing is not an
Exempt Preoperational Test.

Significant aspects of an agency decision may not be postponed for post-hearing

resolution. Wisconsin Power Co. and Wisconsin-Michigan Power Co. (Point Beach Nuclear

Power Plant, Unit 2), CLI-73-4, 6 AEC 6 at 7 (1973); Consolidated Edison Co. of New

York Inc. (Indian Point Station, Unit No. 2), CLI-74-23, 7 AEC 947, 951-952 (1974);

Union of Concerned Scientists v. U.S. Nuclear Regulatory Commission, 735 F.2d 1437,

1438-1450 (D.C. Cir. 1984), cert. denied 469 U.S. 1132 (1985).

Here, the determination of interaquifer connection and fracturing is not an "on the

spot" determination made by a single individual, nor is it simple. Even though both LC

10.23 and 10.31 impose certain restrictions on how HRI conducts aquifer tests to determine

mine-zone containment, HRI has wide latitude to exercise judgment within those parameters.

For example, the amount of change in water level downward in a monitor well, which

signifies interaquifer communication, can take weeks or months to develop and can be

difficult to detect. Wallace Declaration at ¶ 80. Moreover, pump tests, like those required by

LC 10.23 often do not establish the hydraulic properties of confining layers. Id. Therefore,
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any authority reviewing HRI's groundwater data must make evaluations of the sufficiency

and credibility of that data.

By allowing HRI to postpone determination of interaquifer communication and

fracturing until after the conclusion of this hearing, the NRC denied Intervenors their

hearing rights under the AEA. At a minimum, the Licensing Board should retain

jurisdiction over this issue and allow Intervenors to challenge HRI's determination of

interaquifer communication and fracturing at Section 17. Alternatively, HRI's License

should be revoked.

B. Unit I

Like Section 17, allowing HRI to establish baseline groundwater quality at Unit I

after the conclusion of this hearing is contrary to the AEA's guarantee of a public hearing

on all issues material to a licensing decision. Allowing HRI to determine whether

interaquifer communication and fracturing exist at Unit 1 until after the conclusion of this

hearing is likewise contrary to the AEA's guarantee of a public hearing on all issues

material to a licensing decision. Intervenors incorporate by reference herein all arguments

made for Section 17, in Sections II.A.1 - 6.

C. Crownpoint

Like Section 17 and Unit 1, allowing HRI to establish baseline groundwater

quality at Crownpoint after the conclusion of this hearing is contrary to the AEA's

guarantee of a public hearing on all issues material to a licensing decision. Likewise,

allowing HRI to determine whether interaquifer communication and fracturing exist at

Crownpoint until after the conclusion of this hearing is contrary to the AEA's guarantee
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of a public hearing on all issues material to a licensing decision. Intervenors incorporate

by reference herein all arguments made in Sections HI.A.1 -6.

D. Summary of Evidence and Decisions Regarding Establishment of Baseline
Groundwater Quality at Section 8.

1. Intervenors Evidence Regarding Establishment of Baseline Groundwater
Quality. Interaguifer Connection and Fracturing at Section 8.

In Intervenors' Amended Written Presentation In Opposition To Hydro

Resources, Inc.'s Application for a Materials License With Respect To Groundwater

Protection, Intervenors ENDAUM and SRIC argued that HRI's methods of determining

baseline groundwater quality would artificially inflate baseline averages. Intervenors'

Section 8 Groundwater Presentation at 47. Intervenors argued that by failing to

distinguish between poor water quality in mineralized ore zones and high-quality

groundwater in non-mineralized zones, HRI calculated groundwater quality values that

do not reflect the actual groundwater quality of the Westwater Canyon aquifer and is

therefore not protective of human health. Id. at 47-48; January 8 Abitz Testimony at 43.

With respect to interaquifer connection, Intervenors argued that HRI had not

submitted sufficient information for either HRI or the Staff to determine that fracturing or

faulting at Section 8 exists. Written Testimony of Michael G. Wallace at 17-22.

(January 8, 1999) (ACN 9904140074) ("January 8 Wallace Testimony"). Additionally,

Intervenors argued that the methodology that HRI used to support its assertion that the

Westwater is vertically confined at Section 8 was flawed. Id. at 43-50, 56-61. Finally,

Intervenors presented evidence that the Westwater at Section 8 was likely connected to

overlying and underlying aquifers. Written Testimony of William P. Staub at 27-28

(January 9, 1999) (ACN 9904140060) ("January 9 Staub Testimony").
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2. Presiding Officer's Decision Regarding Establishment of Baseline
Groundwater Ouality at Section 8.

The Presiding Officer rejected ENDAUM and SRIC's arguments with respect to

establishment of baseline groundwater quality at Section 8 in his decision regarding all

groundwater issues at Section 8. In the Matter of Hydro Resources. Inc., LBP-99-30, 50

NRC 77, 93 (1999). In reaching his decision, the Presiding Officer noted that

groundwater quality baselines had not been established at Section 8, but would be set in

the future pursuant to the procedure in § 8.6 of the COP. Id. The Presiding Officer found

that there was no basis in the record for finding that the protocol enumerated in COP §

8.6 was unacceptable. Id.

The Presiding Officer also rejected ENDAUM and SRIC's argument that HRI had

not established that the Westwater is vertically confined. Id. at 91. With respect to

connections with underlying aquifers, the Presiding Officer determined that HRI's pump

tests showed that the Westwater was not connected to underlying aquifers at Section 8.

Id. at 90. Moreover, the Presiding Officer noted that HRI is required by license condition

to conduct tests to determine whether the Westwater is connected to the Cow Springs

aquifer at Section 8. Id. With respect to the overlying Dakota aquifer, the Presiding

Officer was likewise persuaded by HRI's evidence that nowhere at Section 8 was the

Dakota separated from the Westwater by less than 16 feet of relatively impermeable

mudstone. Id. at 91. Finally, the Presiding Officer determined that the evidence HRI

presented was sufficient to show vertical confinement. Id. at 92-93.
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3. Commission's Decision Regarding Establishment of Baseline
Groundwater Ouality at Section 8.

The Commission found "no good reason" for it to review the findings made by

the Presiding Officer with respect to groundwater protection in LBP-99-30. In the Matter

of Hydro Resources. Inc., CLI-00-12, 52 NRC 1, 5 (2000).

4. Section 17. Unit 1. and Crownpoint Are Distinct From Section 8.

Establishment of baseline groundwater quality standards and determination of

interaquifer communication and fracturing at Section 17, Unit 1, and Crownpoint can be

distinguished from establishment of baseline at Section 8. First, pursuant to CLI-01-4,

Intervenors are specifically permitted to challenge particular license conditions applicable

to Section 17, Unit 1 and Crownpoint. Id. at 53 NRC 31 at 40, n.2. With respect to

Section 17, Unit 1 and Crownpoint, Intervenors are challenging License Conditions

10.21, 10.22, 10.23 and 10.31.

Second, with respect to Section 17, Unit 1 and Crownpoint, Intervenors are

challenging the License Conditions which allow HRI to establish baseline groundwater

quality, interaquifer connection and fracturing after this proceeding has concluded.

Intervenors' arguments concerning baseline groundwater quality for Section 8 were

restricted to challenging HRI's methodology for establishing groundwater quality at

Section 8. January 8 Abitz Testimony at 43. Thus, with respect to Section 8, Intervenors

never challenged, in the context of their Section 8 Groundwater Presentation, the legality

of License Conditions 10.21 and 10.22, and the issue was never addressed by the

Presiding Officer or the Commission. Intervenors likewise did not challenge the legality

of License Conditions 10.23 and 10:31 in the context of their Section 8 Groundwater

Presentation and the issue was never addressed by the Presiding Officer.
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III. HRI's GROUNDWATER RESTORATION PLANS AND COST
ESTIMATES ARE INADEQUATE TO SATISFY NRC REGULATIONS.

A. Section 17

1. HRI Has Not Demonstrated That Its Restoration Plan Will Reasonably
Assure Restoration of the Affected Groundwater at Section 17 to Either
Pre-Mining Conditions or the Secondary Restoration Standard.

As discussed above in the Regulatory Framework section, part A.3, HRI is

required by Criterion 9 of 10 C.F.R. Part 40, Appendix A ("Criterion 9") to submit a plan

and cost estimates for decommissioning its ISL mines as part of its license application.'

See also, In the Matter of Hydro Resources. Inc., CLI-00-8, 51 NRC 226, 238 (2000).

Criterion 9 requires that an adequate surety must be available through the life of the

project "until final compliance with the reclamation plan is determined." An adequate

surety must be available because the AEA and its implementing regulations prohibit the

issuance of a license that is "inimical to ... the health and safety of the public." See, 42

U.S.C. § 2099; 10 C.F.R. § 40.32(d).

HRI's Restoration Action Plan for Section 17 fails to meet the requirements of

Criterion 9 because (a) HRI has not demonstrated that its restoration plan will reasonably

assure restoration of the affected groundwater at Section 17 to its current safe, pre-mining

water quality outside the ore zone or even to secondary restoration goals; and (b) because

HRI has failed to provide a reasonable estimate of the costs of decommissioning the ISL

mine at Section 17.

Pursuant to Criterion 9, HRI's groundwater restoration must provide a reasonable

assurance that groundwater at Section 17 will be restored either to pre-mining conditions

or the secondary restoration standard for uranium of 0.44 mg/I. See LC 10.21(A); FEIS at

2-20. With respect to the restoration of groundwater at Section 17, which is the primary
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feature and cost factor of HRI's decommissioning plan for Section 17, HRI's RAP

completely fails to make this demonstration. HRI's assertion that groundwater quality

can be restored by circulating nine pore volumes through the aquifer is completely

unsupported, and in fact is contradicted by experience at other ISL sites.

a. HRI's plan to restore ground water by using nine pore volumes of
treatment water is unsupported and based on unlawful cost considerations.

According to the Section 17 RAP, HRI intends to restore the Section 17

groundwater by flushing nine pore volumes of treated water though the aquifer, using a

reverse osmosis process. Id., § 2.1 at 1. HRI's plan is also reflected in License Condition

9.5, which requires HRI to maintain a surety that is adequate to restore the initial well

fields where restoration is based on nine pore volumes. LC 9.5. License Condition 9.5

also provides that if, at any time, HRI finds that well field restoration requires greater

pore volumes, it will adjust the surety upwards. Id.

As discussed in the RAP, HRI's proposal to base its groundwater restoration plan

on the use of nine pore volumes is based on the Staff's determination in the FEIS that

nine pore volumes should be required for surety calculations. FEIS at 4-40; see also,

Affidavit of William Ford at 8-9, 11-12 (January22, 2001) (ACN ML 010230282)

("January 22 Ford Testimony"). The FEIS did not assert, nor did it have any basis for

asserting, that flushing the aquifer with nine pore volumes would restore it to pre-mining

condition or even the secondary restoration standards, including the secondary restoration

standard for uranium of 0.44 mg/I. Instead the FEIS concluded that HRI should base its

groundwater restoration plan and surety estimates on nine pore volumes because flushing

the aquifer with more water would yield "little improvement" in water quality. FEIS at
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4-40. The Staff reached this conclusion based on the results of a Mobil demonstration

ISL project conducted 20 years ago at Section 9, near HRI's Unit 1 site. Id.

Mobil spent six years trying to restore the groundwater at Section 9. Abitz

Declaration at ¶ 73. Despite flushing over 59 million gallons of treated water (over 16

pore volumes) through the aquifer, Mobil was unable to restore aluminum, arsenic,

chloride, molybdenum, pH, sulfate, and uranium to baseline conditions. id. at ¶ 74.

Fully 26% of the parameters at Mobil Section 9, including uranium, did not meet the

secondary groundwater restoration goals. January 22 Ford Testimony at 8.

Thus, as demonstrated in the FEIS, and as confirmed by the NRC Staff's own

2001 testimony, the Mobil data demonstrate that more than 16 pore volumes of water

used to flush the aquifer during restoration would not clean up groundwater even to the

unlawful secondary restoration standard for uranium and thus would not provide an

adequate surety. The Staff's approval of the RAP in the face of this information is in

violation of the Staff's "continuing responsibility to assure that all regulatory

requirements are met by an applicant and continue to be met". Southern California

Edison Company et al.. (Virgil C. Summer Nuclear Station), ALAB-680 16 NRC 127,

143 (1982). By approving a RAP that will assuredly fail to meet background standards or

more than a quarter of secondary restoration standards after more than 16 pore volumes

of flushing, the NRC violates the AEA and its implementing regulations that prohibit the

issuance of a license that is "inimical to ... health and safety of the public". See, 42

U.S.C. § 2099; 10 C.F.R. § 40.32(d).17

17 Additionally, Dr. Abitz raises significant concerns about the technical validity of HRI's
method of calculating the amount of water that will constitute each pore volume. Specifically,
Dr. Abitz notes that there is no apparent technical basis for HRI's calculation of vertical and
horizontal dispersion factors ie., the initial pore volume does not take into account the fact that
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Moreover, the NRC violates the prohibition against consideration of costs in

determination of what measures are adequate to protect public health and safety. Union

of Concerned Scientists v. NRC, 824 F.2d 108, 118-19 (D.C. Cir. 1987). As discussed

above, the nine pore volume figure is based on the Staff's observation in another case that

flushing with more than nine pore volumes had yielded "little improvement" in water

quality. FEIS at 4-40. In establishing the crucial public health requirement for a solution

mining license - the requirements for how the contaminated groundwater is to be restored

- the appropriate action by the NRC Staff should be to mandate that an adequate number

of pore volumes be flushed through the aquifer in order to restore the mine site. In this

instance, the NRC Staff concluded its inquiry and set a requirement based on when the

restoration process became expensive.

b. HRI's assertion that groundwater quality can be restored by circulating
nine pore volumes through the aquifer is contradicted by experience at
other ISL sites.

HRI states in its Section 17 RAP that, "[i]n addition to the regulatory guidance

provided by NRC, HRI used historic and ongoing company experience with similar

groundwater restoration operations in developing its budget model." Id., § 2.1. And in

support of its Section 8 operation, HRI submitted letters in this proceeding that purported

to show that its parent company, URI, successfully restored its Benavides and Longoria

sites in South Texas. February 19 Pelizza Testimony, attachment 25, attached hereto as

contamination spreads both laterally vertically in the aquifer beyond the initial calculation. This
spreading, or dispersion, increases the volume of water that is contaminated and therefore must be
treated in a given pore volume. This factor is crucial in making an accounting of the total volume
of water needing restoration. See Factual and Procedural Background section, part A.l .d.; Abitz
Declaration at ¶ 82. Although HRI purports to use the same dispersion factors used by Mobil in
its Section 9 pilot project, as Dr. Abitz observed, the record contains no evidence of Mobil's
dispersion factors. Id. at ¶ 89.
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Exhibit Y. Such reference is to HRI's historic and ongoing company experience with

similar groundwater restoration operations in South Texas.

HRI correctly asserts that URI has in its possession letters from the appropriate

Texas regulatory authority stating that URI has been released from further restoration of

the Longoria and Benavides sites. Id. However, additional documentation from the State

of Texas shows that the Texas did not excuse URI from further cleanup efforts because

URI had successfully restored its sites, but rather because the State had significantly

relaxed restoration standards for key constituents, especially uranium. That additional

documentation is attached hereto as Exhibit Z; see also, Abitz RAP Response at 20-21,

Table III.

Indeed, the record shows that URI achieved restoration goals at its Texas sites

only by repeatedly obtaining regulatory approval to increase the allowable contamination

levels over the original baseline levels for bicarbonate, calcium, sulfate, and most

significant of all, uranium. The final restoration levels certified by the Texas regulatory

agency achieve the revised standards, but significantly exceeded the original levels set for

restorations. If the original standards had remained in effect, it is unclear whether URI

18 The Texas regulatory agencies cited several rationales for approving the increased
uranium levels. Among the rationales cited are (1) no federal drinking water limits exists for
uranium; (2) raising the uranium value as requested will not render the aquifer unsuitable for any
purpose for which it was reasonably suited prior to mining; (3) the Texas authorities' belief that
2.0 mg/i was a common drinking water standard; and (4) because companies appear to have no
problems in achieving that level. Exhibit Y. Since the drafting of those letters, (1) a federal
drinking water limit for uranium of 0.03 mg/l was issued; (2) Section 17 may have good
groundwater quality and is considered by the Navajo Nation to be a potential drinking water
source; (3) as noted in 2001, the 2.0 mg/l cited as a common drinking water standard by Texas
authorities is dangerously out of date; and (4) the fact that companies appear to have no problems
in achieving substantially weakened drinking water standards has no legal relevance. When
making these determinations the Texas regulators did not have the benefit of the results of health
studies that demonstrate that long-term ingestion of uranium at even low-levels in drinking water
is associated with subclinical kidney damage- See, Fogarty Declaration at ¶ 23; Molony
Declaration at¶ 1 11.

54



could have achieved groundwater restoration. In any event, restoration would have

obviously taken substantially longer and cost more money.

Therefore, the fact that URI/HRI has only partially restored those South Texas

sites to standards far above the original baseline values and far above the standards that

are likely to be applicable to Section 17 provides no "historical" assurance that the

company can meet its legal requirements to restore the groundwater at any of its sites.

Reliance and approval of the RAP on this "historical" data is in violation of the Staff's

"continuing responsibility to assure that all regulatory requirements are met by an

applicant and continue to be met." Southern California Edison Company et al.. (Virgil C.

Summer Nuclear Station), ALAB-680 16 NRC at 143.

c. HRI has failed to show that natural attenuation of contaminants will assist
in groundwater restoration.

The FEIS asserts that natural attenuation, i.e. the chemical reaction between

uranium (or other element) and the surrounding rock that neutralizes the uranium, will

assure that contaminated mine water will not travel outside HRI's property boundary

during restoration. FEIS at 4-39. As Intervenors' expert, Dr. Abitz observed, however,

HRI cannot rely on natural attenuation to assist in restoration or to assure that

contaminated water will not migrate far away from HRI's mine site at Section 17.

i. Reduction of uranium in the natural environment occurs slowly.

When uranium is present in aquifer sediments, uranium concentrations in the

groundwater will be controlled by the water's pH, degree to which the water is

oxygenated (its redox state), and the concentrations of bicarbonate and carbonate ions in

the groundwater. Abitz Declaration at ¶ 46. The groundwater throughout the Westwater
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has a pH of between 8 and 10, contains approximately 230 milligrams of bicarbonate, and

15 milligrams of carbonate per liter. Id. This is a very favorable environment for the

dissolution and transport of uranium when the redox state of the groundwater is changed

from its existing reducing environment to an oxidizing environment by the injection of

lixiviant. Id.

When lixiviant, or any oxidizing agent, is injected into the groundwater, a

chemical reaction occurs that transfers electrons between elements and compounds that

act as oxidizers or reducers. Id: at ¶ 47. In this chemical reaction, the oxidizing agent,

for example oxygen and hydrogen peroxide, gains electrons, and the reducers, for

example, arsenic and uranium, donate electrons. Id.

The most common form of uranium in ore deposits is that of uranium atoms with

four electrons missing. Id. at 1 48. In this form, the uranium is not very soluble and

remains in the solid state as uraninite, coffinite or other solid state. Id. However, when

the solid state uranium atom is exposed to a strong oxidizing agent, such as lixiviant, the

high concentrations of oxygen in the lixiviant greatly accelerate its oxidizing rate and

create high concentrations of uranium and other toxic substances amenable to oxidation

in the aquifer that could not exist under natural oxidizing conditions. Id. An example of

this anthropogenic oxidation reaction is illustrated in Reaction (1) of Dr. Abitz'

declaration. Id. Under natural ambient conditions, this reaction takes place in two steps

over a lengthy period of time. Id. at 1 49. This slow oxidation process poses no threat to

nearby wells because the uranyl ion, which is the soluble form of the uraninite molecule,

is released from the natural oxidation process at a very low rate, which prevents high

concentrations of uranium outside the ore zone. Id.

56



ii. The Westwater's natural geochemistry prevents reduction of high.
concentrations of uranium.

After the uranyl ion is formed by the oxidation process, as described above, it is

free to react with other with'other ions in the groundwater or surface sites on sediment

grains within the aquifer. Id. at ¶ 50. Since the uranyl ion is positively charged, it will

seek a negatively charged ion or surface site. Id. However, when carbonate ions are

present in the groundwater, those ions will react much more quickly with the uranyl ions,

because a stronger affinity with uranyl ions relative to the affinity of the uranyl ion to

bind to negatively charged sites on sediment grains, creating a negatively charged uranyl-

carbonate complex. Id. This chemical reaction is illustrated in Reactions (2) and (3) of

Dr. Abitz' Declaration. Id. The negatively charged uranyl-carbonate complex stays in

solution, because it will not readily bind to the negatively charged carbonate ion, the

predominant ion in the Westwater. Id.

The electrical charge of the aquifer sediments is a function of the pH of the

surrounding groundwater. In the Westwater, most aquifer grains have a net negative

charge on their surface, and thus repel negatively charged ions, because the pH of the

groundwater exceeds the pH that corresponds to the zero point of charge ("pHzpc") for

that particular mineral grain. Id. at T 51. A pHzp is the groundwater pH at which there

is no net charge'on the mineral surface. Id. When groundwater pH is above a mineral's

pHpc there is excess negative charge on its surface and it attracts positive ions, called

cations, from solution. Id. In contrast, when the groundwater pH is below the mineral's

pH~p, the.surface of the mineral has a net positive charge and it attracts negative ions,

called anions. Id.

57



The pHZN for silicate minerals found in the Westwater Canyon falls between 2

and 5. Id. at ¶ 52. Since most groundwaters have pH values that exceed 5, the surfaces

of these grains will have a net negative charge. Id. For groundwater with a pH between

8 and 10, such as the groundwater in the Westwater Canyon, there are very few aquifer

grains that will have a net positive charge, because very few minerals have a pHZ that

exceeds 8. Id. Minerals that have a pHzpc that is greater than 8 include aluminum

oxyhydroxide (pHzp, = 8.2), amorphous iron hydroxide (pHz = 8.5), and aluminum

oxide (pH,, = 9.1). Id. However, in the Westwater, these minerals only occur in trace

amounts and would not attract an appreciable quantity of uranyl-carbonate ions. Id. at ¶

53. With no positively charged surfaces in the Westwater to remove the uranyl-carbonate

anions from the groundwater, HRI's reliance on natural attenuation to rapidly remove

uranium from the groundwater when contaminants migrate outside of the mining zone at

Section 17. Id.

As noted in Section IV.A., below, the geophysical environment of the Westwater

makes it highly probable that HRI's operations will result in contamination of the

Westwater near Section 17 with concentrations of uranium in excess of EPA's MCLs for

that contaminants. Because the geochemistry of the Westwater also makes it unlikely

that uranium will precipitate out of the pregnant lixiviant rapidly, HRI cannot rely on

natural attenuation to assure that the underground source of drinking water near Section

17 will not be contaminated by levels of uranium in excess of the EPA MCL during

restoration. HRI's License which allows such contamination therefore fails to protect

human health and safety as required by the AEA. HRI's License must be revoked.
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2. HRI Has Failed To Provide a Reasonable Estimate of the Costs of
Decommissioning Its ISL Mine at Section 17.

a. HRI has failed to provide a reasonable cost estimate for groundwater
restoration.

At Section 17 (and Unit I and Crownpoint), groundwater restoration is the most

significant factor in determining the decommissioning cost estimate, accounting for 60-

80% of the total estimated cost of site decommissioning decontaminating, and restoring

the site, before contingency charges are added. Abitz Declaration at p. 50, n.15. Thus,

80% of HRI's decommissioning estimate of $4,456,265 for Section 17 can be attributed

to groundwater restoration, based in part on the assumption that nine pore volumes,

amounting to 712,913,000 gallons of water, will be used to restore groundwater at

Section 17. Section 17 RAP, Summary, attached hereto as Exhibit AA;"9 § 2.1 at 1.

As discussed above in Section 1, HRI's groundwater restoration plan and surety

amount are based on the assumption that nine pore volumes will be used to restore the

aquifer to baseline conditions or the secondary restoration standard. This assumption is

neither rational nor based on an analysis of what.is needed to protect the public from

groundwater contamination. Instead it is based on unlawful cost considerations.

Because Section 17 is a potential drinking water source, HRI is obligated by the

SDWA to restore the Section 17 groundwater to the primary standard of pre-mining

water quality or EPA drinking water standards. But neither HRI nor the Staff has proved

any evidence that treatment of the Section 17 groundwater with nine pore volumes will

be sufficient to restore the aquifer to baseline water quality conditions.

9 Groundwater restoration makes up 70% of the surety estimate for Unit 1. Abitz Declaration, p.
50, n. 15; Unit I RAP Summary, attached hereto as Exhibit BB. Groundwater restoration makes
up 67% of the surety estimate for Crownpoint. Abitz Declaration, p. 50, n.1 5; Crownpoint RAP
Summary, attached hereto as Exhibit CC.
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Additionally, HRI has failed to show any assurance that even the secondary

standard of 0.44 mg/I, much less the more appropriate 0.03 mg/i standard, for uranium

can be achieved by treating the groundwater at Section 17 with nine pore volumes.

Instead, the evidence is that because treatment with more than eight to ten pore volumes

yields only marginal improvement, it would take a much larger quantity of water to

restore Section 17 to even the secondary standard.

HRI's failure to provide a reasonable groundwater restoration cost estimate that is

based on health and safety concerns cannot be remedied by the License Condition which

allows it to revise its surety upward if restoration requires more pore volumes. SUA-

1508, LC 9.5. Post-licensing revisions to a license are meant to cure minor defects, not

compensate for major deficiencies in the original license application. Wisconsin Electric

Power Co. (Point Beach Nuclear Power Plan, Unit 1), CLI-73-4, 6 AEC 6 (1973).

Moreover, to approve HRI's facially defective decommissioning cost estimate now, in

the mere hope that HRI will be able to come up with adequate decommissioning funding

in the future, would defeat the fundamental purpose of the surety requirement, which is to

"protect the public from the possibility of a licensee's inability to perform the required

decommissioning and reclamation." Final Rule, Uranium Mill Licensing Requirements,

45 Fed. Reg. 65, 521, 65, 526 (Oct. 30, 1980).

Having failed to provide a surety estimate that is based on an evaluation of how

many pore volumes are needed to restore Section 17 to baseline water quality or even the

secondary restoration standard, HRI has failed to meet its burden of proving that its

application will not threaten public health and safety. Additionally, HRI's groundwater
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restoration cost estimates will not result in an adequate surety amount throughout the life

of the mine. Accordingly, HRI's License must be revoked.

b. HRI underestimates the availability and costs associated with contract
radiological technicians.

HRI's decommissioning cost estimate is also inadequate because it does not

include costs for individuals to conduct radiological surveys. While HRI's RAPs for all

sites note in the cost data 'surveys by staff', should HRI not be the operator at the time of

site closure, there needs to be an estimate of the costs to acquire trained individuals to

conduct contamination surveys. Declaration of Gary R. Konwinski at ¶ 23, attached

hereto as Exhibit DD. Individuals that are trained and qualified to calibrate, maintain,

and properly use the survey instruments are normally itinerant and require both wage and

lodging costs. Id.

Current rates for trained radiological professionals are approximately $24.00 per

hour plus living expenses. Id. Based on actual third party restoration experience, living

expenses are approximately $75.00 per'day. Id. These costs are not included in the HRI

estimate.

c. HRI underestimates I1 (e)(2) waste disposal costs.

HRI has also underestimated its 1 (e)(2) byproduct waste, i.e. waste generated by

the processing of uranium for its source material content, disposal costs. Konwinski

Declaration at ¶ 19. Pursuant to Criterion 2, HRI is required to dispose of ISL associated

wastes at existing large mill tailings sites. 10 C.F.R., Part 40, Criterion 2. Mr. Konwinski

contacted several existing large mill tailings sites and evaluated the costs for disposing of

1(e)(2) byproduct wastes. Mr. Konwinski's findings are summarized in Tables I and 2

in his Declaration.
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Mr. Konwinski concluded that of the three most likely waste disposal sites

available to HRI, the White Mesa Mill in Utah presented the most likely site where HRI

would send its 1 1 (e)(2) byproduct waste.20 Id. at ¶ 16. Mr. Konwinski determined that

the White Mesa Mill would be the most likely 11 (e)(2) waste disposal site because the

Envirocare facility in Utah would no longer be receiving 11 (e)(2) waste after 2005. Id. at

¶ 13. Additionally, although Cogema accepts 1 1 (e)(2) waste at its Shirley Basin mill in

Wyoming, the increased transportation costs would make the Utah site more likely. Id.

at T 16.

Based on information received from the White Mesa Mill regarding the costs of

disposing 11 (e)(2) waste at that facility, Mr. Konwinski estimated the costs of 1 1 (e)(2)

waste disposal at Section 17 to be $125.00 per cubic yard. Id. ¶ 19. This figure is

substantially higher than the figure presented by HRI of $43.61 per cubic yard, in its

Section 17 RAP. Id. HRI's RAP is therefore not in compliance with NRC regulations.

d. HRI fails to account for department of transportation, packaging.
surveying, and documentation costs.

HRI either does not include or underestimates waste packaging costs in its Section

17 RAP. Id. Much of the contaminated wastes that will be generated during the HRI

decommissioning will require packaging. Id. It is highly unlikely that neighboring

communities, local governments, or the regulatory community would allow 1 1 (e)(2)

byproduct materials to be transported several hundred miles on open trucks. Id.

20 HiRI has failed to show that it has any contract with White Mesa or any other disposal site for
11 (e)(2) waste disposal. Konwinski Declaration at ¶j 9. Assuming, however, that HRI will
dispose of its 11 (e)(2) wastes at White Mesa, HRI could easily exceed White Mesa's waste
limitations. Id. at 1 17. The White Mesa Mill is currently limited to receiving 500 cubic yards of
waste from each off-site waste generator. Id. Based on the Section Crownpoint RAP, HRI will
generate at least 242 cubic yards of contaminated process equipment. If HRI has to
decontaminate contaminated floors and/or sumps from its buildings, it could easily exceed this
limit. Id. -
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.

Byproduct waste must be transported in strong tight containers to support the safe

transportation of the contaminated waste. Id. at T1 24. There are no costs for containers in

the HRI decommissioning estimate. Id.

Survey costs and decontamination costs are also not included in HRI's RAPs or

are underestimated. Id. at 1 25. Prior to release of the trucks from the HRI site, it is

reasonable to require a contamination survey of the transportation vehicle to determine if

the truck can be released. Id. Additionally, Department of Transportation requirements

provide for a survey at the container surface as well as at several feet from the containers

to determine the radiation dose, if any, to the operator of the vehicle. Id.

e. HRI's RAP fails to include disposal site decontamination
and unloading charges.

Contamination surveys, a decontamination wash, and unloading costs are required

at the disposal location. Id. at T 22. The costs for these services are currently established

at the following: $45.00 per hour for unloading and $150.00 for decontamination and

vehicle survey. Id. These are real costs based on each vehicle trip and are not included

in the HRI estimate. For all the foregoing reasons HRI's Section 17 RAP fails to

demonstrate that a sufficient surety will be established throughout the life of the mine.

HRI's Section 17 RAP should be rejected.

B. Unit I

As with Section 17, HRI has failed to demonstrate that it will be able to restore

groundwater at Unit 1 to baseline or secondary standards. In fact, because the

groundwater quality at Unit I meets all the EPA's MCLs, including that for uranium,

immediately outside the ore zone, restoring the groundwater to baseline levels at Unit I

will be even more difficult and take substantially more water than at Section 17.
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Moreover, the Westwater at Unit I qualifies as an underground source of drinking water

under the SDWA and is considered by the Navajo Nation to be an important source of

drinking water for Crownpoint and surrounding communities. Leeper Declaration at a

28. Intervenors hereby incorporate by reference their arguments regarding groundwater

restoration and surety estimates made for Section 17 in Sections III.A.1 - IIIA.2.d.

Additionally, HRI fails to account for the total amount of 1 1(e)(2) waste that will

be generated at Unit 1. With respect to Unit 1, HRI's cost estimates assume that the

floors of the buildings located at Unit I will be decontaminated and therefore not be

managed as waste. Konwinski Declaration at ¶ 17. It is possible, but unlikely that this

situation will exist. Id. HRI's decommissioning estimate for Unit 1 should therefore

include some costs for disposal of contaminated concrete from the floors, and sumps of

the processing facility. Id. Intervenors also incorporate by reference their arguments

regarding decommissioning costs made with respect to Section 17, Sections III.A.2.a-d.

For all the foregoing reasons, HRI's RAP for Unit 1 therefore fails to satisfy the

requirements of Criterion 9 and should be rejected.

C. Crownpoint

Like Section 17 and Unit 1, HRI has failed to demonstrate that it will be able to

restore the groundwater at Crownpoint to baseline or secondary standards. In fact, the

groundwater at Crownpoint meets all EPA MCLs at points within the mining zone, and

throughout the area immediately outside the mining zone. Abitz Declaration at ¶¶ 32-33

and Table 4. The groundwater in the Westwater at Crownpoint currently serves as the

drinking water source for the town of Crownpoint and is considered by the Navajo Nation

to be an important source of drinking water for Crownpoint and surrounding
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communities. Leeper Declaration at 1 30. Because the quality of the Westwater is so

good, HRI will have a substantially more difficult time restoring the groundwater at that

site and will be required to flush substantially more water through the aquifer to achieve

primary or secondary restoration goals. Intervenors incorporate herein by reference their

arguments made for Section 17, Sections III.A.1 - IIIA.2.d, regarding groundwater

restoration, attendant surety estimates and decommissioning costs.

Like Unit 1, HRI fails to account for the total amount of 11 (e)(2) waste that will

be generated at Crownpoint. With respect to Crownpoint, HRI's decommissioning cost

estimates should include costs of disposing of contaminated concrete floors and sumps.

Konwinski Declaration at ¶ 17. Additionally, HRI has failed to account for the cost of

sludge removal at Crownpoint. Id. at 1 21. HRI also fails to include cost estimates for

removal and disposal of sludge pond liners, which can be substantial. Id. Mr. Konwinski

identifies numerous other wastes for which HRI has not accounted in its Crownpoint

RAP which is summarized in Table 3 of his testimony. Id., Table 3. Intervenors also

incorporate by reference their arguments regarding decommissioning costs made with

respect to Section 17 and Unit 1, Sections III.A.2.a-d, and III.B. For all the foregoing

reasons, HRI's Crownpoint RAP thus fails satisfy Criterion 9 and should be rejected.

D. Summarn Of Decisions Regarding Groundwater Restoration Plans And
Cost Estimates For Section 8.

1. Intervenors' Evidence Regarding Groundwater Restoration And Cost
Estimates for Section 8.

Intervenors' evidence regarding HRI's groundwater restoration plans and cost

estimates was presented in Intervenors' Response To Hydro Resources, Inc.'s Cost

Estimates And Restoration Action Plan Of November 21, 2000 (December 21, 2000) and
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Intervenors' Reply To The Responses Of Hydro Resources, Inc.'s And NRC Staff's

Restoration Action Plan Presentations Of January 22, 2001 And Information Generated

Subsequent To Those Presentations (May 24, 2001). Additionally, Intervenors presented

oral testimony in a hearing before the Presiding Officer on November 8, 2001, which

reiterated the testimony they presented in their written presentations. Transcript of

Proceedings (November 8,2001) (pp. 138-299 ACN MLI013190566; pp. 300-427 ACN

ML 013190584)

Intervenors' RAP Response consists of the legal brief to which is attached, as

Exhibit 1, the Written Testimony Of Mr. Steven C. Ingle In Support Of Intervenors'

Response To Hydro Resources, Inc.'s Cost Estimates And Restoration Action Plan Of

November 21, 2000 (December 19, 2000) (ACN ML 003782085) ("Ingle RAP

Testimony"). Attached to the Ingle RAP Testimony are seven exhibits labeled Ingle

Attachment A through G. The Written Testimony Of Dr. Richard J. Abitz In Support Of

Intervenors' Response To Hydro Resources, Inc.'s Cost Estimates And Restoration

Action Plan Of November 21, 2000 (December 19, 2000) (ACN ML 003782085) ("Abitz

RAP Testimony") is attached to Intervenors' RAP Response as Exhibit 2. Attached to

the Abitz RAP Testimony are three exhibits labeled Abitz Attachment A through C.

In his RAP Testimony, Mr. Ingle testified that HRI's groundwater restoration plan

did not satisfy the requirements of Criterion 9 because HRI provided no technical basis

for the 9 pore volumes it proposed to use to restore the groundwater at Section 8 and that

the 9 pore volume figure was insufficient to accomplish restoration. Ingle RAP

Testimony at 7-14. As a result, the cost estimate for restoration at Section 8 was

impermissibly low. Id. at 14. Mr. Ingle also testified that HRI had underestimated the

66



costs of operating or replacing its Brine Concentrator, the cost of plugging and

abandoning its wells, and the cost of employing personnel for restoration. Id. at 14-22.

Finally, Mr. Ingle noted that HRI's RAP was missing fundamental components, including

estimates for groundwater sweep costs and any indication for the need for and cost of

chemical reductants. Id. at 23-29.

Dr. Abitz testified that, based on his experience remediating uranium

contaminated groundwater, HRI would be unable to remediate the groundwater at Section

8 using 9 pore volumes of water. Abtiz RAP Testimony at 4-11. Thus, HRI's cost

estimates for groundwater restoration at Section 8 are too low. Id. at 7-9. Dr. Abitz also

testified that HRI omitted or underestimated costs for use of a reductant, operating or

replacing its reverse osmosis unit, well plugging and abandonment and employment of

personnel. Id. at 11 -16.

Intervenors' RAP Reply consists of the legal brief and three exhibits, labeled

Exhibit 1 and 2. Exhibit 1 is the Written Testimony Of April Lafferty In Support Of

Intervenors' Reply To The Responses Of Hydro Resources, Inc.'s And NRC Staff's

Restoration Action Plan Presentations Of January 22, 2001, Responses To Intervenors'

Presentation On HRI's Restoration Action Plan And Cost Estimates (May 23, 2001)

(ACN ML0I 1550427) ("Lafferty RAP Testimony"). Attached to the Lafferty RAP

Testimony are four exhibits labeled Attachment A and B-1 through B-3.

In her testimony, Ms. Lafferty agreed with Mr. Ingle's previous testimony that

HRI's groundwater restoration plans were insufficient because HRI underestimated the

amount of water that would be needed to restore the groundwater at Section 8. Lafferty

RAP Testimony at 9-22. Specifically, Ms. Lafferty testified that HRI had no technical
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basis for its horizontal and vertical dispersion factors. Id. at 11-15. Additionally Ms.

Lafferty noted that HRI had used no data specific to Section 8 to justify its pore volume

estimate. Id. at 16. Finally, Ms. Lafferty testified that HRI and the Staff improperly relied

on two unsuccessful ISL restoration projects - Mobil Section 9 and Bison Basin - as the

basis for HRI's restoration plans. Id. at 16-23.

Exhibit 2 is the Written Testimony Of Dr. Richard J. Abitz In Support Of

Intervenors' Reply To The Responses Of Hydro Resources, Inc.'s And NRC Staff's

Restoration Action Plan Presentations Of January 22, 2001, Responses To Intervenors'

Presentation On HRI's Restoration Action Plan And Cost Estimates (May 23, 2001)

(ACN ML 01 1550450) ("Abitz RAP Reply Testimony"). The Abitz RAP Reply

Testimony has 19 attachments labeled Attachment A, B and C-i through C-17.

In his written testimony, Dr. Abitz rebutted Mr. Pelizza's response testimony that

groundwater restoration at the Fernald site was not comparable to groundwater

restoration at Church Rock. Abtiz RAP Reply Testimony at 3-12. Mr. Abitz also

rebutted the response testimony of Richard Van Horn regarding the labor costs at Fernald

versus HRI's labor cost estimates for Section 8. Id. at 12-13. Finally, Dr. Abitz rebutted

the response testimony of Mr. William Ford regarding HRI's failure to provide a

technical basis for it horizontal and vertical dispersion factors and pore volumes. Id. at

13-19.

Finally, in conjunction with Intervenors' Section 8 Groundwater Presentation, Dr.

Staub testified that HRI's restoration plan underestimates the time required for

restoration, does not include enhanced restoration methods, and does not demonstrate that
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water quality can be restored to its original pre-mining conditions. WrittenTestimony of

Dr. William P. Staub at 39-44 (January 9, 1999) (ACN 9904140074).

2. The Presiding Officer's Decisions Regarding Groundwater Restoration
and Cost Estimates For Section 8.

The previous Presiding Officer did not require HRI to submit a Restoration

Action Plan and attendant cost estimates for Section 8 or any other site at the time of

application. In the Matter of Hvdro Resources, Inc., LBP-99-13, 49 NRC 233, 236

(1999). Rather, HRI, pursuant to License Condition 9.5, was only required to submit

financial assurance estimates prior to commencing operations. Id. Additionally, the

Presiding Officer determined that nine pore volumes of water was sufficient to restore the

aquifer at Section 8 based on the "professional judgment" of the Staff and License

Condition 9.5, which permits the groundwater restoration surety amount to be increased

if more pore volumes are needed to restore the aquifer. Id. The Presiding Officer gave

no other rationale for his determination that 9 pore volumes is sufficient to restore the

groundwater at Section 8.

The Commission reversed the Presiding Officer with regard to the requirement

that HRI submit a restoration plan and cost estimates at the time of the application. In the

Matter of Hydro Resources, Inc., CLI-00-08, 51 NRC 227, 240 (2000); see also, Part

III.D.2, below. In 2001, HRI submitted RAPs for the three sites not addressed in Phase I

of this proceeding.

With respect to HRI's RAP for Section 8, the current Presiding Officer found that

it was adequate, with three exceptions. In the Matter of Hydro Resources, Inc., LBP-04-

3, 59 NRC 84, 108-109 (2004). First, the Presiding Officer found that HRI failed to get

the necessary state approvals for its well-plugging methodology, and was therefore
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required to revise its RAP for Section 8 using the estimated costs for the tremie line

method of well plugging for its cost estimate. Id. at 98.

Second, the Presiding Officer found that HRI did not base its equipment cost

estimates on the cost of an independent contractor. Id. at 99-100. The Presiding Officer

found that an estimate based on the cost to an independent contractor was required by 40

C.F.R., Appendix A, Criterion 9. Id. at 100. The Presiding Officer therefore required

HRI to revise its RAP to include equipment cost estimates based on the averaged cost

estimates of two or more independent contractors to restore the site. Id.

Finally, the Presiding Officer found that HRI's labor cost estimates were

inadequate. Id. at 102. The Presiding Officer reasoned that HRI's scheme to estimate

costs based on employees taking on multiple responsibilities did not satisfy the

requirements of Criterion 9. HRI was therefore required to revise its labor cost estimates

in its Section 8 RAP to those proposed by Intervenors or base them upon the average

labor cost estimates of at least two independent contractors. Id. at 103.

The Presiding Officer also found that Intervenors could not challenge the nine

pore volume figure for restoration cost estimate purposes. Id. at 93. The Presiding

Officer concluded that because Judge Bloch had ruled on the issue in LBP-99-13 and the

Commission had affirmed his order in CLI-00-08, Intervenors were barred from raising

the issue before him. Id. at 92-93.

3. Commission Decisions Regarding Groundwater Restoration
and Cost Estimates For Section 8.

The Commission has issued two major decisions regarding HRI's restoration

plans and cost estimates for Section 8. In CLI-00-08 the Commission reversed the

Presiding Officer's determination that HRI need not submit a restoration plan and cost
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estimate for any of its sites until operations commence. Id., 51 NRC at 240. Instead, the

Commission concluded that Criterion 9 requires the submission of a restoration plan and

cost estimates at the time of application. Id. Thus, HRI was required to submit

restoration plans and cost estimates for all its mine sites to the NRC Staff for approval.

Id. at 242. Additionally, the Commission upheld the Presiding Officer's determination

that nine pore volumes was sufficient to restore the aquifer. Id. at 244-245. The

Commission concluded that Intervenors' evidence that nine pore volumes was

insufficient to restore the groundwater at Section 8 was unconvincing and that in any

event, License Condition 9.5 permitted the Staff to increase the number of pore volumes

and attendant cost estimates for restoration in the future, if necessary. Id.

In CLI-04-33, the Commission reversed the Presiding Officer's determination that

HRI's cost estimates for equipment and labor were inadequate under Criterion 9. Id., slip

op. at 33 (2004). The Commission determined that as a general matter it is neither

unreasonable nor inconsistent with the ISL Standard Review Plan and Criterion 9, for an

applicant that has had experiences in the uranium recovery field - including experience in

restoration activities - to draw upon its own prior experience as a basis in estimating

restoration cost estimates, so long as the basis for any assumptions is adequately

described by the applicant and verified by the Staff. Id. at 21. Thus, HRI was not

prohibited from basing its equipment and labor cost estimates on its own experience

rather than that of an independent contractor. Id..

The Commission also affirmed the Presiding Officer's determination that

Intervenors were barred from challenging the nine pore volume restoration figure for

Section 8. Id. at 17. The Commission concluded that Intervenors had the opportunity to
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challenge the pore volume figure, that they had actually done so, and that the Presiding

Officer and subsequently the Commission had ruled on their challenge. Id. at 7-13.

4. Section 17. Unit 1. and Crownpoint RAPs Are Distinct From the
Section 8 RAP.

The RAPs for Section 17, Unit 1, and Crownpoint differ in their details from that

of Section 8. For, example, the Crownpoint and Unit 1 RAPs include decommissioning

costs for processing plants, which are different than the Section 8 building

decommissioning costs. Crownpoint RAP at Attachment E-7-1, attached hereto as

Exhibit EE. Unlike Section 8, Section 17 includes no building decommissioning costs.

Finally, the well field sizes at Section 17, Unit 1, and Crownpoint are different that the

well field size at Section 8, making the groundwater restoration cost estimates slightly

different.

Like Section 8, however, HRI fails to use site specific data to estimate the number

of pore volumes necessary to restore groundwater, instead relying on data from the Mobil

Section 9 site. Unlike Intervenors' initial challenge to HRI's pore volume calculations in

1999, Intervenors how have the benefit of HRI's RAPs which provide the information

necessary to challenge HRI's pore volume and flare factor estimates.

Irrespective of the differences and similarities between Section 8, Section 17, Unit

I and Crownpoint, Intervenors are entitled to challenge all aspects of HRI's operations

for Section 17, Unit 1 and Crownpoint. In the Matter of Hydro Resources, Inc., CLI-01-4,

53 NRC at 41-42. Therefore, even though Intervenors were effectively barred from

raising HRI's and the Staff's failure to rely on site specific data in settling on

groundwater restoration plans and cost estimates based on 9 pore volumes, no such bar

exists with respect to Section 17, Unit 1 and Crownpoint.
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IV. HRI's LICENSE VIOLATES THE SAFE DRINKING WATER ACT, THE
ATOMIC ENERGY ACT, AND NRC REGULATIONS BECAUSE HRI
HAS FAILED TO DEMONSTRATE THAT DRINKING WATER
SUPPLIES WILL BE PROTECTED FROM UNLAWFUL AND UNSAFE
URANIUM CONTAMINATION.

A. Section 17

1. Legal Requirements of the Atomic Energy Act. Safe Drinking Water
Act and NRC Regulations.

As discussed in the Regulatory Framework section, subsection D, the AEA and its

implementing regulations provide that no materials license will be issued that is inimical to

public health and safety. 42 U.S.C. § 2099. Moreover, as discussed above in the Regulatory

Framework section, subsection D, and in Section I, the NRC is required to comply with the

provisions of the SDWA because the Westwater aquifer at and near Section 17, into which

HRI proposes to inject contaminants, is an underground source of drinking water. See

Leeper Declaration at ¶ 28. Finally, the NRC regulations provide that a license application

must be complete and accurate in all material respects. 10 C.F.R. § 40.9

2. HRI Has Not Satisfied the Safe Drinking Water Act or the Atomic Energy Act
Because It Has Failed to Show That Uranium Contamination at Section 17
Will be Contained by Geological Structures.

HRI has repeatedly characterized the Westwater Canyon aquifer at Section 17

(and its other mine sites), for the purposes of determining contaminant transport, as

homogeneous, that is, a geologic unit of massive sandstone of uniform thickness and

infinite width. See e&, Geraghty and Miller at 1-6, attached hereto as Exhibit FF,

Response to RAI #77, No. 4, attached hereto as Exhibit GG. Based on this assumption,

HRI estimates that groundwater will travel at the extremely slow rate of 8.7 feet per year

at HRI's Church Rock site. See, Geraghty and Miller at 9, attached hereto as Exhibit

1111. Moreover, HRI has consistently asserted that underground channels of high
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permeability that would accelerate the transport of contaminants do not exist in the

Westwater. See M., February 19, 1999 Pelizza Testimony at 40. In other words, HRI

assumes, incorrectly, that groundwater and contaminant flow through the Westwater will

be uniform and slow. Id.

HRI has grossly mischaracterized the geology of the Westwater Canyon aquifer,

however, and thus has substantially underestimated the amount of time it will take

contaminants from its operations to reach underground sources of drinking water and

public drinking water supplies. HRI's characterization of the Westwater as homogeneous

is contrary to the general consensus in the scientific community, as supported by the vast

bulk of the relevant scientific literature. Additionally, an analogue study of a Westwater

Canyon outcrop near Section 17, conducted in January 2005 by Dr. Spencer Lucas, an

expert in geology, supports the scientific consensus that the Westwater is not

homogeneous. Finally, HRI has also mischaracterized the geochemistry of the

Westwater.

a. Published scientific literature overwhelmingly supports characterization
of the Westwater Canyon aquifer as heterogeneous.

As discussed in the Declarations of Dr. Lucas, Dr. Abitz and Mr. Wallace, the

bulk of published scientific literature on the geology of the San Juan Basin characterizes

the Westwater as heterogeneous rather than homogeneous. The scientific literature

describes the Westwater variously as: "uranium ore deposits in the Grants mineral belt

... occur principally in certain fluvial sandstones with mudstone interbeds in the

Morrison Formation"; "These [uranium] ore deposits are spatially associated with

organic-rich kerogen or humate bodies ... that are frequently stacked vertically as

elongate, locally sinuous deposits"; "the orebodies are elongated, lenticular or tabular
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masses; they are oriented parallel to paleochannel systems in the host rocks." Abitz

Declaration at ¶ 43. Additionally, Dr. Lucas, in his analysis of the Cowan report, which

maps the architecture, or three dimensional underground environment, of the Westwater,

states that on a local scale the Westwater is lithologically heterogeneous at Section 17.

Declaration of Dr. Spencer G. Lucas at ¶ 48 ("Lucas Declaration") attached hereto as

Exhibit II.

b. Dr. Lucas' outcrop analogue study shows the Westwater is
heterogeneous at Section 17.

Geologists have long known that much more can be learned from the study of

outcrops of a rock unit than can be learned from subsurface data such as boreholes and

geophysical well logs. Id. at ¶ 16. For this reason, one of the basic methods of

geological exploration for mineral or energy resources is to study outcrop analogues of a

subsurface mining project. Id. An outcrop analogue is an analysis of a geologic unit, in

this case the Westwater sandstone that is exposed to the surface and is geographically

close to or geologically similar to, the rock unit where mining will occur. Id. These

surface exposures of rock units are called outcrops. Id.

In January 2005, Dr. Lucas conducted an outcrop analogue study of the Morrison

Formation near HRI's proposed Section 17 operation. The uranium at Section 17 is in

the Westwater Canyon Member of the Mofrison Formation at a substantial depth of

hundreds of feet below the surface. Lucas Declaration at 1 15. However, Section 17 is

geographically close to surface exposures of the Westwater and adjacent units such as the

Dakota and Cow Springs formations. Id. In the case of Section 17, the distance between

the subsurface mine site (Section 17, T16N, R16W) and the site where Dr. Lucas
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observed the Westwater and adjacent unit outcrop (Section 36, TI 6N, RI 7W and Section

1, T15N, R17W) is only 3-4 miles. Id. at ¶ 19.

As Dr. Lucas observed in his outcrop analogue study of the Westwater near

Section 17, the geology was just as the scientific literature described, i.e. locally

heterogeneous, characterized by "numerous, interlaced ribbon-like sandstone bodies." Id.

at ¶i 43,44. Moreover, these small scale channels, averaging 100 feet wide or less, have

permeability and porosity characteristics that accelerate groundwater flow. Id. at ¶ 45.

Thus, these small, local channels act as easy, rapid conduits for groundwater flow. Id. at

¶ 46. See also, Wallace Declaration at 1 22.

HRI's assertion that small scale channels do not exist in the Westwater directly

contradicts the majority of the scientific literature on the geology of the Section 17 area

and the outcrop observed by Dr. Lucas near Section 17. Because the Westwater at

Section 17 is composed of small scale channels of high permeability that will act as

conduits for accelerated groundwater flow and thus contaminant transport, HRI will be

unable to prevent contaminant laden groundwater from its mine site from reaching

adjacent underground sources of drinking water, in violation of the SD WA.21

Additionally, by failing to show that contaminated groundwater from HRI's operations at

Section 17 can be contained, HRI has failed to demonstrate that its mining at Section 17

will not be inimical to public health and safety. HRI's License for Section 17 should

therefore be revoked.

21 License Condition 10.17 requires that monitor wells be placed 400 feet from the edge of the
production or injection wells, with 400 feet between each monitor well. SUA-1508, LC 10.17.
However, this well spacing is insufficient to detect contaminants flowing through the small scale
sand channels in the WVestwater, which average 100 feet wide or less. Lucas Declaration at 1 45.
Contaminants could therefore bypass monitor wells and contaminate nearby underground sources
of drinking water.
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3. HRI Has Failed to Establish that Contamination from its Mining Operation
at Section 17 Will Not Move to the Underlying Cow Springs Aquifer.

HRI and the Staff repeatedly assert that a confining geologic unit, which they call

the "Recapture Shale", is present at Section 17 and acts as a barrier that prohibits

groundwater from the Westwater Canyon aquifer from moving into the underlying

Cowsprings aquifer. See O., FEIS, Fig. 3.7 at 3-19, 3-18, and 3-35; Geraghty & Miller

at 8, attached hereto as Exhibit JJ. However, HRI's and the Staff's claims regarding the

existence and thickness of this geologic unit at Section 17 are contradicted by the

majority of the available evidence.

a. The Recapture does not exist at Section 17.

The geologic unit HRI and the Staff call the "Recapture Shale" is not really a

shale, and thus a good confining unit. The idea that the "Recapture Shale" is actually

comprised predominantly of shale is an old one that began in the 1930s but was long ago

abandoned by professional geologists. Lucas Declaration at 1 13. Geologists have

known for decades that the Recapture is mostly sandstone and siltstone; it contains little

or (locally) no shale. Id. Thus, geologists now refer to this geologic unit as the

"Recapture Member." Id.

In any case, in the outcrop analogue study Dr. Lucas conducted in the area of

Section 17, he observed that the Recapture Member is not a confining unit with respect to

the overlying Dakota formation, contrary to the assertions of HRI and the Staff.

Specifically, Dr. Lucas' outcrop analog study revealed that the Recapture Member does

not exist at Section 17. As Dr. Lucas' Exhibit D clearly shows, the Dakota Sandstone,

characterized by a brownish blocky appearance, sits directly on top of the Westwater

Canyon Member, characterized by a white color. Id. at ¶ 20; Exhibit D.
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Moreover, as Dr. Lucas observed at the outcrop near Section 17, on a local level,

that is, over a distance of tens of feet, the Recapture Member pinches out, or disappears,

between the lower and upper Cowsprings outcrops. Id. at t 21. This means that the

Recapture is not a continuous geologic feature, but frequently disappears over short

distances. Id. Thus, the Recapture does not exist as a confining layer at Section 17.

b. HRI's expert misinterpreted the geophysical logs for Section 17.

In his February 1999 testimony, HRI's expert, Frank Lichnovsky claimed that the

"Recapture Shale" "consists of predominantly shale with discontinuous sandstone

lenses." Affidavit of Frank Lee Lichnovsky, I II at 18-20 (February 19, 1999) (ACN

9903010033) ("Lichnovsky Affidavit"). In support of his conclusion, Lichnovsky relies

on, among other things, his own interpretation of geophysical logs (print outs of readings

of instruments that lowered into a drill hole to determine rock properties such as porosity,

permeability, and water saturation) that penetrated the Recapture Member near the

Section 17 mine site, which he claimed indicate at least 100 feet of "Recapture shale"

underlying the Westwater Canyon Member in sections 8-17, T16N, R16W. Id. at 19.

However, Dr. Lucas' re-examination of these logs shows that Mr. Lichnovsky's

interpretation is incorrect. In order to properly interpret a geophysical log, Dr. Lucas

state that establishing a "shale baseline" is one of the first steps in geophysical well log

interpretation. Lucas Declaration at ¶ 19. To establish a shale baseline for geophysical -

log 0.2.8/17.7 (Fig. 16 of Lichnovsky Testimony), the Whitewater Arroyo Shale Member

of the Mancos Shale, shown at approximately 460-535 foot depth in the log, (Fig. 7 of

Lichnovsky Testimony) can be used. Lucas Declaration at ¶ 31; Lucas Exhibit D7.

Shale is indicated on a geophysical log when a particular reading from the instrument
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lowered into the borehole, called a spontaneous potential ("SP"), falls to the right of the

log print out. Id. at 29.

Dr. Lucas compared the SP curves of the Whitewater Arroyo Shale Member and

the Recapture Member. The two SP curves show marked differences. First, the SP curve

for the Recapture Shale is mostly offset to the left from the Whitewater Arroyo Shale

curve, indicating the Recapture is almost totally coarser-grained than the Whitewater

Arroyo Shale. Id. at T 31. Second, there is much more fluctuation (much greater and

more rapid deflections) in the Recapture SP curve than in the Whitewater Arroyo Shale

SP curve, suggesting the Recapture is not as lithologically homogenous as the

Whitewater Arroyo Shale. Id. Third, and most significantly, the Recapture SP values

and frequency of deflection correspond well to other intervals of the log interpreted as

sandstone by Mr. Lichnovsky; for example, the Westwater Canyon Sandstone interval

between approximately 710-780 ft in the log, and what Mr. Lichnovsky calls "Cow

Springs SS" between 1110 and 1130 ft on the'log. Id. Hence, Dr. Lucas concludes that

what Mr. Lichnovsky identifies as the Recapture Member, is not the Recapture member

at all, but rather fine-grained and permeable sandstone of the upper Cow Springs

Sandstone. Id. at ¶ 32.

Thus, Dr. Lucas' interpretation of the log is consistent with the observations made

for his outcrop analogue study near Section 17 i.e., that the Recapture Member does not

exist at Section 17. Because the Westwater is not separated, i.e. vertically confined, from

the underlying Cow Springs aquifer by the Recapture Member, highly contaminated

pregnant lixiviant will be able to move from the mining area to adjacent underground

sources of drinking water (the Cow Springs aquifer), contrary to the SDWA.
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Additionally, HRI's characterization of the Westwater as vertically confined is inaccurate

and thus violates 10 C.F.R. § 40.9. Finally, HRI's failure to establish that the Westwater

is vertically confined fails to satisfy the AEA and it implementing regulations prohibiting

issuance of a license to operations that will be inimical to the public health and safety.'

HRI's License should therefore be revoked.

B. Unit 1.

1. HRI Has Not Satisfied the SDWA or the AEA Because Its Own Pump
Test Data Fails to Show That Uranium Contamination at Unit I Will be
Contained.

As discussed above in Section I.B.L.a, the Westwater aquifer (and the Dakota

aquifer) at Unit I is an existing and future source of drinking water. Therefore HRI

should not be permitted to inject lixiviant into the aquifer if contamination of the

Westwater will result. However, HRI has not demonstrated that contamination of the

aquifer by its Unit I operations will not damage nearby sources of drinking water.

The factual basis for this argument with respect to channelization of the

Westwater is similar to those for Section 17, and Intervenors incorporate herein by

reference Section IV.A.2.b. In addition, Intervenors submit the evidence and arguments

below, which is specific to Unit 1, concerning HRI's pump test data and an outcrop

analogue study performed by Dr. Lucas.

a. HRI's own pump test data show that the Westwater is
heterogeneous at Unit 1.

HRI's own pump test data corroborates the scientific community's view that the

Westwater is heterogeneous. They also show that contamination from HRI's operations

at Unit I will likely reach Crownpoint municipal drinking water wells in approximately

63 years.

80



i. Pumnp tests are tools for determining whether aquifers are homogeneous or
heterogeneous.

Pump tests involve a pumping well and a series of monitor wells, all generally set

in the same aquifer. Wallace Declaration at i 14; Wallace Exhibit B, Figs. I & 2. By

plotting the drop in water levels in the monitor wells during the period when the pumping

well is in operation, hydrologists can ascertain whether an aquifer is homogeneous or

heterogeneous. Wallace Testimony at 1 14; Wallace Exhibit B, Figs. 2,3, and 4.

ii. HRI's pump test shows the Westwater at Unit I is heterogeneous.

In this case, HRI relied on a pump test conducted by Mobil near Unit 1 to support

its assertion that the Westwater at Unit 1 is homogeneous. Wallace Exhibit B, Fig. 9.

However, Mr. Wallace analyzed the contour map which was generated based on the

results of the Mobil pump test and concluded that rather than showing a homogeneous

aquifer, it showed a heterogeneous aquifer. Wallace Declaration at 1 53. As Mr. Wallace

explains, the heterogeneity of the aquifer is demonstrated by the asymmetry of the

contour map, which shows rings that are 20% longer in along the map's north/south axis.

Id. A homogeneous aquifer would create a contour that is perfectly round because the

water levels in all the monitor wells fall equally, suggesting that the underground rock is

of uniform permeability. Wallace Declaration 1 29; Wallace Exhibit B, Fig. 7.

Moreover, this north/south asymmetry mirrors the ore body trend, shown in Exhibit B.

Fig. 1 attached to Mr. Wallace's Declaration. Thus, the asymmetry in the contour map

based on the Mobil pump test is likely caused by high permeability sand channels in the

same orientation as the ore body channels. Wallace Declaration at ¶ 54. The very pump

tests on which HRI relies to suggest that the Westwater at Unit 1 is homogeneous instead

show that the Westwater at Unit I is heterogeneous.
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b. Contaminants from Unit I will reach Crownpoint municipal wells
in approximately 60 years.

Because the Westwater is heterogeneous, rather than homogeneous as asserted by

HRI, contaminated groundwater from Unit 1 will reach Crownpoint municipal drinking

wells much quicker than HRI predicts.

To establish the amount of time it takes groundwater to travel between two points,

hydrologists will generate groundwater flow and transport models. These models are

attempts to reflect the real geophysical environment underground in order to generate

plausible predictions about the behavior of the groundwater. Wallace Declaration at T 32.

Groundwater flow and transport models, then, must reflect as closely as possible, actual

data generated about the underground geophysical environment at a given site. Id.

Matching the model to actual field data, ie. pump .tests, is known as "calibration" of the

model. The accuracy of calibration is measured by the root mean squared error, which is

the total of all deviations from actual data in a model. Id. at ¶ 38. The smaller the root

mean squared error, the better the model is calibrated. Id.

In this case, Mr. Wallace has generated two groundwater flow and transport

models for Unit 1 - the first based on HRI's assumption of a homogeneous aquifer and

the second based on the data indicating a heterogeneous aquifer. HRI's homogeneous

model, the results of which are published in the FEIS, shows that contaminant travel time

from Unit I to the closest Crownpoint municipal well would be 2,616.43 years. FEIS,

Fig. 3.10 at 3-28. Mr. Wallace recreated HRI's groundwater model using HRI's

assumptions, and compared it to the pump test data HRI has provided for Unit 1.

Wallace Declaration a ¶ 57. The root mean squared error for this groundwater model was

40.9 feet. Id.
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Using the same data that HRI used, Mr. Wallace constructed a groundwater

transport model that reflects a heterogeneous aquifer. Id. at 1 58. This model was

calibrated to the data provided by HRI and shows that contamination from HRI's Unit I

operation will reach Crownpoint municipal drinking water wells in approximately 63

years. Additionally, the root mean squared error, i.e. how well the model reflects the

actual pump test data, for Mr. Wallace's heterogeneous model was 3.4 feet, over ten

times more accurate than HRI's model.

Because HRI has failed to show that contamination from its Unit 1 mine site will

not travel to nearby underground sources of drinking water, it is in violation of the

SDWA. Moreover, because it is likely that contamination from HRI's Unit I mine will

reach a public drinking water supply within 63 years, the requirements of the SDWA are

not satisfied. Further, because HRI has failed to show that it will not contaminate

underground sources of drinking water and Crownpoint's public drinking water system,

HRI has failed to show its operations at Unit 1 will protect human health and safety in

violation of the AEA and its implementing regulations. Finally, HRI's

mischaracterization of the Westwater aquifer at Unit 1 as homogeneous is inaccurate in a

material respect and does not satisfy 10 C.F.R § 40.9. HRI's License for Unit 1 should

therefore be revoked.

2. Outcrop Analogue Study Shows No Vertical Confinement at Unit 1.

In addition to the outcrop analogue study performed by Dr. Lucas near Section

17, Dr. Lucas also conducted an outcrop analogue study for the Unit I and Crownpont

sites. In this outcrop study, Dr. Lucas observed one outcrop located north of Thoreau

and just east of NM Highway 371 in the NE1/4 Section 8, T14N, Rl2W. Lucas
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Declaration at ¶ 25; Lucas Exhibit D, Figs. 1,2 and 4. There, the rocks relevant to the

proposed mine sites at Unit I and Crownpoint are very well exposed along the flank of an

unnamed mesa. Id.; Lucas Exhibit D, Fig. 4.1.

In this outcrop analogue, Dr. Lucas identified the Westwater as being located

between the Recapture Member below and the Brushy Basin Member above. Id. at 1 26.

As Dr. Lucas observed, the Recapture at this site is mostly sandstone and therefore not a

good aquitard. Id. He also observed the Brushy Basin Member as mostly sandstone and

therefore not a good aquitard. Id.. Thus, the Westwater at this site is not confined either

above or below by shale. Id. This, in turn, suggests that the Westwater Canyon at Unit 1

is not vertically confined. Id.

As discussed in Section I.B.l.a, the Dakota aquifer at Unit 1 qualifies as an

underground source of drinking water. Because HRI has failed to show that the

Westwater at Unit 1 is separated from the Dakota by an aquitard, HRI will be unable to

prevent contaminants from reaching the Dakota, in violation of the SDWA. HRI's

inability to prevent contamination of the Dakota likewise does not protect human health

and safety in violation of the AEA and its implementing regulations. Finally, by failing

to show that the Westwater is vertically confined at Unit 1, HRI's application was

materially inaccurate and does not satisfy 10 C.F.R. § 40.9. HRI's License for Unit 1

should be revoked.

C. Crownpoint.

As discussed above in Section I.C.l.a, the Westwater aquifer (and the Dakota

aquifer) at Crownpoint is an existing and future source of drinking water. Therefore HRI

should not be permitted to inject lixiviant into the aquifer if contamination of the
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Westwater will result. However, HRI has not demonstrated that contamination of the

aquifer by its Crownpoint operations will not damage nearby sources of drinking water.

The factual basis for this argument with respect to channelization of the

Westwater is similar to those for Section 17, and Intervenors incorporate by reference

Section IV.A.2.b. In addition, because Dr. Lucas relied on the same outcrop to analyze

the geology for Crownpoint and Unit 1, Intervenors incorporate herein by reference their

arguments made in Section IV.B.2. Finally, Intervenors submit the evidence and

arguments below, which is specific to Crownpoint, concerning HRI's pump test data.

1. HRI Has Not Satisfied the SDWA or the AEA Because Its Own Pump
Test Data Fail to Show That Uranium Contamination at Crownpoint Will
be Contained.

a. HRI's own pump test data show that the Westwater is
heterogeneous at Crownpoint.

As with Unit I, HRI created a groundwater flow model that shows that

groundwater from the boundary of its Crowvnpoint ISL site will not reach the nearest

Crownpoint municipal well, NTUA-1, for approximately 90 years.22 FEIS, Fig. 3.10 at

3-28. The data upon which HRI based its flow model was generated by pump tests

conducted by HRI in 1991. FEIS at 3-25; Crownpoint Technical Report at 45-55

attached hereto as Exhibit KK.

From this pump test data, HRI generated a drawdown contour map, which is Fig.

1 Oa of Wallace Exhibit B. This drawdown contour map clearly shows asymmetry

suggesting areas of high permeability. Id. Mr. Wallace also reviewed HRI's response to

22 Mr. Wallace notes that there is no evidence in the record showing that HRI actually calibrated
its groundwater flow and transport model properly. Wallace Declaration at ¶ 16. HRI purported
to calibrate its Crownpoint model in response to RAI 84; however, HRI's calibration runs were
only calibrated to the water level history of one pump test monitor well at a time. Id. In order to
accurately reflect the actual environment underground, a model must be calibrated to the water
level history at all the monitor wells in a pump test. Id.
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the Staff's RAI 82, in which HRI calculates the angles of highest transmissivity in the

Westwater as between -17 and -27 degrees. Wallace Declaration at ¶ 30. Mr. Wallace

notes that this range of transmissivity angles corresponds to the direction of

channelization that he had independently inferred. Id.

Mr. Wallace next used HRI's pump test data to produce two groundwater flow

models - one based on HRI's assumption that the Westwater is homogeneous and one

based on evidence that the Westwater is heterogeneous. In this case, Mr. Wallace's

model, using HRI's pump test data, resulted in a root mean squared error of 5.96,

showing good calibration. Id. Table 2 at 21.

By way of comparison, Mr. Wallace also'generated a groundwater flow and

transport model using HRI's pump test data and the assumption that the Westwater is

homogeneous. Id. at ¶ 36. Under this scenario, the root mean-squared error was 14.76.

Id. Table 2 at 21. This shows a very poorly calibrated model. Therefore, Mr. Wallace's

groundwater flow and transport model is more reflective of the actual underground

geophysical conditions at the Crownpoint site.

b. Contaminants from HRI's Crownpoint mine 1 will reach Crownpoint
municipal wells in approximately 7 years.

Because the Westwater is heterogeneous, rather than homogeneous as asserted by

HRI, contaminated groundwater from HRI's Crownpoint mine site will reach Crownpoint

municipal drinking wells much quicker than HRI predicts.2 3 As noted above, HRI's

23 Although LC 10.27 requires that prior to the injection of lixiviant at the Crownpoint site, HRI
must move Crownpoint's municipal wells; a determination as to the human health and safety
impacts of HRI's operations on those wells should still be made. HRI could, in the future, request
a license amendment allowing it to conduct operations at Crownpoint without having to move the
municipal wells. Rather than waiting until such an amendment is requested and all the current
evidence has grown stale, a judgment on the safety of those operations could be made now.
License Condition 10.27 notwithstanding, Intervenors' evidence regarding HRI's inadequate
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homogeneous model shows contamination from HRI's Crownpoint mine site will reach

Crownpoint municipal wells in 178 years. FEIS, Fig. 3.10 at 3-28. However, Mr.

Wallace's much more accurately calibrated groundwater flow and transport model shows

contaminated groundwater from HRI's Crownpoint site reaching NTUA-1 in

approximately 7 years. Wallace Declaration at ¶ 42; Wallace Exhibit C.

Because HRI has failed to show that contamination from its Crownpoint mine site

will not travel to nearby underground sources of drinking water, it is in violation of the

SDWA. Moreover, because it is likely that contamination from HRI's Crownpoint mine

will reach Crownpoint's public drinking water supply within 7 years, the requirements of

the SDWA are not satisfied. Further, because of HRI's failure to show that it will not

contaminate underground sources of drinking water and Crownpoint's public drinking

water system, HRI has failed to show that its operations will protect human health and

safety in violation of the AEA and its implementing regulations. Finally, HRI's

mischaracterization of the Westwater aquifer at Crownpoint as homogeneous is

inaccurate in a material respect and does not satisfy 10 C.F.R § 40.9. HRI's License for

Crownpoint should therefore be revoked.

2. The Westwater Canyon Aquifer at Crownpoint is not Vertically Confined.

In addition to the outcrop analogue study performed by Dr. Lucas, which shows

the Westwater is not vertically confined at Crownpoint, Mr. Wallace's analysis of HRI's

pump test data confirms Dr. Lucas' conclusion. Mr. Wallace analyzed HRI's pump test

data which purported to show no connection between the Westwater and the overlying

modeling is relevant because (1) it shows that HRI's modeling for both Crownpoint and Unit 1 is
poorly calibrated and therefore unreliable; and (2) transport contaminant modeling for
Crownpoint shows expected transport of contaminants to an underground source of drinking
water if not Crownpoint's public drinking water supply.
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Dakota aquifer and concluded that HRI failed to show that the two aquifers were not

connected. Wallace Declaration at ¶ 45.

Connections between aquifers are usually discovered by conducting a pump test.

Id. at ¶ 46. A well is pumped in one aquifer, and the water levels in monitor wells in

adjacent aquifers are monitored for reduced water levels, or drawdown. Id. If the water

levels in the adjacent aquifer monitor wells are drawn down, there is a connection

between the aquifers. Id. Furthermore, the greater the connection between aquifers, the

greater the amount of drawdown in the monitor wells. Id.

In this case, HRI's pump test was not properly designed and could not have

detected a connection between the Westwater and Dakota aquifers. In order to produce

reliable results, observation or monitor wells must be located at most 50 feet from the

pumping well. Id. at ¶ 48. The nearest observation well to the pump well in HRI's pump

test, however, was approximately 500 feet away. Id. Because HRI's observation wells

were so far from its pumping wells, HRI's conclusion that the Westwater and Dakota

were not connected is unfounded.

Moreover, Mr. Wallace obtained additional evidence which confirms his

conclusion. Mr. Wallace obtained additional records from HRI regarding the pump test

described above. Mr. Wallace analyzed the water levels of four wells - CP-1, CP-2, CP-

8, and CP-10. Addendum to Wallace Declaration at ¶ 11, attached hereto as Exhibit LL.

The wells are paired up, with one of each pair (CP-1 and CP-1 0) completed in the Dakota

and one of each pair complete in the Westwater (CP-2 and CP-8). Id. Mr. Wallace

compared the water levels from each pair of wells to the water levels in the other pair.

Id., Table 3. As Mr. Wallace observed, the water level in the CP-l/CP-2 pair was 15.4
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feet lower than the CP-8/CP-10 pair. Id. at ¶ 13. This is a significant water level decline

and suggests a connection between the Dakota and Westwater in the area of CP-1 and

CP-2. Id.

As discussed in Section I.B.L.a, the Dakota aquifer at Crownpoint qualifies as an

underground source of drinking water. Because HRI has failed to show that the

Westwater at Crownpoint is not connected to the Dakota aquifer, HRI will be unable to

prevent contaminants from reaching the Dakota, in violation of the SDWA. HRI's

inability to prevent contamination of the Dakota likewise does not protect human health

and safety in violation of the AEA and its implementing regulations. Finally, by failing

to show that the Westwater is vertically confined at Crownpoint, HRI's application was

materially inaccurate and does not satisfy 10 C.F.R. § 40.9. HRI's License for

Crownpoint should be revoked.

D. Summary Of Decisions Regarding Hydrology For Section 8.

I. Summary Of Intervenors' Evidence Regarding Geophysical
Environment of Section 8.

Intervenors' evidence on groundwater issues for Section 8 appeared in three

discreet filings. First, Intervenors filed Intervenors' Written Presentation In Opposition

To Hydro Resources, Inc.'s Application For A Materials License With Respect To

Groundwater Protection (January 11, 1999) and Intervenors' Amended Written

Presentation In Opposition To Hydro Resources, Inc.'s Application For A Materials

License With Respect To Groundwater Protection2 4 (January 18, 1999). Intervenors'

second filing was ENDAUM's And SRIC's Reply In Response To HRI's And The NRC

24 Intervenors' Amended Written Presentation In Opposition To Hydro Resources, Inc.'s
Application For A Materials License With Respect To Groundwater Protection amends
Intervenors' Initial Groundwater P'resentation Brief. None of Intervenors' expert testimony was
amended.
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Staff's Response Presentations On Groundwater Protection Issues ("Groundwater

Reply") (April 8,1999). Intervenors's final groundwater filing was Intervenors' Joint

Response To HRI's And The NRC Staff's Responses To The Presiding Officer's April

21, 1999 Memorandum And Order (Questions) ("Joint Groundwater Response") (May

25, 1999).

Intervenors' Initial Groundwater Presentation consists of five volumes; their legal

brief and four volumes of exhibits. As noted, Volume I consists of Intervenors' legal

brief on groundwater issues for Section 8.

Volume II consists of the Written Testimony of Richard J. Abitz (January 8,

1999), labeled Exhibit 1, to which is attached a series of exhibits labeled A through P. In

his written testimony Dr. Abitz testified that the water quality at Section 8 was very good.

January 8 Abitz Testimony at 14. He then testified that HRI has underestimated the risk

to groundwater quality due to excursions, due in large part to its mistaken assumption

that the Westwater is a homogeneous aquifer. Id. at 27-37.

Volume III consists of the Written Testimony of William P. Staub (January 9,

1999), labeled Exhibit 2, to which is attached a series of exhibits labeled A through Y. In

his written testimony, Dr. Staub testified that HRI's mining sequence at Church Rock

was illogical and could result in contamination of an already restored aquifer. January 9

Staub Testimony at 31-34. He also testified that HRI's reinjection of production bleed

wastewater and excursion detection criteria are inadequate to prevent excursions from

Section 8 and thus jeopardize Church Rock's groundwater. Id. at 34-39.

Volume IV consists of the Written Testimony of Michael G. Wallace (January 8,

1999) (ACN 9904140074) ("January 8 Wallace Testimony"), labeled Exhibit 3, to which
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is attached a series of exhibits labeled A through P. The main thrust of Mr. Wallace's

testimony is that HRI is mistaken about the geology of the Church Rock Section 8 site.

January 8 Wallace Testimony at 9. Rather than being homogeneous - as characterized by

HRI - the Westwater is instead heterogeneous, characterized by a series of interbraided

stream channels that would accelerate the transport of contaminants and render

ineffectual HRI's planned monitor well system. January 8 Wallace Testimony at 10-14,

38-42.- Additionally, Mr. Wallace testified that HRI's aquifer testing was inadequate to

determine whether there is a hydraulic connection between the Westwater and the

overlying and underlying aquifers. Id. at 43-61. Finally, Mr. Wallace testified that the

Recapture Shale does not exist at Section 8 and therefore could not act as a confining unit

between the Westwater and the underlying Cow Springs aquifer. Id. 62-74.

Volume V consists of seven exhibits labeled 4 through 10 (January II, 1999).

The ten exhibits are as follow:

4. State of New Mexico Environmental Improvement Division Uranium Mill
License Renewal Application - Environmental Report Licence No. NM-
UNC-ML (December, 1981);

5. Navajo Nation/OSE Hearing G-I 1-A, Simulated Loading Of Existing
Wells;

6. HRI Materials License, SUA-1508, and cover letters (January 5, 1998);

7. Letter from Myron 0. Knudson to Kathleen Sisneros, United States
Environmental Protection Agency (November 23, 1993);

8. Letter from Felicia A. Marcus, Regional Administrator, U.S. EPA to Mark
E. Weidler, New Mexico Environment Department (July 14, 1997);

9. United States Court of Appeals for the Tenth Circuit Docketing Statement,
HRI, Inc. v. United States Environmental Protection Agency (September
10, 1997);

10. Excerpt from Navajo Nation Primary Drinking Water Regulations.
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Intervenors' Groundwater Reply consists of a legal brief and three expert

affidavits labeled Exhibits A, B, and C. Exhibit A is the Written Reply Testimony Of Dr.

Richard J. Abitz (April 7, 1999) (ACN 9904140055) ("April 7 Abitz Testimony").

Exhibit B is the Written Testimony Of Dr. William P. Staub (April 6, 1999) (ACN

9904140060) (" April 6 Staub Testimony"). Exhibit C is the Written Testimony Of

Michael G. Wallace (April 8, 1999) (ACN 9904140074) ("April 8 Wallace Testimony").

Mr. Wallace's testimony includes six attachments, labeled Exhibits 1-6.

In his reply testimony, Dr. Abitz testified primarily that HRI and the Staff's

testimony as to the geohydrology and geochemistry of Section 8 was not credible. April

7 Abitz Testimony at 4. Dr. Abitz criticized HRI and the Staff's testimony on the basis

that HRI and the Staff incorrectly analyzed the reductive and basic geological properties

of the Westwater. Id. at 4-11. Dr. Abitz testified that the Westwater consists of sand and

gravel channels interbraided with silt and clay deposits. Id. at 8. Additionally, the rate

at which the oxygen in groundwater is consumed determines where uranium will be

deposited. Id. at 6. Oxidized water travels more quickly through the sand and gravel

channels and thus, most of the oxygen in water recharging an aquifer is delivered to sand

and gravel beds rather than silt and clay deposits. Id. at 4-5. Therefore, uranium deposits

in silt and clay deposits surrounded by sand and gravel deposits remain immobile because

they do not receive sufficient oxidized water to mobilize the uranium. Id. at 5.

In Dr. Staub's Testimony, he spends most of his testimony rebutting HRI and the

Staff's testimony regarding groundwater restoration, excursion control, and monitor well

spacing. With respect to groundwater protection issues, Dr. Staub testified that HRI's use

of 5 standard deviations in establishing excursions was not a sound basis for establishing
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excursions. Id. at Answer 6 (pages unnumbered). Dr. Staub rebutted HRI's argument

that bleed rate is not as important as well field balance in preventing excursions because

well field balance is more prone to human error, hesitancy in carrying out corrective

action, and inability to recognize excursions in a timely manner. Id. at Answer 9.

Finally, Dr. Staub testified that HRI's monitor wells should be spaced closer than 400

feet apart, especially downgradient of the mine site, because excursions are more likely to

occur and are harder to pull in downgradient. Id. at Answer 10.

In his April 8 Testimony, Mr. Wallace defended his conservative analysis of

contaminant transport time based on HRI's own pump test data showing that the

Westwater consists of braided stream channels that act as pipelines to accelerate the

transports of contaminants throughout the aquifer. April 8 Wallace Testimony at 2-9.

Mr. Wallace testified that pump testing is not an exact science; however, his analysis is

much more closely calibrated to HRI's pump test data than HRI's analysis because the

groundwater drawdown in observation wells further from the pump well at Section 8 is

greater than the drawdown at closer observation wells. Id. at 7. In a homogeneous

aquifer, the cone of depression from the pump well would be uniform and the drawdown

at an observation well at any given radial distance from the pump well would not vary.

Id. Mr. Wallace also rebuts HRI's testimony that his use of the Hantush method of

calculating contaminant transport times was inappropriate. Id. at 10-12. Finally, Mr.

Wallace testified that maintaining a bleed rate is more important in preventing excursions

than well-field balance, as asserted by HRI. Id. at 13-19.

Finally, Intervenors presented evidence regarding groundwater issue at Section 8

in Intervenors' Joint Response To HRI's And The NRC Staffs Response To The
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Presiding Officer's April 21, 1999 Memorandum And Order (Questions) (May 25, 1999),

to which are attached five exhibits. The first, labeled Exhibit 1, is the Affidavit Of Dr.

Richard J. Abitz In Response To The Presiding Officer's Questions In The Memorandum

And Order Of April 21, 1999 (May 21, 1999) (ACN 9905280113) ("May 21 Abitz

Testimony"). Attached as Exhibit 2 is the Response Affidavit Of Michael G. Wallace

(May 20, 1999) (ACN 9905280117) ("May20 Wallace Testimony"). Mr. Wallace's

affidavit includes eleven exhibits labeled 2-A through 2-K. Attached as Exhibit 3 is the

Response Affidavit Of Dr. Spencer G. Lucas (May 20, 1999) (ACN 9905280120) (" May

20 Lucas Testimony"). Dr. Lucas' affidavit includes three exhibits labeled A through C.

Attached as Exhibit 4 is the Written Testimony Of Michael F. Sheehan, Ph.D (May 20,

1999) (ACN 9905280121) ("May 20 Sheehan Testimony"). Dr. Sheehan's affidavit

includes one exhibit labeled MFS-1. Finally, attached as Exhibit 5 is a Resolution Of

The Navajo Nation Council, CS-79-98, Approving the Fiscal Year 1999 Navajo Nation

Operating Budget and Other Related Actions.

In his Testimony, Dr. Abitz testified that it would be unlikely that HRI would be

able to restore the groundwater at Section 8 to either primary or secondary restoration

standards. May 21 Abitz Testimony at 3. Moreover, the HRI and the Staff's reliance on

natural attenuation for groundwater restoration is misplaced. Id. Consequently, HRI's

operations are likely to contaminate high quality potable groundwater found largely

outside ore zones. Id. at 5. Dr. Abitz based his conclusion on HRI's averaging of

groundwater quality in ore zones and non-ore zones to arrive at poor water quality at

Section 8 and HRI and the Staff's failure to publish site specific geochemical data that

supports the conclusion that redox conditions downgradient of the ore zone will enhance
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restoration by precipitation of uranium and other redox sensitive metals. Id. at 6-10.

Additionally, Dr. Abitz explained that the Westwater is anisotropic, characterized by

conduits that would accelerate the transport of contaminants to non-ore zone portions of

the aquifer. Id. at 12-13.

In his Testimony Mr. Wallace testified that HRI's Section 8 operations could

contaminate groundwater downgradient from Section 8. May 20 Wallace Testimony at 3.

Mr. Wallace based his conclusion on the results of a groundwater contaminant transport

model commonly used by hydrologists, which he argued was more closely calibrated to

HRI's actual pump test data than HRI's contaminant transport model. Id. at 4-16.

Mr. Wallace also rebutted HRI and the Staff's assertion that the Westwater is

vertically confined at Section 8 and its operations will therefore not affect underlying and

overlying aquifers. Id. at 17. Mr. Wallace testified the most comprehensive literature on

the geology of the Westwater indicates that there is substantial faulting and fracturing,

making HRI's ability to prevent and control vertical excursions suspect. Id. at 17-20.

Moreover, because neither HRI nor the NRC has made structural contour maps available,

it is much more difficult to meaningfully analyze whether the Westwater is indeed

vertically confined. Id. at 20-25.

Finally, Mr. Wallace addressed HRI and the Staff's arguments regarding a 1991

paper by A. Jun Cowan that supports Intervenors' characterization of the Westwater as

heterogeneous, consisting of stacked thin and narrow sand channels. Id. at 29.

Specifically, Mr. Wallace testified that HRI's characterization of the Cowan paper was

incorrect and that it if fact does show that the Westwater is made up of conduits or
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"permeability pathway compartments", which'are the same as the hydrologic channel

features that Mr. Wallaced described in earlier testimony. Id. at 30.

Dr. Lucas' Response Affidavit was intended to supplement Mr. Wallace's

Response Affidavit. May 20 Lucas Affidavit at 3. Dr. Lucas made two main points in

his testimony.

First, Dr. Lucas rebuted HRI's assertion that the Westwater is vertically confined.

Id. at 3. Dr. Lucas notes that the section immediately below the Westwater is not shale,

but instead a mixture of sandstone, siltstone and thin gypsum beds that are easily

deformed and dissolved, producing surface and subsurface fractures. Id Thus, the

Westwater is not vertically contained. Id.

Second, Dr. Lucas criticized HRI's analysis of the Cowan paper. Id. at 4-7.

Contrary to HRI's representation of the Cowan paper, Dr. Lucas pointed out that

Cowan's analysis is a state of the art scientific study designed to reconstruct, in three

dimensions, the fluvial architecture of the Westwater. Id. at 4. Dr. Lucas confirmed that

Cowan described the Westwater as a lithologically complex series of coalesced channels,

bar and overbank deposits whose superimposed scales of permeability and porosity

greatly complicate the understanding of groundwater flow. Id. at 6.

Dr. Sheehan's testimony addressed the Presiding Officer's questions regarding the

necessary price uranium must reach in order to begin production. Thus, Dr. Sheehan's

testimony is irrelevant to groundwater issues.

Exhibit 5 was attached to address the alleged economic benefits to the Navajo

Nation from the CUP. Joint Response at 40. Exhibit 5 is therefore irrelevant to

groundwater issues.
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2. Presiding Officer's Decision Regarding Hydrology For Section 8.

In LBP-99-30, Judge Bloch rejected all of Intervenors arguments with respect to

the hydrology at Section 8.

a. The Presiding Officer found that the Westwater was confined
from overlying and underlying aquifers at Section 8.

The Presiding Officer found that the Westwater Canyon aquifer at Section 8 was

not hydrologically connected to the Cow Springs aquifer below it. 50 NRC at 90. The

Presiding Officer found that the Recapture Shale at Section 8 is shale and is an aquitard,

separating the Westwatei from the Cowspring. Id. He also found that the Recapture does

not intertongue with the Cow Springs at Section 8. Id. Finally, he found that HRI will

conduct tests to determine whether the Cow Springs is hydrologically connected to the

Westwater and if so, will monitor the Cow Springs for contamination by the CUP. Id.

The Presiding Officer also determined that the Westwater was not hydrologically

connected to the Dakota aquifer above it. Id. at 91. He concluded that the Brushy Basin

member acts as an aquitard between the Westwater and Dakota and at no place at Section

8 is less than 16 feet thick. Id. He also concluded that because HRI's expert testified that

the water pressure of the Westwater was lower than that of the Dakota, any vertical

excursions into the Dakota could be reversed by stopping mining operations. Id.

The circumstances for Section 17, Unit 1 and Crownpoint are different for a

number of reasons. First, irrespective of the actual difference in factual information

presented by Intervenors in this phase of the proceedings, Intervenors have the right to

present evidence and the Licensing Board must consider that evidence pursuant to the

Commission's decision in CLI-01-4, where the Commission specifically held that

Intervenors had the right to challenge the sufficiency of information HRI submitted for
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licensing. 53 NRC at 40, n.2. Therefore, the Licensing Board must give Intervenors'

evidence fair consideration.

With respect to the actual differences between Section 8, Section 17, Unit 1 and

Crownpoint, those differences are highlighted by the analogue studies performed by Dr.

Lucas. Those studies show the local geological conditions at Section 17, Unit 1 and

Crownpoint, which are distinct from those at Section 8. Additionally, Dr. Lucas re-

evaluated the geophysical log presented in Mr. Lichnovsky's February 19, 1999

testimony, showing that Mr. Lichnovsky had misinterpreted this log and that it in fact

does not show any confining layer.

b. The Presiding Officer found that the Westwater is homogeneous
at Section 8.

The Presiding Officer found that on a local scale at Section 8, the Westwater is

heterogeneous due to the local occurrence of clay and conglomerate. In the Matter of

Hydro Resources, Inc., LBP-99-30, 50 NRC 77 at 85. On a broad scale, however, Judge

Bloch found that the Westwater may' be approximated as homogeneous. Id. Judge Bloch

found that seismic studies at Section 8 indicate that the bulk of the ore zone occurs

entirely within a portion of the Westwater consisting of a block down-dropped by ancient

faulting. Id. The thickness of sand and sand content are greater within this block than in

the remainder of the Westwater. Id. Thus, the Presiding Officer reasoned that the

Section 8 ore zone behaves in a homogeneous manner and does not contain significant

channelways. Id. at 88.

As noted above, the Licensing Board is required to consider all the evidence

presented by Intervenors in this phase of the litigation, irrespective of the similarities and

differences between Section 8 and the remaining mine sites. In the Matter of Hvdro
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Resources. Inc., CLI-01-4, 53 NRC at 40-43. With respect to the differences between

Section 8 and the remaining proposed mine sites concerning the heterogeneity of the

Westwater Canyon aquifer, Intervenors' position remains that the Westwater is more

properly characterized as heterogeneous rather than homogeneous. In this phase of the

litigation, Intervenors have relied on the vast majority of the scientific literature, ignored

by the Staff and the Presiding Officer in the previous phase of the proceeding, as one of

their bases for their conclusion that the Westwater is characterized by a complex system

of stacked and interbraided paleo-stream channels.

Additionally, Intervenors have relied on two analogue studies conducted by Dr.

Spencer Lucas, which were not done in the first phase of this proceeding. As presented

above, Dr. Lucas' observations during those analogue studies show that the Westwater at

Section 17, Crownpoint, and Unit 1 are channelized and not homogeneous.

Further, Mr. Wallace relied on site-specific pump test information to determine

that the Westwater at Unit 1 and Crownpoint is heterogeneous. Mr. Wallace analyzed

these data and applied calibrated groundwater flow and transport models for Unit 1 and

Crownpoint to reach his conclusion that HRI's operations at those sites will contaminate

Crownpoint's municipal drinking water supply.

Next, the advent of the Springstead Estates Housing project, two miles south of

Section 17, influenced Mr. Wallace's analysis of contaminant transport at Section 17.

This housing project was not planned in 1999 and therefore could not have been

considered.

Finally, as described by Dr. Lucas in his Declaration, the former Presiding Officer

fundamentally misunderstood Dr. Lucas' testimony in 1999 regarding the Westwater's
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geophysical characteristics. Lucas Declaration at T 49. What the former Presiding

Officer apparently failed to apprehend is that the large scale perspective of the geology is

irrelevant to the arrangement, size, positioning, and composition of the geology at a small

scale. Id. at ¶ 50. In sum, given the overwhelming evidence of the Westwater's

heterogeneity, the former Presiding Officer's conclusion to the contrary was mistaken.

Id. at 1 51.

3. Commission's Decision Regarding Hydrology For Section 8.

With respect to the hydrology at Section 8, the Commission denied Intervenors'

petition for review of LBP-99-30, ruling that Intervenors identified no clearly erroneous

factual finding or important legal error requiring Commission correction. In the Matter

- of Hydro Resources. Inc, CLI-00-12, 52 NRC at 3.

CONCLUSION

For the foregoing reasons, HRI's License for Section 17, Unit 1 and Crownpoint

should be revoked or otherwise amended as requested.

Dated March 4,2005.

Eric D. Jantz ./Laura Berglan
New Mex nviromentI Law Center DNA-People's Legal Services, Inc.
140 uisa Stree PO Box 765

Mexico 87505 Tuba City, Arizona 86045
(505) 989-9022 (928) 283-3211
Fax: (505) 989-3769 Fax: (928) 283-5460

Attorneys for ENDAUM and SRIC Attorneys for Grace Sam and
Marilyn Morris
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NRC FORM 374
(7-94)

U.S. NUCLEAR REGULATORY COrMMISSION

MATERIALS LICENSE .

PAGE 1 OF 1 IPAGES t

PAES "

e
Pursuant to the Atomic Energy Act of 1954. as amended, the Encrgy Reorganization Act of 1974 (Public Law 93-438). and Title 10. Crde tf
Fcdcral Regulations. Chapter 1. Parts 30. 31. 32. 33. 34. 35. 36, 39,41. and 70. and in reliance on statements and reprcscrntations herclorore Made
by the licensee, a license is hereby issued authorizing the licensee to receive, acquire. possess. and iransfer byproduct. source. and special nuclear
mrterial designated below: to use such material for the purpose(s) and at the place(s) designated below: to deliver or transfer such material to
persons 3uthorized w receive it in accordance with the regulations o f the applicable Part(s). This licensc shall bt teemed to contain the conditions
spccificd in Section 1R3 of the AImTifk Energy Act or 1954. uts amendcd. and is subjcct to all applicable ruics. regulations, and orders of the
Nuclear Regulatory Commission now or hcrcaftcr in effect and to any conditions specificd below.

I
Hydro Resources, hiaensee

. 2929 Coors Blvd , NW
Suite 101
Albuquerque, NM 87120

2.

SUA-15

i1O4

08
3. License Number

- . . __ . - -1-
Jdiauary %X, rUu0

4. Expiration Date
...

5. Docker or
Reference No.

40-89015

6. Byprodud. Sourre.. and/or 7. Ch-ia -n o Pha
6. Byproduct. Source- and/or

.Special Nuclear Material

Uranium

7. Chemical nndlor Physical
Form

Any

8. MaximumAmountthatLicen-ec
May Possess at Any One Time

- Under Ths 'Ccn'sc
Lurl ni.:ted

SECTION 9: ADMINISTRATIVE CONDITIONS

9.1

9.2

93

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.

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.

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.

I

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 expenmenl 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.

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 andlor 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.

9.5 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-scate 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.

YRA
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1al 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.

9.6 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 11 e.(2) byproduct
material. Al 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.

9.7 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 safely 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 accident/unusual occurrences inctuding 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.

9.9 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,"
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N1
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 or
the radiation safety staff as described in the COP of the approved license application shall
conform to Regulatory Guide 8.31.

9.1 1 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, LMITS, 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 galmin (15,140 L/min), exclusive of restoration flow. Total yellowcake
production from all three sites shall not exceed 3 million Ibs (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 weirs mechanical integrity test pressure.

.10.4 Only steel or fiber glass well casing shall be used at the Unit I 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.

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/mmn (189 Llmin) 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 a.30.
Additionally, all radiation survey instruments shall be operationally checked in conformance
with Regulatory Guide 8.30.

The licensee-thall ensure that the manufacturer-recommended vacuum pressure is
maintained in the drying chamber during all periods 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 manufacturers

- 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.

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. If
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.

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)

* n.IK
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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. shall identify which
course of action ((a) or (b) listed above] the licensee is taking.

10.14 At the Unit I 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
60-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 or 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 10.16. Groundwater
restoration goals and upper control limits for these wells 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 `8" 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
fflmm 1I
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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.

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 licensec shall establish groundwater restoration goals by analyzing three
independen(iyrcollected 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-fixiviant injection
conditions. it groundwater quality parameters cannot he 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 secondaryrestoration
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).

3.22

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 9roundwater restoration goal
fora-parameter, outliers-shall 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 Act)-Facilities, Intenrm Guidance." Parameter
concentrations determined to be high or low outliers will not be used in establishing
groundwater restoration goals.

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 25°C (770F)). 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.

i.41
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23 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.

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.

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 wilt 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 UImits will be established for these
wells, pursuant to LCs 1D.21 and 10.22. Sampling frequencies for all monitor wells completed
in the Cow Springs aquifer shall be as stated in LC 11.3.

6 Prior lo 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 5A regarding surface impoundment design; Regulatory Guide
3:11, 4Design. Construction, and Inspection of Embankment Retention Systems for Uranium
Mills: WM-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;

D) 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;

R: i DJo 2 JK IbIWA71W NW1111 lM
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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 Crownpoint site, the licensee shall:

A) Replace the town of Crownpoinrts water supply wells NTUA-1, NTUA-2, BIA-3, BIA-5,
and BIA-6. construct the 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 pCi/L) 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. NTUA-2, 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 cornsistent 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 lixivient injection begins at either of these sites.
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10.32 Prior to the injection of lixiviant at any of the sites, the licensee shall: (a) collect sufficient
water quality data to generally characterize the wator quality of the Cow Springs aquifer
beneath each of the project sites, by completing and sampling wells for the following water
quality parameters: 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 Bsta and gross Alpha (excluding radon, .uranium, and radium); and (b)
conduct sufficient pumping tests to determine if the Cow Springs aquifer beneath each of the
sites is hydraulically confined from the Westwater Canyon aquifer.

SECTION f1: MONITORING, RECORDING AND 800KING 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 correclive
* . 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 lo
Regulatory Guide 8.22.

11.7 Until license termination, the licensee shall maintain documentation on all spills of source or
1le.(2) byproduct materials, ond 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, constituent threshold values for discontinuing land
application and justification for the values selected.

I~--r 1. e -** .- H



01/08/98 09:46 HARMONICURRAnN,SPI 4 15059893769-513

NRC FORM 3t4A U.S. NUCLEAR REGULATORY COMMISSION

License

MATERIALS LICENSE Dockct
SUPPLEMENTARY SHEET

SECTION 12: REPORTING REQUIREMENTS

No.237 P15

PAGE OF PAGES

Number lb

SUA-1SOB

or Rcrertnce Numbcr

40.6968

V 1,3 1'
g o. I

12.2
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12.4

12.5

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 submitted. 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 Ihe case of a confirmed vertical excursion, the report shall also
contain a projected completion date for characterization of the extent of the vertical excursion.

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 lo 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.

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.

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.

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.

_X
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12.6

12.7

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.

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.

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 surnmary 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.

12.8
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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, 1995 (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)
- October29, 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 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 Speciflcatlons 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)



THENCE South along the East line 465' parallel with the West line
to a point on said East line which is the SE corner of said tract
in Section 25;

THENCE West along the South line of said tract of land 2,640'
parallel with the North line of said tract;

THENCE North 465' along the West line parallel with the East line
to the NW corner of said tract of land located in Section 25;

THENCE West 2,640' along the South line parallel with the North
line to the SW/4 of Section of 24;

THENCE North along the West line 2,640' parallel to the East line
to the point of beginning.

The location of the Crownpoint mine is illustrated with respect
to topography, and cultural features on Figure 1.1-2.

1.1.2 Churchrock

The process facility for the Churchrock satellite will be located
in the SE/4, SE/4 of Section 8,:T16N, R16W.

Mining could be located on one, or both of the parcels of land
owned, or leased to HRI on Section 8, and 17, T16N, R16W as
described below:

Section 8

SE/4 - 174.546 ac. Patent Mining Claims

Section 17

200.0 acres being NE/4, and the SE/4 NW/4

The location of the Churchrock property is illustrated with
respect to the topography, and cultural features on Figure 1.1-3.

1.1.3 Unit 'I

The process facility for the Unit 1 satellite will be located in
the NE/4, SE/4 of Section 21, T17N, R13W.

---.'Mining could be located on any of the parcels of land leased to
Axis URI as described below.

k tions 15, 16, 21, 22, 23, and 24, T17N, R13WE

COP-5
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March 1, 2005

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD PANEL

Before Administrative Judges:

E. Roy Hawkens, Presiding Officer
Dr. Richard F. Cole, Special Assistant

Dr. Robin Brett, Special Assistant

In the Matter of: )

HYDRO RESOURCES, INC. ) Docket No. 40-8968-ML
P.O. Box 777 ) ASLBP No. 95-706-01-ML
Crownpoint, New Mexico 87313 )

DECLARATION OF DR. JOHN W. LEEPER

I, John W. Leeper, do hereby swear that the following is true to the best of my

knowledge. I am qualified and competent to give this declaration, and the factual statements

herein are true and correct to the best of my knowledge, information and belief. The opinions

expressed herein are based on my best professional judgment.

Name and Title
1. My name is John W. Leeper. I am the Branch Manager of the Water

Management Branch of the Navajo Nation Department of Water Resources, P.O. Drawer 678,

Fort Defiance, Arizona, 86504.

I EXHIBIT
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Professional Qualifications

2. My education and experience as a professional engineer are described in my

resume, attached to this testimony as Exhibit A. I am a registered professional engineer in the

States of Arizona and California. I have a B.S. in Civil Engineering from the University of

California at Davis, a M.S. in Civil Engineering from the California State University at Los

Angeles, a Ph.D. from the Colorado State University in Fort Collins, and more than 15 years of

experience in hydrology and water resources planning and management.

3. Based on my education and experience, I have substantial expertise with the

planning and management of the Navajo Nation's water resources. I spent five years working

for Stetson Engineers, Inc. in San Rafael, California. While with Stetson Engineers I worked on

technical water rights studies for the Campo Bands in Southern California, the Flathead and Fort

Belknap Indian Reservations in Montana, the Nez Perce Reservation in Idaho, the Warm Springs

Reservation in Oregon, and the Hopi, Zuni and Navajo Reservations in Arizona and New

Mexico. I spent an additional five years working for Natural Resources Consulting Engineers,

Inc. (NRCE) in Fort Collins, Colorado. While with NRCE I provided technical support to the

Office of the Tribal Water Engineer of the Shoshone and Arapaho Tribes in Fort Washakie

Wyoming, and I worked on technical studies in support of the Little Colorado River general

stream adjudication, and on water development projects for the Government of Eritrea.

4. Since April 1995, I have been a Civil Engineer with the Navajo Department of

Water Resources in Fort Defiance, Arizona. Since 1997, I have been the branch manager of the

Department's Water Management Branch. As the branch manager, I manage more than 20

hydrologists and technicians who are responsible for: 1) providing technical support to the

Navajo Nation's water rights effort in five ongoing general stream adjudications in Utah,
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Arizona, and New Mexico, 2) operating snow surveys, climate stations, observation wells,

surface gages and other water monitoring functions on the Navajo Reservation, 3) providing

information for drought response and mitigation, 4) providing flood plain management, 5)

assisting with watershed restoration, and 6) regional water planning including water projects for

irrigation, municipal, and industrial purposes.

5. As a professional civil engineer working for the Navajo Nation, I supervised

water development investigations on several proposed Navajo Nation municipal water projects

including the Navajo Gallup Water Supply Project, the Farmington to Shiprock Pipeline, the

Three Canyon Water Supply Project, and the Western Navajo Pipeline, among others. I

understand the design and planning criteria that are-used by the Navajo Nation and the federal

agencies to develop these projects.

6. While working for the Navajo Department of Water Resources I supervised the

preparation of more than 15 technical reports dealing with water rights protection and water

resources planning and management for the Navajo Nation. A list of these reports is provided in

my attached resume (Exhibit A).

Purpose of testimony

7. The purpose of this testimony is to describe the importance of the Morrison and

Cow Springs formations as current and future sources of municipal water for the Navajo Nation

in the Eastern Agency; to describe the role of the Navajo Nation's laws, regulations, and policies

that are established to protect and manage the resources, including the Navajo Nation Water

Code; and to provide an estimate of the commercial value of the resource to the Navajo Nation.
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Licensing Materials and Literature Reviewed

8. In preparing this testimony, I reviewed the Final Environmental Impact Statement

("FEIS") for the proposed HRI Crownpoint Project (NUREG-1508, February 1997). I also

reviewed and relied on the following relevant reports:

Balleau Groundwater, Inc., 1998. Simulated Loading of Existing Wells, Navajo Nation Exhibit
30, in the matter of Hydro Resources, Inc., Water Rights Transfer Application before the
New Mexico State Engineer, Hearing G-1 I-A, March.

Bureau of Reclamation - Western Colorado Area Office and Technical Services Center, 2002.
Navajo Gallup Water Supply Project, Appraisal Level Designs and Cost Estimates,
Durango, Colorado and Denver, Colorado.

Church Rock Uranium Monitoring Project (CRUMP), 2004. Water Sources and Water Quality
Data in Church Rock Area, 2003. Church Rock Chapter, Navajo Nation, New Mexico.

EcoSystem Management, Inc., 2003. Sanitary Assessment ofDrinking Water Used by Navajo
Residents not connected to Public Water System Report, Albuquerque, New Mexico.

HDR Engineering, Inc., 2004. Western Navajo-Hopi Water Supply Assessment, Omaha,
Nebraska.

Klausing, R. L., and Welder, G. E., 1983. Data for Ground-water Studies of the San Juan Basin,
New Mexico (1982-83). U.S. Geological Survey (Albuquerque, N.M.), Open-File Report
84-135.

Lexicon, Inc., 1999. The Costs, Benefits, and Public Policy Merits of the Proposed Western
Navajo Hopi Lake Powell Pipeline, Boston, Massachusetts.

Navajo Nation Department of Water Resources, 1998. Well records and water resource data on
Kerr-McGee Church Rock II Well W-2.

Navajo Nation Department of Water Resources, 2000. Water Resources Development Strategy
for the Navajo Nation, July 17, 2000, Fort Defiance, Arizona.

Navajo Nation Department of Water Resources, 2001. Final Draft, Technical Memorandum, The
Navajo-Gallup Eater Supply Project, March 16, 2001, Fort Defiance, Arizona.

Navajo Nation Division of Economic Development, 2003. 2002 - 2003 Comprehensive
Economic Development Strategy, Window Rock, Arizona.

Northwest Economic Associations, 1993. Support Documentation for Current and Projected
Population of the Little Colorado River and N-aqufifer Basins, Vancouver, Washington.
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Tetra Tech, Inc., 2004. Sunmmary Report, Crownpoint, New Mexico Water Distribution System
Analysis, Greenwood Village, Colorado.

United Nuclear Corporation, 2004. Northeast Church Rock Mine Closeout Plan, prepared by
MWH, Steamboat Springs, Colorado, January.

Summarm of Expert Findings

9. It is my professional opinion that during the next forty years, the Navajo Nation

will increase its utilization of groundwater throughout the Eastern Navajo Agency, and

specifically from the Morrison and Cow Springs formations for municipal water supply,

including domestic purposes.

10. The Dakota Sandstone, Westwater Canyon and Cow Springs Sandstone aquifers

are used extensively for municipal, domestic and livestock water supplies in the Crownpoint and

Church Rock, N.M., areas and meet the definition of underground sources of drinking water.

11. I have also concluded that the current Navajo Nation water use fee schedule

established by the Navajo Nation Resources Committee in 1997, which sets the water use fee at

$0.27 per thousand gallons ($88 per acre-foot per year) for commercial purposes and $2.70 per

thousand gallons ($880 per acre-foot per year) for industrial purposes, reflects a reasonable range

of the economic opportunity cost, if for any reason these water sources are jeopardized and

therefore cannot be developed in the future.

12. In the remainder of this declaration, I conclude that the non-commercial value of

the water needed for a sustainable economy and permanent homeland for the Navajo people can

be considered to be much greater than the commercial opportunity costs if there is a significant

risk to the drinking-water wells that lie in the vicinity of the communities of Church Rock or

Crownpoint. A summary of my findings and professional opinions conclude my testimony.
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(A) During the next 40 years, the Navajo Nation will increase its utilization of the
: .Morrison and Cow Springs formations

1) The Navajo Nation Department of Water Resources projects that he total annual
municipal water supply capacity on the Navajo Nation will need to increase six-
fold over the next 40 years.

13. The Navajo Nation Department of Water Resources ("NDWR") projects that

between now and 2040, the total municipal water demand on the Navajo Nation will increase by

almost a factor of six. The Navajo Gallup Water Supply Project ("NGWSP") has been proposed

: . to help meet the municipal demands of approximately 40 Navajo chapters, many of which are

located in the Eastern Navajo Agency. The Navajo Chapters included in the Navajo Gallup

Project service area are shown in Table 1. The projected 2040 water demand of this service area

is approximately 52,000 acre-feet per year. The Navajo Nation DWR bases its municipal

demand projections on the U.S. Census Bureau data with an adjustment for any documented

undercount, a growth rate of 2.48 percent, and a per capita water user rate of 160 gallons per

capita per day. These growth projections have been re-affirmed in investigations by the U.S.

Bureau of Reclamation in 1994 and again in 2004, by Colorado State University in 1989, and by

Northwest Economic Associates in 1993 and again in 2003. These values were most recently

affirmed in 2003 by HDR Engineering, Inc. in the Western Navajo Hopi Water Supply Study.

The projected per capita water use rate reflects the assumption that water use will increase with

community growth, development and an improved economic standard of living.

2) The NDWR recommends the use of groundwater for municipal purposes as
long as the rate of pumping is within sustainable limits.

14. On the Navajo Nation, including the NGWSP service area, the NDWR

recommends the use of groundwater for municipal purposes so long as that use is within

sustainable limits. Groundwater has been incorporated in the NGWSP conjunctive groundwater
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component. One reason for a NGWSP conjunctive groundwater component is to keep the State

of New Mexico within its compact allocation of the Upper Colorado River Basin water supply.

In the Hydrologic Determination approved by the Secretary of the Interior on February 2, 1989,

the Bureau of Reclamation determined that the yield available of Upper Basin Colorado River

water supply for use within the State of New Mexico is 699,400 acre-feet per year. Based on the

State of New Mexico Schedule of Anticipated Upper Basin Depletions dated November 18,

2004, by 2060 the total depletions of this supply will total 667,000 acre-feet per year. If the

groundwater component were eliminated, then the State's projected depletions would come

closer to, or possibly exceed, this compact limitation.

15. A second reason for the conjunctive groundwater component is that it reduces

potential impacts of the NGWSP's water diversions on the endangered species in the San Juan

River. In the 1990's the U.S. Fish and Wildlife Service (USFWS) issued a biological opinion

that concluded that additional depletions from the San Juan River could jeopardize the

continuing existence of the endangered Colorado pike minnow and razorback sucker. To enable

additional diversions from the river, a recovery program was established that has proposed flow

recommendations for the river. At the current time the Bureau of Reclamation estimates that the

State of New Mexico has 600,147 acre-feet of depletions that have been consulted on by the

USFWS, or are otherwise included in the environmental baseline (excluding the Animas La Plata

Project). The Bureau of Reclamation is currently engaged in consultation with the USFWS to

develop a biological assessment and biological opinion regarding the NGWSP's surface water

diversion from the San Juan River. Preliminary hydrological modeling indicates that, at the

current time, it may not be possible to incorporate new depletions into the revised environmental

7



baseline for the entire NGWSP demands. If the groundwater component were eliminated, then

the potential baseline shortage may be greater.

16. A third reason for the conjunctive groundwater component is that, based on the

current construction schedules, many of the surface water components will not be completed

until 2020. The conjunctive groundwater component will provide critically needed municipal

water supplies at a much earlier date.

17. And, a fourth reason for the conjunctive groundwater component is that it can

provide limited quantities of water more economically than the surface water components, and,

by incorporating the additional water source, the redundancy and reliability of the NGWSP water

supply is increased.

18. The U.S. Bureau of Reclamation in 2004 estimated that the cost of the NGWSP

surface water components is $589 million. The NDWR estimated that the cost of the conjunctive

groundwater component is an additional $77 million in 2004 dollars. Both the surface water

components and the conjunctive groundwater component will be needed to meet the project

municipal demand in the service area. And, both have been incorporated into the Navajo Nation

San Juan River Settlement Agreement, which was approved by the Navajo Nation Council and

the New Mexico Interstate Stream Commission.

3) The NDWR projects that the use of the Morrison and Westwater formation will
increase during the next 40 years.

19. The NDWR estimated that in 1998 Navajo municipal groundwater production in

the Navajo Gallup service area was 2,540 acre-feet per year. With the conjunctive groundwater

component, the Navajo municipal groundwater production in the area will increase to

approximately 3,185 acre-feet per year. The NDWR staff believes that this level of groundwater

development is sustainable. Groundwater use in the Crownpoint Area is projected to increase
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from approximately 330 to 750 acre-feet per year. And, the Navajo groundwater use in the

Gallup Area, which includes the Church Rock Chapter, is projected to increase from 328 to 502

acre-feet per year. These values are shown in Table 1.

Table 1. Recommended NGWSP Municipal Conjunctive Groundwater Development

Municipal 1998 G.W. Proposed 2040 Potential Source
Subarea and Chapters Production Production Formations

_(Acre-feet/year) (Acre-feet/year)
Central (Burnham, Lake Valley, 27 77 Gallup, Dakota,
White Rock, and White Horse Morrison, alluvium, and
Lake) Menefee
Crownpoint 330 752 Dalton sandstone,

.(Becenti, Coyote Canyon, Westwater Sandstone,
Crownpoint, Dalton Pass, Little Gallup Sandstone, and
Water, Standing Rock . Dakota
Huerfano 90 46 Ojo Alamo
(Huerfano, Nageezi)
Gallup Area 328 502 Gallup sandstone,
(Bread Springs, Chichilta, Chinlee, Glorietta,
Church Rock, Iyanbito, Mariano Westwater, Cowsprings,
Lake, Pinedale, Red Rock) and Dakota.
Rock Springs (Manuelito, Rock 58 169 Gallup Sandstone
Springs, Tsayatoh)
Route 491 551 795 Point Lookout Sandstone
(Mexican Springs, Naschitti,
Newcomb, Sanostee, Sheep
Springs, Tohatchi, Twin Lake,
Two Grey Hills)
Torreon 113 77 Menefee
(Counselor, Ojo Encino, Pueblo
Pintado, Torreon)
Window Rock 1043 767 Gallup, Dakota, and

Morrison
'Navajo Total 2,540 3,185
Source: Navajo Nation Department of Water Resources, 2001.

20. To better anticipate the short term, mid term, and long term water development

needs of the Navajo Gallup study area, in 2004 the Bureau of Reclamation contracted with Tetra

Tech, Inc. to analyze the Crownpoint public water system which supplies drinking water to the

Chapters of Crownpoint, Dalton Pass (or Nahodishgizh), Becenti, and Littlewater. Tetra Tech,
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Inc. (2004) concluded that the near term water development scenario requires the installation of

six new wells from the Westwater Canyon and Cow Springs sandstones to obtain up to 614 acre-

feet per year.

21. Since the Tetra Tech report was finalized, the NDWR has received comments that

the Navajo Housing Authority is planning to expand its housing development in Becenti with the

addition of several hundred new homes. Becenti Chapter is located about five miles north of

Crownpoint and is served by the Navajo Tribal Utility Authority ("NTUA") Crownpoint water

system that pumps groundwater from three wells completed in the Westwater Canyon Aquifer.

The Indian Health Service has conceptual plans to serve the Lake Valley Area (about 20 miles

north of Crownpoint) from an inter-tie with the Crownpoint public water system. This Lake

Valley Chapter demand is projected to be approximately 260 acre-feet per year in 2040. Either

of these developments will significantly increase the projected water demand on the Crownpoint

public water system. The Navajo Housing Authority also has contacted the NDWR regarding it

proposed 1,000-home Springstead Estates Housing Development in Church Rock Chapter.

(B) The Westwvater Canyon and Dakota Sandstone Aquifers are used extensively for
drinking water in the Eastern Navajo Agency and meet the definition of
underground sources of drinking water.

22. The Westwater Canyon Aquifer ("WCA") is a subunit of the Morrison Formation,

which the Navajo Gallup Water Supply Project Technical Memorandum reports as providing in

1998 more than 300 acre-feet of groundwater for municipal use. Records in the NDWR water

well data base show that at least 16 water wells are completed in the WCA in the Church Rock-

Crownpoint region. Of those, at least nine are municipal water supply wells: two in Mariano
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Lake Chapter; one in Standing Rock Chapter located nine miles west of Crownpoint; five' in the

town of Crownpoint, including three that are operated by the Bureau of Indian Affairs; and one

in Littlewater Chapter, located 10 miles southeast of Crownpoint.

23. As shown in Table 2 below, at least 13,145 residents obtain drinking water

regularly from Westwater Canyon wells that serve the Crownpoint and Mariano Lake water

systems operated by the Navajo Tribal Utility Authority ("NTUA"). The "Crownpoint System"

serves homes in Nahodishgizh, Crownpoint, Becenti and Littlewater chapters; the "Mariano

Lake" system serves homes in Mariano Lake, Pinedale, Casamera Lake, Smith Lake and Church

Rock chapters. The compilation in Table 2 assumes 4.3 persons per Navajo household and 2.6

persons per non-Navajo household.2 NDWR data indicate that more than 10 percent of the

households in Crownpoint Chapter haul drinking water primarily from the Crownpoint Chapter

House. These families live outside of Crownpoint in rural areas not served directly by the

NTUA public water systems.

24. The estimated population in Table 2 is likely Underestimated because it does not

include non-boarding students, staff and faculty at the elementary, middle, and high schools in

Crownpoint and at Crownpoint Institute of Technology, also in Crownpoint. Neither does the

estimate include the 230 employees and 5,000 patients per month at the Crownpoint

Comprehensive Healthcare Facility, a U.S. Public Health Service-Indian Health Service hospital

and clinic. Students, staff and faculty at schools and other major facilities in Mariano Lake and

Church Rock also are not included in the estimate. The actual number of people who depend on

'Well logs indicate that two of the BIA wells are screened in both the Dakota Sandstone and Westwater Canyon
aquifers.

2These rates are based on the 2000 Census and come from three sources: NNDCED, 2003, the NDWR Drought
Response Plan, 2002, and the World Almanac, 2005.
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Table 2. Estimated Eastern Navajo Agency Population Using Water Supply Wells
Completed in the Westwater Canyon Aquifer (Current and Near-Term User Populations) 3

Population/CommunityServed |NTUA BIA Total People
I Serveda

Current Number of Connections, User Pop lations
Crownpoint, Nahodishgizh, Becenti, Littlewater 1,140 230 5,891
chapter connections
Crownpoint Institute of Technology: Resident Single None 101
students living in dorms connection
Crownpoint Community School: One-third of 459 None Single 151
students live in on-campus dorms connection
Crownpoint High School-Middle School faculty 80 bNone 208
housing complex
Crownpoint Chapter House water station: averages Appx. 150' None 645
about 600 customers per month
Mariano Lake, Pinedale, Church Rock chapters 1,120 No data 4,816
(plus "Kerr-McGee Camp" and Hardground Flats
Canyon) connections

Subtotal Current Connections, Total People Served At least At least 11,812
_ 2,340 230

System Expansion by Early 2006, Number of Connections, User Popl ations
Becenti Chapter, new connections (estimated) 120 None 516
Crownpoint Chapter, new connections (estimated) 100 None 430
Church Rock Chapter, new connections (est'd) 90 No data 387.

Subtotal of System Expansion by Early 2006 310 - 1,333

Estimated current and near-term population served by Westwater Canyon 13,145
Aquifer in Eastern Navajo Agency
'Derived by multiplying number of connections in NTUA and BIA systems by 4.3, the average number of persons
per Navajo household (2000 Census).

b Since the majority of occupants of school housing is non-Navajo individuals and families, these connections are
multiplied by 2.6, the average number of persons per household in the U.S. (Lee The World Almanac and Book of
Facts 2005 at 627.)

' This number of "connections" or "households" is based on the assumption that the "average" customer hauls water
from the Chapter House once per week, or four times per month, and that this customer represents a "household" or
"family." Hence, the estimated number of people served is derived by multiplying 150 by 4.3 persons per household.

3 Data provided by M. Capitan, customer service supervisor, Navajo Tribal Utility Authority, Crownpoint Office;
personal communication, February 23, 2005.
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Westwater Canyon Aquifer wells for drinking water in the Church Rock-Crownpoint region may

exceed 15,000.

25. The overall water quality in the Westwater wells for which the NDWR has

information or has obtained documentation is excellent. The high quality of the WCA

groundwater in Crownpoint municipal wells is shown in the FEIS (Table 3.12 at 3-26) and in

Safe Drinking Water Act compliance data I obtained from NTUA. Water quality data4 for

general chemistry, heavy metals and radionuclides in the NTUA-l and NTUA-2 municipal wells

for 2003 and 2004 are shown in Table 3. Total dissolved solids ("TDS"), uranium and radium-

226 from the 1990 and 2003 samples for the two Crownpoint wells are summarized in Table 4.

In neither the 1990 analyses nor the 2003-2004 analyses of Crownpoint town well water did any

contaminant exceed its corresponding primary or secondary maximum contaminant level.

26. Use of water from unregulated WCA wells for domestic purposes (including

drinking water) and livestock watering is also extensive in the area. A 1998 compilation by

Balleau Groundwater, Inc., for the Navajo Nation Justice Department contained 22 WCA wells

located in a 20-mile radius of HRI's Church Rock mining sites; the list of those wells were

obtained from NNDWR records (Balleau, 1998). At least four of those WCA wells are known to

exist within 3 miles of the proposed HRI Church Rock Section 8 and Section 17 ISL mines. The

names, locations, TDS values, sample dates, uses and status of those wells are shown in Table 5.

27. Use of water from the Dakota Sandstone and Cow Springs Sandston aquifers for

municipal, domestic and livestock uses is also extensive in the Church Rock-Crownpoint area.

NDWR records show five water supply wells in the Dakota and two in the Cow Springs.

4 Analyses for pesticides, chlorination byproducts and volatile and synthetic organic contaminants regulated by
USEPA and the Navajo Nation were at or below detection limits, and therefore excluded from Table 3.
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Table 3. Crownpoint Water System Water Quality Data (Source: NTUA)

Constituent Sample Date Units MCL Crownpoint-1 Crownpoint-2

Metals, General Chemistry:
Alkalinity, total
(CaCQ3)
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Calcium (CaCO3)
Chromium
Conductivity
Copper
Cyanide, free
Fluoride, lab
Hardness, total
Iron
Lead
Magnesium
Magnesium (CaCO3)
Manganese
Mercury
Nickel
Nitrate
Nitrite
PH
Potassium
Selenium
Sodium
Thallium
Total Dissolved Solids
Turbidity
Zinc

5/27/2003

5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
8/10/2004
8/10/2004
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5/27/2003
5i27/2003
5/27/2003

mg/A

mg/l
mg/I
mg/l
mg/l
mg/I
mg/I
mg/I
mg/I

umhos/cm
mg/l
mg/l
mg/l
mg/I
mg/l
mg/l
mg/l
mg/I
mg/l
mg/I
mg/il
mg/l
mg/I

mg/l
mg/I
mg/I
mg/l
mg/I
ntu

mg/l

0.006
0.05
2.0

0.004
0.005

75-200
75-200

0.05

1.3

500
0.3

0.02

0.05
0.002

0.1
10.0

1.0
6.5-8.5

0.05

0.002
500
1.0
5.0

140.0

<0.003
<0.005

<0.1
<0.0002
<0.0002

4.8
12.0

<0.02
420.0
<0.02
0.135

0.5
20.0

0.191
<0.001

2.0
8.0

0.012
<0.0002

<0.04
<0.3
<0.3

8.3
1.94

<0.005
85.5

<0.002
320

0.17
0.011

16.0

<0.003
<0.005

0.161
<0.0002
<0.0002

3.2
8.0

<0.001
490

<0.02
<0.1

0.5
12

<0.1

0.97
4.0

<0.01
<0.0002

<0.04
<0.3
<0.3

8.4
0.85

<0.005
95.9

<0.002
340

0.11
<0.005

Radioachemistry:
Gross Alpha Activity
Gross Alpha, Adjusted
Radium-226
Radium-228
Radium, total
Uranium Activity

6/4/2003
6/4/2003
6/412003
614/2003
6/4/2003
6/4/2003

pCi/I
pCi/I
pCi/I
pCi/I
p Cl/
pCi/I

15.0

5.0

1.1 +/-0.5

<0.3
<0.4
<0.4
<0.5

<0.3
<0.5
<0.5
<0.2
<0.4
<0.5
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Table 4. Selected Contaminant Levels in Town of Crownpoint Municipal Wclls

Parameter Sample Year No.-Town Ave. USEPA/NN
Wells Concentration MCL

Total Dissolved Solids ("TDS") 1990 4 371 mg/I 500 mg/
2003 2 330 mg/I

Uranium 1990 4 <0.01 mg/l 0.03 mg/l
2003 2 0.0007 mg/I*

Radium-226 1990 4 0.45 pCi/V 5.0 pCi/I
2003 2 <0.40 pCi/I

Sources: NTUA, 2005;.

*This concentration was derived by dividing the average uranium activity in NTUA-I and NTUA-2 of <0.4 pCi/l by
the conversion factor used by the NRC, 0.68 pCi per mg.

Table 5. Non-public water supply wells completed in the Westwater Canyon Aquifer
in the Church Rock Area

Well No. Location TDS (mg/i) Sample Uses; Current Status
Date(s)

16T-513 16.16.15.4322 1430 7/27/59 Inoperable; awaiting repair; domestic
._ and livestock uses

16T-534 16.17.21.344 812 10129/03 Operating; frequently used for water
780 7/29/65 hauling by local residents; domestic,

livestock watering

KM-CRII W2 17.16.22.432 330 5/17178 Plugged and abandoned in '94 at
896 5/8180 Kerr-McGee Church Rock Mine;

._ domestic use

UNC Mill Well 16.16.2.111 335 8/12176 Operational, but not available to
228 1019/84 general public; domestic use
292 4/23/92
2258 7/28/93
2090 6/18/02

Sources: CRUMP 2004; Klausing and Welder (1983); NNDWR 1998; UNC 2004;.

28. The federal Safe Drinking Water Act ("SDWA") defines an "underground source

of drinking water" ("USDW") as an aquifer that: (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 mg/I TDS or less. See, 40

CFR § 144.3. In my professional opinion, the Dakota and Westwater Canyon Aquifers in the

Church Rock-Crownpoint regions qualify as USDWs. They both supply water to public water
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systems (in Becenti, Church Rock, Crownpoint, Littlewater, Mariano Lake, Nahodishgizh,

Pinedale, Smith Lake and Standing Rock chapters), and they contain enough water to supply a

public water system, as documented in the Navajo Gallup Water Supply Project Technical

Memorandunm (at Section 5.2). These aquifers are currently used for drinking water for human

consumption, and they have a natural TDS concentration that is far less than 10,000 mg/I. With

respect to the Crownpoint area, the NRC agrees: "Water near the town of Crownpoint in the

Westwater Canyon Member and the Dakota Sandstone currently meets all of the [SDWA]

criteria" as an underground source of drinking water. The Westwater and Dakota aquifers are

USDWs in the Church Rock area, too, because non-public water supply wells that tap those

formations in that area have been used, and are being used, for human drinking water and there is

enough water in storage in the aquifers to develop a public water supply.

29. While current use of the Cow Springs aquifer is limited, it contains enough water

to supply a public water system. The Cow Springs is the most likely aquifer to be tapped for the

municipal supply for the planned Springstead Estates Housing Development 2 miles south of

Section 17, and the Bureau of Reclamation has proposed it as a water source for the short term

expansion of the Crownpoint Regional Public Water System. Therefore, I conclude that the Cow

Springs aquifer also qualifies as a USDW.

30. The Navajo Safe Drinking Water Act ("NSDWA") (22 N.N.C. Chapter 7

Subchapter 15) states, "It is the policy of the Navajo Nation to protect the health and welfare of

the Navajo people by ensuring that the water is safe for drinking and other purposes." See,

NSDWA § 104.7. The Navajo Nation Water Code also clearly enunciates the Nation's policy

toward protecting surface and subsurface water supplies: " to protect the health, the welfare, and

the economic security of the citizens of the Navajo Nation; to develop, manage and preserve the
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water resources of the Navajo Nation" (Title 22, NTC, Chapter 1 l, Subchapter 1, Section 1 1 01).

Since the Navajo Nation considers the Dakota, Westwvater and Cow Springs aquifers in the

Church Rock and Crownpoint areas to be underground sources of drinking water available for

current and future drinking water supplies, these statutory policies of the Navajo Nation dictate

that groundwater quality in these aquifers not be degraded in a manner that precludes current or

future development of the water resources in them.

31. The NDWR and other agencies of the Navajo Nation are aware of the extensive

impacts of previous uranium mining on the lands and water resources in the Church Rock area.

With respect to the proposed ISL mines at Section 8 and Section 17 in Church Rock, the NDWR

is aware that previous underground mining likely contributed to degradation of groundwater

quality on those properties. Such degradation may inhibit, if not preclude, future development of

groundwater contiguous to those lands, say in Sections 9, 16 and 20 ofTl 6N, R1 6W. However,

considering that groundwater in the Westwater Canyon Aquifer is of high quality throughout the

southern portion of the San Juan Basin, and in light of the fact that the WCA is critical for future

conjunctive water supplies, I believe that the Navajo Nation's policies require groundwater

outside of the proposed mining zones at Sections 8 and 17 to be protected as if they were current

sources of municipal drinking water supplies.

(C) The current Navajo Nation water use fee schedule established by the Navajo Nation
Resources Committee in 1999 is a reasonable commercial opportunity cost, if for
any reason these water sources are jeopardized and therefore cannot be developed

32. Establishing a specific economic value for water on the Navajo Nation can be

very difficult because the value of water is very fact specific. Water is rarely bought and sold on

open unregulated markets, but instead it is integrated into a system of water laws and regulations

than restrict many marketing opportunities. The value of water can be further impacted by the
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quality, reliability, development costs, operation and maintenance assessments, institutional

constraints, policy objectives, and availability of less costly alternatives. Although the following

descriptions of regional transfers are not specifically comparable benchmarks, they are intended

to illustrate a range for regional water prices. Examples of regional rates are provided for the

States of California, Arizona, Colorado, and New Mexico. For comparison purposes, long-term

lease rates and water rights acquisitions are annualized, and annual lease rates are converted to a

present value of a long-term lease. The annualized and present value rates are based on

amortizing at a 4 percent discount rate over a 50-year period.

33. In 1992 the Metropolitan Water District agreed to pay the Palo Verde Irrigation

District $134.78 per acre-foot per year, which has a long term present value of $2,900 per acre-

foot. In 1995 the Southern Nevada Water Authority and Metropolitan Water District agreed to

pay $1,766 per acre-foot, which is an annualized rate of $82 per acre-foot per year. In 1995 the

MWD agreed to pay the Imperial Irrigation District $2,198 per acre-foot, which is an annualized

rate of $102 per acre-foot per year. For the 2000/2001 fiscal years, BIA Navajo Indian

Irrigation Project contractors tabulated the Environmental Water Account Acquisitions for the

State of California. The tabulation includes 23 irrigation to municipal water transfers in

California for more than 1.2 million acre-feet of water. That tabulation indicated a minimum

annual value of $75 per acre-foot per year, an average of$ 148 per acre-foot per year, and a

maximum of S360 per acre-foot per year.

34. In 1995 the City of Scotsdale, Arizona, acquired Central Arizona Project water for

$1,100 per acre-foot, which is an annualized rate of $41 dollars per acre-foot year. In 2003 the

Arizona Department of Water Resources reported that the Salt River Pima-Maricopa Tribe

entered into long term water leases for $1,430 acre-foot, which is an annualized rate of $66.5 per
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acre-foot per year, Fort McDowell Yavapai-Apache Tribe entered into a lease for $1,900 per acre

foot, which is an annualized rate of $88.4 per acre-foot per year, and that the Gila Indian

Community proposed a long term lease for $2,100 per acre-foot, which is $97.7 per acre-foot per

year.

35. In 2003 it was reported in the Farmington Daily Times that the City of Bloomfield

acquired water rights in the San Juan River basin for $2,300 per acre-foot, which is an

annualized rate of $107 per acre-foot per year. In 2004 the Navajo Nation protested a transfer of

irrigation rights to the City of Bloomfield, which were offered to the City at $1,458 per acre-foot,

which is an annualized rate of $67 per acre-foot per year. In 2001 the Jicarilla Apache Nation

subcontracted Navajo Reservoir water to the San Juan Generating Station for approximately $75

per acre-foot, which would have a long-term present value of$ 1,632 per acre-foot. And, the

Jicarilla Apache Nation is proposing subcontracts in the Rio Grande Basin for $500 per acre-

foot, which would have a long-term present value of$ 10,880 per acre-foot.

36. In its annual report, the Northern Colorado Water Conservancy District reports

the representative market price per unit for Colorado Big Thompson Project water. In an average

year, a unit of project water is slightly less than one acre-foot. Between 1990 and 1995 the

representative market price was approximately $1,500 per unit. Between 1995 and 1998 the

price was between $2,100 and $3,500 per unit. In 1999 the price was $7,000 per unit. In 2000

the price was $15,000 per unit. And, between 2001 and 2003 the price was between $ 10,000 and

$13,000 per unit. This annualized rate ranged from $70 per year per unit in 1990 to $698 per

year per unit in 2002. The Colorado River Water Conservancy District web site includes the

District's water marketing policy. This policy includes relatively low rates for short-term

contracts for agriculture uses of $25 per acre-foot per year, higher rates for non-agriculture
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contracts within the District and within the basin of$ 125 per acre-foot per year, and the highest

rate for out-of basin contracts of $500 per acre-foot per year.

37. On the Navajo Nation the Peabody Coal Company coals lease terms, which

include water payments, were negotiated in 1988. Based on those terms Peabody pays $587 per

acre-foot per year for the first 2,800 acre-feet of water used, and $1,173 per acre-foot per year for

additional water. This payment is split between the Navajo Nation and the Hopi Tribe. Peabody

uses approximately 4,000 acre-feet of water with a weighted average price of $770 per acre-foot

per year, which would be a long-term present value of$ 16,500 acre-foot.

38. Pursuant to the Navajo Nation Water Code (Title 22 N.N.C.), the Resources

Committee of the Navajo Nation has the authority to establish water use fees for the Navajo

Nation. In 1997 the Navajo Nation Resources Committee passed a water use fee resolution

(RCAP-65-97), which set the water use fee at $0.27 per thousand gallons ($88 per. acre-foot per

year) for commercial purposes, and $2.70 per thousand gallons ($800 per acre-foot per year) for

industrial purposes. The water supply available from the Westwater and Cow Springs

formations in the Crownpoint vicinity are high quality, reliable, and the development costs are

relatively low. Therefore, based on the regional water rates described above, the Resources

Committee's water use fee structure reflects a reasonable range for the economic opportunity

cost of water, if for any reason, these water sources are jeopardized, and cannot be used by the

Navajo Nation for future development.

(D) The non-commercial value of the water needed for a sustainable economy and
permanent homeland for the Navajo people can be considered to be much greater than the
commercial opportunity costs if there is a significant risk to the drinking-water wells in the
vicinity of the communities of Church Rock or Crownpoint.

39. The Navajo leadership must consider the deeply held cultural beliefs regarding

the nature of the water resources of the Navajo Nation. Navajo leaders frequently state that, for
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the Navajo people, water is life. Water is central to Navajo culture, and the Navajo Nation

Council has insisted that the use of the Navajo Nation's water resources must be consistent with

the present and long-term interests of the Navajo people. For the Navajo Nation the value of

water as a commodity is overshadowed by the value of water needed to create and sustain a

permanent homeland for the Navajo People. The purposes of the Navajo Nation Water Code are

to: 1) provide for a permanent homeland, 2) to protect the health, welfare and economic security

of the citizens of the Navajo Nation, 3) to develop, manage, and preserve the water resources of

the Navajo Nation, 4) to secure a just ad equitable distribution of the use of water within the

Navajo Nation, and 5) to provide for the exercise of self government.

40. In 2003 the Navajo Nation Division of Economic Development reported that the

median Navajo family income was only $22,000 while the median U.S. family income was more

than $50,000. The average Navajo Nation per capita income was less than $7,300 while the

average U.S. per capita income was approximately $22,000. More than 40 percent of the Navajo

families on the reservation lived below the federal poverty levels, compared with less than 13

percent of the general U.S. population. The Navajo unemployment rate on the reservation is 42

percent, compared to an unemployment rate for the U.S. of approximately 5 percent. While the

surrounding regional economy has boomed, these gaps in income, unemployment and poverty

have persisted. (Navajo Nation Division of Economic Development, 2003).

41. The Navajo Nation also faces serious water resource problems. For instance,

according to the 2000 U.S. Census approximately .30 percent of Navajo homes do not have

complete kitchens or plumbing facilities, and between 25 and 30 percent of Navajo households

are without connections to a public water system. In 2004 the Indian Health Service sanitation

deficiency system list included more than $300 million of deficiencies. (EcoSystems, 2003).
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42. The lack of infrastructure, the lack of economic development, and the sustained

poverty are closely connected. Water infrastructure is a necessary, but not sufficient condition

for developing a sustainable economy that may alleviate poverty on the Reservation. However,

broad infrastructure investment is occurring on the Navajo Nation. For instance, the BIA Navajo

Area Office of Road Construction anticipates expenditures of almost $60 million per year during

the next twenty years. The Navajo Housing Authority is investing almost $90 million per year to

address the critical housing shortage. The Indian Health Service is investing approximately $20

million per year to address sanitation deficiencies. The Division of Economic Development has

a list of priority economic development projects that has an estimated implementation cost of

approximately $300 million. These infrastructure investments demonstrate the significant effort

that is being made to create a permanent homeland for the Navajo people (Navajo Nation

Department of Water Resources, 2000).

43. However, due to the stagnation of the Navajo economy Navajo people are unable

to find a livelihood on the Navajo Reservation, and many of them are leaving. In the 1996

Chapter Images report, the Division of Community Development reported that the Navajo

Nation is losing population to off-reservation communities. The Division projected that by 2012

more than half of the Navajo people will be living off of the reservation. And, according to the

2000 U.S. Census, almost 40 percent of the Navajo people reside off of the Navajo Reservation.

The Navajo Nation is committed to reducing out migration as much as possible. Ibid.

44. As the broad investments in infrastructure are made, the inadequate water

infrastructure becomes a more limiting constraint on new homes, schools, hospitals, and

commercial activity. And, if the investments in the water infrastructure close the economic

disparity between the on-reservation and off-reservation incomes by only a small fraction, then
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the potential benefits of these investments are overwhelming. Conversely, if the water supply is

jeopardized and the needed water infrastructure cannot be developed, the negative impacts are

equally severe. Lexicon, 1999.

Summation

45. The Navajo Nation's use of the groundwater from the Westwater and Cow

Springs formations is projected to increase over the next 40 years.

46. The Dakota, Westwater Canyon and Cow Springs Sandstone aquifers are used

extensively for drinking water in the Eastern Navajo Agency and meet the definition of

underground sources of drinking water.

47. The 1999 Water Use Fee Structure adopted by the Resources Committee reflects a

reasonable range for determining the economic opportunity cost of the water supply available

from the Westwater and Cow Springs formations if those sources cannot be used in the future.

48. The economic value of the water resources does not fully reflect the value of

water in Navajo culture and in its essential role in establishing a sustainable economy and a

permanent homeland for the Navajo People.
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49. This concludes my testimony.

Pursuant 28 U.S.C. § 1746, 1 declare under penalty of perjury, that the foregoing is true

and correct to the best of my knowledge and belief.

Signed on the I day of March 2005.

John W. Leeper, P.E., Ph.D.
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EXHIBIT A



JOHN W. LEEPER

P.O. Box 855
43 Palomino Loop

Jamestown, New Mexico 87347
505-488-5256

Professional Registration:

Registered Professional Engineer - California, No. 36765
Arizona, No. 29220

Education:

Ph.D., 1989, Civil Engineering, Colorado State University, Dissertation Title: The Impact
of Mater Control on Navajo Irrigation Systems.

M.S., 1983, Civil Engineering, California State University, Los Angeles, Thesis Title: A
Derivation of an Instantaneous Unit Hydrograph Using Kinematic Wave Equations.

B.S., 1978, Civil Engineering, University of California, Davis.

Experience:

Branch Manager, Navajo Nation Department of Water Resources, Water Management
Branch, Navajo Nation, Fort Defiance, Arizona, 1997 to Present.

As the Branch Manager of the Navajo Nation Water Management Branch, the major responsibilities
include 1) supervising a staff of more than twenty full time water resources professionals; 2)
managing an annual budget of more than $2 million per year derived from more than six funding
agencies; and 3) providing technical support for the Navajo Nation's water rights litigation and
negotiation. These responsibilities also include the following projects:

Representing the Navajo Nation on the Navajo Gallup Water Supply Project Steering
Committee. This assignment includes formulating the Navajo Nation's policies regarding
implementation of the project, technical review and analysis, and presenting project issues
to Navajo Nation decision makers, state legislators and the public.
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John W. Leeper
Resume

Assisting the Navajo Nation with a broad array of San Juan River Basin issues including,
among others, assisting the Navajo Nation with formulating positions with respect to the
Navajo Indian Irrigation Project, the Animas-La Plata Project, the San Juan River Recovery
Implementation Program, the negotiations between the Navajo Nation and the State of New
Mexico and regional water planning.

Supervised the preparation of the Draft Technical Memorandum, The Many Mules Black
Mesa Mater Supply Project, November 2002.

Supervised preparation of the Navajo Nation Drought Contingency Plan 2002, June 2002.

Reviewed the Final Draft Technical Memorandum, Tojajitlee Mater Supply Project, April
2002.

Supervised the preparation of the Final Draft Technical Memorandum, The Navajo Gallup
Water Supply Project, March 2001.

Supervised the preparation of the Kerley Valley and Lower Kerely Valley Irrigation Project
Water Management and Conservation Plan, March 2001.

Supervised the preparation of the Water Resources Development Strategy for the Navajo
Nation, July 2000.

Assisted with the Draft Technical Memorandum, Three Canyon Water Supply Project,
March 1999.

Assisted with the Draft Technical Memorandum, The Proposed Western Navajo Pipeline and
the North Central Arizona Mater Supply Project, October 1998.

Supervised the preparation of the Draft Technical Memorandum, An Appraisal Level Study
of the Proposed Farmington to Shiprock Municipal Mater Line, March 1999.

Supervised the preparation of the Technical Memorandum, Water Use Fee Policy, June 1998.

Supervised the preparation of the Final Draft Technical Memorandum, An Appraisal Level
Study of the Capacity and mater Demand of the Shiprock Irrigation Projects, February 1998.
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Civil Engineer, Water Resources Management, Navajo Nation, Fort Defiance, Arizona, 1995
to 1997.

As a Civil Engineer in the Navajo Nation Water Management Branch, the major responsibilities
included supervising the Branch's Engineering Section, reviewing water availability for Navajo
Nation Water Code Water Use Permits, and preparing proposals for funding grants. These
responsibilities also included the following projects:

Providing technical support for the Navajo Nation's water rights litigation and negotiation
in the San Juan River, Rio San Jose and Zuni River Basins. This assignment included
directing technical consultants in the preparation of the Navajo Nation's federally reserved
water rights claims, preparing hydrographic survey materials, and developing regional water
supply project alternatives.

Contributed to the Draft Technical Memorandum, Ganado Lake Water Supply, February
1998.

Contributed to the Draft Technical Memorandum, A Review of the Four Corner Regional
Focus on the Economic Impact of the Critical Habitat Designation, December 1996.

Supervising Senior Engineer, Natural Resources Consulting Engineers, Fort Collins, Colorado,
1992 to 1995.

As a Supervising Senior Engineer at Natural Resources Consulting Engineers, the major
responsibilities included the following projects:

Provided technical support to the federal negotiating team which is litigating and negotiating
the federally reserved water rights in the Little Colorado River Basin within the State of
Arizona. This assistance included technical studies on behalf of the Navajo, Hope, San Juan
Southern Paiute, White Mountain Apache and Zuni Tribes.

Conducted natural flow analysis of the San Juan River and developed San Juan River
depletion scenarios for the Navajo Nation.

Provided technical assistance to the Office of the Tribal Water Engineer of the Shoshone and
Arapaho Tribes in Fort Washakie, Wyoming. This assistance included, among other
activities, surface and groundwater permitting, dam safety monitoring of Washakie Dam,
implementing cost-share programs and evaluation irrigation rehabilitation alternatives.
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Supervised portions of the Assessment and Plan for the Rehabilitation of the Wind River
Irrigation Project and presented the plan to water users at public meetings. This plan
addresses management, finances, on-farm systems, equipment needs and the physical system.

Supervised portions of the Wlind River Basin Wide Study which evaluated the available water
supply, and it presented estimates of current and future water demands in the Wind River
Basin.

Conducted preliminary technical evaluations for the Government of Eritrea of the Toker Dam
Water Supply Project in the Province of Asmara and the Tekezzie-Setit Hydropower and
Irrigation Project.

Senior Civil Engineer, Stetson Engineers, San Rafael, California, 1989 to 1992.

As a Senior Civil Engineer at Natural Resources Consulting Engineers, the major responsibilities
include working on the following projects:

Inventoried historically and presently irrigated lands on the Navajo and Hopi Indian
Reservations, and evaluated the water supply and demand of those lands.

Evaluated the local facilities that would be required for the delivery of California Water
Project water to Improvement District Number 1, Santa Ynez Water Conservation District.

Developed a water resources management plan for the Santa Ynez Water Conservation
District in Central California.

Analyzed benefits and costs of seepage reduction options available to the San Luis Drainage
Unit in the Central Valley of California.

Estimated the impact of non-Indian water use on water development of the Pechanga,
Morongo, Santa Rosa, Cuyapaipe and La Posta Indian Reservations in Souther California.

Inventoried and assessed the rehabilitation potential of historically and presently irrigated
lands on the Flathead Indian Reservation, Montana. Evaluated the water supply and demand
of those lands.

Quantified water resources and historical water requirements of irrigated land on Peoples
Creek, Fort Belknap Indian Reservation, Montana.
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Inventoried historically and presently irrigated lands on the Nez Perce Reservation in Idaho.
Conducted a feasibility level engineering study of potentially irrigable lands on the

Reservation.

Determined natural flow and minimum allowable in stream flows on the Deschutes River in
Oregon in conjunction with the quantification of federal reserved water rights of the Warm
Springs Indian Reservation.

Additional Experience:

Assistant Course Director/Graduate Teaching Assistant, Colorado State University, Fort
Collins, Colorado, 1985 to 1988.

Graduate Teaching Assistant, California State University, Los Angeles, California, 1983.

Technical Trainer/Rural Suspension Bridge Volunteer, U.S. Peace Corps, Nepal, 1978 to 1981.

Engineering Assistant, State Water Resources Control Board, Sacrament, California, 1978.



ADDITIONAL INFORMATION REQUEST
HYDRO RESOURCES, INC. IN-SITU LEACH URANIUMN MINE

CROWNPOINT, NEW MIEXICO

ISSUE: Water Resource Protection

Comments Applicable to
Crownpoint, UNIT 1, and Churchrock

59. Ground Water Consumption

Discussion - None.

Action Needed: A process flow diagram which shows the estimated water consumption for the life of the
project, should be prepared for each site. A discussion of the major assumption used to construct the
diagram should also be prepared. If more than one type of restoration option is still being considered,
such as deep well disposal or reinjection; process flow diagrams should be prepared for each option.

Response

Worksheets which tabulate the restoration water quantity volumes which are contained in a pore volume
are within attachments 59-1 (Churchrock), 59-2 (Crownpoint) and 59-3 (UNIT 1). The restoration volume is one
component of water consumption during project life, the other component is wellfield production bleed. -The
wellfield production bleed at each property is a nominal 40 gpm.

The various ground water management considerations are described in Response 29.

Water quantities will be outlined for each property individually given three different water management
assumptions as follows:

Assumption #1 - 100 Percent Ground water sweep

* No fluid reduction by R.O. ect.
* Bleed volume represents 1% of 4000 GPM nominal plant throughput.
* Restoration circulation of 4 pore volumes.

Assumption #2 - R.O.* Treatment 3 parts product: I part reject

* Product returned to Westwater Fm.
* Disposal Well (s) required.
* Bleed and restoration volumes as in #1

Assumption #3 - Brine concentration RO. reject 99 parts product: 1 part reject

* Product Returned to Westwater Fm.
* Disposal by evaporation
* Bleed and restoration volumes as in #1
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At this time, HRI proposes to use three groundwater restoration
alternatives at each project site:'

a. 100 percent groundwater sweep (ground water is pumped
from the aquifer, but not returned to the aquifer);

b. Reverse osmosis treatment with 3 parts product, and 1
part reject, and;

c. Brine concentration, and reverse osmosis reject with 99
parts product, and 1 part reject.

Under the 100 percent groundwater sweep option, wastewater will
be disposed of by land application.' Under the reverse osmosis
option, 'product water will be injected back into the production
patterns, and wastewater will be concentrated, and evaporated, or
injected into a deep disposal well, or both. HRI will have to
acquire an injection permit from the appropriate State, .or
Federal agency before wastewater can be injected into a deep
disposal well. If land application were the chosen option,
appropriate State permits will have to be obtained.

Restoration of 'the production zone, be it conducted by reverse
osmosis (RO) treatment, ground water sweep, or a combination of
the two, . will utilize the injection-extraction wellfield
configuration. which was employed during mining. By, using the
existing production wellfield pattern configuration, the
efficient reservoir engineering design 'benefits' that were
employed during uranium production will be available for
restoration. Ground water sweep, and R.O. technology has been
widely utilized within the ISL industry, and the resulting
restoration history highly is successful.

Restoration progress will be a routine part of the overall mine
plan. The core test, and historical* experience, by HRI has
indicated that restoration to levels consistent with baseline can
be achieved after approximately four to five pore volumes of
ground water circulation. This is consistent with other industry
experience where the sodium bicarbonate leach system was
utilized.

10.4.1 Groundwater Restoration Criteria

HRI plans that groundwater restoration criteria be established on
a parameter-by-parameter basis, with the primary goal of
restoration to return' all parameters to average pre-mining
baseline conditions.. To the extent that water quality parameters
cannot be returned to the identical average pre-mining baseline
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July 23, 2001

2. Groundwater Restoration

2.1. Introduction

In addition to the regulatory guidance provided by NRC, HRI used historic and ongoing
company experience with similar groundwater restoration operations in developing its budget
model. Groundwater restoration costs are presented as a monthly restoration budget with
cumulative total costs. This is an appropriate budget interval because ongoing operational cost
such as labor, electricity, reagents, replacement equipment etc. are paid out of cash on a monthly
basis. The duration of the restoration cost expenditure was based on the processing and
circulation of 9 pore volumes of groundwater as required by license condition 9.5 surety
requirement. Surety will be maintained at this level until the number of pore volumes required to
restore the ground water quality of a production scale wellfield has been demonstrated as stated in
COP Section 10.4.4.

The COP that was submitted in support of the HRI's License contemplated a number of
methods for liquid waste treatment and disposal during ground water restoration. The costs that
are presented in this budget assume the most conservative liquid waste treatment and disposal
option; reverse osmosis treatment ("RO") and brine concentration ("BC"). It is conservative
because it is authorized by the current license (other options would require additional licensing
steps) and it is the most costly option. If HRI is to pursue one of the other treatment/disposal
options described in the COP Revision 2.0 and it is approved in a future licensing action, then
HRI will adjust the surety budget accordingly during the annual update review.

RO and BC will be used to treat water during production operations and be used for
groundwater restoration conducted in the pilot demonstration and during concurrent restoration
that will be ongoing with production activities. Because the cost of restoration equipment such as
wellfield pumps, ponds, the RO unit, the BC unit, laboratory equipment, trucks, and field
equipment must be incurred for production process operations, they are assumed to be
operational capital and are not included as capital requirements in any of the RAP budget lines.
NRC will be able to verify the availability of the restoration equipment during routine inspections.

The budget model described in this RAP used 712,913,000 gallons of water to size
duration of the restoration program against the projected nominal equipment capacity. Rows 21-
42 of the restoration budget is a monthly calculation of water treatment capacity that has been
cumulated over the term of restoration and compared with the required nine pore volumes of
treated water.- It is nominal equipment design capacity that is needed to process the requisite
gallonage that justifies the length (and cost) of groundwater restoration operations.

2.2. Reverse Osmosis Equipment Description

Reverse osmosis is a water treatment process whereby the majority of dissolved "ions" are
filtered from the wastewater, and concentrated into a smaller concentrated brine volume. The
resulting product water typically meets, or exceeds drinking water standards, and during
restoration activities, is reinjected back into the wellfield further dilutine the underground mining
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September 14, 2001

2. Groundwater Restoration

2.1. Introduction

In addition to the regulatory guidance provided by NRC, HRI used historic and ongoing
company experience with similar groundwater restoration operations in developing its budget
model. Groundwater restoration costs are presented as a monthly restoration budget with
cumulative total costs. This is an appropriate budget interval because ongoing operational cost
such as labor, electricity, reagents, replacement equipment etc. are paid out of cash on a monthly
basis. The duration of the restoration cost expenditure was based on the processing and
circulation of 9 pore volumes of groundwater as required by license condition 9.5 surety
requirement. Surety will be maintained at this level until the number of pore volumes required to
restore the ground water quality of a production scale wellfield has been demonstrated as stated in
COP Section 10.4.4.

The COP that was submitted in support of the HRI's License contemplated a number of
methods for liquid waste treatment and disposal during ground water restoration. The costs that
are presented in this budget assume the most conservative liquid waste treatment and disposal
option; reverse osmosis treatment ("RO") and brine concentration ("BC"). It is conservative
because it is authorized by the current license (other options would require additional licensing
steps) and it is the most costly option. If HRI is to pursue one of the other treatment/disposal
options described in the COP Revision 2.0 and it is approved in a future licensing action, then
HRI will adjust the surety budget accordingly during the annual update review.

RO and BC will be used to treat water during production operations and be used for
groundwater restoration conducted in the pilot demonstration and during concurrent restoration
that will be ongoing with production activities. Because the cost of restoration equipment such as
wellfield pumps, ponds, the RO unit, the BC unit, laboratory- equipment, trucks, and field
equipment must be incurred for production process operations, they are assumed to be
operational capital and are not included as capital requirements in any of the RAP budget lines.
NRC will be able to verify the availability of the restoration equipment during routine inspections.

The budget model described in this RAP used 1,570,430,862 gallons of water to size
duration of the restoration program against the projected nominal equipment capacity. Rows 21-
42 of the restoration budget is a monthly calculation of water treatment capacity that has been
cumulated over the term of restoration and compared with the required nine pore volumes of
treated water. It is nominal equipment design capacity that is needed to process the requisite
gallonage that justifies the length (and cost) of groundwater restoration operations.

2.2. Reverse Osmosis Equipment Description

Reverse osmosis is a water treatment process whereby the majority of dissolved "ions" are
filtered from the wastewater, and concentrated into a smaller concentrated brine volume. The
resulting product water typically meets, or exceeds drinking water standards, and during
restoration activities, is reinjected back into the welfield further diluting the underground mining
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November 19, 2001

2. Groundwater Restoration

2.1. Introduction

In addition to the regulatory guidance provided by NRC, HRI used historic and ongoing
company experience with similar groundwater restoration operations in developing its budget
model. Groundwater restoration costs are presented as a monthly restoration budget with
cumulative total costs. This is an appropriate budget interval because ongoing operational cost
such as labor, electricity, reagents, replacement equipment etc. are paid out of cash on a monthly
basis The duration of the restoration cost expenditure was based on the processing and
circulation of 9 pore volumes of groundwater as required by license condition 9.5 surety
requirement. Surety will be maintained at this level until the number of pore volumes required to
restore the ground water quality of a production scale welifield has been demonstrated as stated in
COP Section 10.4.4.

The COP that was submitted in support of the HR's License contemplated a number of
methods for liquid waste treatment and disposal during ground water restoration. The costs that
are presented in this budget assume the most conservative liquid waste treatment and disposal
option; reverse osmosis treatment ('RO") and brine concentration ("BC"). It is conservative
because it is authorized by the current license (other options would require additional licensing.
steps) and it is the most costly option. If HEI is to pursue one of the other treatment/disposal
options described in the COP Revision 2.0 and it is approved in a future licensing action, then
HRI will adjust the surety budget accordingly during the annual update review.

RO and BC will be used to treat water during production operations and be used for
groundwater restoration conducted in the pilot demonstration and during concurrent restoration
that will be ongoing with production activities. Because the cost of restoration equipment such as
wellfield pumps, ponds, the RO unit, the BC unit, laboratory equipment, trucks, and field
equipment must be incurred for production process operations, they are assumed to be
operational capital and are not included as capital requirements in any of the RAP budget lines.
NRC will be able to verify the availability of the restoration equipment during routine inspections.

The budget model described in this RAP used 2,102,609,094 gallons of water to size
duration of the restoration program against the projected nominal equipment capacity. Rows 21-
42 of the restoration budget is a monthly calculation of water treatment capacity that has been
cumulated over the term of restoration and compared with the required nine pore volumes of
treated water. It is nominal equipment design capacity that is needed to process the requisite
gallonage that justifies the length (and cost) of groundwater restoration operations.

2.2. Reverse Osmosis Equipment Description

Reverse osmosis is a water treatment process whereby the majority of dissolved "ions" are
filtered from the wastewater, and concentrated into a smaller concentrated brine volume. The
resulting product water typically meets, or exceeds drinking water standards, and during
restoration activities, is reinjected back into the wellfield furthe *n the und d mining
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1.0 INTRODUCTION

On April 25, 1988, Hydro Resources, Inc. (HRI), submitted an application to the U.S. Nuclear
Regulatory Commission proposing to construct and operate an in situ leach (ISL) uranium
mining facility on property in Sections 8 and 17, Township (T) 16N Range (R) 16W, near
Churchrock, New Mexico (hereafter, the Churchrock site). HRI later amended its application to
include ISL operations on two lease areas near Crownpoint, NM: (a) an area covering parts of
Sections 15-16 and 21-23, T17N R13W, approximately 2.5 miles west of Crownpoint (hereafter,
the Unit 1 site); and (b) an area covering parts of Sections 24 and 25, T17N R13W, and
Sections 19 and 29, T17N R12W, adjacent to Crownpoint (hereafter, the Crownpoint site).
Operations at the Crownpoint site include a central processing facility (CPF) in Section 24,
T17N R13W, where yellowcake will be dried and packaged. Together, the three sites comprise
HRI's Crownpoint Uranium Solution Mining Project (hereafter, the Crownpoint Project). The
staffs environmental review of the Crownpoint Project is set forth in NUREG 1508, Final
Environmental Impact Statement to Construct and Operate the Crownpoint Uranium Solution
Mining Project, Crownpoint, New Mexico (hereafter, the FEIS [NRC 1997]). This safety
evaluation report (SER) documents the staffs safety review of HRI's Crownpoint Project
application materials.

HRI developed and submitted in 1996 a consolidated operation plan (COP) for the Crownpoint
Project (COP Revision 0.0 [HRI 1996b]) in response to a staff request for additional information
(NRC 1996a, Question 39); In response to additional requests for information, HRI submitted
revised COPs in 1997 (Revision 1.0 [HRI 1997a] and Revision 2.0 [HRI 1997b]).

1.1 Description of the Proposed Action

This SER and the FEIS (NRC 1997) provide the bases for NRC's decision to issue a source
material license to HRI 30 days from issuance of the SER- Thelicense will authoriz-eHRI to
construct and operate ISL uranium mining facilities at the Crownpoint Project for a period of five
years. In preparing the SER, the staff reviewed HRI's license application submittals and the
COP Revision 2.0 (HRI 1997b) against the applicable regulations in 10 CFR Parts 19, 20, 40,
and 71. The SER supports the staffs finding that issuing the license to HRI will be in
accordance with these regulations, and with all applicable safety requirements of the Atomic
Energy Act of 1954 (AEA), as amended.

1.2 Supplemental Information

After the FEIS (NRC 1997) was published, HRI provided sensitivity analyses of flow times from
the Unit 1 site to the Town of Crownpoint wells as a function of variations in permeability,
storage coefficient, aquifer thickness, porosity, and town of Crownpoint well pumping rates (HRI
1997c). HRI's report provided groundwater flow rates and velocities for average values, and
then increasingly conservative and unlikely values that would produce faster flow velocities.
Different flow times were calculated by holding all model parameters constant, while varying
one or more other parameters. For the Unit 1 boundary nearest the town of Crownpoint, the
sensitivity analysis produced average flow times that ranged from 2,103 years to 2,371 years.
These are longer flow times than were calculated by the modeling study cited in the FEIS (NRC
1997). That study was based on more conservative values and produced a flow time of 1,657
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years. With the exception of modeling runs based on unrealistically conservative values,
calculated flow times were all above 1,500 years. Modeling runs based on unrealistically
conservative values produced flow times from 1,059 years to 698 years. The sensitivity
analyses showed that extremely long flow times to the Crownpoint water supply wells from the
Unit I site are to be expected. This is in agreement with the conclusions in Section 3.3 of the
FEIS (NRC 1997).

1.3 Review Scope

This SER details the staff's safety review of HRI's radiological protection program for the
Crownpoint Project, set forth in COP Revision 2.0 (HRI 1997b). While much of the SER text
repeats what is stated in COP Revision 2.0 (HRI 1997b), any HRI commitments made in the
COP, are enforceable whether or not such commitments are stated in the SER.

Evaluation of environmental impacts and measures to mitigate those impacts are contained in
the FEIS. The SER safety review focuses on those aspects of radiological protection discussed
in the COP (HRI 1997b) which were not evaluated in the FEIS (NRC 1997) and is limited to
those aspects of the COP (HRI 1997b) that fall within the NRC's regulatory jurisdiction. For
example, the SER does not evaluate HRl's proposed land application of restoration wastewater
on Section 12, T17N R13W, north of Crownpoint. Restoration wastewater disposal is not
licensed by NRC, and HRI would need to obtain the appropriate licenses and/or permits from
the proper regulatory authorities;

The SER text in bold print denotes matters to be controlled by specific license conditions stated
in the license. HRI cannot deviate from these conditions without first obtaining NRC approval
through the license amendment process. These license conditions provide reasonable
assurance that HRl's Crownpoint Project operation will be in accordance with all NRC
regulatory requirements. NRC will require by license condition that:

HRI 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, and the Crownpoint Uranium Project COP, Rev. 2.0, dated August 15,
1997, except where superseded by license conditions contained in this license.
Whenever the words "will" or "shall" are used in the aforementioned licensee
documents, it denotes an enforceable license requirement.

2.0 AUTHORIZED ACTIVITIES

The source material license to be issued to HRI will authorize the commercial ISL operation of
the Crownpoint Project. Uranium will be extracted from the ore bodies by a sodium bicarbonate
lixiviant at a rate of up to 0.25 cubic meters per second (4,000 gallmin) at each site. The
uranium will be extracted from the solution, and concentrated. For uranium mined at the
Churchrock and Unit 1 sites, uranium concentrate, in either the form of uranium-loaded resin
beads or yellowcake slurry, will be shipped by truck to the CPF, where it will be dried and
packaged into a final yellowcake product. Descriptions of the well fields, mining equipment,
lixiviant, processing facilities, and recovery processes to be used at the Crownpoint Project are
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disposal of contaminated solid wastes that are generated by the Crownpoint Project, including
storage of contaminated material that either cannot, or will not, be decontaminated and
released for unrestricted use, prior to disposal. HRI will dispose of contaminated solid waste
periodically at a licensed waste disposal site, and will maintain an agreement/contract for future
disposal capacity.

Based on the information provided in the application, site visits conducted by the staff, and the
detailed review conducted of the effluent control systems for liquids and solids for the
Crownpoint Project, as modified above by the stated license conditions, the NRC staff has
concluded that HRI's waste management plans ensure compliance with the applicable
requirements of (1) 10 CFR Part 20, Subpart K (waste disposal); (2) 10 CFR Part 40, Appendix
A, Criterion 2 (disposal of byproduct material); and (3) 10 CFR Part 40, Appendix A, Criteria 5A
(surface impoundment requirements).

Because the waste retention ponds are operational features used for Waste water management,
the monitoring requirements listed in 10 CFR Part 40, Appendix A, Criterion 7 are not applicable
to this project. Specifically, the monitoring requirements in Criterion 7 apply to disposal cells
which are, used for the long-term stabilization of uranium mill tailings.

8.0 DECOMMISSIONING AND RECLAMATION

HRI included a preliminary schedule for mining related activities in the COP (HRI 1 997b).
Decommissioning and reclamation of the CPF and satellites will take place after all mining and
groundwater restoration at the site is complete. Groundwater restoration and wellfield
decommissioning will be accomplished as wellfields are mined out.

HRI has committed to submitting a detailed reclamation plan to NRC for review and approval at
least 12 months prior to the planned final shutdown of mining operations. As part of the COP
(HRI 1997b), HRI has submitted a conceptual reclamation plan. The main goal of the plan is to
return areas affected by mining activities to a condition which supports the premining land use
of sheep and cattle grazing, and associated wildlife habitats. The conceptual reclamation plan
provides reasonable assurance that the goal can be reached for surface reclamation activities.
Information on the groundwater restoration activities can be found in the FEIS Section 4.3 (NRC
1997).

HRI has committed to decontaminating to unrestricted release standards, or disposing of, all
radiologically contaminated buildings, process vessels, and other structures, and affected areas
prior to final reclamation. Decontamination will include using acid and water wash downs of
structures and concrete. The resulting wastewater will be disposed by disposal well, brine
concentration, and/or evaporation. Equipment which cannot be decontaminated will be
dismantled and disposed as 11 e.(2) byproduct material or utilized at another NRC licensed
uranium site. Retention ponds will have the liners and pond sludge removed and disposed as
11 e.(2) byproduct material, if the pond had been used for process waste water.

HRI has committed to providing information to NRC, prior to release of an area for unrestricted
use, verifying that radionuclide concentrations meet the applicable radiation standards in 10
CFR Part 40, Appendix A, Criterion 6(6), for allowable radium concentrations.
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Areas unaffected by process wastes but contaminated by restoration waste waters will need to
meet the appropriate standards of the State of New Mexico or the Navajo Nation.

Based on the information provided in the application, the NRC staff has concluded that the
proposed reclamation program is acceptable, and that the applicable decommissioning
requirements of 10 CFR 40.42 can be met.

9.0 SURETY REQUIREMENTS

10 CFR Part 40, Appendix A, Criterion 9, requires the licensee to establish a financial surety
arrangement to assure that sufficient funds will be available to carry out the decontamination
and decommissioning of the site. The surety is based on an estimate which must account for
the total costs that would be incurred if an independent contractor were contracted to perform
the work. The surety estimate must be approved by NRC and based.on a NRC-approved
decommissioning and reclamation plan. HRI must also provide the surety arrangement through
a financial instrument acceptable to NRC. The licensee's surety mechanism will be reviewed by
NRC annually to ensure that sufficient funds are available to complete reclamation.
Additionally, the amount of the surety should be adjusted to recognize any increases or
decreases in liability resulting from inflation, changes in engineering plans, or other conditions
affecting cost. NRC will require by license condition that:

As a prerequisite to operating under its license, HRI 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 HRI 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. 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, HRI 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 each year 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, HRI shall
extend the existing arrangement, prior to expiration, for 1 year. Along with each
proposed revision or annual update of the surety, HRI shall submit supporting
documentation showing a breakdown of the costs and the basis for the cost estimates
with adjustments for inflation (ie., 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.

HRI shall provide an NRC-approved updated surety before undertaking any planned
expansion or operational change which has not been included in the annual surety
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD PANEL

Before Administrative Judges:

E. Roy Hawkens, Presiding Officer
Dr. Richard F. Cole, Special Assistant

Dr. Robin Brett, Special Assistant

In the Matter of )

HYDRO RESOURCES, INC. ) Docket No. 40-8968-ML
P.O. Box 777 ) ASLBP No. 95-706-01-ML
Crownpoint, New Mexico 87313 )

DECLARATION OF DR. RICHARD J. ABITZ

I, Richard J. Abitz, do hereby swear that the following is true to the best of my

knowledge. I am qualified and competent to give this declaration, and the factual statements

herein are true and correct to the best of my knowledge, information and belief. The opinions

expressed herein are based on my best professional judgment.

Name and Title
1. My name is Richard J. Abitz. I am director of the Environmental Services

Group, Fluor Fernald, Inc., 7400 Willey Road, Hamilton, Ohio, 45013.

Professional Qualifications

2. My education and experience as a professional geologist are described in my vita,

attached to this testimony as Exhibit A. I have a doctor of philosophy in geochemistry from the
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University of New Mexico, more than 15 years of experience as an environmental consultant

evaluating problems and remediation strategies associated with the solubility and mobility of

hazardous and radioactive elements in the sediment/water environment of major aquifers, and

over 8 years of experience mapping volcanic and sedimentary rocks in New Mexico.

3. Based on my education and experience, including extensive theoretical,

laboratory and field work, I have substantial expertise with respect to 1) the solid forms of

uranium in aquifer sediments (Buck, Dietz and Abitz, 1995); 2) the chemical reactions that are

responsible for the mobilization and/or adsorption/precipitation of uranium from groundwater

systems (Abitz & Fuhrman, 1993; Abitz, 1992; Abitz, 1991); 3) well fields and ion-exchange

operations associated with recovering groundwater that is contaminated with uranium and other

radionuclides and hazardous metals (Abitz, 1994); 4) remediation of contaminated soil and

groundwater (Abitz, 1996); and 5) the mapping and interpretation of volcanic and sedimentary

textures preserved in the rock record of New Mexico (Abitz and Smith, 1989; Elston and Abitz,

1989; Abitz & Smith, 1988; Abitz & Brookins, 1987; Abitz, Ward and Brookins,. 1987; Elston,

Seager & Abitz, 1987; Abitz, 1986; Abitz, 1985). (References provided in Exhibit A.)

4. Since April of 2003, 1 have managed the Environmental Services Group (ESG) at

the Fernald Closure Project, while continuing to serve as the site geochemist. The Fernald

Closure Project is run by Fluor Fernald, Inc., and we are responsible for completing remediation

activities at the Department of Energy's Fernald site, where uranium metal was produced from

ores and yellow cake for over 30 years (1952 to 1985). As the leader of the ESG, I manage over

35 scientists and technicians who are responsible for 1) air, water and soil sampling activities, 2)

in situ measurements of 226Ra, 232Th and 238U activities in soil using sodium-iodide and high-

purity germanium detectors, 3) data verification, validation, and reporting, and 4) data analysis
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and modeling. Prior to 2003, I served the Fernald Closure Project as the manager of the in sit

measurement program, site geochemist, and senior consultant to DOE's Technology

Development Program. In these roles, I was responsible for characterization and remediation

studies associated with uranium, thorium and radium contamination in soil and uranium

contamination in groundwater.

5. I have also served as a geochemical and geologic consultant to other agencies and

organizations, including the Los Alamos National Laboratory, where I developed waste analysis

and radioactive material management plans for transuranic and low-level mixed wastes; the

Idaho Chemical Processing Plant, where I evaluated the waste characterization program for high-

level radioactive and hazardous waste; and DOE's Waste Isolation Pilot Plant, where I evaluated

the composition and origin of fluids at the repository horizon. In addition, I served as senior

staff consultant for environmental restoration work at the Norton Air Force Base in San

Bernadino, California; and Wright-Patterson Air Force Base in Dayton, Ohio.

6. As a geologist, I have mapped rocks and structures throughout New Mexico,

including volcanic and sedimentary deposits in the Black Range, Jemez Mountains, San Juan

Basin and Rio Grande rift (Abitz and Smith, 1989; Elston and Abitz, 1989; Abitz and Smith,

1988; Abitz and Brookins, 1987; Abitz, Ward and Brookins, 1987; Elston, Seager and Abitz,

1987; Abitz, 1986; Abitz, 1985). 1 understand the physical processes that lead to the deposition

of sediments and volcanic rocks and I can recognize these patterns in the rock record. As a

graduate student at the University of New Mexico, I mapped the Triassic, Jurassic, and

Cretaceous rocks of the southern San Juan Basin, which includes the Westwaer Canyon Member

of the Morrison Formation that hosts the uranium deposits in the Grants mineral belt. Through

field mapping and economic geology classes, I developed an intimate understanding of the
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geology and uranium mineralization in the fluvial deposits that comprise the Westwater Canyon

Member of the Morrison Formation.

7. 1 have authored more than 25 technical papers and abstracts dealing with

environmental geochemistry and geology that have been published in peer reviewed journals and

presented at professional society meetings. A list of these publications is provided in my

attached resum6 (Exhibit A).

8. Since 1997, I have served as ENDAUM's and SRIC's technical expert on issues

associated with the geology and geochemistry of the proposed mining areas. In that capacity, I

prepared affidavits and written testimony on several occasions in "Phase I" of this proceeding

(Abitz affidavits; January 1998, January 1999, May 1999; December 2000; May 2001). In

November 2001, I appeared before the Atomic Safety and Licensing Board Panel on behalf of

ENDAUM and SRIC to answer questions about HRI's Restoration Action Plan for the Church

Rock Section 8 mine.

Purpose of testimony

9. The purpose of this testimony is to provide my technical analysis of whether HRI,

in its proposed mining operations at the Church Rock Section 17, Unit 1 and Crownpoint mine

sites, will be able to prevent uranium-contaminated mine water from escaping the mine zones

during ISL mining operations; capture migrating mining fluids once they leave the mine zones;

restore the affected aquifer to its pre-mining, non-ore zone water quality levels; comply with

applicable federal drinking water standards; and, in the case of the Crownpoint site, prevent the

contamination of currently used municipal drinking water wells.
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Licensing Materials and Literature Reviewed

10. In preparing this testimony, I reviewed the Final Environmental Impact Statement

("FEIS") for the proposed HRI Crownpoint Project (NUREG-1 508, February 1997) (NB 10,

ACN 9703200270), HRI's Consolidated Operations Plan, Revision 2.0 ("COP 2.0") (August 15,

1997) (NB 10.3, ACN 9708210179) the NRC Staff's Safety Evaluation Report ("SER")

(December 1997) (NB 10.4, ACN 9712310298), the source and byproduct materials license

(SUA-1508, January 5, 1998) (NB 11, ACN 980116066), and various correspondence and

reports prepared by HRI and the NRC staff in support of HRI's license applications, as amended.

I have also reviewed the Partial Initial Decision Concluding Phase I (August 20, 1999)'

(hereafter referred to as "Partial Initial Decision"), in which the Presiding Officer approved

HRI's geologic and hydrologic model for the Westwater Canyon uranium deposits in Section 8

of the Church Rock site. I also reviewed and relied on the following relevant scientific literature

and reports and correspondence in the Hearing Record:

American Society for the Testing of Materials (ASTM), 1998. Standard Guide for Developing
Appropriate Statistical Approaches for Ground-Water Detection Monitoring Programs,
D6312.

Brookins, D.B., 1980. Geochronologic Studies in the Grants Mineral Belt, in Geology and
Mineral Technology of the Grants Uranium Region 1979, New Mexico Bureau of Mines
& Mineral Resources, Memoir 38, Socorro, New Mexico.

Chancellor, R.A. (Land Quality Division, Wyoming Department of Environmental Quality),
2003. Letter to W. F. Kearney, Power Resources, Inc., re: Restoration of the A-
Wellfield, Highland Uranium Project, Permit No. 603, TFN 3 4/261, November 25
(hereinafter referred to as "Chancellor Letter").

Cowan, E.J., 1991. The large-scale architecture of the fluvial Westwater Canyon Member,
Morrison Formation (Upper Jurassic), San Juan Basin, New Mexico, in SEPM Concepts
in Sedimentology and Paleontology 3, 80-93.

XIn the Matter of Hydro Resources, Inc., Docket No. 40-8968-ML (ASLBP No. 95-706-01-ML), U.S. Nuclear
Regulatory Commission, Atomic Safety and Licensing Board Panel, see, 50 NRC 77 (1999), also cited as LBP-99-
30.
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Deutsch, W.J., N.E. Bell, B.W. Mercer, R.J. Seine, J.W. Shade, and D.R. Tweeton, 1984.
Aquifer Restoration Techniques for In-Situ Leach Uranium Mines, NUREG/CR-3104,
PNL-4583, Pacific Northwest Laboratory, Richland, Washington.

Deutsch, W.J., N.E. Bell, B.W. Mercer, R.J. Seine, J.W. Shade, and D.R. Tweeton, 1985.
Methods of Minimizing Ground-Water Contamination from In Situ Leach Uranium
Mining, NUREG/CR-3709, PNL-5319, Pacific Northwest Laboratory, Richland,
Washington.

Fitch, D.C., 1980. Exploration for Uranium Deposits, Grants Mineral Belt, in Geology and
Mineral Technology of the Grants Uranium Region 1979, New Mexico Bureau of Mines
& Mineral Resources, Memoir 38, Socorro, New Mexico.

Ford, W., 1995. Memorandum to Joseph J. Holonich on water quality analysis for the
Crownpoint Municipal Wells, December 14.
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Summary of Expert Findings

11 It is my professional opinion that HRI's application is not in compliance with the

Atomic Energy Act and NRC regulations because (1) HRI has failed to define pre-mining

baseline quality at Site 17, Unit 1 and Crownpoint to the level of scientific rigor necessary to

satisfy NRC's own guidance and (2) the NRC Staff erred in allowing HRI to postpone the

determination of final baseline groundwater quality until after License SUA-1 508 was issued.

Furthermore, HRI's statistical analysis of the inadequate "baseline" water quality data provided

with the application is flawed and inconsistent with professional practice and agency guidelines,

which has led the NRC Staff, the Licensing Board and Commission to make erroneous

conclusions about the safety of the project based on the incomplete sets of water quality data and

indefensible statistical results presented in the application.

12. With respect to health and safety issues, it is my professional opinion that HRI will

not be able to prevent uranium-contaminated mine water from escaping the mine zones during

ISL mining operations, capture migrating mining fluids once they leave the mine zones, restore

the affected aquifer to its pre-mining, non-ore zone water quality levels, comply with applicable

federal drinking water standards, and, in the case of the Crownpoint site, prevent the

contamination of currently used municipal drinking water wells. Based on my knowledge of the

geochemical behavior of uranium and the geology and geochemical characteristics of the host

rock at the Church Rock and Crownpoint sites, I do not believe that the native rocks will be able

to attenuate all contaminants in the mine-water flows once excursions occur. As a result, I

believe that post-mining uranium levels will exceed current baseline levels in the ore and non-

ore zones of the aquifer, applicable United States Environmental Protection Agency ("USEPA")

drinking water standards, and the NRC's proposed secondary restoration standard of 0.44
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milligrams of uranium per liter (mg-U/L). I also believe that these high uranium levels will pose

a significant risk to the high-quality, drinking-water wells that are located in the town of

Crownpoint, as close as 0.5 miles from HRI's proposed Crownpoint site wellfields.

13. I have also concluded that the Partial Initial Decision reached by the former NRC

Presiding Officer, which approved HRI's mining operations at Church Rock Section 8, was

based on an erroneous and incomplete understanding of the geology and geochemistry of the

Westwater Canyon Member. The decision ignored the large volume of scientific literature that

shows the depositional environment and uranium mineralization preserved in the rock record of

the Westwater Canyon Member of the Morrison Formation (hereinafter "Westwater Canyon") is

indeed reflective of channel morphology. As I will discuss below, this characteristic is crucial

for predicting the behavior of contaminated groundwater generated by the mining operation.

Therefore, I believe that the Presiding Offlcer's conclusions should not be applied to the Church

Rock Section 17, Unit 1 and Crownpoint sites.

14. In the remainder of this declarations will discuss geological and geochemical

issues that apply to the three proposed mining sites addressed by this phase of the proceeding.

After discussing fundamental geological and geochemical principles, which are the key to an

accurate understanding of the potential mining impacts at the three proposed sites,.I will discuss

concerns about mining impacts specific to each site, starting with Section 17 and moving through

Unit I and the Crownpoint site. Finally, I address inadequacies of HRI's restoration cost

estimates that are common to the Restoration Action Plans ("RAPs") prepared by HRI for each

of the three sites. A summary of my findings and professional opinions concludes my testimony.

A. HRI's application is deficient because it does not contain a complete and
scientifically valid determination of pre-mining baseline water quality for Section
17, Unit 1 and Crownpoint mining sites, as required by NRC regulations and
directed in NRC guidance.
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15. In this section, I will show how and why the groundwater quality data contained

in HRI's application, and reprinted in summary form in the FEIS2, are insufficient to define and

establish pre-operational, baseline groundwater quality at the proposed Section 17, Unit 1 and

Crownpoint ISL mining sites. I will explain why these deficiencies are inconsistent with NRC's

own principal guidance documents for ISL operations, the Standard Review Plan (or "SRP")

(USNRC 2002) and the Groundwater Monitoring Staff Technical Position (USNRC 1981), and

why, based on cross-references contained in Appendix B of the SRP, these deficiencies rise to

the level of violations of specific technical criteria in the NRC's uranium mill licensing

requirements, codified at 10 CFR Part 40, Appendix A, as applicable to ISL mining.

Additionally, I will show how HRI's statistical analyses of the inadequate "baseline" water

quality data generated for the application is inconsistent with professional practice and agency

guidelines, and has had the unintended consequence of leading the NRC Staff, Licensing Board

and Commission to make erroneous conclusions about the safety of the project based on the

limited and technically flawed groundwater quality data in the application.

(1) Water quality data in HRI's application are insufficient to determine pre-
operational baseline water quality at proposed perimeter monitor wells in
Section 17 and Crownpoint

16. As shown in Table 1, very little of the water quality data was generated by HRI

since the application was first filed in 1988. With the exception of the Unit 1 site, all water

quality data reported by HRI came from wells completed inside the production zone at the

Section 8, Section 17 and Crownpoint sites, not at the monitoring well ring or beyond as

recommended in the SRP, §§ 2.7.3. and 5.7.8.3(1) (at 2-24 and 5-41, respectively) and the

2 See, Tables 3.13, 3.14, 3.16. 3.17. 3.19. 3.20 and 3.21.
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Groundwater Monitoring STP (§ IVA at 13). The largest number of HRI samples reported in the

application (73) came from seven test wells at the Section 8 site, but none of the data are newer

than March 1989 - 16 years ago.3 For the Section 17 site, there are no pre-mining groundwater

quality data outside of the production area; the only water quality data for Section 17 are four

1993 samples from two mine shafts and two vent holes, which are representative only of water in

the underground mine workings of the Old Churchrock Mine, which operated in 1960-62 and

1978-1982. The water in the underground mine workings does not represent native Westwater

Canyon water at or beyond the perimeter monitoring well ring. At the Crownpoint site, water

quality data from 28 samples were reported for the eight test wells completed in the production

zone.4 No water quality data were collected to establish baseline conditions at or beyond the

monitoring well ring.

17. Only a portion of the Unit I site has water quality data from both production-area

test wells (n=25) and from perimeter monitoring wells (n=21).5 These data were generated not

by HRI, but by the former owner of the Unit 1 property, Mobil Oil Corp., which drilled and

completed nearly 90 test wells and monitoring wells in the early 1980s as part of its South Trend

Development Project. HRI did not install and collect new samples from these Mobil wells as

part of its license application for the Crownpoint Project; in fact, it told the NRC Staff in June

1996 that it "found" the Mobil data. See, HRI 1996 at 1. Until then, the only water quality data

contained in the portion of HRI's application covering the Unit 1 property (HRI, 1992a, Table

3 I analyzed the water quality data from six of the seven Section 8 test wells in my January 9, 1999, affidavit ("Abitz
1999 Affidavit"), which was attached as Exhibit I to ENDAUM's and SRIC's Revised Groundwater Presentation
(January 18, 1999). That analysis is reproduced here as attached Exhibit B at 9-14.

4 I also analyzed the water quality data for the eight Crownpoint test wells in my 1999 Affidavit (see, Exhibit B at
15-18) and compared those data with water quality in the nearby Crownpoint municipal wells (Exhibit B at 20-24).

5 I also analyzed the Unit I water quality data in my 1999 Affidavit (see, Exhibit B at 18-20).
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Table 1. Summary of Pre-mining Groundwater Quality Assessments of the Westwater
Canyon Aquifer in the License Application for HRI's Crownpoint Uranium Project

Mining Site No. of test wells No. of test wells No of water quality Sources of Data
and-or sampling located at samples collected (References)
points within monitor well ring for test wells and-or
production area or beyond sampling points

Church 73 total: HRI drilled, tested
Rock' 13 from 3 wells, these wells in '88-'89
Section 8 7 12 from 2 wells,

8 from 1 well, (HRI, 1993b, Figs.
. 7 from 1 well 2.7-6 thru 2.7-12)

Church 0 test wells; 4 total: HRI sampling, 1993
Rock 2 bnoedmn from each shaft,
Section 17 2 abandoned mine 1 from each vent hole (Pelizza, 1993)

2 vent holes

Unit 1 92 total: Mobil Oil Co., 1982

25 21 2 from each well (HRI 1996)

Crownpoint 28 total: HRI drilled, tested
1 from 2 wells, these wells in '90-'92

8 0 4 from 4 wells,
5 from 2 wells (HRI 1992b)

2.7-3 at 2-68 through 2-77) was from the eight test wells at the Crownpoint site 2 miles east of

Unit 1. Since then, HRI has relied exclusively on the 23-year-old Mobil water quality data to

characterize water quality at Unit 1. Mobil reported water quality data for two samples from each

well, the samples having been collected in May and August 1982. While the number of samples

analyzed were relatively large (n = 92; see Table 1), they were derived from wells completed in

a portion of Unit I (Sections 15 and 16, T17N, RO3W) that represents less than 10 percent of the

Unit 1 area. HRI, 1996 at 2 (showing a map of the Mobil production-area and monitoring wells

in Sections 15 and 16 of Unit 1).

(2) HRI's failure to fully characterize baseline groundwater quality in non-
production areas of Section 17 and Crownpoint is inconsistent with
established NRC guidance for ISL operations and violates specific
requirements of 10 CFR Part 40 and Part 40 Appendix A.

18. While the NRC Staff relied heavily on the groundwater quality data in HRI's

application to promote the view that baseline water quality at its proposed mining sites is
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naturally poor (see, e.g., FEIS at 4-47 and 4-48), HRI admits in its Section 17 Restoration Action

Plan (HRI 2001 a, § 2.6 at ninth unnumbered page under Tab 2) that -

"[t]he groundwater data that has [sic] been collected to date is [sic] not intended to
replace the more detailed characterization that is required by [License Condition] 10.21
& L.C. 10.22 before injection begins. The existing information does not provide a picture
of the quality of groundwater in the mineralized portion of the Westwatcr Canyon
Aquifer at the Churchrock Section 17 & Section 8 sites."

In its Crownpoint RAP (HRI 2001c, § 2.6 at ninth unnumbered page under Tab 2), HRI states

that "[a] thorough characterization of the premine groundwater will be conducted at the

Crownpoint location as required by L.C.'s 10.21 and 10.22 and it will be this characterization

that provides the baseline against which restoration will be measured." Thus, HRI's failure to

fully characterize baseline water quality, especially in non-mineralized parts of the aquifer at or

beyond the monitoring well ring, is explained in part by the Staff's decision to allow HRI to

defer final determination of baseline water quality until after the license was issued, but before

injection of lixiviant. See, License SUA-1 508, License Condition ("LC") 10.21 (requiring

collection and analysis of groundwater quality data to set restoration standards) and LC 10.22

(requiring collection and analysis of groundwater quality data to set upper control limits).

19. In my professional opinion, these license conditions, coupled with the procedures

for determining baseline water quality set forth in the COP Rev. 2.0 (at 84-87), do not guarantee

that HRI will conduct groundwater monitoring appropriately or analyze the data properly to

generate accurate and statistically reliable baseline water quality data for purposes of establishing

excursion indicators, upper control limits and restoration standards. As I explain in more detail

in m¶ 30-39 below, HRI commits only to testing the baseline data set for statistical outliers (COP

Rev. 2.0 at 86), and this commitment is repeated as a requirement in L.C. 10.21 (B) and L.C.

10.22(B). However, this outlier test is meaningless unless the data distribution is known and a
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statistical test is first performed to determine the data distribution, as recommended in both the

U.S. Environmental Protection Agency's guidance for groundwater monitoring at RCRA

facilities (USEPA, 1989) and the American Society for the Testing of Materials's 1998

groundwater monitoring guidance. Therefore, the commitment to perform an outlier test is not a

commitment to implement all of USEPA's and ASTM's guidance for analysis of groundwater

monitoring data, recommendations that remain the industry standard for collecting, sampling and

analyzing groundwater. As I demonstrate in Tables 2 and 3 below, the practical effect of not

following professional guidance is that baseline values will be artificially elevated, resulting in

inflated upper control limits and restoration standards that are not reflective of actual non-ore

zone background.

20. Furthermore, the COP and license conditions are not consistent with respect to the

number and frequency of samples collected for determining baseline. Compare, e.g., LC

10.21(A) and LC 10.22(A) with COP §§ 8.6.2 at 85 and 86. Neither do the license conditions

require HRI to submit the results of its baseline assessment to the NRC Staff for review and

approval; hence, the "public" has no oversight power to ensure that HRI implements the

license's conditions as they are written. These inconsistencies in assessment procedures,

discrepancies in specific sampling requirements, and HRI's failure to commit to following

established scientific guidance for determining baseline water quality creates ambiguity and

allows the licensee's judgment to supercede regulatory authority.

21. NRC's decision to allow HRI to defer determination of baseline until after the

license was issued and has been adjudicated also contradicts NRC's own "acceptance criteria"

for ISL applications in the SRP. These criteria clearly envisioned that applicants would establish

pre-mining baseline conditions before licensing, not after licensing. See. specifically, SRP §
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2.7.3 at 2-24, which recommends "Ir]easonably comprehensive chemical and radiochemical

analyses of water samples, obtained within the ore body and at locations awayfrom the ore body

... to determine pre-operational baseline conditions" (emphasis added). The SRP also

recommended specific elements of a pre-mining groundwater quality monitoring program:

"Baseline sampling programs should provide enough data to adequately evaluate natural
spatial and temporal variations in pre-operational water quality. At least four independent
sets of samples should be collected, with adequate time between sets to represent any pre-
operational temporal variations. A set of samples is defined as a group of at least one
sample at each of the designated baseline monitor wells . ." SRP, § 5.7.8.3(1) at 541.

Relevant portions of the SRP are attached to this declaration as Exhibit C. The Groundwater

Monitoring STP, published in 1981, contained similar guidance:

"Baseline conditions are used to gauge... .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 anomalous 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... .For determining baseline water quality conditions, at
least four sets of samples should be collected and analyzed...

Groundwater Monitoring STP at 13 (attached hereto as Exhibit D).

22. The acceptance criteria in the SRP, and their accompanying "evaluation findings,"

tie ISL operations to specific requirements in 10 CFR Part 40 ("Domestic Licensing of Source

Material"), the Part 40 Appendix A uranium mill licensing criteria, and the requirements

governing preparation and submittal of environmental reports in 10 CFR Part 51

("Environmental Protection Regulations for Domestic Licensing and related Regulatory

Functions"). SRP at xvii; attached hereto in Exhibit C. Appendix B of the SRP cross-references

10 CFR Part 40 Appendix A requirements with specific elements of the Standard Review Plan.

In my view, HRI's application fails to satisfy at least two of the Appendix A criteria. First, the

application fails to "provide complete baseline data" in a "pre-operational monitoring program"

(Criterion 7). Second, the application fails to provide a sufficient set of baseline water-quality
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data to evaluate groundwater protection standards for the mining site and its environs (Criteria

5B(l) and 7A). Since HRI'i application does not satisfy certain of the Appendix A criteria, it

also violates the requirement of 10 CFR 40.3 lh that-

"[a]n application for a license to receive, possess, and use source material for uranium or
thorium milling or byproduct material... must clearly demonstrate how the requirements
and objectives set forth in appendix A of this part have been addressed. Failure to clearly
demonstrate how the requirements and objectives in appendix A have been addressed
shall be grounds for refusing to accept an application."

The NRC Staff should not have "accepted" HRI's application without a complete analysis of

baseline groundwater quality, especially groundwater quality in the aquifer outside of the

mineralized production area. Moreover, the Staff should not have left determination of baseline

until after licensing, and by inference, after the conclusion of this license adjudication.

(3) HRI's statistical analysis of the limited water quality data contained in the
FEIS, and their proposed assessment of baseline water quality revealed in the
COP, is not consistent with professional practice and agency guidance.

23. In analyzing the groundwater quality data contained in its application, HRI

incorrectly grouped all production. and monitoring wells together to calculate invalid statistical

parameters. Furthermore, both HRI's application and the FEIS are silent on the number of

sampling rounds that will be used to establish background, analytical detection limits for the

monitored parameters, reporting requirements for parameters that are below the detection limit of

the analytical method, and statistical methods used to establish normal, lognormal, or non-

normal distributions, outliers, and confidence levels. In the COP 2.0 (HRI, 1997), HRI states

that a single sample will be collected from wells in the production zone and from wells in the

monitoring ring, and the samples averaged to determine the restoration criteria (COP at 86-88).

This proposed approach is inconsistent with both the NRC license condition on sample numbers

and accepted guidance on establishing baseline conditions for groundwater parameters.
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Guidance on statistical analysis of groundwater data is readily available (ASTM, 1998; USEPA,

1992; USEPA, 1989), and HRI's failure to use or propose using this guidance reflects an

unprofessional attitude toward its obligation to characterize baseline values for ions in the high-

quality drinking water of the Westwater Canyon Aquifer.

24. NRC's tabulation of the proposed primary restoration goal in Table 4.14 of the

FEIS (at 4-46) reflects the technically unjustified use of average water quality data from all

production and monitoring wells at the proposed mining sites (FEIS 1997, Table 4-14). For

instance, the "primary goal alternative" for radium-226 in Table 4.14 is 65.85 picoCuries per

liter ("pCi/L"), which was derived by averaging the analytical results of one ore-zone water

sample containing nearly 400 pCi/L radium with samples from seven other wells having radium-

226 concentrations ranging from 0.4 to 1.8 pCifL. Abitz 1999 Affidavit, Table 3 at 16

(contained in Exhibit B attached hereto). This unprofessional analysis ignored variation in

groundwater composition between the proposed mining sites and, within those sites, variation

between production and monitoring wells. The NRC staff should correct this error and require

HRI to follow accepted guidance (USEPA, 1989; ASTM, 1998) in establishing separate baseline

values for production wells and monitoring wells at each of their proposed sites (i.e., Section 17,

Unit 1 and Crownpoint will each have two baseline values, one for production-area wells and

another for monitoring wells). In the COP Rev. 2.0 (at 86-88), HRI proposes to follow the same

incorrect statistical methodology used in the FEIS; that is, simple averaging of a single sample

from each wvell, which clearly violates guidance that calls for a minimum of four sample rounds

for each well over a significant time period and statistical testing for normal, lognormal, or non-

normal distribution prior to determining the proper baseline value. The COP is also inconsistent

with the NRC license, which calls for a minimum of three samples from each well (L.C. 10.21 A
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and L.C. 10.22A) and performance of an outlier test prior to establishing the baseline value for

each parameter (L.C. 10.21B and L.C. 10.22B).

25. The guidance documents I reviewed make it clear that HRI's and the Staff's use

of the mean (or average) and standard deviation in the FEIS (and the same methodology is

proposed in the COP) to establish the restoration goal for the production well field and excursion

limits at the monitoring wells are applicable only if the data set follows a'nomnal or lognormal

distribution; HRI has not performed a statistical test to demonstrate that the data follow a normal

or lognormal distribution, which further invalidates the proposed primary restoration goal (FEIS

1997, at 4-47) and upper control limits for indicating an excursion (Ibid., at 4-19 to 4-21).

26. In the paragraphs that follow, I will outline the appropriate statistical methods that

HRI should have used in the FEIS, and should have proposed in the COP, to establish primary

restoration goals for production well fields and upper control limits for monitoring wells. I will

then apply the proper statistical methods to the 1982 groundwater data from Mobil's Southtrend

Development Area (HRI, 1996), which is now HRI's Unit I property, and the 1990 and 1991

water quality data from the Crownpoint site. HRI, 1992b at 34-44.

27. The first test that must be performed on a data set is a test to determine if the data

follow a normal or lognormal distribution. Statistical tests for normality are widely available

through spreadsheet programs (e.g., Microsoft Excel with Analyse It), and the Shapiro-Wilk Test

is generally the most robust test for demonstrating that data follow a normal distribution (Shapiro

and Wilk, 1965; Shapiro, Wilk and Chen, 1968; Madansky, 1988). The probability statistic,p,

returned by the Shapiro-Wilk Test determines whether the data follow a normal distribution for

the stated confidence interval. For a stated confidence level of 95 percent, p must be greater than

0.05 to accept the null hypothesis that the data follow a normal distribution. If the data do not
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follow a normal distribution, the data may be log transformed (using the natural logarithim) and

re-run to determine if the log-transformed data follow a lognormal distribution. If neither the

original data nor log-transformed data pass the Shapiro-Wilk Test (i.e.,p greater than 0.05), then

it must be concluded that the data do not follow a normal or lognormal distribution. When the

data do not follow a normal or lognormal distribution, the mean and standard deviation are

meaningless because these parameters are defined ONLY for a normal distribution.

28. Data sets that do not follow a normal or lognormal distribution generally include a

large number of results at or near the detection limit, which places most of the data at the low

end of the distribution (i.e., an asymmetrical distribution). This type of data set is a non-normal

data set, and its sample distribution must be analyzed with nonparametric techniques (Gilbert,

1987; Madansky, 1988) to define the median, quantiles, and inter-quantile range ("IQR"),

provided the results at the detection limit do not exceed approximately 75 percent of the data

points.'67

29. Without regard to these proper statistical techniques for analyzing water quality

data, HRI wrongly grouped groundwater quality data from production wells and monitoring

wells at different sites and then applied an incorrect statistical analysis to the data set.

6 In this technique, the non-normal data sets are ordered, from lowest to highest values, and the median is the central
value in the ordered data set, while the 0.25, 0.5 and 0.75 quantiles are the values such that 25%, 50% and 75% of
all values fall below that value. The IQR is the difference between the 0.75 and 0.25 quantiles. Median and IQR are
better indicators of the distribution in a non-normal, asymmetric distribution, because these statistical quantities are
influenced less, relative to the mean and standard deviation, by very large or very small values.

7For data sets that have a large proportion of detection-limit values (e.g., greater than 75 percent of the data points),
rate and proportion techniques must be applied (Gilbert, 1987; Madansky, 1988) to evaluate if a contaminant is out
of control at a monitoring well. For example, assume a groundwater sample is collected from a well each month for
a year, and one of the twelve samples indicated a uranium concentration of 0.002 mg/L and all others were reported
as less than 0.001 mg/L. The rate can be expressed as one detection per twelve samples (1/12), and this proportion
would have to be compared with the next twelve samples, collected over the same. time interval. If the next twelve
samples showed five uranium values above the detection limit and seven at the detection limit, the proportion would
be 5/12. These two data sets would be compared with a test for proportions to determine if the second set indicated
a significant change for the contaminant of interest. If the proportion test indicates a significant change, one can
conclude that the upper control limit at the well has been exceeded.
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Production wells are in ore zones, and radium levels in groundwater extracted from these zones

will be higher relative to groundwater in the monitoring ring zone. Additionally, if the ore

deposits are transitioning to an oxidized environment, arsenic, molybdenum, selenium and

uranium may also be higher in the ore zones.

(4) Proper statistical analysis of the Mobil water quality data from Unit 1 reveals
a significant difference between ore-zone water quality and non-ore zone
water quality and confirms that the Westwater Canyon Aquifer is an
underground source of drinking water at the Unit 1 perimeter monitoring
wells.

30. To conduct a statistical analysis of the Unit I water quality data collected by

Mobil in 1982 and reported by HRI to the NRC Staff in 1996, I-divided the groundwater into

production wells and monitoring wells and limited the number of parameters evaluated to those

constituents that are the best indicators of excursions. These parameters are sodium and

bicarbonate (high levels in lixiviant), chloride (present in refortified lixiviant, due to release from

ion exchange column when pregnant lixiviant is run through the column), and sulfate, arsenic,

molybdenum, selenium, uranium and radium (oxidation of ore zone will liberate these ions). In

the presentation of my results in Tables 2 and 3 below, arsenic and selenium values are not

provided because all of the reported concentrations for these trace metals were less than 0.005

mg/L. These results indicate that rate and proportion methods (as discussed above in Footnote 5)

must be used with the next round of collected data to determine if contamination has reached the

monitoring wells.

31. The Unit I data set is the most comprehensive groundwater data set provided by

HRI, because it contains analytical results for 25 production wells and 21 monitoring wells, all of

which were completed in the Westwater Canyon Aquifer. Accordingly, this data set can be used

to establish pre-mining baseline water quality conditions in the Westwater Canyon Aquifer in the
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northern portion of Unit 1. Baseline values for production wells are used to set the primary

restoration goal in the production well field, while baseline values for monitoring wells are used

to set both the primary restoration goal outside the production zone and the maximum

concentration a contaminant may have prior to declaring an excursion.

Table 2. Statistical Analysis for Groundwater Samples
from HRI's Unit 1 Production Wellsi

Well Na HCO3 S04 Cl Mo U Ra-226
155L37 125 150 35 2 0.0025 0.003 6.5
155L50 100 195 36 1.5 0.0035 0.006 13
155L51 110 210 32 14 0.003 0.0005 26
155L64 110 205 42 4 0.003 0.004 8
155L65 103 210 27 7 0.0025 0.002 5
155L76 103 205 30 2 0.009 0.001 3
155L79 115 210 41 5 0.003 0.0005 2
15M21 100 205 27 9 0.01 0.0005 2
15M35 97 205 32 2 0.01 0.0005 2
15M49 98 205 30 5 0.005 0.011 31

15M6 100 205 26 2 0.006 0.066 4
1 5M63 98 205 38 2 0.004 0.006 35

15M7 103 195 35 17 0.009 0.006 5.5
16153 99 200 35 4 0.008 0.0005 14
16156 105 175 42 2 0.005 0.001 . 10
16169 97 200 37 2 0.0025 0.002 1.5
16170 110 185 41 3 0.005 0.0005 8
16184 100 200 28 1.5 0.007 0.001 12
16P1 96 195 31 7 0.003 0.002 28

16P15 99 210 28 2 0.007 0.001 32
16P29 99 205 32 18 0.006 0.001 17
16P43 100 205 32 7 0.004 0.001 70
16P44 600 210 34 2 0.005 0.0005 3
16P57 98 205 31 2 0.004 0.009 101
16P59 93 210 39 3 0.008 0.0005 16

Statistical Analysis (italic numera ls indicate 1the rejected results)
Pz 2.8813-10 3.16E-06 0.213 1.20E-05 10.0863 2.0313-09 l0.6403
Mean 122 200 33 5 0.005 0.005 9.7
Median 100 205 32 3 0.005 0.0010 10
'Analytical data represent average value reported by Mobil for indicated well (Pelizza, 1999). Detection-

limit values reported as one-half of the detection limit.
2 P-value is returned from Shapiro-Wilk Test, and values greater than 0.05 indicate a normal distribution
is probable and the mean can be applied to the data set.

Results are for log-transformed data.
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Table 3. Statistical Analysis for Groundwater Samples
from HRI's Unit I Monitoring WVells'

Well Na HCO3 S04 Cl Mo U Ra-226
15L17 105 220 42 2 0.004 0.0005 0.5

15L17A 110 215 33 2 0.008 0.0005 1
15L45 110 200 36 1.5 0.006 0.0005 0.5
15L5 110 225 43 2 0.006 0.0005 0.5
15L7 110 215 34 2 0.007 0.0005 0.5

15L73 100 205 40 3 0.003 0.0005 26
15M12 102 210 31 6 0.004 0.0005 3.5
15M39 101 215 31 1.5 0.0025 0.0005 1.5
15M67 110 210 31 40 0.004 0.0005 0.5
15M92 98 215 34 2 0.0025 0.0005 2.5
15M94 140 235 127 17 0.0025 0.0005 1

16111 110 210 29 6 0.0025 0.0005 0.25
16123 100 215 33 3 0.0025 0.0005 4
16151 100 215 30 2 0.0025 0.002 1
16181 100 215 22 2 0.0025 0.0005 0.25

16P102 94 205 33 15 0.004 0.0005 1
16P11 100 220 30 28 0.0025 0.0005 0.5
16P37 97 205 30 2 0.0025 0.0005 0.5
16P65 91 200 36 2 0.0025 0.0005 7
16P94 95 205 37 2 0.0025 0.0005 1.5
16P96 99 205 34 3 0.006 0.0005 1

Statistical Analysis (italic numerals indicate the rejected results)

P 0.0002 0.0899 0.312 2.00E-05 0.0001 l.40E-09 4.58E-08
Mean 104 212 33 2.6 0.00038 0.00057 2.6
std dev 10 8 5 1.4 0.0018 0.00033 5.6
Median 100 215 33 2 0.0025 0.0005 1
IQR 11 10 5 1 0.0015 0 1

Analytical data represent average value reported by Mobil for indicated well (Pelizza, 1999). Detection-
limit values reported as one-half of the detection limit.
2 P-value is returned from Shapiro-Wilk Test, and values greater than 0.05 indicate a normal distribution
is probable and the mean and standard deviation can be applied to the data set.

32. Statistical analysis results for the production wells at Unit 1 are shown in Table 2.

They indicate that sulfate data have a normal distribution, molybdenum and radium-226 values

have a lognormal distribution, and sodium, bicarbonate, chloride and uranium levels have a non-

normal distribution. Therefore, the primary restoration goals for the production area at Unit I

should be based on the mean for sulfate (33 mg/L), molybdenum (0.005 mg/L) and radium-226

(9.7 pCi/L) and the median for sodium (100 mg/L), bicarbonate (205 mg/L), chloride (3 mg/L)
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and uranium (0.001 mg/L). Radium is the only parameter that exceeds the EPA drinking water

standard in my recalculation of production-area restoration goals. Note that the radium-226 and

uranium primary restoration goals calculated by HRI and summarized by the NRC Staff in Table

4.14 of the FEIS are 65.9 pCi/L and 1.8 mg/L, respectively. These values are approximately 7

and 2000 times greater, respectively, than the correctly calculated values cited above and shown

in Table 2. Indeed, my analysis indicates that the correct production-area baseline values for

Unit I are less than the corresponding values in Table 4.14 of the FEIS for all but two of the

constituents assessed: chloride (3 mg/L v. 10.9 mg/L), radium (9.7 pCi/L v. 65.85 pCi/L),

sodium (100 mg/L v. 120.3 mg/L), sulfate (33 mg/L v. 54.9 mg/L), and uranium (0.00 1 mg/L v.

1.8 mg/L). Only bicarbonate was slightly higher in my calculation than the value in Table 4.14

(205 mg/L v. 201.2), and molybdenum was essentially at the detection limit in both cases (0.005

mg/L v. 0.0 mg/L8 ).

33. Statistical analyses for the monitoring wells at Unit I are shown in Table 3. In

this analysis, baseline values meet or exceed the EPA drinking water standards for all

parameters, indicating the groundwater at the Unit 1 monitoring well ring is suitable as an

underground source of drinking water. Bicarbonate and sulfate data have a normal distribution,

and all remaining parameters in Table 3 have a non-normal distribution. These distributions

dictate that the mean and standard deviation for bicarbonate (212 ± 8 mg/L) and sulfate (33 i 5

mg/L) can be used to establish the upper control limit (UCL) for an excursion, but the median

and IQR must be used to calculate the UCL for sodium (100 ± 11 mg/L), chloride (2 + I mg/L),

molybdenum (0.0025 i 0.0015 mg/L), and radium-226 (1 + 1 mg/L). For the special case of

8 Rarely are analytical results reported as "0.0" as was molybdenum in Table 4.14 of the FEIS. Absent an
explanation in the text of the FEIS, I assume that a value of 0.0 means that the actual Mo value was below the
detection limit, whatever it was for that contaminant.
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uranium, where all but one well was reported at the detection limit, a UCL cannot be established

and the test of proportions must be run on the next series of collected data to determine if a

significant change occurs for uranium at the monitoring wells. Nonetheless, the mean (0.00057

mg/L), median (0.0005 mg/L) and range (0.0005 to 0.002 mg/L) of uranium values calculated in

Table 3 are consistent with the very low levels of uranium in the Crownpoint municipal water

wells (see,FEIS Table 3.12 at 3-26), further indication that groundwater in the Westwater

Canyon Aquifer at the Unit I monitoring well ring is an underground source of drinking water.

34. HRI proposes to set the UCL for excursion indicator contaminants at the mean

plus five standard deviations9 (FEIS at 4-10). However, these statistical quantities only apply to

parameters that demonstrate the normal distribution. The median and IQR must be used to

calculate the UCL for parameters that have a non-normal distribution, and the UCL would equal

the median plus five IQRs. Proper calculation of UCLs yields the following values: bicarbonate,

252 mgfL; sulfate, 58 mg/L; sodium, 155 mg/L; chloride, 7 mg/L; molybdenum, 0.01 mg/L; and

radium-226, 6 pCi/L.10 (I Note here that the IQR for uranium is 0, because only one of the

uranium values is above the reported detection limit of 0.001 mg/L. Therefore, a UCL cannot be

established and the test of proportions must be run on the next set of collected data, as noted

above.)

35. NRC has proposed to use only conductivity, chloride and bicarbonate as

excursion indicators, and two of these indicators must exceed their respective UCL, or a single

UCL must be exceeded by 20 percent, before an excursion is declared. FEIS at 4-21. In

9 HRI's calculation of the UCL is not in line with recommended practice in the Groundwater Monitoring STP (at
18), which states that an excursion be declared when the parameter reaches a value equal to its mean plus 20
percent.

10 My calculation of a UCL for bicarbonate of 252 mgfL is identical to that reported in the FEIS (at 4-21) using
HRI's method. Yet, HRI's calculated UCL for chloride of 56 mg/L is eight times higher than my calculated value of
7 mg/L.
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defending these choices as excursion indicators, the Staff stated that uranium "is not considered

an early indicator that solutions are moving away from the well field and therefore is not

considered a suitable parameter for an upper control limit." Ibid. I believe, however, that

sodium, sulfate and uranium would be excellent indicators of excursions because they are present

at very high levels in the lixiviant, as sodium bicarbonate is the primary reagent in the lixiviant,

and sulfate and uranium will be oxidized and mobilized by the lixiviant to concentrations far

above their baseline values. In particular, uranium in pregnant lixiviant at concentrations

ranging from 50 mg/L to 250 mgfL (see., FEIS Table 2.1 at 2-6) will be 50,000 to 250,000 times

its baseline value of about 0.001 mg/L. As I explain in later sections of this declaration, the

natural buffering capacity of the rocks is not sufficient to overcome the strong oxidizing effects

of the lixiviant, and any release of fluids containing high levels of uranium would not be

attenuated naturally. Therefore, uranium is an appropriate and necessary indicator of excursions,

and the NRC Staff should rethink its opposition to using uranium as an excursion indicator.

(5) Proper statistical analysis of the Crownpoint mine site water-quality data
reveals the presence of drinking water-quality groundwater in the production
area.

36. As shown in Table I above, eight test wells were placed in the ore zone at the

proposed Crownpoint site. See, also, HRI, 1992b, Fig. 2.3-3 at 33. However, wells CP-l and CP-

4 had only a single analysis each, and HRI did not use the single results from these two wells in

reporting baseline water quality values for the Crownpoint site in Table 3-13 of the FEIS (at 3-

27). The remaining six wells at the Crownpoint site have at least four sets of data each, collected

over the 1990 to 1991 period. Hence, the statistical analysis I performed on these data is limited

to those 6 wells so the proper statistical results may be compared to HRI's questionable results.
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37. Statistical results for ore-zone water quality at the Crownpoint site are shown in

Table 4. These results indicate that bicarbonate, molybdenum, and uranium follow a normal

distribution, and sodium, sulfate, chloride and radium-226 do not follow a normal or lognormal

distribution. Therefore, based on the limited data set, the primary restoration goal should be the

mean for bicarbonate (196 mg/L), molybdenum (0.007 mg/L), and uranium (0.006 mg/L), and

the median for sodium ( 15 mg/L), sulfate (37 mg/L), chloride (3.5 mg/L) and radium-226 (0.9

mg/L). All of these parameters meet the EPA drinking water standards, which indicates that

even groundwater in the Crownpoint ore zone can be classified as an underground source of

drinking water.

Table 4. Statistical Analysis for Groundwater Samples
from HRI's Crownpoint Ore-Zone Wells'

Well Na HCO3 S04 Cl Mo U Ra-226
CP-2 298 171 70 1325 0.01 0.0138 391
CP-3 161 229 133 42 0.006 0.0031 1.8
CP-5 102 222 35 2.5 0.005 0.012 1
CP-6 109 202 35 3.5 0.005 0.00075 0.5
CP-7 118 149 33 3 0.0075 0.00088 0.4
CP-8 112 205 38 3.5 0.0088 0.004 0.8

Statistical Analysis (italic numerals indicate the rejected results)
P 0.00612 0.537 J 0.00697 3.77E-05 0.429 0.0984 2.27E-05
Mean 150 1961 57 ._230 0.007 0.006 65.9
Median 115 204 37 _ 3.5_ _ 0.007 0.004 0.9

Analytical data represent average value reported by HRI for indicated well (HRI, 1992). Detection-limit
values reported as one-half of the detection limit.
2 P-value is returned from Shapiro-Wilk Test, and values greater than 0.05 indicate a normal distribution
is probable and the mean can be applied to the data set.

38. HRI grossly misrepresents the baseline value for radium-226 (65.9 pCi/L) in

Table 3.13 of the FEIS (at 3-27), because they calculated and reported the mean (or average)

concentrations, not the median concentration. Interestingly, HRI excluded analytical results for

the major ions sodium and chloride from the calculation of mean contaminant levels in Table 3-

13 of the FEIS, but included the CP-2 results for trace metals and radionuclides to inflate the
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radium-226 baseline value. This practice is clearly unprofessional, and the NRC Staff should

correct it by rescinding License SUA-1 508 until such time that HRI produces a representative

baseline for groundwater in both the ore zone and in the perimeter monitoring well ring.

39. In sum, HRI's application for the Crownpoint Uranium Project does not does not

adequately characterize baseline water quality outside of the production areas, and leaves this

requisite task to post-licensing and post-license adjudication in violation of 10 CFR 40.31 h and

Criteria 5 and 7 of 10 CFR Part 40 Appendix A. Furthermore, the statistical methods used by

HRI and the NRC Staff in the FEIS, and proposed in the COP, to assess baseline water quality

for Section 8, Unit 1, and Crownpoint, are NOT consistent with applicable federal and

professional guidelines. (See, e.g., USEPA, 1989, ASTM, 1998) or the NRC license.

Specifically, in the FEIS, HRI (a) performed no statistical test to determine the type of data

distribution; (b) failed to delineate between groundwater from production wells (ore zone) and

groundwater from monitoring wells (non-ore zone); (c) conducted no baseline water quality

assessment for Section 17 (groundwater quality data from the old Church Rock mineshafts are

not representative of the Westwater Canyon Aquifer); (d) installed too few wells at the

Crownpoint site to provide a detailed statistical evaluation of production and monitoring wells,

and (e) lacked at least four sets of samples per well at the Unit 1 site in direct conflict with

recommendations in the Groundwater Monitoring STP (USNRC, 1981 at 13) and SRP (USNRC,

2002 at 541). In the COP Rev. 2.0 (at 86), HRI (a) proposed one set of samples, rather than four

per well, and (b) incorrectly proposed averaging of the data with no statistical tests to determine

the type of data distribution and outliers. For these reasons alone, HRI has not demonstrated that

its equipment, facilities and procedures are adequate to protect public health and minimize
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danger to life or property as required by 10 CFR 40.32, and therefore its license to conducting

ISL mining at Section 17, Unit I and Crownpoint should be revoked.

B. Understanding the Geology of the West water Canyon and Uranium Geochemistry is
the Key to an Accurate Hydrogeochemical Analysis of the Mining Impacts

(1) The Westivater aquifer resides in a braided-stream paleoenvironment, full of
channels that provide preferential flow paths for chemical contaminants

40. The Westwater Canyon Member of the Morrison Formation is well recognized as

a sequence of fluvial deposits that formed a large alluvial fan in a braided-stream environment

(Galloway, 1980; Cowan, 1991; Turner-Peterson, 1995). The term "fluvial" designates sediments

that are deposited by streams, and these sediments comprise grains of many sizes (poorly sorted)

due to the fluctuation in flow rate (energy) of the water. An alluvial fan is a constructional

sedimentary feature that forms at the mouth of a mountain canyon when a high-velocity stream

loses its energy and deposits sediment. A braided-stream environment consists of numerous

subparallel channels that diverge and converge in response to flow rate and sediment deposition.

The characteristic morphology of a stream is the channel, comprised mostly of sand and gravel,

contained by the muddy banks (clay, silt and sand).

41. As a result of this depositional style, there is a structural fabric that is preserved in

rocks that form from fluvial sediments. It is the variation in grain size between the channel

sediment (sand and gravel) and bank deposits (clay, silt and sand) that imparts a preferential

groundwater flow path along the channels in the Westwater Canyon.

42. In the Church Rock and Crownpoint areas, Galloway (1980, Figure 1) has shown

that the axes of the regional stream channels were oriented roughly east-west, with flow to the

east-southeast during deposition of the sediments. Therefore, the regional east-west channel
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structure of the sediment fabric is preserved in the Westwater Canyon, and these channels

influence groundwater flow and uranium mineralization:

"The uranium deposits in [Crownpoint] sec. 29 are thought to have been emplaced
originally as a result of a chemical reaction between uranium-bearing ground waters
and elongate humate masses [derived from decaying vegetation] located along the
southern margins of several east-southeast-trending channels within the Crownpoint
depocenter." (Wentworth et al, 1980, at 143)

* "Ore deposits are associated with well-developed channel sandstones in the upper
three-fourths of the Westwater Canyon Member. Ore zones are irregular in
configuration and are elongated parallel to depositional features (N350 W)." (FEIS,
1997, at 3-12)

Therefore, the former Presiding Officer was incorrect to conclude, "In examining the literature,

however, there are no references to channelways..." (Partial Initial Decision Concluding Phase I,

4th paragraph after nl 0).

(2) Uranium ore bodies are intimately associated with the channels in the
Westwater Canyon

43. Uranium mineralization in the Westwater Canyon is a complex association of 1)

primary ore deposits formed parallel to channels in the Westwater Canyon during the early

history of the groundwater-flow system, and 2) secondary ore bodies (roll-shapes that are

discordant, or roughly perpendicular, to the channel structure) formed much later, after oxidizing

water was introduced into the Morrison Formation rocks exposed by tectonic activity that began

with the Laramide orogeny and continues today (Galloway, 1980, at 67; Brookins, 1980, at 52).

In both the primary and secondary ore deposits, economic geologists have recognized that the.

channel structures in the fluvial deposits control the location of mineralization:

* ". . .deposits illustrate the familiar relationship of uranium ore with plant material and
fluvial channels." (Wright, 1980, at 22)

* "The most consistent feature of both types of uranium deposits is their close
relationship to fluvial sandstones or, rarely, lacustrine [i.e., lake] deposits."
(Langford, 1980, at 36)
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* "Uranium-ore deposits in the Grants mineral belt, New Mexico, occur principally in
certain fluvial sandstones with mudstone interbeds in the Morrison Formation
(Jurassic)." (Fitch, 1980, at 40)

* "Additionally, remnant ore in the Mariano Lake-Ruby Wells trend and ore in the
Crownpoint trend that is apparently extensively altered and remobilized primary ore
are developed in or adjacent to the thickest pat of the Westwater Canyon Member
along depocenter axes that are probably structurally controlled. These ore deposits
are spatially associated with organic-rich kerogen or humate bodies (although humate
is only locally present at Crownipoint) that are frequently stacked vertically as
elongate, locally. sinuous deposits (Saucier, 1976) within depocenter axes." (Kirk and
Condon, 1995, at 123)

* "...flow was probably concentrated at the southern margin of the fan system along
the northwest-southeast-trending sand axes hosting the deposits of the Grants mineral
belt." (Galloway, 1980, at 67)

* "The orebodies are elongated, lenticular or tabular masses; they are oriented parallel
to paleochannel systems in the host rocks ...... Stratigraphic, structural, and
radiometric evidence indicates that the orebodies are approximately the same age as
their host rocks." (Squyres, 1980, at 86)

Therefore, ore deposits were formed along preferential flow paths in the Westwater Canyon

channels, and the former Presiding Officer was again incorrect to conclude, "Such deposition

along channelways contradicts conventional uranium deposit models." (Partial Initial Decision

Concluding Phase I, 3rd paragraph after nlO).

(3) The stability of uranium phases in the channel sands is destroyed by
oxidizing groundwater and lixiviant, and once the uranium is transformed to
uranyl-carbonate anions it is difficult to remove uranium from the
groundwater

44. In Phase I of this proceeding, both the NRC Staff and the former Presiding

Officer relied heavily on the assertion that excursions of mining fluids would have little affect on

groundwater quality outside the mining areas because of the ability of the aquifer to attenuate

contamination through natural geochemical processes (Ford, 1999, at 12-14; USNRC, Phase I

Decision, (5) 1 21). I disagreed with this view because neither the NRC Staff nor the former
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Presiding Officer cited any site-specific technical data or studies to demonstrate that the reducing

capacity of the sediments in the Westwater Canyon can overcome the strong oxidizing effects of

the uranium-laden mining fluids (Abitz, May 1999, ¶ 13). The lack of evidence presented by

HRI and the NRC Staff for natural attenuation at real-world operations for commercial and pilot-

scale ISL mines convinced me that the NRC Staff's position is technically indefensible and an

abrogation of its regulatory duty to take a hard look at the science that underlies this mining

proposal. In the section that follows, I provide an overview of the subsurface geochemical

reactions that take place in uranium orebodies to explain why adsorption and reduction of

uranium and other contaminants downgradient of the proposed mining zones will not be

successful at any of the HRI projects. Therefore, natural attenuation can be neither relied upon

to protect the high-quality.groundwater outside of the mining areas during operations nor to

achieve restoration standards after mining ends.

45. Uranium is present in aquifer sediments in many solid forms: 1) adsorbed to the

surface of clay particles; 2) poorly crystallized material that tends to form overgrowth rims on

existing grains; 3) mixed in a complex fashion with organic carbonaceous matter or sulfide,

phosphate, silicate and oxide phases; 4) discrete minerals of uraninite, uranophane, coffinite,

autunite, etc. In the Westwater Canyon Member of the Morrison Formation, economic

geologists in the Grants mineral belt of New Mexico have recognized the key association of

uranium ore with organic carbonaceous material:

* "Organic material is intimately associated with the primary uranium deposits of the
Grants mineral belt." (Leventhal, 1980, at 75)

* "Primary uranium orebodies in the Morrison Formation of the San Juan Basin, Mew
Mexico, consist of submicroscopic coffinite in a matrix of dark-colored, structureless
carbonaceous matter that impregnates and partially replaces the Morrison
sandstones." (Squyres, 1980, at 86)

33



* "Uranium mineralization is concentrated by a dark-gray to black substance that has
been identified as humate, which is derived from decaying vegetation." (Fitch, 1980,
at 40)

* "The uranium occurs in coarse-grained, poorly sorted sandstone units and is closely
associated with the carbonaceous material that coats the sand grains." (FEIS at 3-1 1)

46. When uranium ore is present in aquifer sediments, uranium concentrations in the

groundwater will be controlled by the pH, redox state and the concentrations of the bicarbonate

and carbonate ions (HC03- and Co 3
2 ) in the groundwater. Groundwater in the Westwater

Canyon at Crownpoint exceeds a pH of 8 and contains approximately 230 milligrams of

bicarbonate per liter and 15 milligrams of carbonate per liter (Ford, 1995). These conditions are

very favorable for the dissolution and transport of uranium if the redox state of the water in the

ore zone is transformed from the present reducing state to an oxidizing environment via lixiviant

injection.

47. The redox state (i.e., the amount of oxygen) within the water and sediment system

comprising the aquifer controls the oxidation state of uranium (i.e., the number of electrons that

will be present around the uranium nucleus). Wyhen the redox condition of an aquifer is

transformed to a strong oxidizing environment by the introduction of a lixiviant, chemical

reactions occur to transfer electrons between elements and compounds that act as oxidizers or

reducers, with oxidizers (e.g., oxygen, hydrogen peroxide, etc) gaining electrons and reducers

(e.g., arsenic, uranium, huamte, etc) donating electrons. As all reducers in the aquifer can donate

electrons to the oxidizers in the lixiviant, the overall effect is to strip the reducing material out of

the aquifer, which creates a toxic zone of aqueous contaminants in oxidized groundwater.

Because all of the reducers have been destroyed by the oxygen in the lixiviant, the aquifer

sediments have little to no potential to return the aquifer to the reducing conditions that favor the

stabilization of uranium and other redox sensitive metals (e.g., arsenic, selenium, etc).
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Therefore, the uranium and other toxic metals will remain in solution as they migrate outside the

mining zone in their cocoon of oxidized water.

(4) Oxidation and reduction of uranium in the natural environment occurs very
slowly, and these processes pose no threat to the Westwvater Canyon aquifer
unless the oxidation rates are accelerated via lixiviant injection.

48. Uranium has two common oxidation states: U(IV), with four electrons missing, or

U(VI), with six electrons missing. Most uranium atoms in ore deposits are in the lower oxidation

state, where only four electrons are missing. When a uranium atom has only four missing

electrons from its structure, it is not very soluble and it remains in the solid state as uraninite,

coffinite or other U(IV) solid phases. Uranium in the solid state can be mobilized to the U(VI)

aqueous state by solutions that contain strong oxidizers, such as the oxygen-fortified lixiviant

proposed for solution mining in the Church Rock and Crownpoint areas. High concentrations of

oxygen (as 02 or H2 02) in the lixiviant greatly accelerate the reaction rates for oxidation of

uranium and other trace elements present in the ore deposit (e.g., arsenic, carbon, iron,

molybdenum, selenium, and vanadium), creating high concentrations of uranium and other toxic

metals that could not exist under natural oxidizing conditions. When six electrons are stripped

from the uranium atom by an oxidizer, it forms a strong bond with oxygen as the uranyl ion

(UO2
2+), which is one mobile form for uranium. An example of an oxidation reaction with the

mineral uraninite (UO2 ) follows:

(1) U0 2 + H20 2 -> 20H- + U02

In Reaction (1), the oxygen in the hydrogen-peroxide molecule is in an unstable electron

configuration, because two more electrons are needed to stabilize the electron orbits of the

oxygen atoms. The electron donor in this example is the uranium atom in the uraninite, which

provides two electrons to break down the hydrogen peroxide into two molecules of hydroxide
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ion (OH). When the uranium atom in the uraninite molecule loses two electrons, the molecule

becomes the soluble uranyl ion.

49. It is important to note that Reaction (1) is an anthropogenic, forced reaction (H2 02

does not exist naturally), and it does not represent the step-wise oxidation kinetics that occur in

the natural environment. Under ambient conditions, the oxidation kinetics occur in two steps

over a lengthy period of time, with one electron removed from the uraninite molecule in each

-reaction step. This slow oxidation process, under natural conditions, poses no threat to wells

downgradient from the ore zones because uranyl ion is released from the natural oxidation

process at a very low rate, which prevents high concentrations of uranium downgradient of the

ore zone.

50. After the uranyl ion is formed by the oxidation process, it is free to react with

other ions in the groundwater or surface sites on sediment grains within the aquifer. As opposite

charges attract, the positively charged uranyl ion will seek a negative ion or a negatively charged

surface site on a sediment grain. When carbonate ions are present in the groundwater, the uranyl

ion reacts rapidly with the carbonate ions to form negatively charged uranyl-carbonate

complexes:

(2) 2CO3
2 + -+ U02(CO3 )2 2

(3) 3C03
2 + UO2

2+ - U02 (CO3 )3 4

The carbonate ion has a much stronger affinity for the uranyl ion relative to the affinity for the

uranyl ion to bind to a negatively charged site on a sediment grain. Therefore, Reactions (2) and

(3) are the basis for maintaining a high carbonate concentration in the lixiviant proposed for

solution mining at Church Rock and Crownpoint, because the carbonate complexes the uranium

and keeps it in solution. In general, pH is kept above 8 and the carbonate ion is maintained at a
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sufficient concentration to form the uranyl tricarbonate complex in Reaction (3). The negatively

charged uranyl-carbonate complexes are desirable, from the perspective of a solution-mining

operation, because the negative ions do not absorb to the charged surface sites of aquifer grains

as readily as positive ions. However, high concentrations of uranyl-carbonate anions are

undesirable from a water quality perspective because the dominant ion in the Westwater Canyon

aquifer is carbonate, which allows the uranyl-carbonate ions to be transported over great

distances due to a limited number of positive adsorption sites on the aquifer sediments.

51. Most aquifer sediments have negatively charged surface sites, which attract

positive ions and repel negative ions. The reason most aquifer grains have a net negative charge

on their surface is because the pH of the groundwater exceeds the pH that corresponds to the

zero point of charge (pH4) for that particular mineral grain. A pHpc is the groundwater pH at

which there is no net charge on the mineral surface. When groundwater pH is above a mineral's

pH,,,, there is excess negative charge on its surface and it attracts positive ions (cations) from

solution. In contrast, when the groundwater pH is below the mineral's pHVC the surface of the

mineral has a net positive charge and it attracts negative ions (anions).

52. The pHzpc for silicate minerals found in the Westwater Canyon fluvial deposits

(e.g., quartz, feldspar, kaolinite, etc) falls between 2 and 5 (Stumm and Morgan, 1981), and since

most groundwaters have pH values that exceed 5 the surfaces of these grains will have a net

negative charge. For groundwater with a pH between 8 and 10, such as the groundwater in the

Westwater Canyon (Ford, 1995), there are very few aquifer grains that will have a net positive

charge, because very few minerals have a pHzpc that exceeds 8. Minerals that have a pHzp that is

greater than 8 include aluminum oxyhydroxide (pHpc = 8.2), amorphous iron hydroxide (pH2 pc =

8.5), and aluminum oxide (pHpc = 9.1) (Stumm and Morgan, 1981).
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53. However, in the Westwater Canyon, these minerals only occur in trace quantities

and they will not attract an appreciable mass of uranyl-carbonate anions. Moreover, they will

lose their positive surface charge and adsorb a vanishing small amount of uranyl-carbonate

anions when the pH of the groundwater exceeds 8.5, which holds for most groundwater in the

Westwater Canyon aquifer at Crownpoint and Church Rock (FEIS, Tables 3-12, 3-13, 3-16, & 3-

21). With no.positive charged surfaces to remove the uranyl-carbonate anions from the

groundwater, HRI and the NRC cannot support their speculation that uranium will be rapidly

removed from the groundwater when contaminants migrate outside of the mining zone.

(5) Limited to no adsorption for uranyl-carbonate anions and slow reduction
kinetics indicates uranium and other toxic-metal ions generated in the
proposed mining zones wvill migrate into and contaminate the Westwater
Canyon aquifer

54. Based on the geochemical conditions noted above, there is little to no chemical

affinity for the removal of the uranyl-carbonate anions from the groundwater, and this allows

uranyl-carbonate anions to spread throughout an aquifer. Uranyl-carbonate anions are very

mobile in carbonate groundwater systems like the Westwater Canyon aquifer, because once

formed they are hard to remove by natural physicochemical processes, as described below.

55. Kinetics (i.e., intrinsic energy of molecular motion and its relation to chemical

reaction rates) required for the removal of uranium by ion adsorption, reduction and precipitation

proceed at a very slow rate in natural aquifers. The overall reactions (the actual transformation

takes place with several more kinetic steps) can be illustrated as follows:

(4) adsorption site4+ + U0 2(CO3)3
4 -- site-U0 2(C0 3)3

(5) site-U0 2 (C0 3 )3 + 2e6 - U0 2 + 3Co3
2 - + adsorption site4+

As noted in the pHZPC discussion, removal of the uranyl-tricarbonate anion by Reaction (4) is

limited or not possible, as there are few to no positive adsorption sites available for anions in the
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Westwater Canyon aquifer because groundwater pH exceeds 8.5. The importance of the

adsorption step in removing uranium from groundwater is that the source for the electrons

needed to reduce the uranium generally lie with the solid material that forms the adsorption site,

and proximity of the adsorbed uranium-carbonate ion to an electron source allows the reduction

and precipitation in Reaction (5) to occur. As emphasized by Leventhal (1980, p. 77), reduction

and precipitation of the uranium is: ". . .not as fast as the concentration step [Reaction (4)],

although the speed of this process [Reaction (5)], on a geologic time scale, is unknown."

56. Of importance here is the reference to the geologic time scale, which implies that

the kinetics of the reduction and precipitation reactions proceed so slowly in the natural

environment that it takes on the order of thousands of years to remove high concentrations of

uranium from groundwater. The transition of the Westwater Canyon aquifer to an oxidizing

environment in the Church Rock and Crownpoint areas (Saucier, 1980) makes the removal of

uranyl-carbonate anions from groundwater under natural conditions extremely inefficient, due to

the limited number of adsorption sites and the slow kinetics associated with reduction and

precipitation of the uranium.

57. Neither HRI nor the NRC Staff has published site-specific geochemical data to

support their speculation that adsorption and redox conditions downgradient of ore zones will (1)

attenuate mining fluids that may escape during production operations and (2) enhance restoration

efforts by lowering the concentrations of uranium and other redox sensitive metals (e.g., arsenic

and selenium). At a minimum, HRI should have evaluated well-established redox couples (e.g.,

Fe2+/Fe3 +, As3+/As5+,Mn2+/Mn4+, Se4+/Se6 +, U4+/U64) in downgradient groundwater to establish

the reduction potential in all zones of the aquifer (i.e., sand channels, silt and mud point bars,

etc). Until they present such date, HRI and the NRC staff have no basis for their view that
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natural attenuation will lower contaminant concentrations to restoration levels. As I have shown,

adsorption and reduction will not occur because there are few to no positive adsorption sites to

attract the uranyl-carbonate anions and the reducing conditions in the aquifer are being

transformed to oxidizing conditions. Without adsorption sites and reducing conditions in the

aquifer, contaminates in the proposed mining zones will migrate into the aquifer and remain

mobile, if lixiviant is injected into the ore bodies.

(6) The West-water Canyon aquifer will be contaminated by lixiviant injections
during mining because HRI's monitoring well configuration does not Reflect
the paleochannel structure of the Westwater Canyon and the wells will not
detect all excursions of mining fluids

58. The proposed HRI well-pattern configuration for monitoring wells is inadequate

to protect groundwater quality outside of the mine zones. An insufficient monitoring-well

program will result in significant contamination spreading beyond the perimeter of the monitor

wells. The basis for HRI's inadequate well-pattern configuration is NRC guidance and an

incorrect hydrogeological model of the Westwater Canyon.

59. As noted above, the former Presiding Officer was incorrect to conclude that

paleochannels do not exist in the Westwater Canyon, and the Staff was remiss in ignoring the

evidence of channel fabric in the aquifer and in not challenging HRI's technically unsupported

notion that the aquifer is simply a homogenous pile of sand. The consequence of these erroneous

conclusions lead the former Presiding Officer to dismiss our concern that the 400-foot spacing of

monitoring wells down gradient of ISL mining operations is inadequate to detect excursions of

mining fluids during and after operations (Partial Initial Decision Concluding Phase I at D-1).

Our concern is valid and it is based on the clear scientific consensus arising from the geologic

literature, my own personal observations of the Westwater outcrops, HRI's pump test results that

have been reviewed and analyzed thoroughly by Intervenors' hydrology expert Mr. Michael
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Wallace, and the cutting-edge geologic field work performed by Intervenors' expert Dr. Spence

Lucas in the Church Rock area that shows paleochannels do exist in the Westwater Canyon

Member, and the monitoring well network proposed by HRI should have been configured to

account for the presence of these channels.

60. The primary reason for concluding that there is a high probability of uncontrolled

migration of contaminants is that paleochannels within the fluvial deposits hosting the uranium

ore impart non-uniform (heterogeneous) hydraulic-conductivity values to the aquifer. As Mr.

Wallace has shown in Table 1 of his affidavit, heterogeneous flow conditions in the Westwater

Canyon can lead to groundwater velocities up to 600 feet per year in highly transmissive sand

and gravel deposits that form paleochannels. This fast-flow condition is recognized by economic

geologists working in the Crownpoint uranium deposits:

"Another important regional and local control for the concentration of uranium is the
development of highly transmissive zones in the Westwater Canyon Member fan
system..." (McCarn, 1997, at 8)

Additionally, it is recognized that the paleochannels in the Westwater Canyon serve as preferred

groundwater flow paths:

"Because mineralizing ground-water flow paralleled paleochannel axes, mineralization
trends likewise will parallel paleochannel axes and will extend through a broad area of
the fan." (Galloway, 1980, at 68.)

Dr. Lucas, who has mapped the paleochannels in the Westwater Canyon, notes that:

"What HRI fails to appreciate is that at a "small scale" (channel widths of tens to
hundreds of meters), the Westwater Canyon is a three-dimensionally very complex
amalgamation of many coalesced channel, bar and overbank deposits." (Lucas Affidavit,
¶ 13, May 20, 1999)

The sinuous nature of these narrow chsannels (10 to 100 meters wide) in the Westwater Canyon is

illustrated on Figure 8 of the McCam (1997) paper. Information cited from Galloway, McCam

41



and Lucas corroborates our concern that monitoring wells spaced 400-feet apart will miss

excursions of mining fluids.

61. That excursions occur at in situ uranium mines is well established. Dr. William P.

Staub, a witness for the Intervenors in Phase I of this proceeding, reached the following

conclusion in his review and evaluation of ISL performance data for the NRC in the early 1980s:

"One of the major problems associated with the in situ mining method is the uncontrolled
migration of lixiviant and dissolved constituents such as radionuclides, arsenic, selenium,
chromium and lead outside of the production zone." (Staub et al., 1986, at 1)

In his January 8, 1999, testimony for the Intervenors, Dr. Staub documented at least 65

monitoring wells on "excursion status" between 1990 and 1998 at three commercial ISL

facilities in Wyoming and at five in Texas (Staub 1999 Testimony at 13-16). In both his 1986

evaluation of ISL performance for the NRC and in his testimony for the Intervenors, Dr. Staub

found that preferential and accelerated groundwater flow in paleochannels was determined to be

the cause or contributing cause of several of these excursions. Staub, et al., 1986, at 29; Staub

1999 Testimony at 16-17. He stated his belief, with which I concur, that the NRC Staff should

require narrower monitor well spacing where conditions warrant (Staub 1999 Testimony at 39-

40), and we have shown that such conditions exist at the Church Rock and Crownpoint mining

sites. Dr. Staub further testified that the neither HRI nor the Staff should rely exclusively on the

guidance given in the SRP, which recommends a 400-foot monitor well spacing, when site-

specific hydrologic conditions require narrower spacing. He even cited one Wyoming operator

that installed monitor wells at 300-foot intervals to take into account local hydrologic conditions.

Staub 1999 Testimony, n16 at 41.

62. Therefore, all preferential groundwater flow paths through paleochannels in the

Westwater Canyon will not be captured by HRI's proposed monitoring well ring and pregnant
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lixiviant will pass undetected into non-ore zones of the aquifer and continue onward to

contaminate large portions of the aquifer.

(7) HRI's proposed ISL mines pose a high likelihood of irreparable harm to the
environment and public health in the Church Rock and Crownpoint Areas
because mining fluids will escape the ore zone and restoration of an aquifer
to baseline values has never been achieved at an in situ uranium mine

63. HRI's claim that all contaminants in mining fluids that escape the ore zone will be

quickly removed from solution by adsorption and reduction is not supported by data in the record

or the available scientific literature. As I have shown through numerous citations to the scientific

literature and references to both geochemical principles and my own geochemical analyses,

oxidation of the Westwater Canyon ore bodies by lixiviant injection will create a toxic

groundwater plume that contains uranium and other hazardous metals at concentrations far in

excess of those observed in the present ore zones, and this toxic plume will migrate along

preferential flow paths created by the sand and gravel deposits that form the paleochannels.

HRI will not detect all excursions of mining fluids because the proposed monitoring network is

flawed.

64. HRI has failed to demonstrate'that it can restore the aquifer at the three mining

sites to non-production area baseline. The record for the in situ uranium mines demonstrates

that the industry has been unable to restore a single commercial in situ mining site to baseline

values (see, e.g., FEIS, 1997 at 4-37; NRC, 1996 at 10; Deutsch et al., 1984 at 4.10) without

regulatory intervention to ease restoration standards" I or allowance for natural attenuation over

lengthy periods of time.'2 The nine pore volumes proposed by HRI to restore the aquifer to

1 I summarized at length the relaxation of restoration standards at Uranium Resources, Inc:'s south Texas ISL mines
in my May 23,2001, testimony on HRI's Section8 RAP. See Attachment C,'Tables xx and xx.

12 See, Chancellor Letter at 3: Concerning restoration of Highland Uranium Project Wellfield A, "The groundwater
has not been returned to its background quality. I do determine, ... .that although the groundwater has not been
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baseline or secondary standards is not supported by the available record for restoration at in situt

mining sites (16.7 pore volumes at Mobile Section 9, and restoration was not achieved [NRC,

1988, Appendix B]).

C. Church Rock Section 17- Evidence for oxidizing conditions in the Westivater
Canyon Aquifer and migration of mining fluids from previous mining operations

65. Uranium analytical results for groundwater samples collected from wells CR-6

and CR-8 (placed in the "A" sand of the Westwater Canyon, north of the old Church Rock

workings in Section 8) and the old Church Rock mine shafts (HRI, 1993, Figures 2.7-3, 2.7-10

and 2.7-12) indicate transitional to strong oxidizing conditions in the aquifer. At well CR-6,

groundwater samples collected from December 1987 through March 1989 show uranium varied

between 0.321 to 1.16 mg/L. Uranium levels in CR-8 samples collected between October 1988

and March 1989 range from 1.34 to 10.4 mg/L. An analytical result for June of 1987 for the old

Church Rock shaft shows uranium at 5.22 mg/L.

66. 1 performed geochemical calculations for mildly reducing conditions (Eh = -0.1

V) with the EQ3/6 geochemical code (Wolery, 1992), and results indicate uraninite and coffinite

solubility in groundwater from the ore zone limits the aqueous uranium concentration in

groundwater to approximately 0.009 and 0.038 mg/L, respectively. (Uraninite and coffinite are

the primary uranium ore minerals in the Westwater Canyon Member at the Church Rock location

[HRI, 1993, at 72].) Therefore, the elevated uranium levels observed in CR-6, CR-8 and the old

Church Rock mine shaft indicate transitional (i.e., between reducing and oxidizing) to oxidized

returned to baseline conditions, the groundwater quality is consistent with the pre-discharge use suitability of the
water (Class IV(A) suitable for industry)... .[B]ecause the groundwater conditions differ from the background
water quality and because of reliance on natural attenuation for the protection of adjacent groundwater, monitoring
will be required to substantiate the model predictions." See, also, Kearney Letter at 3: "[A] maximum of fifteen
years should be sufficient to confirm that natural attenuation is occuring [sic]."
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groundwater is present, and the aquifer has not returned to a reducing condition despite the fact

that mining at the Church Rock mine ceased in the early eighties (HRI, 1993, at 109).

67. High uranium concentrations at CR-6 and CR-8 may indicate that uranyl-

carbonate anions have migrated into Section 17 from another source. Potential sources for the

high-concentrations of uranyl-carbonate anions are the old Church Rock mine shaft, located

south of CR-6 and CR-8, and the Teton in situ test area (Pelizza, 1993 at 2), located

approximately two miles to the west of HRI's Section 17 property. As CR-6 and CR-8 lie

downgradient from the old Church Rock workings, uranium may have migrated to these wells.

With respect to paleochannels in the Westwater Canyon, Section 17 lies down stream from the

Teton test area. The Teton pilot test was conducted in June 1980, and samples were first

collected from CR-8 in October of 1988. Therefore, the lixiviant injected at the Teton test plot

may have migrated to HRI's Section 8 and Section 17 property in as little as 8 years.

68. Transport of uranium, arsenic and selenium ions along southwest-to-northeast

paleochannels in the Westwater Canyon is suggested by water quality data available for the

Church Rock Mill well at NRC's Church Rock site, about 3 miles north of HRI's Section 17

property. The Church Rock Mill well is located approximately 1,000 feet east/southeast of the

NECR-2 shaft, and between October 1984 and April 1992, arsenic, selenium and uranium values

increased as follows: As, <0.001 to 0.004 mgfL; Se, <0.001 to 0.218 mg/L; and U, 0.065 to

0.565 mg/L (UNC, 2004, Table 1.1). This observation demonstrates that mining fluids at

restored sites will migrate into other portions of the Westwater Canyon, and HRI's claim that all

mining contaminants will quickly be reduced and removed from the groundwater when the

contaminants migrate away from the mining zone is clearly speculation that is not supported by

this scenario or any other site-specific evidence.
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D. Unit I - The proximal Mobil Section 9 demonstration indicates high quality
drinking water at Unit I will be contaminated by in situ mining, and HRI's license
should be rescinded until more investigation at Section 9 is carried out

69. Baseline water quality data from 48 wells (21 monitoring wells in the Westwater

Canyon Aquifer non-ore zone, 27 WCA production wells in the ore zone, and I Dakota well) in

HRI's Unit I well field show the overall quality of the aquifer as a drinking water source is very

good to excellent. In the ore zone, the production wells recover water that meets all EPA

drinking water standards, with the exception of uranium at Well I 5M6 and Ra-226 at 17 wells

(Pelizza, 1999, Attachment 6). The 21 monitoring wells in the non-ore zone meet all EPA

drinking water standards, with the exception of Ra-226 at Well 1 5L73. Blending of the water

from a variety of non-ore and ore zone wells would result in all the water meeting federal

drinking water standards. This is in line with guidance in the NRC's Draft Standard Review

Plan (USNRC, 1997 at 6-4 and 6-5):

"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 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."

70. Monitoring wells are spaced 400 feet apart and placed in a ring approximately

400 feet away from the proposed production zone (Pelizza, 1999, Attachment 7). The

production zone covers approximately 24 acres, with dimensions roughlyl 800 feet in the N-S

direction and from 400 to 800 feet in the E-W direction. The majority of the groundwater needs

no treatment to meet all EPA drinking water standards, and only limited portions of the ore zone

require treatment to remove radium prior to the groundwater meeting all drinking water

requirements. Therefore, per NRC guidance in The Draft Standard Review Plan (cited above),
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HRI should not be allowed to proceed with in situ mining at Unit I, because it will degrade an

underground source of drinking water.

71. Approximately one mile to the north of Unit I is the Mobil Section 9 in situ pilot

test, where baseline water quality was similar to the high-quality water at the Unit 1 site. At

Mobil's Section 9 well field, 26 wells (13 monitoring wells in the non-ore zone and 13

production wells in the ore zone met all EPA drinking water standards prior to mining, with the

exception of uranium at one production well and Ra-226 at nine production wells and one

monitoring well (USNRC, 1988, Appendix B). Again, all EPA drinking water standards could

easily be met by blending the water from non-ore and ore zones.

72. Six monitoring wells are spaced 400 feet apart and placed in a ring approximately

400 feet away from the previous production zone; three monitoring wells are aligned 100, 200

and 300 feet north of the production zone; one monitoring well is placed about 150 feet

northwest of the production zone; and three monitoring wells are located within the production

zone (NRC, 1988, Figure 5). The production zone covers approximately 1 acre, with dimensions

roughly 200 by 200 feet, and lixiviant was injected into this zone between October 1979 and

October 1980 (USNRC, 1988, at 1).

73. The restoration at the Mobil Section 9 well field began in October of 1980 and

continued through October of 1986 (USNRC, 1988, at 16), when all activities except

groundwater sampling ceased. Restoration activities at the Mobil Section 9 well field consisted

of groundwater sweep, lime treatment, reverse osmosis, and injection bf sodium sulfide (Na2 S)

and hydrogen sulfide (H 2 S). Although the use of Na2S and H2 S had limited returns:

"It is Mobil's intention to continue restoration efforts based on ground water hydraulic
principles rather than ground water chemistry due to the less than expected success of the
H2S injection program." (Mobil, 1986, January 22 letter from J.F. Cullen to F.R. Miera)
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74. Despite the application of all noted restoration techniques and the removal of over

59 million gallons of water (or over 16 pore volumes) over a six-year period, the July 1987

average values for the well field (NRC, 1988, Appendix C) show that the groundwater was not

restored to baseline values (NRC, 1988, Appendix B) for aluminum, arsenic, chloride,

molybdenum, pH, sulfate, and uranium. In assessing the impact to the environment from this

pilot test, the NRC conceded that in situ uranium mining in a drinking water aquifer with

complicated hydrogeology is perhaps a poor idea:

"The analysis has been extremely difficult due to the hydrogeology of the site,
complexities imposed by operational difficulties encountered during leaching and
restoration, a high degree of natural variability and the small area of previous mining
activity." (NRC, 1988, p. 2)

Therefore, HRI should not be allowed to proceed with mining and polluting of the Westwater

Canyon aquifer in the Unit 1 area.

E. Crownpoint - Municipal wells with water quality that meets all the EPA drinking
water standards will be polluted and unfit for human consumption if HRI proceeds
with mining at the Crownpoint site

75. Groundwater recovered from the Westwater Canyon by the municipal

Crownpoint wells is of high quality and meets all EPA drinking water standards (FEIS, 1997,

Table 3.12). If HRI is allowed to proceed with mining, the paleochannels in the Westwater

Canyon provide pathways for the contaminated groundwater to bypass HRI's monitoring wells

and reach the' Town of Crownpoint wells (NTUA-l is less than one-half mile from the nearest

proposed HRI injection wellfield).

76. The contaminant transport scenario developed by Mr. Wallace assumes HRI's

proposed 400-foot spacing between wells in the monitoring ring that surrounds the ore zone does

not capture all the preferred paleochannel flow paths. Using Mr. Wallace's calibrated flow model
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and conservative assumptions that are protective of human health, it can be shown that uranium

contamination can reach the Crownpoint municipal well NTUA- 1 in as little as four years

(Wallace, January 1999, at 38-42).

77. However, even if we assume that no excursion reaches the town of Crownpoint

wells, one can demonstrate from geology and geochemical principles how the pristine drinking-

water quality at the Crownpoint municipal wells will be destroyed if HRI's in situt uranium-

mining operations commence.

78. The basic geochemical process that governs the mobilization of uranium from an

ore body during the injection of lixiviant is described by Reactions I through 3. As discussed

above, once uranium forms the aqueous uranyl-carbonate anions (Reactions 2 and 3), there are

very few adsorption sites that will attract these anions and remove them from the groundwater.

A scarcity of adsorption sites is tied to the low abundance of aquifer minerals that have a pHzp

greater than the groundwater pH. Furthermore, the Westwater Canyon aquifer is transitioning to

oxidized conditions along the present regional redox zone, and there will be less reduction

capacity to remove contaminants once they have been oxidized and mobilized. Neither HRI nor

the NRC staff has presented site-specific data to support their speculation that adsorption and

reduction will reduce contamination downgradient of the proposed in situ mine zones (FEIS at 4-

57; Ford, 1999, at 6-7; USNRC, 1999, (5) para. 21).

79. What HRI and the NRC cite are studies by Deutsch, et.al. (1985, 1983), who

conclude that redox sensitive ions, such as uranium, arsenic and selenium should adsorb to the

sediment in the aquifer and be removed when they encounter reducing water. However, Deutsch

et al (1983, NUREG/CR-3104) concede that "No data were found on the kinetics of reduction in
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the field..", which indicates-that it is unknown how long it would take to reduce uranium and

other oxidized metals once they are mobilized in the mining zone.

80. Therefore, once uranium has been mobilized by the lixiviant, there is little affinity

for adsorption (Reaction 4) and reduction (Reaction 5) to occur. NRC seemed to understand and

acknowledge this fact when it assumed that no adsorption or reduction of uranium would occur

in the oxidized, high-bicarbonate groundwater environment between the boundary of HRI's

Crownpoint site and the town of Crownpoint well NTUA-l (FEIS at 449)."3 Site-specific data

that supports our concern for the migration of contaminants outside of the mine zones and into

the Crownpoint municipal wells is available from UNC's Church Rock site, as noted above.

F. HRI's restoration cost estimates contained in the Restoration Action Plans for
Section 17, Unit I and Crownpoint are not reliable because they are based on
scientifically unsupported pore volume calculations' 4

81. The calculation of the volume of water in one pore volume is the key to

establishing a proper estimate of restoration cost, since the majority of time and cost associated

with groundwater restoration lies with the processing of groundwater to remove contaminants

and return the Westwater Canyon Aquifer to its baseline condition.' 5 Moreover, because the

NRC Staff fixed the number of pore volumes that must be flushed through the aquifer at nine

13 As stated in the FEIS at 4-49, "Uranium is least susceptible to chemical adsorption in oxidizing, high-bicarbonate
environments, which are the conditions produced by ISL uranium mining. Therefore, after ISL mining, the uranium
was conservatively assigned [an adsorption coefficient] of zero ... since dissolved uranium should be uranium's
most mobile form for oxidizing environments."

14 HRI's scientifically unsound selection of horizontal and vertical flare factors was discussed previously in the
written testimonies of Mr. Steve Ingle (December 20, 2000) (hereinafter "Ingle Testimony") and Ms. April Lafferty
(May 23, 2001) (hereinafter "Lafferty Testimony") in support of ENDAUM's and SRIC's briefs (December 21,
2000, and May 23, 2001) on HRI's Section 8 RAP. Additionally, Ms. Lafferty and I gave oral testimony on the
Section 8 RAP at the Licensing Board's hearing in Rockville, Maryland, on November 8, 2001.

15 Groundwater restoration makes up 80 percent of the surety estimate for Section 17, 70 percent for Unit 1, and
67% for the Crownpoint site, which also includes decommissioning of the central processing plant. S "Cost
Summary Table" on the second page of each of the Section 17, Unit I and Crownpoint RAPs.
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(FEIS at 4-40; LC 9.5), it is imperative that a sound technical basis be used to estimate the

volume of one pore volume. A sound technical basis demands that there is site-specific data

and/or operational history to support the horizontal and vertical flare factors ("HFF" and "VFF")

used to define one pore volume.

82. HRI uses the same pore volume formula, with the same HFF and VFF, in the

RAPs for Section 17 (HRI, 2001a), Unit I (HRI, 2001b) and Crownpoint (HRI, 2001c) as it did

in the Section 8 RAP (HRI, 2000). In HRI's formula, the aquifer area associated with "cut-off

grade mineralization" is multiplied by the thickness of the ore zone to derive the volume of rock

to be mined. The water in this volume of rock is determined by multiplying the rock volume by

the porosity of the rock, which is the percentage of void spaces in the rock matrix. This water

volume is then multiplied by the HFF and VFF to calculate one pore volume (expressed in

gallons). (See. Table 1 in each of the Section 17, Unit I and Crownpoint RAPs.) HRI does not

define cut-off grade mineralization and, as noted above, its stated basis for using a HFF of 1.5

and a VFF of 1.3 is not technically sound. I will demonstrate how both of these deficiencies can

lead to a gross underestimation of the amount of restoration water in one pore volume.

83. HRI does not define cut-off grade mineralization. For the sake of argument, let's

assume that the aquifer area is defined as cut-off grade mineralization of 0.2 percent uranium. 16

If market conditions improve, HRI could afford to expand the area of the mine to include

mineralization of 0.1 percent or less. This would increase the area mined, the pore volume and,

therefore, the restoration costs.

16 Ore grades at the Unit I site (Section 16, T17N, R13W) ranged from 0.013 percent U308 to 0.300 percent and at
the Crownpoint site (Section 24, TI7N, R13W) from 0.050 percent to 0.123. See, HRI 1992a, Figure 6.6-2 at 6-16.
Ore grade in one sample at the Church Rock site was 0.202 percent U308. HRI 1993b, Figure 6.6-2 at 289.
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84. In each of the three RAPs that are the subject of this phase of the proceeding, HRI

states that it uses the "ore area" method to determine pore volumes, "where the extent of ore of

given grade within a mine unit is outlined and digitized to provide the ore area." (See, Section

E.2.4 in each of the Section 17, Unit I, and Crownpoint RAPs; see, also, Section 17 RAP, fns. 11

and 12, Unit I RAP, fns. 8 and 9, and Crownpoint RAPs, fns.7 and 8.) In none of the three RAPs

does HRI give a specific ore grade and/or provide a map that outlines the ore area. Hence, I have

no way to verify independently the areas (expressed in square feet) defined for the 17

mineralized layers at Section 17 (HRI 2001a, Table 1 17), the 10 mineralized layers at Unit I

(HRI, 2001b, Table 1), and the 10 mineralized layers at Crownpoint (HRI, 2001c, Table 1). The

NRC Staffs approval letters for these RAPs were silent about the basis for HRI's calculation of

the aquifer areas subject to restoration. USNRC,2001a, 2001b and 2001c. The absence of a

digitized map of the "ore area" in these three RAPs is a significant change from HRI's Section 8

RAP, which contained a plan map of the nine mineralized layers at Section 8. (See, HRI 2000,

Attachment E-2-2.)

85. As an alternative to HRI's unverifiable use of the ore area method to calculate the

aquifer area, a more appropriate and conservative estimate of the area impacted by mining fluids

is the area enclosed by the monitoring ring. The monitoring ring is the proper estimate of the

area affected by the mining fluids, because excursions of mining fluids outside of the ore zone

are common at in situ operations. 8 As mining fluids eventually reach the monitoring wells, the

area enclosed by the monitoring ring is the groundwater zone that must be restored.

86. In her May 23, 2001, affidavit on the Section 8 RAP, Ms. April Lafferty

demonstrated that the area inside the monitoring well ring can be used to estimate mining fluid

7 Each of these Table I's appears on the fourth unnumbered page under Tab 2 of their respective RAPs.

52



flare. Ms. Lafferty testified that if HRI had used the area defined by the monitoring well ring in

its Section 8 RAP, instead of the ore zones, the area would increase by a factor of 1.87. In that

case, a calculated pore volume, escalated by the NRC-mandated 9 pore volume flushing, would

have added another 340 million gallons of groundwater that must be restored, or approximately

another 13 months of restoration (Lafferty Testimony, ¶1 6). I would expect to see similar

increases in the restoration fluid volumes estimated for the Section 17, Unit I and Crownpoint

because HRI used the same flawed analysis in the RAPs for those sites.

87. In response to Ms. Lafferty's criticism on the lack of site-specific data to support

its HFF and VFF values, HRI asserted in the Section 17 RAP (fn. 13) that Ms. Lafferty's

analysis "would have an operator post surety for the reclamation of water that has not even been

affected by leaching." This is a complete distortion of Ms. Lafferty's recommendation to use the

aquifer area within the monitoring well ring in the absence ofsite-specific data upon which to

calculate flare factors. This approach is entirely justified for use in financial assuranceplans, the

purpose of which is to estimate the surety needed for a third party contractor to carry out

decommissioning, decontamination and restoration of groundwater at ISL mines. Financial

assurance plans, or "restoration action plans" as HRI calls them, are required by NRC regulation

as part of the license application. (See, 10 CFR 40.3x; see, also, the Commission's order

reversing the Presiding Officer's March 1999 ruling that a financial assurance plan is not needed

before licensing. In the Matter of Hvdro Resources. Inc., CLI-00-08, 51 NRC 227, 241 (2000).)

In my professional opinion, it is entirely appropriate to conduct conservative analyses before

mining begins as a hedge against the impacts of excursions during operations, problems with

restoration after mining ceases, or the default of the licensee at any time during the license

18 See testimony of William P. Staub (January 8, 1999), Tables 1, 2, 3 and 4 at 13-18, attached as Exhibit B to
ENDAUM's and SRIC's Revised Groundwater Presentation (January 18, 1999).
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period. As HRI itself has noted the surety estimate contained in the RAP can always be adjusted,

up or down, in the annual surety review required by License Condition 9.5.

88. Having studied HRI's RAPs for Section 17, Unit I and Crownpoint, and inspected

documents in the record related to the Mobil Section 9 Pilot Project restoration, I remain

convinced that HRI does not have a technical basis for using horizontal and vertical flare factors

of 1.5 and 1.3 (combined 1.95), respectively. Each RAP reviewed for this phase of the hearing

contains the same sentence: "HRI uses pore volume increase factors of 1.5 for horizontal and 1.3

for vertical." (See, e.g., Section 17 RAP, Section 2.4 at fifth unnumbered page under Tab 2.)

HRI asserts here that its "Summary Report for the [Mobil] Section 9 In Situ Leach Pilot" (HRI

1 993b) is the basis for these values, stating in Footnote 17 that the Mobil project "provides

known variables to the equation that allows pore volume increase factors to be assigned." Ibid.

HRI further cites Attachment C of the Summary Report as its basis for including the 1.5 and 1.3

horizontal and vertical flare factors in Table 2 of the Section 17 RAP. This table purports to

duplicate Mobil's restoration experience, including total gallons of restoration water (59.2

million) and the number of pore volumes (16.7) processed. The fourth page of Attachment C of

the Section 9 Summary Report is titled, "Mobil Section 9 Pore Volume Calculation", and this

page - and this page alone - shows the HFF as 1.5 and the VFF as 1.3.

89. Importantly, these factors never show up in any document prepared by Mobil or

the NRC that I have reviewed. See, e.g., USNRC 1988.'9 In fact, Mobil never used the terms

horizontal or vertical flare factors and never included a pore volume calculation in its

documentation. Mobil simply provided the total number of gallons processed during the nearly

19 This document, the NRC's environmental assessment for terminating Mobil's license, contained several Mobii
and New Mexico Environmental Improvement Division reports, letters and data tables. The entire Mobil Section 9
file I have, with documents dating back to 1978, does not contain a single page showing flare factors by name or
implication.
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six-year restoration phase between 1980 and 1986. In fact, the restoration results tabulated in

Attachment C of HRI's Summary Report are nearly identical to those contained in a 1986 Mobil

report to the New Mexico Environmental Improvement Division with the important exception

that the pore volume calculation that appears in HRI's report never appears in Mobil's report.20

Mobil, 1986; attached hereto as Exhibit E. My suspicion is that HRI back-calculated flare

factors from the data it had: total gallons processed, aquifer area, aquifer thickness and porosity.

90. In his December 20, 2000, testimony for ENDAUM and SRIC on the Section 8

RAP, Mr. Steve Ingle, a restoration specialist and hydrologist with the Wyoming Department of

Environmental Quality ("WDEQ"), who has analyzed restoration activities at several ISL mines,

asserted that HRI had no technical basis for using 1.5 for HFF and 1.3 for VFF in its Section 8

RAP. (See, Ingle Testimony, m 12-18.) Mr. Ingle clearly explained how HRI should have

calculated its combined flare factor. Using Power Resources Inc.'s Highland Uranium Project as

an example, Mr. Ingle pointed out that PRI's unsupported horizontal flare factor of 1.4 was

replaced with a value of 2.94 after the WDEQ showed PRI that the horizontal flare factor is

easily calculated using groundwater flow programs such as MODFLOW (Ingle Testimony, 1 13).

PRI agreed with the WDEQ analysis, confirmed the 2.94 horizontal flare factor and then applied

the correct factor to the Highland Project, which increased the volume of restoration fluids from

2.7 times to 5.2 times the initial estimate, and also increased PRI's financial surety (Ingle

Testimony, 114).

91. When Mr. Ingle applied the PRI experience in Wyoming to HRI's proposed

Section 8 restoration calculations, the volume of water subject to restoration nearly doubled,

thereby nearly doubling HRI's cost estimate (Ingle Testimony, 11 8). Since HRI has not changed
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the pore volume calculation it used for Section 8 in the Section 17, Unit I and Crownpoint

RAPs, it is reasonable to assume that HRI's restoration volume and costs at Section 17, Unit I

and Crownpoint will be substantially more than HRI has estimated.

92. Unfortunately, the substantial doubts that Intervenors' experts have raised about

the accuracy and technical basis for HRI's pore volume calculations apparently were not

considered bythe NRC staff when it approved HRI's Section 17, Unit I and Crownpoint RAPs.

See USNRC,2001a, 2001b, and 2001c, respectively. In these approval letters, the Staffdid not

give any indication it had independently verified HRI's use of flare factors of 1.5 and 1.3 or tried

other methods, including those discussed here and in the previous testimonies by Mr. Ingle and

Ms. Lafferty, to calculate pore volumes based on the geometries of Section 17, Unit 1 and

Crowvnpoint wellfields inside the. proposed monitoring ring wells. The Staff accepted HRI's

calculations without question. In my professional opinion, this represented poor judgment by

the NRC Staff, which is instructed in the ISL SRP to "determine whether the assumptions for the

financial surety analysis are consistent with what is known about the site... and the design and

operations of the facility and its effluent control system. . ." (emphasis added) (USNRC 2002 at

6-23.). Since the purpose of the financial surety "is to provide sufficient resources for completion

of reclamation of the facility ... by a third party, if necessary," (ibidj, the need for accurate and

technically sound estimates of restoration fluid volumes and costs is paramount. I fear that the

Staff's approval of HRI's surety plans sanctions a gross underestimation of the restoration time

and costs for HRI's proposed Section 17, Unit 1 and Crownpoint ISL mines. An inadequate plan

for surety now means that contaminants may never be returned to their pre-mining levels.

2 0 Notably, Mobil's tabulation is done in a different typeface than HRI's Attachment C tabulation, which closely
resembles the common typeface and format HRI throughout its application to tabulate analytical results.
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Summation

93. HRI's application fails to satisfy at least two of the Appendix A criteria. First, the

application fails to "provide complete baseline data" in a "pre-operational monitoring program"

(Criterion 7). Second, the application fails to provide a sufficient set of baseline water-quality

data to evaluate groundwater protection standards for the mining site and its environs (Criteria

5B(l) and 7A). Since HRI's application does not satisfy certain of the Appendix A criteria, it

also violates the requirement of 10 CFR 40.3 lb. Additionally, the statistical methods used by

HRI and the NRC Staff in the FEIS, and proposed in the COP, to assess baseline water quality

for Section 17, Unit 1, and Crownpoint, are NOT consistent with applicable federal and

professional guidelines. (See. e.g., USEPA, 1989, ASTM, 1998) or the NRC license. In the COP

(at 86-88), HRI proposes to follow the same incorrect statistical methodology used in the FEIS;

that is, simple averaging of a single sample from each well, which clearly violates guidance that

calls for a minimum of four sample rounds for each well over a significant time period and

statistical testing for normal, lognormal, or non-normal distribution prior to determining the

proper baseline value. The COP is also inconsistent with the NRC license, which calls for a

minimum of three samples from each well and performance of an outlier test prior to establishing

the baseline value for each parameter.

94. HRI's proposed in situ uranium-mining operations will likely experience

excursions of pregnant lixiviant that will result in widespread chemical contamination of the

Westwater Canyon Aquifer. The probability for widespread contamination is very high, as it is a

well-recognized fact that not a single production scale in situ uranium mining operation has

successfully restored an aquifer to its baseline condition, without relaxation of original

restoration standards or reliance on institutional controls, most notably natural attenuation
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(Chancellor 2003; Abitz 2001, Attachment C; FEIS, 1997 at 4-37; NRC 1996 at 10; Deutsch et

al., 1984, at 4.10). Moreover, the NRC Staff has proposed an inappropriate uranium cleanup

standard of 0.44 mg/L, which is nearly 15 times higher than the standard (0.03 mg/L) NRC has

adopted for restoration of the non-potable, perched aquifer at the UNC Church Rock uranium

mill tailings Superfund site in Pinedale Chapter (footnote g to Table 3-1 in USEPA, 2003).

NRC's 0.44 mg/L uranium restoration standard would allow HRI to legally pollute the

Westwater Canyon Aquifer. The primary restoration goal for uranium should be baseline

conditions at the monitor well ring in non-ore zone segments of the aquifer, with the EPA

drinking water standard of 0.03 mg/L the secondary target.

95. If allowed to proceed with their in situ mining plans, HRI's restoration methods

will fail, in part, because groundwater sweep is a key component of their restoration strategy, and

this technique has been found to enhance the mobility of uranium and other toxic elements.

"Our laboratory experiments and the experiences of operators show that during ground-
water sweeping, the concentration of redox-sensitive elements (particularly uranium,
selenium, and molybdenum) does not decrease as might be expected if this method
resulted in simple dilution and eventually total replacement of the water in the leached
zone. Apparently, the new ground water introduced into the ore zone during sweeping
results in the slow dissolution of minerals that contain redox-sensitive elements."

(Deutsch, et al., 1985, at xvi)

96. Although HRI is not proposing to restore the ore zones to their present redox

condition after mining, attempts to optimize the reducing conditions in the aquifer by injecting

sodium sulfide, and hydrogen into the Westwater Canyon at the Mobil Section 9 test plot failed

with respect to reducing arsenic, molybdenum and uranium to baseline conditions (USNRC,

1988). Moreover, the use of sulfide further degrades the water quality of the aquifer when it is

oxidized to sulfate ion.
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97. HRI has made no effort to examine the present aquifer conditions in the

Westwater Canyon at sites for the Mobil Section 9 pilot test or the Teton pilot test. A wealth of

information on the redox conditions and state of contaminant mobility can be gleaned from these

sites if groundwater samples were collected from the production and monitoring wells. In the

event that wells are not available at these test sites, the NRC should instruct HRI to place new

wells at these test sites to collect groundwater samples and to evaluate whether groundwater

quality has returned to pre-mining conditions, or to the secondary EPA drinking water standards,

after 18 years and 25 years, respectively, of "stability". Using these existing pilot sites for in-

field learning and validation of natural attenuation (if any) is preferred over LC 10.28 that

requires a commercial-scale restoration demonstration project that will introduce contaminants

into the aquifer at a location, Section 8, where conventional or ISL mining has never taken place.

If HRI's license is not rescinded as justified, then it should be modified to require such field

studies prior to proceeding with any new in situ mining in the Westwater Canyon Aquifer.

98. If allowed to pollute the Westwater Canyon Aquifer, HRI's present RAPs for

Section 17, Unit 1 and Crownpoint will not provide sufficient financial surety or time to clean up

the aquifer to baseline or the secondary standards. The HRI RAPs are inadequate because they

have neither a sound technical basis for their calculation of area affected by in situ mining nor

proper values for flare factors (i.e., HFF and VFF). By underestimating both the area affected by

solution mining and the HFF, HRI has provided a minimum estimate of the volume of

groundwater that will require restoration, which results in unreasonably low restoration costs and

insufficient surety to guarantee that the aquifer will be restored to its pre-mining condition by a

third party contractor, as required by 10 CFR 20, Appendix A, Criterion 9.

99. This concludes my testimony.
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Pursuant to 28 U.S.C. §1746, I declare under penalty of perury, that the foregoing is true

and correct to the best of my knowledge and belief

Signed onthe 3 dayofM ch2005.

Richard J. Abitz, Ph.
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Richard J. Abitz

Professional Qualifications

Dr. Abitz is a geochemist with over twelve years of experience in the analysis of chemical and radiological
data, modeling of soil/water systems and radioactive waste streams with experimental methods and
geochemical computer codes, and development of work plans for CERCLA and RCRA sites. His expertise
includes the application of geochemical principles, experimental methods, and computer models to
problems involving the solubility and mobility of hazardous and radioactive elements in the environment,
the remediation of waters and soil contaminated by hazardous and radioactive wastes, and the design and
treatment of mixed and radioactive waste streams. Dr. Abitz has published over twenty-five technical
papers in his area of expertise.

In his twelve years of environmental consulting, Dr. Abitz has developed a thorough understanding of
geochemical processes responsible for the mobilization of radioactive and hazardous wastes associated with
a number of environmental programs administered by the U.S. Department of Energy (DOE). At Los
Alamos National Laboratory (LANL), Dr. Abitz developed waste analysis and radioactive material
management plans for transuranic and low-level mixed wastes generated, treated, and stored on site. For
the Idaho National Engineering Laboratory (INEL), he evaluated the waste characterization program for
high-level radioactive and hazardous waste processed at the Idaho Chemical Processing Plant (1CPP). Dr.
Abitz also directed geochemical studies at the Waste Isolation Pilot Plant (WLPP) that evaluated the
composition and origin of saline groundwater and brine in the vicinity of and within this underground
repository for transuranic waste.

Presently, Dr. Abitz serves with Fluor Fernald, Inc on the Fernald Environmental Restoration Management
Contract (FERMCO). Dr. Abitz serves FERMCO and DOE as the project manager responsible for
remediation of the former production area, where uranium metal was produced for over 30 years, and as the
senior geochemist for groundwater restoration activities associated with removal of uranium from the Great
Miami aquifer. He is also a senior consultant to the DOE Technology Development Program and oversees
active research projects at several universities. These projects include laboratory studies on the
mobilization and removal of uranium from soil/water systems, including the passive removal of uranium
from groundwater using inorganic and organic systems.

Education and Training

Ph.D., Geology, University of New Mexico, Albuquerque; 1989
M.S., Geology, University of New Mexico, Albuquerque; 1984
B.A., Geology, Humboldt State University, Arcata, California; 1981
Environmental Risk Assessment Communication and Application Workshop, INEL

Oversight Program, Boise, Idaho; 1992
OSHA Hazardous Waste Operations Training, 29 CFR 1910.120 (40 hours, IT

Corporation, 1994)
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Experience andBackground

1998 - Project Manager/Senior Consultant, Fluor Fernald, Inc., Cincinnati, Ohio.
present

As a project manager, Dr. Abitz oversees a remediation design budget of six million
dollars and is responsible for Title IIElVIf design work that will lead to removal of all
contaminated soil and subgrade structures within the former Production Area. Dr.
Abitz leads a team of engineers and scientists who integrate the remedial design with
regulatory issues, sampling and analysis plans, waste management operations,
demolition and construction activities, health and safety issues, radiological controls,
and quality assurance protocols.

Dr. Abitz serves as a senior consultant to the DOE Technology Development
Program, where he is tasked with technical oversight of several university studies
dealing with the mobilization of uranium and its removal from groundwater.
Laboratory investigations examine the leaching behavior of uranium from
contaminated soil, contaminated soil treated with phosphate, and aggregate materials
used to construct liners in the Fernald On-Site Disposal Facility (OSDF). This
research established baseline levels for uranium in OSDF construction materials and
evaluated the effectiveness of phosphate in reducing the solubility and mobility of
uranium in the disposal cell.

Dr. Abitz also participates in research that evaluates the natural attenuation of
uranium by the using a combination of passive inorganic and organic systems. The
inorganic systems include rip-rap channels constructed with rock containing iron
oxyhydroxide phases (e.g., goethite and hematite) or phosphate minerals (e.g.,
apatite) and flow-through cells using zero-valent iron. Organic systems that show
potential promise include sulfate-reducing bacteria, microbial mats, lichen, and
phytoextraction. A combination of these systems may prove to be practical and cost
effective in the treatment of low leachate volumes generated by the OSDF after its
closure.

President/Owner, Geochemical Consulting Services, Albuquerque, New Mexico.
1997 - Dr. Abitz served as a geochemical consultant to FERMCO and the WIPP Project.
1998 * At FERMCO, he evaluated the efficiency of selected alternatives for soil and

groundwater remediation, including in situ uranium leaching methods. This effort
involved supervising the technical team, assisting in the negotiation of clean-up
levels with DOE and EPA, developing soil-treatment protocols, and interacting with
public-interest groups as needed.

At the WIPP site, Dr. Abitz provided the operating contractor with expertise in the
area of brine geochemistry. He was responsible for oversight of laboratory analyses
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and QAIQC, data analysis, and geochemical interpretation of the composition and
origin of fluids in the vicinity of underground operations. Dr. Abitz also provided
knowledge on the solubility of transuranic elements in sodium-chloride brine and in
brine containing organic-complexing agents such as citric acid, oxalic acid, and
EDTA.

Project Manager/Senior Staff Consultant, IT Corporation, Albuquerque, New Mexico.
1994 - Dr. Abitz served as project scientistlmanager on geochemical tasks associated with the
1997 WIPP Project, Norton AEB Groundwater Study, FERMCO Operable Units S and 3 RI/FS,

and Wright-Patterson AFB RI/FS. Specific activities include:

Conducted a rerun of the chemical compatibility analysis of TRU waste forms and
container materials for Appendix Cl of the WIPP RCRA Part 13 perrnit. The
chemical compatibility analysis was carried out with all defense generated,
contact-handled (CH) and remote-handled (RH) transuranic-mixed waste streams
reported in the 1995 WIPP Transuranic Waste Baseline Inventory Report
(WTWBIR). Chemicals reported by the generator sites were classified into
reaction groups as defined by the U.S. Environmental Protection Agency (EPA)
document 'A Method for Determining the Compatibility of Hazardous Wastes."
The list of potential chemical incompatibilities reported by the program was hand

) checked using the EPA document as a reference to assure proper functioning of
the program. All potential chemical incompatibilities were then evaluated on a
case-by-case basis to identify which of the reactions could occur, given the nature
of the waste, its chemical constituents, and final waste form.

Assisted in evaluating the geochemical performance of backfill configurations
proposed in the WIPP Compliance Certification Application. Modeled the
interaction of Salado Formation brine with MgO placed in the backfill to estimate
the quantity of MgO required to buffer the pH of the indigenous brine between 8
and 9. This pH range is desirable for minimizing the solubility of plutonium and
neptunium contained within the waste forms, and lowers the solubility of uranium
and americium relative to lower pH values found in Salado Formation brine.

Project scientist responsible for developing the background groundwater report for
Norton AFB This report established background radionuclide concentrations in
local and regional groundwater and provided a robust scientific model to explain the
presence of elevated levels of naturally-occurring uranium. The task required
coordination of scientific and support staff to produce a principal milestone
document that was delivered to the client one week ahead of schedule.

Project manager and scientist on FERMCO OU5 FS task to evaluate aqueous
reactions of metal and radionuclide complexes in proposed injection zones of the
Great Miami Aquifer. Responsible for oversight of technical tasks, budget,
schedule, and final technical report.
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* Senior staff consultant responsible for oversight on geochemical issues related to the
mobility of 15 metals in the soil/groundwater environment at Wright-Patterson AFI3.
Provided guidance on evaluating the control of pH, Eh, groundwater chemistry, and
adsorption on contaminant mobility.

Project scientist tasked with overseeing archive activities and development of
sampling and analysis plans for two RFI Work Plans at SNIJNM. The work plans
deal with historical and active SNLJNM test ranges were a variety of DoD and DOE
weapons testing was/is conducted. Archive activities include record searches,
personnel interviews, and abstracting classified documents. Sampling and analysis
plans cover sites that include detonation and burn tests with mock nuclear weapons
containing HE and DU, anti-armor munitions, calibration of target sensing
equipment for naval gun fire, impact testing of containers and weapons accelerated
with rocket pulldown techniques, and hazardous and mixed-waste disposal mounds.

* Project manager and scientist on FERMCO OU3 RIVFS task to evaluate therelease
of radionuclides and metals from the proposed on-site disposal facility. Responsible
for oversight of technical tasks, budget, schedule, and final technical report.

1991 - Senior Geochemist, IT Corporation, Albuquerque, New Mexico Dr. Abitz evaluated the
1994 radiochemistry of transuranic elements in sodium-chloride brine for the WIPP Project and

served as the project geochemist for four operable units on the FERMCO RI/FS. He was
also active setting up the LANL RMMA concept and provided radiochemistry support to
INEL in developing a No Migration Variance Petition (NMVP) for the INEL calcine
facility.

* Developed solubility database for the WIPP EAIT. Evaluated the solubility of
thorium, uranium, neptunium, plutonium, and americium in sodium-chloride brine
and in the presence of organic complexing agents, such as EDTA and citric acid.
Prepared charts that plotted the solubility curves of the radionuclides over the pH
range of 2 to 12.

* Authored white paper on geochemistry of FERMCO site for OU 5 RL'FS. This
paper discusses leaching, dissolution, and desorption processes that release uranium
and its progeny from surface sources, adsorption and aqueous complexation of the
solubilized uranium and progeny with subsurface soils and groundwater, and
predicts secondary uranium phases that may form in the soils.

* Conducted site-surveys and interviewed LANL personnel on radiation practices
associated with the handling, packaging, labeling, storage, transport, and disposal of
transuranic materials. Information was used to develop LANL RMMA concept,
where each RMMA is held accountable for all radiaoactive materials that enter and
exit the area.
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* Developed waste analysis plans for transuranic and low-level mixed wastes present
at LANL. This activity was conducted to complete RCRA Part B permits and
ensure regulatory compliance to DOE orders for all LANL facilities that generate,
store, or dispose of mixed waste.

* Managed and had technical oversight on $250,000 geochemical program associated
with FEMP RI/FS. Program tasks include the characterization of soil mineralogy by
polarized light microscopy and x-ray diffraction studies, design and implementation
of laboratory tests to characterize the composition of leachate derived from
cemented and vitrified waste samples, evaluation of contaminant adsorption ratios,
data validation, and tracking of labor and material costs.

* Designed laboratory experiments for FEMP RIIFS to measure adsorption ratios of
radionuclides and metals and implemented ANSIIANS-16.1 leach tests to evaluate
the performance of cemented waste forms. Results were used to evaluate the most
effective alternative for immobilizing radionuclides and metals from a near surface
disposal cell.

* Led INEL waste characterization program on calcined solid waste. Responsible for
evaluating radiochemistry data on uranium fission products and transuranic elements
in aqueous and calcined waste forms. Provided assistance in the development of
EPA approved sampling and analytical plans to support a NMVP for the radioactive
calcined waste stored at the ICPP.

1988 - Geochemist, IT Corporation, Albuquerque, New Mexico Dr. Abitz played the principal
1991 role in providing geochemical support to the Fernald Environmental Management Project

(FEMP). He also established his expertise in geochemical modeling by applying
geochemical models to the study of the fate and transport of radionuclides and metals at the
FEMP, investigating cement seals and backfill at Yucca Mountain, and elucidating the
origin and evolution of brines present at the WIP? repository horizon.

* Modeled geochemistry of leachate, groundwater, and surface waters to support
FEMP RI/PS Program. Remedial investigation work includes solubility, speciation
and reaction-path modeling with the EQ316 code to assess the mobility of buried and
stored mixed-waste forms. This activity includes the development of conceptual
models, the simulation of geochemical scenarios, and the evaluation and analysis of
migration pathways. In support of the feasibility study, modeling was conducted to
estimate the optimum pH for removal of uranium from groundwater by anion
exchange or precipitation. This information was used in laboratory bench-scale
experiments to minimize schedule delays and costs and to achieve full-scale
capabilities in the shortest period of time.

* Authored sampling and analytical plans and reports issued as part of the FEMP
RI/FS Programs, and coordinated review and resolution of all technical comments.
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* Assessed the performance of cement seals and backfill in volcanic rock for the
Yucca Mountain high-level nuclear waste repository program. This assessment
consisted of computer simulations 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 the migration of
radionuclides.

* * Managed project on interlaboratory comparison of synthetic brine samples to assess
precision and accuracy of analytical techniques used to characterize WIPP brine
samples.

* Evaluated analytical data obtained on brine samples recovered from the WIPP
repository horizon. Task responsibilities include the monitoring of laboratory
QA/QC procedures to ensure database integrity, supervision of the statistical and
geochemical modeling conducted on the database, and development of hypotheses
and conceptual models to investigate the origin of the brine.

* Conducted geochemical modeling with the EQ3/6 code to calculate solubility limits
of toxic metals in Salado Formation brine and Culebra groundwater. This data was
used to support work carried out for the WIPP Supplemental Environmental of the
Pretest Waste Characterization Plan, SEIS, and NMVP documents.

* Participated in the SW-846 Sampling and Monitoring Working Group assisting the
EPA in the development of mixed-waste protocols for DOE sites that generate and
store transuranic waste, and ensuring that the developed protocols are integrated
with the WIPP Pretest Waste Characterization Plan.

1987 - Geology Instructor, University ofNew Mexico, Albuquerque, New Mexico. Developed
1988 lectures for Physical Geology and Historical Geology, supervised 3040 students in class

and field projects, organized and conducted field-trips, and evaluated student performance.

1985 - Research Technician, Department of Geology, University of New Mexico, Albuquerque,
1987 New Mexico. Instructed and supervised students in the proper and safe use of analytical

instruments (x-ray fluorescence and solid-source mass spectrometer). Maintained ultra-
clean rock digestion laboratory and prepared a variety of solutions and distilled acids used
in ion-exchange columns. Developed computer programs for analytical equipment and
data base analysis.

1981 - Teaching Assistant, Department of Geotogy, University of New Mexico, Albuquerque,
1985 New Mexico. Supervised 10-20 students in mineralogy and petrology laboratories,

developed laboratory exercises, evaluated student performance, and maintained mineral
and rock collections.
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1981 Field Geologist, California Department of Water Resources, Red Bluff California.

Conducted field investigations and developed slope stability maps of the drainage basins
for the South Fork Trinity and Middle Fork Eel Rivers, California.

Professional Affiliations

American Geophysical Union
Geological Society of America
International Association of Geochemistry and Cosmochemistry.

Publications

Abitz, R., 1996, "Novel Use of Geochemical Models in Evaluating Treatment Trains for
Radioactive Waste Streams" Second International Symposium on Extraction and
Processing for the Treatment 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 ofAbstractsfor Emerging Technologies in Hazardous

Waste Management VII, Vol. I.

Deal, D. E., R. J. Abitz, D. S. Belski, J. B. Case, M. E. Crawley, C. A. Givens, P. James-
Lipponer, D. J.-Milligan, J. Myers, D. W. Powers, and M. A. Valdivia, 1995, "Brine
Sampling and Evaluation Program, 1992-1993 Report and Summary of BSEP Data Since
1982," DOE-WIPP.94-11, U.S. Department of Energy, WIPP Project Office, Carlsbad,
New Mexico.

Abitz, RJ., 1994, "Uranium Specie Optimization in Carbonate Groundwater Prior to Anion
Exchange Recovery," American Chemical Society Book ofAbstractsfor Emerging

Technologies in Hazardous Waste Management VI, Vol. I, p. 1124.,

Beard, J.S., R.J. Abitz, and G.E. Lofgren, 1993, "Experimental Melting of Crustal
Xenoliths from Kilbourne Hole, New Mexico and Implications for Magma Contamination
and Genesis," Contributions to Mineralogy and Petrology, Vol. 115, pp. 88-102.

Abitz, R. J., and M. Furhmann, 1993, "Adsorption of Radionuclides and Metals Below a
Mixed-Waste Disposal Cell: Implications for Risk- Assessment Calculations," Geological
Society ofAmerica Abstracts wiPrograms, Vol. 25, No. 6, p. A-185.
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Abitz, R. J. and M. Fuhrmann, 1993, "A Case Study Comparing Site-Specific Distribution
Coefficients to Selected Literature Distribution Coefficients," IT Technology Exchange
Symposium Proceedings, Vol.Jf, Paper 14-3, Scottsdale, Arizona.

Deal, D. E., R. J. Abitz, J. Myers, D. S. Beiski, M. L. Martin, D. J. Milligan, R. W.
Sobocinski, and P. James-Lipponer, 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 Coefficients Used
in Fate and Transport Models," IT Technology Exchange Symposium Proceedings,
Vol I, Paper 12-2, Scottsdale, Arizona.

Abitz, R. J., 1991, "Evaluating Inorganic Contaminant Release and Attenuation with the
EQ3/6 Geochemical Code," Geological Society ofAmerica Abstracts w/Programs, Vol.
23,No.4,p.Al.

Abitz, R J., R. W. Sobocinski, and J. Myers, 1991, "Assessing Inorganic Contaminant
Release to Groundwater with the EQ3/6 Geochemical Code," IT Technology Exchange

J Symposium Proceedings, Vol. 11, Paper 11-2, Phoenix, Arizona.

Deal, D. E., R J. Abitz, J. Myers, J. B. Case, D. S. Belski, M. L. Martin, and W. M.
Roggenthen, 1991 "Brine Sampling and Evaluation Program, 1990 Report," DOE-WI'PP
91-036, U.S. Department of Energy, WIPP Project Office, Carlsbad, New Mexico.

Deal, D. E., R. J. Abitz, D. S. Belski, J. B. Clark, M. E. Crawley, and M. L. Martin, 1991
"Brine Sampling and Evaluation Program, 1989 Report," DOE-WIPP91-009, U.S.
Department of Energy, WIPP Project Office, Carlsbad, New Mexico.

Abitz, R J., J. Myers, P. E. Drez, and D. E. Deal, 1990, "Geochemistry of Salado
Formation Brines 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, "Geochemistry of Salado
Formation Brines Recovered from the Waste Isolation Pilot Plant (WIPP) Repository
Horizon," Geological Society ofAmerica Abstracts wiPrograms, Vol. 21, p. A317.

Abitz, R. J., and G. A. Smith, 1989, "Stratigraphy and Depositional Features of the Peralta
Tuff, Jemez Mountains, New Mexico," New Mexico Bureau of Mines andMineral
Resources, Bulletin 131, p. 1.

Elston, W. E., and R. J. Abitz, 1989, "Regional Setting and Temporal Evolution of the
Mogollon-Datil Volcanic Field, Southwestern New Mexico," New Mexico Bureau of
Mines and Mineral Resources,.Bulletin 13 1, p. 82.
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Deal, D. E., R. J. Abitz, D. S. Belski, J. B. Case, M. E. Crawley, R. M. Deshler, P. E. Drez,
C. A. Givens, R. B. King, B. A. Lauctes, J. Myers, S. Niou, J. M. Pietz, W. M. Roggenthen,
J. R. Tyburski, and M. G. 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. E. Elston, 1988, "Rising Melt Zones: Origin of the Volcanic-Arc to
Within-Plate Magmatic Transition in Ignimbrites During Extensional Stages of
Orogenies," Geological Society ofAmerica Abstracts wiPrograms, Vol. 20, p. A74.

Abitz, R. J., and G. A. Smith, 1988, "Stratigraphy and Depositional Features of Small-
Volume Pyroclastic Flows: Peralta Tuff, Jemez Mountains, New Mexico," EOS,
Transactions, American Geophysical Union, Vol. 69, p. 154.

Abitz, R. J., and D. G. Brookins, 1987, "Evolution of Oligocene Volcanism Adjacent to the
Southern Rio Grande Rift," EOS, Transactions, American Geophysical Union, Vol. 68, p.
1532.

Abitz, R. J., and R. K. Matheney, 1987, "Sr and 0 Disequilibrium in A Welded High-Silica
Rhyolite Tuff," Geological Society ofAmerica Abstracts wiPrograms, Vol. 19, p. 566.

Abitz, R. J., D. B. Ward, and D. G. Brookins, 1987, "Rb-Sr Age for Lower Crust in the
-Southern 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 Potassium Contents,"
Geological Society ofAmerica Abstracts wiPrograms, Vol. 19, p. 655.

Elston, W. E., W. R. Seager, and R. J. Abitz, 1987, "The Emory Resurgent Ash-Flow Tuff
(Ignimbrite) Cauldron of Oligocene Age, New Mexico," Geological Society ofAmerica
Centennial Field Guide, Rocky Mountain Section, pp. 441-445.

Reisinger, H. R., J. Wagener, and R. J. Abitz, 1987, "An Oligocene Ash-Flow Tuff Vent
Correlated to a Regional High-Silica Rhyolite Tuff Sheet," Geological Society of America
Abstracts wiPrograms, Vol. 19, p. 815.

Abitz, R. J., 1986, "Geology of Mid-Tertiary Volcanic Rocks of the East-Central Black
Range, Sierra County, New Mexico: Implications for a Double-Cauldron Complex in the
Emory Cauldron," New Mexico Geological Society Guidebook 37, pp. 161-166.

Abitz, R. J., 1985, "Rare Earth Element and Strontium Isotope Constraints on the Evolution
of Mid-Tertiary Volcanic Rocks in the Black Range, New Mexico," Geological Society of
America Abstracts wiPrograms, Vol. 17, p. 205.
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Abitz, R. J., 1985, "Stratigraphy and Structure Along the Northern Margin of the Emory
Cauldron, Northern Black Range, Sierra County, New Mexico," Geological Society of
America Abstracts wiPrograms, Vol. 17, p. 205.
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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. ) Docket No. 40-8968-ML
2929 Coors Road Suite 101 )
Albuquerque, NM 87120. ASLBP No. 95-706-01-ML

WRITEN 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

2



--------

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
& PNL4583, 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 & ORNLJTM-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.

LIRI'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 ("HMR'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 Crownjoint 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 Upanium-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 BIRI'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. Se 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. a= 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 I

Parameter WMCV Church Rock Crownpoint Teton Pilot
I (mgIL) (mglIL) (mgIL) (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 0.04' 1.34
Selenium 0.05 0.001 0.001 0.001 0.001 0.72
n2 Radium 5b (pCi/L) 0.3 '8.61 0.5 0.7k 8.5

(pCO/L) (PCYL) (pCzIL) (pCAL)(pCi/L)
Uranium 0.044' 0.002 0.303' 0.001 0.006 2.7

Secondary Standards

Chloride 250 6.1 6.0' 3.5 - 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 37b 35 37 37
TDS 500 364 364' 314 326 426

'Maximum Contaminant Level
b MCL is for =Ra + =Ra.
' EPA promulgated UMTRA standard for uranium is 30 pCi/L, which is equivalent to 0.044 mgfL when

assuming a natural distribution of uranium isotopes.
d Outlierl 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.
' Outlier values of 10 and 12 removed.
h Outlier value of 71 removed.

Outlier values of 435 and 451 removed.
J Outlier value of 0.26 removed.

O Qutlier value of 1.8 removed.
'Outlier value of 15 removed.

1 Outliers 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 wel 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

13



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 0.0602 0.035 0 .013b 0.474 0.002' 6.63
(mgIL) _

Radium-226 15.2 3.9 5.3b 5.9 0.3 13.1
(pC iIL) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

' outlier value of 0.104 removed.
b Outlier value of 0.068 removed.
' Outlier value of 0.494 rem:oved.

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, CR4, 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 (CR4

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

(pC i/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 mgfL), chloride

(1325 mg/L), and radium-226 (391 pCiIL) distinguish this groundwater composition

from indigenous water of the Westwater Canyon Member (calcium < 5 mg/L,

magnesium < 2 mgIL, potassium < 10 mgi/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 Westwdter 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 mgIL),

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 Ming 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, CP4, 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 I 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
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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 18' 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 0.001'
(mg/L)

Radium-226 19.6 1.9
(pCi/L)

'All 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. S 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 pCiJL, 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.

CP-2

CP-3

CP-1, -4, -5,
-6. -7 & -8

Crownpoint
town wells

TDS :nglL
Uranium mgIL
Radium-226 pCi)L

TDS mg/L
Uranium mg/L
radiium-226 pCiIL I

TDS mglL
Uranium mgIL
Radium-226 pCiIL

TDS mg/L
Uranium mg/L
Radium-226 pCiIL

TABLE 5

Mlinimumn

4 2730
4 0.008
4 128

5 308
5 <0.001
5 0.8

19 281
19 0.00i
19 0.1

4 325
4 <0.001
4 0.3

Maximum

3190
0.021
806

666
0.013

-2.5

380
0.013
1.8

406
0.007
0.6

Aver Standaid
age Deviat'n

2887.5 206
0.014 0.005
391.3 324.1

567 150
0.004 0.006
1.8 0.6

323 25
0.007 0.006
1.0 1.5

371 39.6
0.003 0.003
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 monitoring 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, 1 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 pCiJL 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 "[rieasonably

comprebensive 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 03

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 (UO2
2+), it quickly reacts with

the available carbonate ion (CO;) in the lixiviant to form the uranyl di- and tri--

carbonate complexes (UO2(CO 3)2 and U0 2(CO)3X). 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 (mgIL) 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 0.0203

*Data for selected trace metals based on Mobil's Section 9 pilot project lixiviantconcentrations.

Q.8. What is your evaluation of the risks to groundwater quality posed by

excursions that may occur during BRI'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 (I 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. "5 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. Is. 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

Wentworth, D.W., Porfer, 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. 14. 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. IMI'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. Sa 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 (j4,), not in

one tier at a distance up to 400 feet.



-

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
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aquifers.' IL HRI does nt 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 I 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.' * Affidavit of William H. Ford (February 20, 1998), 136, 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 (S

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 determinationithat 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 mgIL 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. i=, egs, 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." I Xat 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." Ia. 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, s=t 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 ¶thre 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

39



Rosita mine in Texas (I 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 (s Staub et al., An Analysis of Excursions at Selected

In Situ Mines in Wyoming and Texas, NUREG/CR-3967 & ORNLITM-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.' 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 EEIS). 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 nig/L while the uranium value in

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 mglL. 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

' 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 hU'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 "returnfing] all parameters to average

pre-lixiviant injection conditions." License SUA-4508 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. BRI 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 annimpetus 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 actu 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 mgiL (300 pCi/L)'" 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 jCi/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

1° 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 (pCiIL). 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 mgIL 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 mgIL, based on uranium's documented chemical toxicity

to the renal system." 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 (FEES, 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 mgIL is 440 times the 0.001 mgfL 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. 1. 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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I declare on this day of January, 1999, at C. , 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 j e

Sworn and subscribed before me, the undersigned, a Notary Public in and for
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ABSTRACT

A U.S. Nuclear Regulatory Commission source and byproduct material license is required to
recover uranium by in situ leach extraction techniques, under the provisions of Title 10
U.S. Code of Federal Regulations, Part 40 (10 CFR Part 40), "Domestic Ucensing of Source
Material." An applicant for a research and development or commercial-scale license, or for the
renewal or amendment of an existing license, is required to provide detailed information on the
facilities, equipment, and procedures used and an environmental report that discusses the
effects of proposed operations on the health and safety of the public and on the environment.

The standard review plan is prepared for the guidance of staff reviewers, in the Office of
Nuclear Material Safety and Safeguards, in performing safety and environmental reviews of
applications to develop and operate uranium in situ leach facilities. It provides guidance for
new license applications, renewals, and amendments. The principal purpose of the standard
review plan is to assure the quality and uniformity of staff reviews and to present a well-defined
base from which to evaluate changes in the scope and requirements of a review.

The standard review plan is written to cover a variety of site conditions and facility designs.
Each section is written to provide a description of the areas of review, review procedures,
acceptance criteria, and evaluation findings. However, for a given application, the staff
reviewers may select and emphasize particular aspects of each standard review plan section,
as appropriate for the application.
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EXECUTIVE SUMMARY

A U.S. Nuclear Regulatory Commission (NRC) source and byproduct material license is
required under the provisions of Title 10 of the U.S. Code of Federal Regulations, Part 40
(10 CFR Part 40), Domestic Licensing of Source Material, to recover uranium by in situ leach
techniques. The licensing process for Part 40 licenses is pictured in Figure 1. NRC authority
to regulate in situ leach facilities comes from the Atomic Energy Act of 1954, as amended, and
the Uranium Mill Tailings Radiation Control Act of 1978, as amended. Specific requirements
for in situ leach facilities are taken from 10 CFR Part 40, Appendix A criteria. The specific
sections in this standard review plan that address these criteria are shown in Appendix B of the
review plan. Although the National Environmental Policy Act of 1969 does not provide NRC
with any additional authority, it does reinforce NRC authority found in the organic statutes by
obligating NRC to evaluate both radiological and nonradiological environmental impacts for
NRC-licensed sites. Also the National Environmental Policy Act, as interpreted by the courts,
requires NRC to mitigate environmental impacts resulting from Agency actions, to the extent
possible, through its licensing. Therefore, NRC can also condition commitments made by
applicants to mitigate such environmental impacts.

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 to submit an environmental report that discusses the effect of proposed
operations on public health and safety and the impact on the environment as required by
10 CFR 51.45, 51.60, and 51.66. This information is used by NRC staff to determine whether
the proposed activities will be protective of public health and safety and will 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 environmental report 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 is to provide the NRC staff in the Office of Nuclear
Material Safety and Safeguards with specific guidance on the review of applications for in situ
leach facilities. The standard review plan complements Regulatory Guide 3.46, Standard
Format and Content of License Applications, Including Environmental Reports for In Situ
Uranium Solution Mining (NRC, 1982) which is guidance to applicants and licensees on an
acceptable format and contents for a license application. Sections of this standard review plan
are keyed to sections in Regulatory Guide 3.46 (NRC, 1982). Applicants should use
Regulatory Guide 3.46 (NRC, 1982) as guidance in preparing their applications. Information in
this standard review plan will be used by the Office of Nuclear Material Safety and Safeguards
staff in the review of applications for new facilities, renewals, and amendments.

Throughout the remainder of this standard review plan, 'application" is synonymous with
license application, renewal, or amendment The principal purpose of the standard review plan
is to ensure a consistent quality and uniformity in NRC staff reviews. Each section in this
standard review plan 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
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.1

Site Characterization

The characterization of the site hydrology is acceptable if it meets the following criteria:

(1) The applicant has characterized surface-water bodies and drainages within the permit
boundaries and surrounding areas. Maps provided in the application identify the
location, size, shape, hydrologic characteristics, and uses of surface-water bodies near
the proposed site, including likely surface drainage areas near the proposed facilities.
An acceptable application should also identify the zones of interchange between surface
water and ground water.

' (2) The applicant has provided an assessment of the potential for-flooding and erosion that
could affect the in situ leach processing facilities or surface impoundments. The staff
recognizes that the flooding and erosion protection design of impoundments for in situ
facilities may be relatively simple. This is true when impoundments are located near or
on a drainage divide and little or no diversion of runoff is necessary to protect the
impoundment side slopes from erosion. In such cases, it will be easy to demonstrate

- sthat no erosion to the slopes will occur. In flood-prone areas, however, it may be
necessary to conduct surface water and erosion modeling. Information regarding

'p acceptable models may be found in NUREG-1 623 (NRC, 1999). The reviewer should
recognize, however, that the staff guidance (NRC, 1999) was prepared for use in
evaluating a 1,000-year design life for large tailings impoundments, whereas the design
life of the surface impoundments atmn situ leach facilities is on the order of tens of years.

(3) The applicant has described the local and regional hydraulic gradient and
hydrostratigraphy. The applicant has shown that subsurface water level measurements
were collected by acceptable methods, such as American Society for Testing and
Materials D4750 (American Society for Testing and Materials, 2001). Potentiometric
maps are the recommended means for presenting hydraulic gradient data. These maps
should include two levels of detail: regional and local. The regional map should

*j represent the ore zone aquifer and should encompass the likely consequences on any
affected highly populated areas. The local (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 clearly show 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 clearly show the ground-water flow direction in the ore zone and in the
overlying and underlying aquifers. The number of piezometer elevation measurements
used to construct each map should be sufficient to determine the direction of
ground-water flow in the ore zone and the overlying aquifer. To construct a regional
potentiometric map, a reasonable effort should be made to consider as many existing
wells as possible.

Hydrogeologic cross sections are recommended for illustrating the interpreted
hydrostratigraphy. These cross sections should be constructed for the area within the
license boundary. For very large or irregularly shaped well field areas, more than one
cross section may be necessary. Cross sections must be based on borehole data
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Site Characterization

collected during well installation or exploratory drilling. All significant borehole data
should be included in an appendix. Staff should verify that, an adequate number of
boreholes is used to support the assertion of hydrogeologic unit continuity, if shown as
such in the cross sections.

The applicant should describe all hydraulic parameters used 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 versusI, 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
Standards. 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, it is acceptable to use laboratory analysis of core samples,
borehole geophysical methods, and analysis of the 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

*l chemical constituents.

(4) 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 pre-operational baseline conditions. Baseline water quality should be
determined for the ore zone and surrounding aquifers. These data should indude water
quality parameters that are expected to increase in concentration as a result of in situ
leach activities and that are of concern to the water use of the aquifer (i.e., drinking
water, etc.). The applicant should show that water samples were collected by
acceptable sampling procedures, such as American Society for Testing and Materials
D4448 (American Society for Testing and Materials, 1992).

For example, in situ leach operations are not expected to mobilize aluminum, and unless
an ammonia-based lixiviant is used, ammonia concentrations in the ground water should
not be increased as a result of in situ leach 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 ground water 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 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 in situ leach facilities.

The applicant should identify the list of constituents to be sampled for baseline
concentrations. The list of constituents in Table 2.7.3-1 is accepted by the NRC for
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Operations

5.7.8.2 Review Procedures

Well field hydrologic and water chemistry data are collected before in situ leach operations to
establish a basis for comparing opertional monitoring data. Hydrologic data, or information that
describes the flow of ground water, are used to (i) evaluate whether the well field can be
operated safely, (ii) confirm monitor wells have been located correctly, and (iii) design aquifer
restoration activities. Water chemistry data are used to establish a set of water quality
indicators, and the concentrations of these indicators in monitoring wells are used to determine
whether the well field is being operated safely. Water chemistry data are also used to set the
water quality standard for restoring the ore-body and adjacent aquifers after in situ leach
extraction ceases. The reviewer should determine whether these objectives of the operational
monitoring program have been met To this end, the reviewer should

(1) Verify that procedures for establishing baseline water quality include acceptable sample
collection methods, a set of sampled parameters that Is appropriate for the site and
in situ leach extraction method, and collection of sample sets that are sufficient to
represent any natural spatial and temporal variations in water quality.

(2) Review the applicant's selection (or procedure for selecting) the set of water quality
parameters and their respective upper control limits that will be used as indicators to
ensure timely detection and reporting of unplanned lxiviant migration (excursions) from
the ore zone. The reviewer is not expected to review the collected operational
monitoring data for individual well fields. This win be done during routine inspections
of operations.

(3) Review the applicant's technical basis or procedures for establishing the appropriate
monitor well spacing for vertical and horizontal excursion monitoring.

(4) Evaluate whether well field testing is sufficient to show a horizontal hydraulic connection
between the ore zone and the perimeter monitor well network, and vertical hydraulic
separation between the ore zone and the shallow and deep monitor wells.

(5) Evaluate whether procedures describing the operational excursion monitoring program
include sampling schedules, sampling and analytical procedures, criteria for placing well
fields on excursion status, and corrective action and notification procedures to be
followed if an excursion is detected.

(6) 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.

In conducting these evaluations, the reviewer should consider the review of ground-water
activities conducted by state and other federal agencies to identify any areas where dual
reviews can be eliminated. Although the staff must make the necessary findings of compliance
with applicable regulations, if a state or other federal agency asks questions in a particular
area, the reviewer need not duplicate those questions. Instead, the reviewer can rely on the
answers to the state or federal agency questions if they are acceptable, and if the applicant
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Operations

submits them as part of the NRC application. The reviewer should make every effort to
coordinate the NRC technical review with the state or other federal agency with overlapping
authority to avoid unnecessary duplication of effort.

For license renewals and amendment applications, Appendix A to this standard review plan
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 ground-water monitoring program should ensure that an excursion is detected long before 2
in situ leach solutions could seriously degrade the quality of ground water 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 from 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 ground-water and surface-water monitoring programs are acceptable if they are sufficient
to ensure that, during operations, ground water 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 in situ leach operational monitoring programs: 4
(1) For each new well field, the applicant's approach for establishing baseline water quality

data is sufficient to (i) define the primary restoration goal of returning each well field to
its pre-operational water quality conditions and (ii) provide a standard for determining
when an excursion has occurred. The reviewer should verify that acceptable A
procedures were used to collect water samples, such as American Society for Testing
and Materials D4448 (American Society for Testing and Materials, 1992). The reviewer A
should also ensure that acceptable statistical methods are used to meet these three
objectives, such as American Society for Testing and Materials D6312 (American
Society for Testing and Materials, 1998).

Baseline sampling programs should provide enough data to adequately evaluate natural
spatial and temporal variations in pre-operational water quality. At least four
independent sets of samples should be collected, with adequate time between sets to
represent any pre-operational temporal variations. A set of samples is defined as a
group of at least one sample at each of the designated baseline monitor wells and r'
analyzed for the water quality conditions of the sampled aquifer at a specific 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 productionfinjection well per acre
in each well field. For large well fields, it may not be practical to sample one
productionfinjection well per acre. Consequently, enough productionfinjection wells
must be sampled to provide an adequate statistical population if fewer than one well per
acre is used. As a general guideline, for normally and log-normally distributed
populations, at least six samples are required to achieve 90 percent confidence that any
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Ground-Water Quality Restoration, Surface
Reclamation, and Plant Decommissioning

radiological surveys using the review procedures in standard review plan Section 6.4.2 and the
acceptance criteria outlined in standard review plan Section 6.4.3.

The applicant has developed an acceptable program for verification of cleanup (final status
survey plan) that demonstrates that the radium concentration in the upper 15 cm [5.9 in.] of soil
will not exceed 5 pCilg and in subsequent 15 cm [5.9 in.] layers will not exceed 15 pCilg. Also,
the cleanup of other residual radionuclides in soil and residual surface activity on structures to
remain onsite meet the criteria developed with the radium benchmark dose approach
(Appendix F), including a demonstration of as low as is reasonably achievable and application
of the unity test of 10 CFR Part 40, Appendix A, Criterion 6(6) where applicable. For cases in
which the licensee has proposed an alternative to the requirements of Criterion 6(6) or the
approved guidance, the staff determines that the resulting level of protection is equivalent to
that required by this criterion.

Based on the information provided in the application and the detailed review conducted of the
procedures for conducting post-reclamation and decommissioning radiological surveys for the

in situ leach facility, the staff concludes 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;, which 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 40.41 (c), which requires the applicant to confine source or byproduct material to the
locations and purposes authorized in the license; 10 CFR Part 40, Appendix A, Criterion 6(6),
which provides standards for cleanup of radium; and 10 CFR 51.45(c), which requires the
applicant to provide sufficient data for the Commission to conduct an independent analysis.
The reviews of the 10 CFR Part 51 environmental protection regulations for domestic licensing
and related regulatory functions for plans and schedules for ground-water restoration in
accordance with standard review plan Sections 5.0, 0Operations;" and 7.0, 'Environmental
Effects;" are addressed elsewhere in this technical evaluation report.

6.4.5 Reference

NRC. 'Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM)." Revision 1.
Washington, DC: NRC. 2000.

6.5 Financial Assessment for Ground-Water Restoration,
Decommissioning, Reclamation, Waste Disposal, and Associated
Monitoring

6.5.1 Areas of Review

The staff should review financial assessments (cost estimates) provided by the applicant for the
costs of ground-water restoration (standard review plan Section 6.1); reclamation (standard
review plan Section 6.2); and decommissioning, waste disposal, and monitoring (standard
review plan Section 6.3). These assessments may be provided in the form of a narrative or as
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Ground-Water Quality Restoration, Surface
Reclamation, and Plant Decommissioning

an appendix. The staff should review provisions for a financial surety that is consistent with
Criteria 9 and 10 of 10 CFR Part 40, Appendix A, and the guidance in Appendix D of this
standard review plan.

6.5.2 Review Procedures

The staff should review the proposed surety amount provided by the applicant to verify that the
activities incorporated in the cost estimate are consistent with the activities proposed in the
application. In addition, the reviewer should verify that the activities proposed in the application
are included in the financial assessments.' Activities to be covered by the surety include'
reclamation, off-site disposal of 11 e.(2) byproduct material, ground-water restoration, and
closure. 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 a third party, if necessary.

The reviewer should determine whether the assumptions for'the financial surety analysis are
consistent with what is known about the site (standard review plan Section 2.0) and the design
and operations of the facility and its effluent control system (standard review plan 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 research and development
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 should also examine the
type of financial instrument(s) proposed for the surety to ensure that it is consistent with the
requirements of 10 CFR Part 40, Appendix A, Criterion 9. Finally, the reviewer should verify
that any expected long-term surveillance costs are provided for consistent with Criterion 10 of
Appendix A to 10 CFR Part 40.

For license renewals and amendment applications, Appendix A to this standard review plan
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 cost estimate for ground-water restoration, decommissioning, reclamation, waste disposal,
and monitoring is acceptable if it meets the following criteria:

(1) The bases for establishing a financial surety are in 10 CFR Part 40, Appendix A,
Criterion 9. The 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 a third party.
Detailed guidance on reviewing financial assessments for in situ leach operations is
found in Appendix D of this standard review plan .
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Ground-Water Quality Restoration, Surface
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The reviewer shall examine licensee commitments and proposed schedules for surety
updates in response to facility changes, annual updates, and changes in closure or
decommissioning plans.

(2) All activities included in the cost estimate are activities that are included either in the
reclamation plan or in the operations review completed using Sections 6.1 through 6.4
of this standard review plan.

(3) All activities included either in the reclamation plan or in Sections 6.1 through 6.4 of this
standard review plan are included in the financial analysis.

(4) The assumptions used for the proposed surety are consistent with what is known about
the site (standard review plan Section 2.0) and the design and operations of the facility
and its effluent control system (standard review plan 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, research and development at the site, or previous
operating experience in the case of a license renewal.

(5) Surety values are based on current dollars (or are adjusted for inflation), and reasonable
costs for the required reclamation activities are defined.

(6) The applicant commits to funding the approved financial surety through one of the
mechanisms described in 10 CFR Part 40, Appendix A, Criterion 9, including 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.

(7) the applicant commits to updating the surety value annually, in response to changes in
closure or decommissioning plans, and as necessitated by changes in the facility. The
annual update will be submitted ninety (90) days prior to the anniversary date each year.

(8) The applicant commits to extending the surety for an additional year if NRC has not
approved a proposed revision thirty (30) days prior to the surety expiration date.

(9) The applicant commits to revising the surety arrangement within three (3) months of
NRC approval of a revised closure (decommissioning) plan if estimated costs exceed
the amount of the existing financial surety. This revised surety instrument will be in
effect within thirty (30) days of NRC written approval of the surety documents.

(10) Surety documentation includes a breakdown of costs; the basis for cost estimates with
adjustments for inflation; a minimum 15-percent contingency; and changes in
engineering plans, activities performed, and any other conditions affecting estimated
costs for site closure.

6-24



- APPENDIX B



RELATIONSHIP OF 10 CFR PART 40, APPENDIX A
REQUIREMENTS TO STANDARD REVIEW PLAN SECTIONS

The criteria in 10 CFR Part 40 Appendix A were written specifically for conventional uranium
mills. Therefore, they are not all applicable to in situ leach facilities. This appendix identifies the
specific standard review plan sections where the applicable criteria are addressed.

Locations in NUREG-1569
Where the Criterion is

IO CFR Part 40, Appendix A Criterion Addressed

Criterion 1: Optimize site selection to achieve Not applicable.
permanent isolation of tailings
without maintenance.

Criterion 2: Avoid proliferation of small waste 3.1.4,4.2.4, 6.2.4, 6.3.4
disposal sites.

Criterion 3: Dispose of tailings below grade or provide Not applicable.
equivalent isolation.

Criterion 4: Adhere to siting and design criteria.

(a) Minimize upstream rainfall catchment areas.' Not applicable to in situ
leach facilities.

(b) Select topographic.features that provide good Not applicable to in situ
wind protection. leach facilities.

(c) Provide relatively flat embankment and cover slopes. Not applicable to in situ
leach facilities.

(d) Establish a self-sustaining vegetative cover or rock Not applicable to in situ
cover considering stability, erosion potential, leach facilities.
and geomorphology.

(e) Locate away from faults capable of causing 2.6.4
impoundment failure.

(f) Design to promote deposition, where feasible. Not applicable to in situ
leach facilities.

Criterion 5A: Meet the primary ground-water
protection standard.

(1) Design, construct, and install an impoundment liner that 3.1.4,4.2.4
prevents migration of wastes to subsurface soil,
groundwater, or surface water.

(2) Construct liner of suitable materials, place it on an 3.1.4, 4.2.4
adequate base, and install it to cover surrounding earth
likely to be in contact with wastes or leachate.

.,I
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Appendix B

Locations in NUREG-1569
Where the Criterion is

10 CFR Part 40, Appendix A Criterion Addressed

(3) Apply alternate design or operating practices that will 3.1.4,4.2.4
prevent migration of hazardous constituents into ground
water or surface water.

(4) Design, construct, maintain, and operate 3.1.4,4.2.4
impoundments to prevent overtopping.

(5) Design, construct, and maintain dikes to prevent 3.1.4,4.2.4
massive failure.

Criterion 5B: Conform to the secondary ground-water
protection standards.

(1) Prevent hazardous constituents from exceeding 3.1.4, 5.7.8.4
specified concentration limits in the uppermost aquifer
beyond the point of compliance.

(2) Define hazardous constituents as those expected to be
in or derived from the byproduct material, those 3.1.4
detected in the uppermost aquifer, and those listed in
Criterion 13.

(3) Exclude hazardous constituents if they are not capable
of posing a substantial present or potential hazards to 3.1.4
human health or the environment.

(4) Consider identification of underground sources of
drinking water and exempted aquifers.

2.2.4,3.1.4
(5) Ensure hazardous constitutents at the point of

compliance do not exceed the background
concentration, the value in Paragraph 5C, or an
approved alternate concentration limit. 3.1.4, 5.7.8.4

(6) Establish alternate concentration limits, if necessary,
after considering practical corrective actions, as low as
is reasonably achievable requirements, and potential
hazard to human health or the environment. 3.1.4

Criterion 5C: Comply with maximum values for 3.1.4, 5.7.8.4
ground-water protection.

Criterion 5D: Implement a ground-water corrective action 5.7.8.4
program if secondary ground-water
protection standards are exceeded.

Criterion 5E: Consider appropriate measures when
developing and conducting a ground-water
protection program.

B-2



Appendix B

Locations in NUREG-1569
Where the Criterion is

10 CFR Part 40, Appendix A Criterion Addressed

I) Incorporate leak detection systems for synthetic liners
and conduct appropriate testing for clay/soil liners.

2) Use process designs that maximize solution recycling
and water conservation.

(3) Dewater tailings by process devices or properly
designed and installed drainage systems.

(4) Neutralize hazardous constituents to
promote immobilization.

4.2.4

4.2A

4.2.4

4.2.4

*1
Criterion 5F: Alleviate seepage impacts where they are

occurring and restore ground-water quality.
4.2.4

Criterion 5G: Provide appropriate information for a
disposal system.

(1) Define the chemical and radioactive characteristics of 4.1.4,4.2.4
- waste solutions.

(2) Describe the characteristics of the underlying soil and 2.6.4
geologic formations.

(3) Define the location, extent, quality, capacity, and 2.2.4
current uses of ground water.

Criterion 5H: Minimize penetration of radionuclides into Not applicable.
underlying soils when stockpiling.

Criterion 6: Install an appropriate cover and dose the
waste disposal area.

(1) Ensure the cover meets lifetime and radioactive Not applicable to in situ
material release specifications. leach facilities.

(2) Demonstrate the effectiveness of the final radon barrier Not applicable to in situ
prior to placement of erosion protection barriers or leach facilities.
other features.

(3) Demonstrate the effectiveness of phased emplacement Not applicable to in situ
of radon barriers as each section is completed. leach facilities.

(4) Document verification of radon barrier effectiveness to Not applicable to in situ
the U.S. Nuclear Regulatory Commission (NRC) and leach facilities.
maintain records of this verification.

(5) Ensure that radon exhalation is not significantly above Not applicable to in situ
background because of the cover material. leach facilities.

I
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Locations in NUREG-1569
Where the Criterion is

10 CFR Part 40, Appendix A Criterion Addressed

(6) Cleanup residual contamination from byproduct 4.2.4,6.2.4,6.4.4
material consistent with the radium benchmark dose.

(7) Prevent threats to human health and the environment 2.11.4, 62.4
from non-radiological hazards.

Criterion 6A: Ensure expeditious completion of the final Not applicable.
radon barrier.

(1) Complete the radon barrier as expeditiously as practical
after ceasing operations in accordance with a written,
Commission-approved reclamation plan.

(2) Extend milestone completion dates if justified by radon
release levels, cost considerations consistent with
available technology.

(3) Authorize disposal of byproduct materials or similar
materials from other sources if appropriate criteria
are met.

Criterion 7: Conduct pre-operational and operational 2.5.4, 5.7.8.4, 5.7.9.4
monitoring programs.

Criterion 7A Establish a detection monitoring program to 5.7.8.4,5.7.9.4
set site-specific ground-water protection
standards, a compliance monitoring system
once groundwater protection standards have
been established, and a corrective action
monitoring program in conjunction with a
corrective action program.

Criterion 8: Conduct milling operations, including ore 4.1.4, 5.3.1.4, 5.3.2.4, 5.7.1.4,
storage, tailings placement, and yellowcake 5.7.3.4
drying and packaging operations so that
airborne releases are as low as is
reasonably achievable'.

Criterion 8A: Conduct and record daily inspections of 5.3.1.4, 5.3.2.4
tailings or waste retention systems and
report failures or unusual conditions to NRC.

Criterion 9: Establish appropriate financial surety 6.2.4, 6.5.4
arrangements for decontamination,
decommissioning, and reclamation.

Criterion 10: Establish sufficient funds to cover the costs 6.5.4
of long-term surveillance and control..
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Locations in NUREG-1569
Where the Criterion is

10 CFR Part 40, Appendix A Criterion Addressed

Criterion 11A: Comply with effectivity dates for site Applies to Commission-not
and byproduct material addressed in NUREG-1569.
ownership requirements.

Criterion IIB: Establish license conditions or terms to Applies to Commission-not
ensure that licensees comply with addressed in NUREG-1569.
ownership requirements prior to license
termination for sites used for
tailings disposal.

Criterion IIC: Transfer title to byproduct material and Not applicable.
land to the United States or the state in
which the land is located.

Criterion 1ID: Permit use of surface and subsurface Applies to the
estates if the public health, safety, Commission-not addressed
welfare, or environment will not in NUREG-1569.
be endangered.

Criterion lIE: Transfer material and land to the United Not applicable.
States or a state without cost other than
administrative a legal costs.,

Criterion 1 F: Follow specific requirements for land held in Not applicable.
trust for or owned by Indian Tribes.

Criterion 12: Minimize or avoid long-term active Applicable to the long-term
maintenance and conduct and report on custodian-not addressed in
annual inspections. NUREG-1569.

Criterion 13: Establish standards for constitutents 3.1.4
reasonably expected to be in or derived from
byproduct materials and detected in
ground water.
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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 anomalous 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 1 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 should be collected and analyzed for those indicators listed in Table 2.
Some nples should be split, and sent to different laboratories, as part of a
quality 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 a more intensive samp!e
collection program would be necessary.

Baseline groundwater elevation levels in the ore-zone aquifer ind surrounding
ciuifers within and outside of the wellfield need to He defined 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

I
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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 preopera"ational 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

1. 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, TOS. 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,
aralytical. 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.

1.
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PART V. ESTABLISHING EXCURSION INDICATOR SETS, UPPER CONTROL LIMITS, ANO
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
sell 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 and documented by the license
applicant with appropriate data, calculations and discussion.
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Mobil Alternative Energy Inc. P.O.BOX 7772

DENVFR. COLORADO 80217

January 22, 1986

Mr. Felix R. Miera, Program Manager
Uranium Licensing Section l )N
Radiation Protection Bureau JAN 2 7 1986
Environmental Improvement Division
P. 0. Box 968
Santa Fe, New Mexico 87504 RADIATON PROTECTION BUREAU

RESTORATION PROGRESS REPORT
CROWNPOINT SECTION 9 PILOT
IN SITU LEACH PLANT

Dear Mr. Miera:

The purpose of this letter is to provide the flew Mexico Environmental Improve-
ment Division and the Bureau of Land Management with an update on Mobil's
restoration efforts at the Crownpoint Section 9 Pilot In Situ Leach Test Site.

Restoration Activities

H!ydrogen Sulfide Injection: The procedure of injecting H S into the wells
which was begun May 1, 1984 and described in the 1984 Resioration Progress
Report was continued in early 1985. The final H2S injection was completed
March 18, 1985. The H2S treated wells continued to be sampled and
monitored at intervals of once every two to four weeks. Produced waters
were analyzed for pH, U308, and molybdenum.

After final H S injection, the wells were allowed to sit inactive to allow
time for the ghemical reactions to occur and were periodically sampled.
Of the 13 wells treated, the September 1985 laboratory analysis (Attach-
ment.6) shows that molybdenum concentration has decreased in 10 wells and
increased in 3 wells. The well field average for molybdenum has 'decreased
from 7.7 mg/il in September 1984 and 10.4 mg/l in December 1984 to 4.8 mg/l
in September 1985. Eight of the wells were below the NMWQCC standard for
molybdenum in the September 1985 sampling compared to two wel.ls below the
standard in the September 1984 sampling.

Well Maintenance Program: A well maintenance program was begun in October
1985 with the approval of the State Engineer's Office. This program
consisted of cleaning out the wells, and acidizing selected wells in
preparation for the next phase of restoration. The selected wells were
Numbers 211, 215, 216, 217, and 220. The acidizing work consisted of
-spotting a 15Z hydrochloric acid solution in perforated zones of the
selected wells to redevelop the perforations. After allowing sufficient
time for redevelopment of the perforations, the acidic waters were removed
from the wells. The static water level quickly returned to normal,
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indicating successful redevelopment of the perforations. A pump test to
help define the remainder of the restoration program is scheduled for
early 1986.

Sample Analyses - Results to Date: Field assays of the production stream
corresponding to cumulative gallons produced since October 1, 1980 are
shown in Attachment 1. Attachments 2, 3, and 4 are graphic presentations
of molybdenum data and the majority of the other data in Attachment 1.
All six parameters of concern have shown very significant drops in concen-
tration since the beginning of restoration efforts and several parameters
continue to decrease in concentration as restoration efforts proceed.
Reduction in parameter concentrations range from a high of 99.8% for
uranium to 78% for bicarbonate (see Attachment 1).

With respect to trace metals and other minor constituents, the September
1985 analytical data (see Attachments 5 and 6) show the average concen-
tration in the well field are below the New Mexico Standards (Section
3-103 NMWQCC Regulations) for all parameters except molybdenum. Molybde-
num, which was approximately 80 mg/l at the start of restoration, has been
reduced approximately 94%, based on the September 1985 sampling. Eight of
the thirteen wells sampled were at or below the 1.0 mg/l standard compared
to three at or below the standard in the September 1984 sampling.

Radiometric data (see Attachment 6) was also secured in the September 1985
sampling. The activity levels for these parameters have shown significant
decreases since the beginning of restoration. The combined radium 226 and
228 concentration was at a 37.4 * 2 pCi/l level, which is slightly above
the September 1984 level and Section 3-103 NMWQCC Standards,-but well
within the naturally occurring range (0.0 + 2.7 to 89.4 pCi/i) observed
during baseline water quality sampling at the Section 9 Pilot Site loca-
tion. Percent reductions in radiometric activity levels are shown in
Attachment 7.

In summary, the data available at this time demonstrate that 25 of 27
pertinent parameters listed in Section 3-103 of the NMWQCC Regulations are
less than levels specified in the Regulations. The radium 226 and 228
parameter is slightly above the standard, but consistent with baseline
water quality values. Molybdenum concentration is also above the stan-
dard, but it has been reduced approximately 37% from.the September 1984
value. This reduction in molybdenum concentration can be attributed to
the utilization of H2S as a reductant and allowing time for the chemical
reactions related to the use of H S to occur. lie feel we have been
diligent in trying to reduce molybdenum concentrations and have shown
marked improvement over previous. results.

Individual Well Variations: As stated in previous reports, there have
been variations in parameter concentrations in different wells, most
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markedly with respect to molybdenum. In comparing the September 1984
sampling results with September 1985 sampling results, two wells show
molybdenum increases with only one of any significance. The elevated
level of molybdenum in several wells is believed to be related to both the
amount of naturally occurring molybdenum in the formation at that particu-
lar location and the degree of sweep efficiency at that location during
restoration efforts. However, wells have begun to show decreases in
molybdenum levels due to the use of H2S as a reductant.

USGS Observation Well No. 9U-277: Clean up of I-ell No. 9U-277, related to
molybdenum concentration, was completed since the last restoration pro-
gress report. Molybdenum levels decreased from 3.2 mg/l in December 1984
to less than 0.2 mg/l in June 1985 and have remained at this low level
through November 1985.

Future Restoration Plans-

Following the pump test of the well field previously mentioned, a ground
water sweep restoration method is scheduled to be employed. It is Mobil's
intention to continue restoration efforts based on ground water hydraulic
principles rather than ground water chemistry due to the less than expect-
ed success of the H2S injection program.

We appreciate your cooperation throughout our restoration efforts and the
granting of the necessary approvals that have allowed us to use a variety of
restoration techniques in our effort to achieve complete restoration of the
affected portion of the aquifer. -lie look forward to your continued
cooperation.

If you have any questions, please contact me at (303) 293-6300.

Very truly yours,

DGGANEY/jrh:212/c O rJ. F. Cullen
Attachments Engineering Manager
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ATTACHMENT 1

PRODUCTION STREAM FIELD ASSAYS

Cumulative
Gallons

Produced Since U3O Ca So NCO Ha Cl
October 1, 1980 ppm ppn

- 145 320 1176 1005 1600 1671
374,762 142 326 1150 1023 1650 1671
736,639 132 317 1275 915 1620 1548

1,088,626 125 304 1175 874 1510 1656
1,373,375 103 280 1150 769 1850 1760
1,707,067 106 231 1100 800 1780 1795
2,075,608 97 276 1100 781 1510 1755
2,425,021 101 291 1050 737 1580 1728
2,721,818 89 282 1075 683 1640 1714

. 3,061,598 72 277 1150 *683 1470 1678
3,446,723 72 306 975 698 1710 1860
3,791,287 62 310 925 612 1730 1800
4,117,896 58 282 975 585 1520 1787
5,007,311 48 228 977 622 1506 1639
5,384,309 42 235 902 617 1460 1405
5,757,729 40 193 866 649 1449 *1213
6,126,444 34 157 787 634 1070 1010
6,362,630 32 156 775 610 1130 978

10,278,269 26 - 93 578 552 581 559
13,833,820 4 55 348 415 379 174
34,361,987 0.54 38 43 122 156 150
44,036,014 0.42 18 69 183 .181 101
58,332,122 0.59 19 81 173 163 115
59,173,469 0.28 46 85 225 141 101

w Reduction in
Concentration 99.8% 86% 93% 78% 92X 94%

DGG12/85
j rh212
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-Table 4 - Comparison of Total Dissolved Solids (TDS)
in Waters from Various Locations and Leach Tests

in the Churchrock Area

Location Uranium TDS
or Sands * Date of Analysis (mgl) (mgI/l)

Test

OCR Shaft BB / WC Sept, 1993 3.07 1,300
OCR Gravel Shaft Westwater Canyon Sept, 1993 .041 1,070

OCR VH #1 BB/WC . Sept, 1993 3.55 1,290
OCR VH #2 Westwater Canyon Sept, 1993 3.41 1,320

CR-3 Westwater Canyon 13 Sample Avg. 0.064 359
CR-5 Westwater Canyon 12 Sample Avg. 0.017 339
CR-6 Westwater Canyon 12 Sample Avg. 0.474 384
CR-8 Westwater Canyon 6 Sample Avg. 6.63 397

CR Core Leach #1 (1) Westwater Canyon Sept, 1988 19.2 1,695
CR Core Leach #2 (1) Westwater Canyon Feb, 1988 40.9 970

Teton Pilot Test (1,2) Westwater Canyon June, 1980 84 976

Footnotes:

* Abbreviations: OCR = Old Churchrock; CR = Churchrock; VH
BB = Brushy Basin; WC -Westwater Canyon;

= Vent Hole;

(I) Water samples taken near end of leaching and prior to restoration.
(2) Water samples taken near end of leaching and prior to restoration at the Teton pilot test on
the Mancos property near HRI's Churchrock project.

LC 9.14 States: "Prior to injection of lixiviant, the licensee shall obtain all necessary
permits and licenses from the appropriate regulatory authorities". At the Section 17 location this
provision requires that HRI acquire an Underground Injection Control Permit through either the

remove uranium so that it may be discharged under a Clean Water Act National Pollutant Discharge Elimination
Standards [NPDES] permit). The Commission's decision to treat all waste streams associated with ISL activities as
11 e.(2) byproduct material does not impact conventional mine dewatering for the, purposes of mining. Although
the Commission has comprehensive regulatory authority over waste derived from uranium and thorium extraction
activities, that authority does not extend to uranium mining. See Kerr-McGee v. NRC 903 F.2d 1, 7 (D.C. Cir.
1990). The Commission continues to believe that, although ISL activities are frequently referred to as mining, they
are not mining in the conventional sense, but instead represent extraction of source material from an ore body in a
fashion that is in many respects akin to processing. This fact is the fundamental basis for NRC regulation of ISL
facilities. Consequently, wastes from dewatering a conventional mine, although perhaps being processed in the
same manner as restoration waters at an ISL facility, are not subject to NRC regulation because they are a function
of ruiling, not an aspect of the processing of ore for the express purpose of the extraction source material. I See
International Uranium Corporation (USA), 51 NRC at 15-16." MM
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Figure 2.7-2

I DROUND WATER ANALYSIS. REPORT-IN SITU MIINING-URANIUM

'ANYI URANIUM RESOURCES. INC.
_. _NTIFICATIONt OCR SHAFT (GC 5'a .s7#-7r2

6-29-87
LABORATORYS JORDAN LABORATORIES, INC.

REPORT DATEJ SEPTEMBER 21* 1987

MAJOR AND SECONDARY CONSTITUENTS

STORET

CALCIUIM(CA)
tIAGNESIUM(MG)
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I
Figure 2.7-3

GROUND WATER ANALYSIS REPORT-IN SITU MINING-URANIUM

I

4PANYS URANIUM RESOURCES, INC.
NTIFICATIONI OCR SHAFT

6-30-87
LABORATORYS JORDAN LABORATORIES* INC.

MAJOR AND SECONDARY CONSTITUENTS

REPORT DATE, SEPTEMBER 21, 1987
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I Figure 2.7-4

GROUND "ATER ANALYSIS REPORT-IN SITU MININb-URANIUM

>ANYs URANIUM RESOURCES, INC. -
4TIFICATION, DAKOTA WELLCdJi-4. .4Z.

6-30-67
LABORATORYS JORDAN LABORATORIES. INC.

REPORT DATES SEPTEMBER 21, 1987
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January 16, 2005

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

Before Administrative Judges:

Thomas S. Moore, Presiding Officer
Dr. Richard F. Cole, Special Assistant

Dr. Robin Brett, Special Assistant

In the Matter of: )

HYDRO RESOURCES, INC. ) Docket No. 40-8968-ML
PO Box 777 )
Crownpoint, New Mexico 87313 )

DECLARATION OF DR. JOHN D. FOGARTY

I, John D. Fogarty, do hereby swear that the following is true to the best of my

knowledge. I am qualified and competent to give this declaration, and the factual statements

herein are true and correct to the best of my knowledge, information and belief The opinions

expressed herein are based on my best professional judgment.

I. My name is John D. Fogarty. I am a family practice physician at the Crownpoint

Healthcare Facility ("CHF") in Crownpoint, New Mexico. I reside in Crownpoint, where I have

lived since August 1999. Mymailing address is P.O. Box 179, Crownpoint, N.M., 87313.

2. I am giving this declaration on behalf of Eastern Navajo Dine Against Uranium

Mining ("ENDAUM") and Southwest Research and Information Center ("SRIC") related to the

licensing of Hydro Resources, Inc.'s ("HRI's") Crownpoint Uranium Project ("CUP").
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Specifically, my testimony will focus on the lack of a health basis for the Nuclear Regulatory

Commission's ("NRC's") secondary restoration standard for uranium of 0.44 milligrams per liter

("mg'l"), or 440 micrograms per liter ("pg/1').

Professional Qualifications

3. My qualifications to -make this declaration are described in my resum6, a copy of

which is appended hereto as Exhibit A. To summarize, I received my bachelor of science degree

magna cum laude from the University of Iowa in 1987, and my medical doctorate from the

University of Washington in 1993. I completed my family practice residency at the University of

New Mexico ("UNM") in 1997, and I am board-certified in family practice by the American Board

of Family Practice. The University of Washington has been ranked consistently as the best primary

care medical school in the country, and the UNM family practice residency has been ranked

consistently as one of the top three family practice residencies in the United States by U.S. Newl's

and Morld Report.

4. I received a Masters of Public Health (MPH) from the University of New Mexico in

2002. In my MPH course work, I completed several classes in both epidemiology and

environmental health, and I was awarded honors for my masters paper, entitled A Review of the

Environmental and Public Health Effects of Uranium Mining in the Eastern Navajo Agency:

Implications for Public Policy. During the research for the paper I reviewed dozens of papers and

reports relating to uranium's toxicity to animal and human kidneys and conducted an extensive

review of the biomedical literature on the chemical toxicity of uranium.
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5. In 1995, I worked for the New Mexico Department of Health ("NMDOH") on

issues related to improving the health of communities. In recognition of my contribution to the

area of community medicine and public health, I received the Mead Johnson Award from the

American Academy of Family Practice in 1996. This award is given annually to 20 family

practice residents across the nation on the basis of community involvement, scholastic

achievement, patient care, and leadership.

6. From 1997 to 1999, I served as the supervisory physician for the diabetes mellitus

program at the Santa Fe Indian Health Service Hospital, which serves more than 20,000 people.

Because renal disease' is such a prominent complication of diabetes, I organized and conducted

trainings for the medical staff on the optimal management of renal disease. I also maintained a

quality improvement program that ensured that patients with renal disease received optimal care

and were on appropriate medications that delay the progression of renal disease to overt renal*.

failure.

7. From 1999 to the present, I have been a clinician at the Crownpoint Healthcare

Facility, including serving for two years as Chief of Staff. As Chief of Staff I worked with

hospital physicians to develop a more sophisticated surveillance program for chronic renal

disease. I worked with the medical staff to identify patients with microalbuminuria (microscopic

amounts of protein in the urine) as well as patients that had diminshed renal function as

determined by creatinine clearance calculated using the Cockroft equation. This surveillance

program has identified patients with renal disease at an earlier stage and consequently has

allowed physicians to provide more effective treatment.
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8. Since 2002 I also have been an Assistant Professor in the Department of Family

Medicine and an Adjunct Faculty Member in the Masters in Public Health Program at the

University of New Mexico ("UNM"). I teach courses in health and human rights, and have taught

medical students and residents epidemiology, biostatistics, and principles of public and

environmental health. In 2004, I developed and taught a course, "Community Medicine, Public

Health, and Epidemiology," for the Family and Community Medicine Department at UNM, which

included training modules on epidemiology and biostatistics. Those training modules included

exercises that calculated the disease rates associated with miners and millers exposed to uranium

and radon. In 2003, I taught two courses, "Healthcare as a Human Right" and "Economic, Social,

and Cultural Rights: A Public Health Perspective," in the Masters of Public Health program. Both

courses included elements of epidemiology and environmental health. Over the past three years I

have been asked to serve as a technical consultant for two epidemiologic studies that wvere

conducted in New Mexico and on the Navajo Reservation. I conducted the statistical analysis for a

study looking at the treatment of plague and for a study looking at the best management practices of

labor among Indian populations. The results of the study on plague have been published in the

journal Clinical Infectious Diseases and the labor study will be published in the professional journal

Family Medicine.

9. In 2003, 1 gave technical testimony before the New Mexico Water Quality

Control Commission ("NMWQCC") about the adequacy of the New Mexico uranium

groundwater standard. During the hearing, I provided the Commissioners information about the

anatomy and physiology of the kidney, described in detail how uranium acts as a kidney toxin,

'The terms "renal disease" and "kidney disease" are synonymous because the word "renal" is the
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and discussed the current burden of kidney disease among the Navajo people. My testimony,

along with that from other experts in epidemiology, toxicology, and nephrology, prompted the

Commissioners to adopt a new health-based uranium groundwater standard for New Mexico, the

details of which are described later in this testimony (see, m 31 d-3 1 e below). I have attached as

Exhibit B a copy of the Powerpoint slides I used in my direct testimony at the NMWQCC

hearing; these slides will aid in illustrating my description of the kidney's functions and how

uranium interferes with those functions in ¶ 18 below.

10. Currently, I am a co-principal investigator on a collaborative study that involves

the University of New Mexico, the Eastern Navajo Health Board, Crownpoint Service Unit of

the Navajo Area Indian Health Service, and Southwest Research and Information Center, which

will evaluate oral uranium exposure and its potential renal effects among Navajos living in

northwestern New Mexico who consume water from unregulated water sources. I assisted in the

epidemiologic design of the study and will assist in its implementation over the coming three

years. The study is supported be a grant from the National Institute for Environmental Health

Science.

11. As a physician employed at a major federal healthcare facility on the largest

American Indian reservation in the U.S., I have a professional duty to ensure the health and well-

being of my patients, who include residents of Crownpoint, Church Rock and surrounding

communities. This duty includes an obligation to point out circumstances, conditions and

government policies which could place at risk the health and safety of the people who use the

Crownpoint Healthcare Facility for preventive, screening and treatment purposes. Hence, I am

medical term for the kidney. I will use these terms interchangeably throughout this declaration.

5



obligated to point out-what I believe is a grievous error~made by the NRC staff in adopting a

groundwater restoration standard for uranium that, on its face, is inadequate to protect the health

of my patients and of residents of the Crownpoint and Church Rock areas. The NRC staff is, in

my view, wrong to have accepted a uranium "cleanup" level that is at least 20 times greater than

the level of uranium in drinking water that has been shown to cause kidney impairment in

chronically exposed individuals.

12. I believe my background in basic science, clinical research, public health,

community medicine, and clinical medicine has more than adequately prepared me to address a

wide range of public health issues, including the adequacy of the NRC's proposed uranium

restoration standard for the CUP. I have the necessary educational training, advanced

professional degrees, and clinical experience to review and evaluate the relevant the literature on

the czcnical toxicity of uranium.

13. I have given testimony in this proceeding on one other occasion. In March 2000,

I prepared an affidavit in support of ENDAUM's and SRIC's motion dated March 16, 2000, to

reopen the record to allow presentations on the adequacy of the NRC's groundwater restoration

standard for uranium at the CUP. In early April 2000, I prepared a response affidavit in support

of the same motion to reopen. In both of those affidavits, I testified that NRC's 0.44 mg/I

restoration standard for uranium was not protective of public health because of uranium's well-

documented affects on the human kidney.

Literature Reviewed

14. My initial investigation consisted of reviewing the Final Environmental Impact
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Statement ("FEIS") for the CUP,2 the materialslicense issued to HRI by the NRC Staff on

January 5, 1998 (SUA-1 508), and the available literature on the chemical toxicity of uranium. I

also talked by telephone with Mr. Christepher McKenney of the NRC staff about why the NRC

chose a uranium restoration standard of 0.44 mg/I, or 440 ptg/l for the CUP. In preparing this

declaration, I reviewed the February 20, 1998, affidavit given by NRC Staff member Mr.

Christepher A. McKenney, 3 spoke with several officials of state, federal and Canadian agencies

that regulate drinking water quality, and re-reviewed published papers on the effects of uranium

on laboratory animals and human populations. I also reviewed the oral and written testimony I

gave before the NMWQCC in September 2003, and that of several other expert witnesses, in

support of lowering the state's groundwater protection standard for uranium from 5,000 jig/l to 7

Pg/i.4 References to specific citations of literature I reviewed are given in the text and footnotes

of this declaration, and I have provided full copies of several of the most important published

papers to support my testimony.

Overall Conclusions

15. Based on my review .of the current and historic literature on uranium's wvell-

2 U.S. Nuclear Regulatory Commission (1997). Final Env'ironrnental Inpact Statement to
Constnrct and Operate the Crownpoint Uranium Solution Mining Project, McKinley Countyj New
Mexico, NUREG-1508, February.

3 Affidavit of Christepher A. McKenney (1998). Attached as Staff Exhibit 10 to NRC Staffs
Response to Motion to Stay, Request for Prior Hearing, and Request for Temporary Stay, in the matter of
Hydro Resources, Inc., Docket No. 40-8968-ML, February 20 (attached hereto in relevant part as Exhibit
E).

4 The WQCC eventually adopted a revised groundwater standard for uranium of 30 Pg/l. I
discuss the Commission's basis for this revised standard later in my testimony.
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documented chemical toxicity, on the additionalkmaterials set forth in ¶ 14 above, on relevant

portions of the FEIS, on information gained from speaking at length on two occasions with Mr.

McKenney, and on information gained from speaking with officials of several agencies who are

familiar with uranium chemical toxicity and drinking water standards, I conclude that the

groundwater restoration standard for uranium of 0.44 mg/I, or 440 pg/l, that is incorporated in

the HRI license as Condition 10.21(A) and Condition 10.27(A) poses a significant threat to the

health of the public and is likely to cause irreparable harm to the current and future residents of

Crownpoint and the surrounding communities who drink water from the Crownpoint municipal

water supply or who obtain water now or in the future from wells that tap the Westwater Canyon

Aquifer in the Church Rock area.

16. Since License Condition 10.21(A) applies to all solution mining sites in the

Crownpoint Uranium Project, my testimony and conclusions apply equally to the Church Rock

Section 17, Unit I and Crownpoint mining sites.

17. Uranium has been known to be a toxin to animal and human kidneys since the

19h century and has been widely used by researchers in animal studies to generate models, or

estimates, of adverse kidney effects in humans. The research studies, that the NRC staff used as

a scientific basis for their assertion that the groundwater restoration standard of 0.44 mg/i (440

ptg/I) is safe, are outdated and flawed. More contemporary studies of adverse uranium effects in

both exposed human populations and in laboratory animals are of higher quality and are more

generalizable to human populations. These more recent studies, most of which have been

published since 1995, demonstrate that humans show signs of kidney damage after consuming

water over long periods of time with levels of uranium as low as 0.014 mg/i (14 ptg/1). They
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document-important subclinical eff&ctsthat'could potentially lead to later kidney disease and

even kidney failure. The NRC staff apparently did not consider the earlier of these relevant

studies in its January 5, 1998, decision to license the HRI project, nor the more recent of these

studies in responding to ENDAUM's and SRIC's concerns about the adequacy of the uranium

standard in their early-1999 written presentations on groundwater and environmental justice

concerns. My conclusions are based on the analysis that follows.

Expert Analyses and Opinions

18. Kidney Function. The basis for understanding the nephrotoxicity (kidney toxicity)

of uranium lies in understanding the function of the kidney. It is necessary to understand how

the kidney works to understand how it can be damaged by uranium. In the paragraphs that

follow, I describe these processes in detail, and also refer to diagrams in my NMWQCC

testimony slides that are contained in Exhibit B.

I 8a. The kidney has many functions; it is able to regulate fluid volumes, filter the

blood, excrete waste products and foreign substances, regulate electrolytes and maintain acid-

base balance. The kidney also regulates blood pressure and produces hormones. See Exhibit B,

Slide 4.

1 8b. The kidneys are bean-shaped organs located in the posterior part of the abdomen.

Ibid., Slide 5. They receive blood from the aorta, and in a typical day, they receive about 180

liters of blood. Over about one hour, the kidneys process and filter all of the blood in the body.

1 8c. Blood enters the renal artery and then goes to the renal cortex. In the renal cortex,

the arteries divide into even smaller arteries and then down into capillaries, forming what are

called glomeruli. Ibid., Slides 6-8.
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1 8d. The glomeruli are part of what is known as a nephron, which is the functional unit

of the kidney. Each nephron works to filter the blood, remove waste products and toxins, and

balance electrolytes. The nephron is composed of four major components; the glomerulus, the

proximal tubule, the loop of Henle, and the distal convoluted tubule. After passing through the

nephron, the waste products are excreted into the collecting duct and out in the urine. Ibid.

l 8e. Blood enters the glornerulus and undergoes an initial filtration process. Many

important substances such as blood cells and large proteins are retained in the blood and do not

pass into the filtrate, which eventually becomes the urine. Ibid., Slides 9-10.

18f. After the initial filtration occurs in the glomerulus, the filtrate passes into the

proximal tubule. Ibid., Slide 11. Since the kidney filters approximately 180 liters of blood a day,

there is a large amount of fluid that passes through the proximal tubule. The proximal tubule is

able to reabsorb the majority of that fluid, and, in a typical day, reabsorbs about 120 liters of

fluid. The proximal tubule is also able to reabsorb proteins as well as sodium, chloride, and

potassium that are not retained by the glomerulus. The proximal tubule cell has a "brush

border," which allows for the transmission of large amounts of fluid and electrolytes. Ibid.,

Slides 12-13.

l8g. The mitochondria are the power plants for the cell, and the mitochondria produce

the energy that is necessary for the cell to function. The lysosomes dispose of waste products

and contain many digestive enzymes. Slide 13 in Exhibit B shows another electron micrograph

of the proximal tubule cell, and illustrates the brush border, the mitochondria and the lysosomes.

19. Uranium's Renal Effects. The nephrotoxic effects of uranium have been well
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studied, and are perhaps best suimmarized in a 1989 review paper by R.W. Leggett,5 a copy of

*which is attached hereto as Exhibit C. Uranium is ingested in water and foods, and absorbed

into the blood stream in the intestines. Once in the blood, uranium passes through the kidney's

main filtering structure, the glomerus, and into the proximal tubule. Because of its mass as the

heaviest naturally occurring element, uranium binds to the brush border of the proximal tubule

cell and decreases the cell's ability to reabsorb water, electrolytes, and proteins. See, Exhibit B,

Slide 17. Uranium then passes through the border and into the cell itself, where it damages

mitochondria, the power plants of the cell, and turns off the energy supply of the cell. See,

Exhibit C, Fig. 1 at 366. Consequently, proximal tubular cells can asphyxiate or die when

exposed to uranium. Uranium also can be taken up by lysosomes, and within the lysosomes it

can form crystals. This can lead to the disruption of the lysosome with the subsequent release of

destructive enzymes leading to cellular damage and destruction.

20. The adverse effects of uranium at the cellular level are the root of the mounting

evidence from animal and human epidemiologic studies that indicate that subclinical injury of

the proximal tubule cells occurs even with exposure to lowv levels of uranium in drinking water.

I review the medical and epidemiological evidence for uranium's lowv-dose effects later in this

declaration. First, however, I will discuss how I learned about and evaluated the basis for the

NRC's proposed uranium restoration standard of 0.44 mg/I.

21. NRC's Flawed Rationale for the 0.44 mg/l U Restoration Standard. The FEIS at

4-27 states that restoration standard for uranium of 0.44 mg/I (or 300 picoCuries per liter [pCi/I])

5 Leggett RW (I 989). The Behavior and Chemical Toxicity of U in the Kidney: A Reassessment.
Health Physics, 57:3, 365-383, September.
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"was obtained from 10 CFR'Part 20; it is suitable for unrestricted release of natural uranium to

water and is below the State of New Mexico primary drinking water standard for uranium."

Based on the recent human and animal studies that I summarize in m¶ 26-30 below, it is my

professional opinion that groundwater containing 0.44 mg/i uranium would NOT be "suitable for

unrestricted" human use. Furthermore, at the time the FEIS was prepared by the NRC Staff in

1997, there was no federal primary drinking water standard for uranium and the NMWQCC

groundwater protection standard for uranium was 5 mg/I (or 5,000 ug/l). Since then, the U.S.

Environmental Protection Agency adopted a national primary drinking water standard for

uranium of or 30 PjI. 6 See, also, Exhibit D attached hereto. And after a lengthy public hearing

in the fall of 2003, at which experts in medicine, toxicology, nephrology, public health and

epidemiology testified, the NMWQCC adopted a revised groundwater protection standard for

uranium of 30 pg/1.7 ' 8

22. On December 29 and December 30, 1999, I spoke by telephone with Mr.

McKenney. He told me how the NRC had determined the restoration standard of 0.44 mg/I for

6U.S. Environmental Protection Agency (2000). National Primary Drinking Water Regulations;
Radionuclides; Final Rule. 65 Federal Register 236, 76708-76751, December 7. (Portions of this rule
that discuss EPA's rationale for adopting a uranium drinking water standard of 30 jig/i are appended to
this declaration as Exhibit D.)

7 New Mexico Water Quality Control Commission (2004). Final Order and Statement of Reasons
In the Matter of Proposed Amendments to Amend 20.6.2 NMAC, Water Quality Regulations; August 18.
(A copy of this document is attached as Exhibit N.)

' I note here that the NRC erred in the FEIS on page 4-27 by referring to the New Mexico
uranium standard as a "primary drinking water standard." The NMWQCC standards codified at
20.6.2.3103.A. are "human health-based standards" applicable in groundwater "at a place of current or
foreseeable future use," and authorized by the New Mexico Water Quality Act, NMSA 1978, § 74-6-1 to
§ 74-6-17. New Mexico's drinking water standards are an entirely different and separable set of
regulations based on a different statute.

12



uranium, and he sent imea copy of an affidavit he said he had prepared in February 1998.9 On

page 6 of his affidavit (see, Exhibit E), Mr. McKenney wrote that in his opinion, "the secondary

groundwater restoration goal for uranium of 0.44 mg/L (300 pCi/L) is protective of public health

and safety with respect to chemical toxicity to the kidneys." During our first conversation, I

asked him how the NRC had reached the conclusion that a restoration standard of 0.44 mg/i

would be safe for human consumption. He stated that there is not much information regarding

the chemical toxicity of uranium in water. He also stated that he had used research studies listed

on the Integrated Risk Information System (IRIS) provided by the U.S. Environmental Protection

Agency ("USEPA") to reach the conclusion that 0.44 mg/I of uranium is safe.

23. Mr. McKenney stated in his affidavit that ingestion of drinking water with 0.44

mg/I of uranium is protective of public health because it is below the ingestion standard of 10

mg/week of soluble uranium set by the NRC. Exhibit E, ¶j 9 at 6. He further stated that ingestion

of 6.2 mg of uranium per week is "well below the exposure level at which renal failure would

reasonably be expected to occur." Ibid. It occurred to me at the time that the term "renal

failure" is not typically used among health professionals as an outcome with which to measure

protection of "public health and safety." There is an enormous spectrum of disease that occurs

before renal failure. A physician does not wait until an organ fails before intervening. For

example, physicians know that high blood sugar from poorly controlled diabetes can cause

microscopic damage to the kidneys and eventually complete loss of kidney function. A day, or

week, or month of high blood sugar levels does not cause "renal failure," but high blood sugar

9 I have copied only the first six pages of Mr. McKenney's February 20, 1998, affidavit because
they contain his discussion of the NRC's basis for the 0.44 mg/l uranium restoration standard. Those
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over the course of many-years causes microalbuminuria, then chronic renal disease, which in turn

causes high blood pressure, bone damage, anemia, acidosis, and malnutrition. All of these

adverse physiological changes and diseases occur before "renal failure." Thus, physicians

attempt to intervene years and decades before kidney failure occurs in order to protect the

patient's health. Mr. McKenney failed to understand these clinical disease processes in the

kidney. In order to protect "public health and safety with respect to chemical toxicity to the

kidneys" (ibid.), the NRC should be choosing much lower ingestion levels of uranium that are

known, or at least predicted, not to cause adverse effects, including microscopic or subclinical

damage.

24. 1 obtained and reviewed the studies that Mr. McKenney cited to support the

opinions he expressed to me and in his affidavit. I found that each of these studies, which were

published between 1949 and 1973, are methodologically flawed, poorly generalizable to human

populations exposed to chronic ingestion of uranium, and outdated in light of more modem

studies. My critique of each of those studies follows:

24a. Maynard and Hodge, 1949.10 This study involved animals including rats, dogs,

and rabbits and had an exposure time of 30 days. The outcome measure of renal disease used in

this study was based on histopathological examination of renal tissue. This method of

examination involves viewing tissue samples under a microscope to identify lesions, structural

abnormalities and other signs of tissue damage. The method can be misleading in that it provides

pages are contained in Exhibit E attached hereto.

10 Maynard EA, Hodge HC (1949). Studies of the toxicity of various uranium compounds when
fed to experimental animals. In: The Pharmacology and Toxicology of Uranium Comnpounds (C. Voegtlin
and H.C. Hodge, eds., McGraw Hill, New York, N.Y.), 309-376.
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evidence only -of anatomical damage, and not functional damage, meaning the kidney could look

normal but not work properly. The researchers did not look at markers for functional toxicity

such as urinary proteins or enzymes, which is the standard methodology used in uranium

ingestion studies since the early 1980s. Furthermore the study used animals exposed only to

short duration of uranium ingestion. While the Maynard and Hodge study is often cited in the

uranium literature, and indeed it was a seminal paper at the time it was published in 1949, it

cannot and should not be used today to reach conclusions about safe thresholds of uranium

ingestion in human populations.

24b. Hursh, et al., 1969.11 This study involved four hospital patients exposed to a

single oral dose of uranium. The outcome measure chosen was urinary protein. The validity of

this study is questionable because of the extremely small number of subjects studied. The

gencralizability of the results to humans exposed to chronic ingestion of uranium is also

questionable because of the single dose exposure and the use of hospitalized patients.

Furthermore, the study involved administering high doses of uranium over short periods of time

to evaluate the effects of acute exposure to uranium, not chronic, or long-term, exposure that is

more typical in environmental settings and the focus of the recent population studies I discuss

below.

24c. Novikov and Yudina, 1970.12 This study looked at female rabbits exposed to oral

doses of uranium for 12 months. The outcome measures were serum urea, creatinine clearance,

I I Hursh JB, Neuman WR, Toribara T, Wilson H, Waterhouse C (1969). Oral ingestion of
uranium by man. Health Physics, 17:619-621.

12 Novikov YV, Yudina TV (1970). Data on the biological effect of small amounts of natural
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and enzyme levels in tissue. This study had poor validity because it used insensitive markers of

disease.

24d. Hursh and Spoor, 1973.13 This study looked at seven subjects who were exposed

to a single injection of intravenous uranium. The study's outcome measures included urinary

catalase, nitrogen, and glomerular filtration rate. Again, the validity of this study is poor as it

involved a small number of subjects who were given a one-time high dose of uranium, and the

study employed insensitive markers of renal damage. The generalizability of the study was poor

as these were ill patients that received intravenous and not oral doses of uranium.

25. The NRC Staff relied primarily on animal studies and very small human

experiments involving high doses of uranium given over very short periods of time to support the

basis for the restoration standard. All of these studies contained at least two implicit

assumptions that should be questioned in light of newer findings, namely that (1) there is no

difference between acute and chronic exposure to uranium, and (2) valid and sensitive

biomarkers for disease were used in the studies. As I noted in Paragraph 24b above, studies

involving high doses of uranium administered for short periods do not accurately reflect

ingestion patterns in populations that consume smaller doses of uranium in drinking water over

many dozens of years. It is such chronic exposure about which the NRC should be concerned.

Furthermore, the disease biomarkers chosen by researchers in the 1 950s, '60s and '70s w ere

crude diagnostic indicators; today's biomarkers are microscopic proteins and enzymes that

indicate damage to specific segments of the human kidney such as the proximal tubule.

- mcX

uranium in water. Hyg. Sanit., 35:225-216.

3 Hursh JB, Spoor NL (1973). Data on Man. In: Uranium, Plutonium Transphitonium Elements
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26. a Newer, more sophisticated studies conducted over the last decade by researchers

from around the world raise significant concerns about the safety of the NRC's uranium

restoration level for CUP. Three studies (Mao, et al., 1995, and Limson Zamora, et al., 1998,

Kurttio, et al., 2002, which are attached hereto as Exhibit F, Exhibit G, and Exhibit H) were

performed on healthy human populations that were exposed, over long periods of time, to levels

of uranium in water (and, to a lesser extent, in food) that are considered to be quite low. These

human studies employed more sensitive and sophisticated markers of kidney dysfunction than

the studies cited by the NRC. Three other studies by A.C. Gilman and colleagues (1 998a, b and

c; attached hereto as Exhibit I, Exhibit J and Exhibit K) were performed on rats and rabbits

using sensitive indicators of biological damage. Each of these human and animal studies

detected evidence of subclinical disease, which I define in ¶i 27 below. Brief descriptions of the

methodologies and findings of these more contemporary studies follow, beginning in ¶ 28.

27. Subclinical disease, which occurs early in the disease process, does not imply the

absence of disease. Subclinical disease is part of a disease spectrum for chronic diseases that

evolves over the course of years, decades, or even a lifetime. For example, patients who are

diagnosed with diabetes at an early stage often have no signs or symptoms of kidney disease.

One of the first indications of problems with the kidney is the presence of microscopic amounts

of protein in the urine called microalbuminuria. A patient who has microalbuminuria does not

have symptoms of renal disease, and does not have symptoms of kidney failure. However,

microalbuminuria is clearly a predictor of mortality, and if an intervention is made during the

(HC Hodge, JN Stannard, JB Hursh, eds., Springer-Verlag, Berlin), 197-239.
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"subclinical" stage of disease, progression to overt renal disease and renal failure can be slowed.-

In sum, subclinical markers can be markers for significant health problems.

27a. Mao Y., et. al., 1995 (see, Exhibit F).14 This study evaluated the presence of

certain biomarkers of kidney impairment in three groups of people (100 subjects in all) who had

been exposed to varying concentrations of naturally occurring uranium in their drinking water.

These researchers found a statistically significant association between increasing uranium

concentrations in drinking water and levels of microalbumin in the urine of the study subjects.

Subjects who drank water containing levels of uranium as low as 0.014 mg/i - or 31 times

lower than the NRC restoration standard - were found to have higher levels of microalbumin in

their urine. As noted above, microalbuminuria is associated with higher mortality rates and is a

known risk factor for stroke, heart attack, and kidney failure. ' 5 In other words, the presence of

virtually any level of microalbumin in urine is evidence of biological damage in the kidney

before disease symptoms are evident in the individual. This is a classic example of a subclinical

effect on the spectrum of disease.

27b. Limson Zamora M, et. al., 1998 (see, Exhibit G).16 This study also assessed

bioindicators of kidney function in people (50 subjects) who were exposed to varying

concentrations of uranium in their drinking water from periods ranging from I to 59 years.

14 Mao Y, Desmeules M, Schaubel D, Berub6 D, Dyck R, BrOle D, Thomas B (1995). Inorganic
Components of Drinking Water and Microalbuminuria. Environ. Res. 71:135-140.

15 Luft FC (1997). Microalbuminuria and essential hypertension: renal and cardiovascular
implications. Cirrent Opinion in Nephrology andHypertension, 6(6):553-557.

16 Limson Zamora M, Tracy BL, Zielinski JM, Meyerhof DP, Moss MA (1998). Chronic
Ingestion of uranium in drinking water: a study of kidney bioeffects in humans. Toxicological Sciences,
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These researchers selected 30 subjects from a Nova Scotia community who drank well water"-'

containing uranium concentrations ranging from 0.002 mg/L (or 2pg/L) to 0.780 mgfL (or

780ptg/L) and 20 subjects from Ottawa whose drinking water, which was obtained from a

municipal distribution system, had a uranium concentration of 0.00002 mg/L (or 0.02 pg/L).

The Nova Scotia subjects wvere categorized as the "high-exposure group" while the Ottawa

subjects were categorized as the "low-exposure group." About half of the subjects in the high

exposure group drank water exceeding 100 pg/i (i.e., 0.1 mg/I).'7 Limson-Zamora and

colleagues analyzed urine samples collected from the study subjects for four biomarkers of

kidney function and four biomarkers of cellular toxicity. 18 They found an association between

increasing uranium ingestion and the presence of elevated levels of urinary glucose, alkaline

phosphatase ("ALP," an enzyme localized in the brush-border membranes of the proximal

tubules) and B32 -microglobulin (aflow-molecular weight protein that is reabsorbed in the lining of

the proximal tubules). These biomarkers are indicators of injury to the kidney's proximal

tubules, which process, collect and transmit wastes from the blood.' 9 This association was

43:68-77.

17 See Limson Zamora, et al., at 71 and 77, citing "Guidelines for Canadian Drinking Water
Quality," Health and Welfare Canada, 6th ed., H48-10/1996E. The Canadian guideline for uranium in
drinking water has since been lowered to 20 pig/l.

18 The biomarkers of kidney function were creatinine, glucose, protein and B2-microglobulin
(BMG); the biomarkers of cellular toxicity were alkaline phosphatase (ALP), glutamyl transferase, lactate
dehydrogenase, and N-acetyl-B3-D-glucosaminidase. These markers are described in the paper by Zamora,
et al., at 69-70 (see, Exhibit G attached).

19 Limson Zamora and colleagues' findings are entirely consistent with descriptions of the
biological mechanisms by which uranium induces renal tubular impairment given throughout the relevant
biomedical literature. Leggett (1989; attached as Exhibit C) reported, for instance, that glucosuria, or the
presence of elevated glucose levels in urine, is known to be caused by direct interaction of uranium with
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observed only in the high-exposure group in which the subjects had total daily uranium

consumption from both food and water ranging from 3 to 570 ftg, with the percentage of uranium

intake through water varying from 31% to 98%. Abnormally high urinary glucose was observed

in subjects having a total daily uranium consumption as low as 21 pg, and abnormal levels of the

enzyme ALP were observed in subjects having a total daily uranium consumption of 220 pg.2 0.21

27c. Kurttio et al., 2002 (s Exhibit H).22 This study measured uranium

concentrations in drinking water and urine in 325 persons who used drilled wells for drinking

water. The researchers measured urine and serum concentrations of calcium, phosphate, glucose,

albumin, creatinine, and B2 -microglobulin to evaluate for renal effects of uranium. The median

uranium concentration in drinking water was 28 pg/L. There was a statistically significant

association between increased fractional excretion of calcium and phosphate and uranium

concentration in the urine&of the subjects. The authors determined that there was an association

between uranium exposure and altered proximal tubular function without a clear threshold,

the brush-border membranes of cells that line the proximal tubules of the kidney. ALP is present in the
brush-border membranes, and BMG, a low-molecular-weight protein, is reabsorbed and digested in the
lining of the proximal tubules. Limson Zamora, et al. (at 73-77), reasoned that the mechanism indicated
by the study results was disruption or structural damage of the cellular membranes by prolonged exposure
to tubular fluid containing uranium, resulting in release of ALP into the developing urine and decreased
reabsorption of BMG.

2 0See, Limson Zamora, et al., at 71-72 and Table 3.

21 The total daily intake of uranium from ingestion of water alone is based on an average daily
consumption of 2 liters of water per person. Hence, a total daily intake of 220 pg of uranium would result
from drinking water having a maximum concentration of 110 pg/I. The actual concentration would be
less because some of the total daily uranium intake for subjects in the Zamora study was from uranium in
contained in both food and water.
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suggesting that "even low uranium concentrations in drinking water can cause nephrotoxic

effects." The researchers concluded that the "safe concentration of uranium in drinking water

may be within the range of the proposed guideline values of 2-30 pg/L."

28. The Mao, Zamora, and Kurttio studies are important in several respects. First,

they were conducted with humans who had ingested uranium chronically in their drinking water;

as such, they give results that are more appropriate when generating standards for drinking water.

Second, they found signs of renal injury at concentrations of uranium far below the NRC

restoration standard of 0.44 mg/l (440 pg/I). Third, they employed more sensitive markers of

injury than the older studies cited by and relied upon by the NRC. And fourth, in the case of the

Zamora and Kurttio studies, adverse renal effects were observed in subjects who had total daily

uranium ingestion far below what the NRC and Mr. McKenney have inferred as safe.

29. Studies by Gilman, et al. (I 998a, 3 1 998b24 and 1998c25). Three papers by A.P.

Gilman and colleagues, published in the journal Toxicological Sciences in 1998, examined the

multiple hematological, biochemical, and histopathological changes in rats and rabbits fed water

22 Kurttio P, et al. (2002). Renal Effects of Uranium in Drinking Water. Environmental Health
Perspectives, 110:4 (April); attached hereto as Exhibit II.

23 Gilman AP, Villeneuve DC, Secours VE, Yagminas AP, Tracy BL, Quinn JM, Valli VE,
Willes RJ, Moss MA (1998a.). Uranyl nitrate: 28-day and 91-day toxicity studies in the Sprague-Dawley
Rat. Toxicological Sciences, 41:117-128 (attached hereto as Exhibit I).

24 Gilman AP, Villeneuve DC, Secours VE, Yagminas AP, Tracy BL, Quinn JM, Valli VE, Moss
MA (1998b.). Uranyl nitrate: 91-day toxicity studies in the New Zealand White Rabbit. Toxicological
Sciences, 41:129-137; attached hereto as Exhibit J.

25 Gilman AP, Moss MA, Villeneuve DC, Secours VE, Yagminas AP, Tracy BL, Quinn JM,
Long G, Valli VE (1998c.). Uranyl nitrate: 91-day exposure and recovery studies in the New Zealand
White Rabbit. Toxicological Sciences, 41:138-151, attached hereto as Exhibit K.
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containing the soluble uranium compound, uranyl nitrate. (These papers are attached to this

affidavit as Exhibits l, J and K.) Five groups of 30 animals were exposed for 28 to 91 days to

drinking water containing uranium concentrations ranging from 0.96 mg/i to 600 mg/I. Lesions

developed in the kidneys and livers of the experimental rats in all exposure groups; lesions were

even observed in the renal tubules and glomeruli in the lowest exposed rat group (Gilman, et al.,

1 998a at 117). A lowest-observed-adverse-effect level ("LOAEL") of 0.96 mg uranyl nitrate per

liter was observed in male rabbits (Gilman, et al., 1 998b); the animals were not exposed to

uranium-in-water concentrations of less than 0.96 mg/I. Importantly, the researchers did not find

a no-observed-adverse-effects-level ("NOAEL") in the rats since renal lesions were seen in the

lowest exposed groups (Gilman, et al., 1998a).

30. Although the Gilman studies were somewhat limited by the small number of

animals tested, the quality of these studies was improved over the animal studies of the 1940s

and 1970s. Indeed, the studies' findings led Gilman and colleagues to conclude, "the ability of

uranium to produce specific tubular injury followed by basement membrane injury at relatively

low doses in even a small proportion of exposed animals suggests that human exposure to

soluble uranium over prolonged periods needs to be monitored" (Gilman, et al., 1 998c, at 151;

Lee, Exhibit K). These studies by Gilman and colleagues generated better measures of

uranium's nephrotoxic effects than those conducted by Maynard and Hodge in 1949. Gilman

studied uranium's effects for 91 days, or three times longer than Maynard and Hodge. This

longer study period has important implications, as noted by the World Health Organization
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("WHO") in its 1998 update on uranium in drinking water:26

"There is some evidence that tolerance may develop following repeated exposure to
uranium... .This tolerance does not, however, prevent chronic damage to the kidney, as
the regenerated cells are quite different; although histopathologically it may appear that
the repair process is well advanced, the urinary biochemical changes return to normal
only slowly... .Persistent ultrastructural changes in the proximal tubules of rabbits have
also been reported to be associated with the kidney's ability to store uranium.... Cell
damage in the proximal tubules was significantly more severe in animals allowed up to a
91-day recovery period than in animals in the no-recovery group."

31. In its decision to use 0.44 mg/l as a restoration standard, the NRC has also

overlooked or ignored recommendations of several state and national environmental and health

agencies, including the USEPA, the Canadian national health agency (Health Canada), the World

Health Organization, and most recently, the New Mexico Water Quality Control Commission

and the University of New Mexico Center for Population Health ("UNM"). These agencies and

organizations have reviewved the current and historical literature and, over the past decade, have

revised downward their standards or guidelines on allowable levels of uranium in drinking water.

A summary of those agencies' recommendations follows:

31a. USEPA Regulations for Uranium in Drinking Water (see Exhibit D). EPA

scientists who studied uranium toxicity concluded as early as 1983 - or, 14 years before the

NRC Staff published the FEIS for the Crownpoint Uranium Project - that "it is deemed prudent

to consider setting the health effects guidance level for uranium in drinking water at 10 pCi/l

based primarily on health considerations." 2 7 Based in part on the data it had already collected

26 World Health Organization (1998). Guidelines for drinking-water quality (2nd ed.): Addendum
to Volume 2 (written by M. Giddings), Health criteria and other supporting information. WHO/EOS/98.1
(Geneva), 81-94.

27 Cothern CR, Lappenbusch WL, Cotruvo JA (1983). Ilealth effects guidance for uranium in
drinking water. Health Physics, 44:337-384.
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and on the published literature available at the time, EPA in 1991 proposed a maximum

contaminant level goal ("MCLG") of zero for uranium in drinking water, and a maximum

contaminant level ("MCL") of 30 pCi/l, or 20 pg/I.2 8 It should be noted that this level was

proposed six years before the FEIS for the CUP was completed. In December 2000 the USEPA

adopted a final rule establishing an MCL of 30 pg/L as the national primary drinking water

standard for uranium. "In conducting this analysis, EPA considered all available scientific

information concerning the health effects of uranium, including various uncertainties in the

interpretation of the results, as well as all costs and benefits, both quantifiable and non-

quantifiable... all health endpoints of concern were considered in this analysis." See, Exhibit D

at 76712. The "EPA believes that these comments lend support to the choice of an MCL of 30

ptgfL as being both protective of kidney toxicity and a standard that allows for significant use of

non-treatment options by small systems, reducing the need for dealing with radioactive waste

handling and disposal." Ibid., at 76715. "EPA does not believe that uranium levels above 30

pig/L are protective of kidney toxicity with an acceptable margin of safety.".Iid., at 76714.

31b. Canadian Guidelines.2 9 Health Canada's Federal-Provincial Subcommittee on

Drinking Water in January 1999 proposed a revised guideline for uranium in drinking water of

0.01 mg/I, or 10 ,ug/l. In October 1999, "afler due consideration of both the treatment costs

associated with achieving uranium concentrations in drinking water at or below the health-based

guideline value and the health risks associated with concentrations of uranium in drinking water

28 U.S. Environmental Protection Agency (1991). National Primary Drinking Water Regulations;
Radionuclides. Notice of Proposed Rulemaking. 56 Federal Register 33050-33127, July 18.
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above the guideline value, the Committee on Drinking Water has concluded that an interim

maximum acceptable concentration of 20 pg/L should be adopted. This value is considered to be

an interim guideline value because it is the result of a risk management decision and exceeds the

health-based guideline value." This guideline, which is discussed at length in a Health Canada

document titled "Uranium: Guidelinesfor Canadian Drinking Water Quality: Supporting

Documentation (see, Exhibit L), replaced the previous guideline of 0.1 mg/I, or 100 pg/l.

Michelle Giddings, a scientist with Health Canada's Bureau of Chemical Hazards, told me that

the previous guideline was "not acceptable" from a health-protection perspective, and that her

agency used the same human and animal studies that I described above as its basis to revise the

current guideline. (Personal communication, Michelle Giddings, February 29, 2000.)

31c. World Health Organization Guidelines. In 1993, WHO adopted a uranium

guideline for drinking water of 140 pg/l, based on the radiological characteristics of uranium.3 0

In 1995, the organization's coordinating committee for updating the 1993 drinking water

guidelines recommended revising the 1993 uranium level in light of"newv data on the chemical

toxicity of uranium." 31 Citing the 1995 study by Mao, et al., and prepublication versions of

Gilman's papers, WHO in 1998 published a provisional uranium guideline of 2 ,ug/l (or 0.002

mg/1), "based on associations for subclinical renal effects reported in preliminary

29 Health Canada (edited Jan 2001) Uranium: Guidelinesfor Canadian Drinking Wlater Quality:
Supporting Documentation. See http://,vww.hc-sc.gc.ca/hecs-sesc/water/publications/uranium/toc.htm.

30 World Health Organization (1996). Guidelines for drinking-water quality (2nded.): Volume 2,
Health criteria and other supporting information. WHO, International Programme on Chemical Safety
(Geneva), 374-381.

31 World Health Organization (1998). Guidelines for drinking-water quality (2nd ed.): Addendum
to Volume 2, Health criteria and other supporting information. WIIO/EOS/98.1 (Geneva), 81-94.
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epidemiological studies." A copy of the relevant addendum to the WHO drinking water

guidelines that includes a discussion of the organization's bases for the revised uranium level is

attached to this affidavit as Exhibit Al. The value of 2 1ig/L is 240 times less than the NRC

groundwater restoration standard for the Crownpoint Uranium Project. WHO has adopted this

level as its international guideline for maximum levels of uranium in drinking water.

31d. New Mexico Water Quality Control Commission. In 2004, the NMWQCC

changed its groundwater human health standard for uranium to 30 gg/L. NMWQCC, 2004;

attached hereto as Exhibit N. The NMWQCC held public hearings in September 2003 and

March 2004 and concluded that "credible scientific data supports [sic] amending the numeric

standard for uranium from 5,000 pg/L to 30 ,ug/L." Ibid. at 29. In reaching this conclusion, the

NMWQCC considered testimony from numerous experts3 2 and reviewed the current literature on

renal toxicity from uranium exposure. The NMWQCC noted that "there is substantial evidendd -

in the record that the proposed amendments to the narrative and numeric standards are in the

public interest, even considering the social and economic value of the sources of vater

contaminants for industrial uses" and that "a drinking water numeric standard is translatable to a

groundwater standard because ninety percent of New Mexicans use groundwater as its source of

drinking water." Ibid. at 28.

31 e. University of New Mexico Recommendations for a Uranium Health-Based Ground

Water Standard. In 2000, the New Mexico Environment Department ("NMED") commissioned

the Center for Population Health at UNM to review information on the toxicity of uranium and,

32 A witness for the uranium industry, Dr. Douglas Chambers, agreed that the existing standard of
5,000 ug/l was not protective of public health, and said he thought a level from 30 to 100 ug/l would be.
See, Exhibit N at 22.
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based on epidemiological and basic research, derive a recommbnded maximum allowable

concentration of uranium in groundwater that is protective of the health of New Mexicans.

UNM reviewed all available data from human and animal studies related to the nephrotoxicity of

oral uranium exposure and reviewed guidelines and standards for uranium in drinking water

from other regulatory agencies. UNM then used an exposure dose approach to derive a health-

based contaminant concentration for drinking water. Based on their review of relevant technical

information and data, and with consideration of various uncertainties, UNM recommended a

standard of 7 pg/I (0.007mg/i) to be protective of kidney toxicity in New Mexico. UNM's

recommendation came in a lengthy report published in 2003, relevant excerpts from which are

included in Exhibit 0,33 attached hereto. The UNM report served as the principal technical

basis for NMED's proposed revised groundwater protection standard of 7 jig/l, and figured

prominently in the NMWQCC's decision to adopt the 30 ugfl revised groundwater standard. In

fact, the Commission's decision document clearly indicates that Commissioners were persuaded

that a 30 [tg/l uranium standard may not be protective enough of human health, and left open the

possibility of adopting an even more stringent (i.e., lower) standard in the future.

31 f. As shown in the table below, NRC's uranium restoration standard of 440 Pg/l for

the Crownpoint Uranium Project exceeds state and federal limits and guidelines for uranium in

drinking water by one to two orders of magnitude. It is also important to note that the standards

for uranium in drinking water among regulatory agencies have been steadily lowered over the

last decade in recognition of new evidence of increasing risk of human health impairment from
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Comparison of NRC's Uranium Restoration Standard
With Other Agencies' Uranium Drinking Water Guidelines

Agency/Institution Limits and Guidelines for Uranium
in Drinking Water

USNRC (for CUP) 440 pg/I

USEPA 30 pg/l

NMWQCC 30 pg/l

Health Canada 20pg/1

University of New Mexico 7pg/l
Recommendation

World Health Organization 2pg/i

oral uranium exposure.

32. Calculation of Uranium Standard Based on Reference Dose. As I noted in 1¶ 21

above, the FEIS stated that "[a] value of 300 pCi/mL [sic; the units should have been 300 pCi/L

or 440 pg/L]) would be used for uranium. This concentration was obtained from 10 CFR Part

20; it is suitable for unrestricted release of natural uranium to water and is below the State.of

New Mexico primary drinking water standard for uranium." 3 4 aSee, FEIS at 4-27; cited in

McKenney Affidavit, Exhibit E at I.) The 300 pCi/L "release" standard in 10 CFR 20

Appendix B is based on radiological properties of uranium, not on its chemical toxicity

properties. This standard was wrongly applied it to the Crownpoint Uranium Project. As noted

33 University of New Mexico Center for Population Ilealth (2003). Recommendations for a
Uranium Hlealth-Based Ground Water Standard. For the New Mexico Environment Department, Ground
Water Quality Bureau.

34 In adopting a revised groundwater standard of 30 pg/L, the NMWQCC determined that a
"drinking water numeric standard is translatable to a groundwater standard because the [Water Quality]
Act's purpose is to protect New Mexicans who consume this protectable water." See, Exhibit N at 28.
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above, solution mining would take place in a regional aquifer that is the sole source of drinking

water for thousands of Navajo people in the Church Rock and Crownpoint areas and that

contains groundwater having native uranium concentrations ranging from I pg/L to 7 pgfL, and

averaging between I and 2 jig/L. See, FEIS at 3-26 and 3-36, and Affidavit of Dr. Richard

Abitz in support of ENDAUM's and SRIC's presentation on groundwater protection issues

(January 8, 1999) at 10-16.

33. There is no explanation in the FEIS as to how the 300 pCi/L release limit applies

to uranium's chemical toxicity, nor any justification that the level is safe for human

consumption, other than the fact it is already codified in another NRC regulation. Mr.

McKenney stated in his 1998 affidavit that the NRC established an exposure limit of 10

milligrams (10,000 pg) a week of soluble uranium to avoid renal failure due to uranium's

chemical toxicity." See, Exhibit E, ¶ 9 at 6. Again there is no scientific explanation given as to

why 10,000 pig of uranium ingested weekly would be protective of public health when less than a

sixth of that dose (or about 1,540 ug per week) was associated with a significant increase in the

proximal tubule enzyme ALP in the 1998 Limson Zamora study.

34. In my discussions with Mr. McKenney, he stated that he reviewed studies

referenced in the USEPA's Integrated Risk Information System ("IRIS") to verify that chemical

toxicity was not a limiting factor for ingestion of uranium by members of the public. Again, Mr.

McKenney offers no scientific explanation or analysis to support his assertion that a uranium

standard of 440 pg/L is protective of public health. He apparently did not review the history of

the USEPA Reference Dose (RfD) for uranium, which is outlined in the IRIS compilation of

uranium toxicity research, or the studies upon which it is based. Nor did he attempt to back-
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calculate a maximum contaminant level for uranium to determine if the 0.44 mg/L (440 pg/L)

level is a safe level for human consumption.

35. In the absence of such an analysis by Mr. McKenney or the NRC, I applied the

RfD contained in the IRIS database to a formula used by the World Health Organization and

Health Canada to calculate a maximum contaminant level for uranium in drinking water. My

analysis, which is described in detail in the paragraphs that follow, shows that the 0.44 mg/L

(440 pg/L) restoration standard is not within the range of uncertainty contemplated by EPA's

RfD.

36. An RfD is an estimate of the daily amount of a substance that a person can ingest

without having a high risk of experiencing a health effect during his or her lifetime. As a general

matter, an RfD is derived from laboratory experiments in which large doses of a substance are

administered to animals and the effects of that exposure are observed. This is exactly how the

current USEPA RfD for uranium was derived - from animal studies reported by Maynard and

Hodge in their often-cited 1949 paper, "Studies of the Toxicity of Various Uranium Compounds

When Fed to Experimental Animals." For the record, I have attached as Exhibit P to this

declaration a printout of that summary from USEPA's IRIS website.35

37. The oral RfD for soluble uranium given in the USEPA IRIS summary is 0.003

milligrams (mg) per kilogram (kg) of body weight (bw) per day (d). This value is derived from

the lowest observed adverse effect level ("LOAEL") of 2.8 mg/kg-bw/day, which Maynard and

Hodge reported in their 1949 study of rabbits exposed to relatively high doses of uranium

compounds for 30-day periods. The RfD is calculated by dividing the LOAEL by an uncertainty
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factor of 1,000, which consists of factors of 10 each for intraspecies variability, interspecies

variability, and use of an LOAEL from an animal study. See Exhibit P at 4.

38. To test Mr. McKenney's and the NRC's conclusion that the 0.44 mg/L (440 ptg/L)

standard is protective of nephrotoxic effects, I applied the analysis technique used by Michele

Giddings in her chapter on uranium in the 1998 WHO drinking-water guideline document

(Exhibit J) and used by Health Canada in the development of their uranium drinking water

guideline (Exhibit I). In both of these papers, the revised maximum contaminant level for

uranium in drinking water is derived from the following formula:

MCL=TDI xbw xAF [Equation 1]
WC

where,
TDI = Tolerable Daily Intake (in mg/kg-bw/d)
bw = body weight (in kg)
AF = allocation factor (unitless), or the percentage of uranium intake derived

from drinking water
WC = a person's daily water consumption, in liters (L)

Giddings' TDI is synonymous with USEPA's RfD. The TDI differs from the RfD only in that it

contains an uncertainty factor of 100 (for intra- and interspecies variability), or 10 times less than

EPA's uncertainty factor of 1,000. Using USEPA's RfD for uranium and Giddings' values for

bw (60 kg), AF (0.1 or 10%), and WC (2 L/d), a theoretical uranium MCL can be calculated as

followvs:

MCL = 0.003 mr/kn-bw/d x 60 kg x 0.1 = 0.009 mg/L, or 9.0 gg/L [Equation 2]
2 L/d

Hence, using EPA's RfD and WHO's assumptions about body weight, allocation factor and

35 U.S. Environmental Protection Agency (1998). Integrated Risk Information System; IRIS Substance file
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average daily water consumption, results in a theoretical MCL of 0.009 mg/L, or 9 pg/L -

nearly 50 times less than NRC's restoration standard for the CUP. Clearly, the 0.44 mg/L

restoration goal is not within the range of uncertainty contemplated by the USEPA's RfD.

39. Crownpoint and Church Rock Residents Risk Exposure. The environmental

context in which the Crownpoint Uranium Project is proposed has important health implications.

The vast majority of people in Church Rock and Crownpoint have only one source of drinking

water - groundwater. Health Canada noted in its January 1999 Drinking Water Guideline

Notice that people in rural areas obtain much of their drinking water from groundwater sources,

which have generally higher uranium levels than surface water sources. Limson Zamora et al.

(1998) found that water contributed between 31% and 98% of total daily uranium intake for

individuals whose drinking water came from wells. See Exhibit G at 71. The fact that people in

Church Rock and Crownpoint could get a higher proportion of their daily intake of uranium from

groundwater magnifies the need for a lower secondary restoration level - certainly much lower

than the NRC is now requiring.

40. People are likely to drink more water per day in Crownpoint because of the local

water supply's reputation for purity. Having lived in Crownpoint for more than six years, I

observe people hauling water from the Chapter House watering station every day, and many or

my patients talk about the "sweetness" of the local water supply. I, too, drink town water, and am

confident in its purity. For good reason, too. As shown in Table 3.12 of the FEIS (at 3-26),

water from the Crownpoint wells has very low concentrations of dissolved solids, trace metals

and radionuclides. The average uranium concentration in the four wells shown in Table 3.12 is

- Uranium, soluble salts (May 5). Obtained from w,%vwv.epa.gov/ngispgm3/iris/subst/042 1 .htm.
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about 0.002 mg/I, or 2 pg/l. Thus, the NRC's secondary restoration standard for residual

uranium levels in the Westwater Canyon Aquifer after mining is 63 to 440 times greater than the

background uranium concentrations in the town of Crownpoint's well water.36

41. Furthermore, ample evidence exists in the record of this proceeding

demonstrating the importance of the Westwater Canyon Aquifer for human drinking water in

Church Rock and Crownpoint. All four municipal water weells in Crownpoint tap the full

thickness of the WCA, and as shown in Table 3.12 of the FEIS (at 3-26), the water in those wells

is of very high quality. Water resource data compiled by the Navajo Nation Department of

Water Resources shows at least 22 water wells tapping the WCA in a 20-mile radius of the

Church Rock Section 8 site. At least two WCA wells are located within 2 miles of the Church

Rock Section 17 mining site. Copies of these water resource data sheets are appended hereto as

Exhibit Q.

42. Human exposure to groundwater containing uranium released in mining fluids

appears to be entirely plausible, based on the groundwater modeling conducted by Mr. Wallace

and discussed in detail in his January 17, 2005 declaration. Indeed, the results of Mr. Wallace's

modeling of the Crownpoint site shows levels of uranium exceeding 14 ug/l - the lowest

observed adverse effects level in the literature- reaching the nearest Crownpoint municipal well

after only seven years of leach mining. As a practicing physician in the community and a public

health professional, I find this risk of exposure to a known renal toxicant entirely unacceptable

3 6 This range is derived by dividing the proposed uranium restoration standard of 0.44 mg/L (or
440 pg/L), by the minimum and maximum values for uranium concentrations in the town of Crownpoint
water wells as shown in FEIS Table 3.12.
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and contrary to the tenets of a preventive approach to public health.

43. Water is not the only medium by which people can be exposed to uranium. As

discussed in the papers by Health Canada (Exhibit L) and WHO (Exhibit M), uranium

contained in meats and edible plants also contributes to the total daily intake. The meat pathway

is particularly relevant in the Church Rock area where animals that drank from streams receiving

uranium mine discharge water had significantly higher levels of uranium in their edible muscle

and organs than control animals that grazed and drank in non-uranium producing areas. See

Exhibits R37, S38 and T39, which are copies of livestock exposure studies conducted by NMED

in the 1980s. Neither Mr. McKenney in his discussions with me nor the NRC Staff in the FEIS

evinced any knowledge of the animal uptake studies done in the New Mexico uranium districts

in the mid-i 980s. Nor have they verified the safety of their uranium restoration standard by

undertaking a scientifically credible analysis of total daily uranium intake in the affected

communities of Church Rock and Crownpoint.

44. The Navajo people for whom I care already suffer from high rates of renal disease

37 New Mexico Enviornmental Improvement Division, 1986. Executive Summary and
Recommendations: Radionuclide Levels in Cattle Raised Near Uranium Mines and Mills in Northwest
New Mexico, June (attached hereto as Exhibit R).

38 Millard, et al., 1986. Radionuclide Levels in Sheep and Cattle Grazing Near Uranium Mining
and Milling at Church Rock, NM. Newv Mexico Environmental Improvement Division, October (attached
hereto as Exhibit S).

39 Lapham et al, 1989. Health Implications of Radionuclide Levels in Cattle Raised Near U
Mining and Milling Facilities in Ambrosia Lake, New Mexico. Health Physics, 56(3):327-340 (attached
hereto as Exhibit T).
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arising from diabetes. The-prevalence of end-stage renal disease40 in Native Americans in the-

Southwestern United States is 4.6 times that of all other Americans, and the number of Native

Americans with renal disease is growing: from 1988 to 1994, the number of Native Americans

requiring dialysis or kidney transplant rose 107%.41 As expressed by former Navajo Nation

President Kelsey Begaye and former Vice President Dr. Taylor McKenzie in 2001 (see. Exhibit

U42), exposing the Navajo people of Crownpoint and Church Rock to another known kidney

toxin is unacceptable.

40 End-stage renal disease is defined as a condition in which a person's kidney has ceased to
function, or is functioning at such a diminished level, to necessitate a kidney transplant or treatment by
kidney dialysis.

41 Narva A (1997). Course in End-Stage Renal Disease for the Primary Indian Health Service
Provider. Albuquerque, N.M., September 10.

42 Be aye, K., and McKenzie, T., 2001. Letter to SenatorJeff Bingaman, August 15 (attached
hereto as Exhibit U).
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45. In summary,-thesecondary groundwater restoration standard for uranium for the

Crownpoint Uranium Project poses an exceptionally grave risk to the health and safety of the

thousands of Navajo people who use the water resources of the Westwater Canyon Aquifer.

Multiple animal and epidemiological studies as well as recommendations from major state and

federal environmental and health agencies in the U.S., Canada, and the world demonstrate that

the NRC's restoration goal of 0.44 mg/l (440 pg/L) for uranium in groundwater at the proposed

HRI solutions mines in Church Rock and Crownpoint is not protective of public health and

safety. Without scientific reason or analysis, the NRC Staff has not considered or has

disregarded the findings of recent studies on the health effects of uranium in drinking water and

the NRC Staff is now alone among health and environmental agencies in supporting a patently

unsafe, outdated and unsubstantiated restoration standard. The Commission can and should

overrule the Staff on this critical issue and accept this new and compelling data on uranium

nephrotoxicity before mining begins.

46. For the reasons set forth in this declaration, I believe that the license issued to

HRI for the Crownpoint Uranium Project (CUP) is not adequate to protect public health and

safety and therefore should be suspended immediately.

47. This concludes my testimony.

Pursuant to 28 U.S.C. § 1746, I declare under penalty of perjury, that the foregoing is true
and correct to the best of my knowledge and belief.

Signed on the day of January 2005.

John D. Fogarty, M.D., M.P.H.
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John Fogarty MD, MPH
P.O Box 179, Crownpoint, NM 87313

(505) 786-5852; lucyjohn@hotmail.com

PROFESSIONAL EXPERIENCE

Assistant Professor; Department of Family Medicine, University of New Mexico 2002-present
Chief of Staff and Family Physician; Indian Health Service, Crownpoint, NM 1999-present
Adjunct Faculty, Masters of Public Health Program, University of New Mexico 2002-present
Physician; Indian Health Service, Santa Fe, NM 1997-99
Locum Tenens Physician; various rural New Mexican communities 1995-1997
Public Health Physician; New Mexico Department of Health, Albuquerque, NM 1995

EDUCATION AND TRAINING

UNM Masters of Public Health Program, M.P.H., Albuquerque 2002
University of New Mexico (UNM) Family Medicine Residency, Albuquerque 1993-97
University of Washington (UW) School of Medicine, M.D., Seattle, WA 1993
University of Iowa, B.S., Physiology, Iowa City, IA 1987
University of Wisconsin, Foreign Exchange Program, London, England 1987

LICENSURE

Diplomate, American Board of Family Practice 1997-04
New Mexico Medical License active

HONORS

Scholastic Achievement Award, American Academy of Family Physicians (AAFP) 1996
Resident Speaker Award, New Mexico Chapter AAFP 1996 and 1997
Magna Cum Laude, University of Iowa 1987
Phi Beta Kappa, University of Iowa 1987

ACTIVITIES

Lannan Foundation Cultural Freedom Fellow 2004-05
Board Member, Eastern Navajo Dine Against Uranium Mining, Crownpoint 2001-present
Director for Diabetes Program, Santa Fe Indian Health Service, Santa Fe 1997-99
Student Preceptor, UNM School of Medicine, Albuquerque and Santa Fe 1993-present
Medical Volunteer; Kripa Foundation, Bombay, India 1999
Cofounder, UW Health Sciences Council for Environmental Awareness, Seattle 1992
Board Member, Zero Population Growth, Seattle 1992-93
Medical Volunteer, Lucea, Jamaica 1991

SELECTED PRESENTATIONS
'Economic, Social, and Cultural Rights" Biomed 561, UNM MPH Program 2003
"Healthcare as a Human Right" course, Biomed Sciences 560, UNM MPH program 2003
'The Environmental and Public Health of Effects of Uranium Mining",

numerous presentations to Navajo Nation leaders and communities 1999-present
"Community Perspectives of Uranium Mining", Navajo Teachers Conf., Farmington 2002
'The Legacy of Uranium Mining", NM Environmental Law Center, Santa Fe 2002
"Quality Assurance Programs for the Crownpoint Service Unit", Crownpoint 2001
"Environmental Justice on Navajo Lands", presentation for Rep. Tom Udall (D-NM) 2000
'Gleaning Programs to Curb Hunger in NM", 43d NM State Legislature, Santa Fe 1997
"Community Oriented Primary Care", NM Chapter AAFP, Ruidoso, NM 1997
"Overpopulation and Environmental Degradation", NM Chapter AAFP, Ruidoso 1996
"Conducting Community Assessments, UNM School of Medicine", Albuquerque 1995-96
'Epidemiology, Biostatistics, and Community Medicine", UNM, Albuquerque 1996



John Fogarty MD, MPH
P.O Box 179, Crownpoint, NM 87313

(505) 786-5852; lucyjohn@hotmail.com

SELECTED PUBLICATIONS AND ARTICLES

Fenton JJ, Baumeister L, Fogarty JD. Active Management of the Third Stage of Labor Among
American Indian Women. Family Medicine. in press.

Boulanger LL, Ettestad P. Fogarty JD, Dennis DT, Romig D, Mertz G. Gentamicin and
tetracyclines for the treatment of human plague: review of 75 cases in new Mexico, 1985-
1999. Clin Infect Dis. 38(5):663-9, 2004.

Fogarty JD. A Review of the Environmental and Public Health Effects of Uranium Mining in the
Eastern Navajo Agency: Implications for Public Policy. Masters in Public Health Program
Professional Paper, University of New Mexico, Albuquerque, NM, 3127/02.

Fogarty, J. Protest over access to AIDS drugs in Africa, Santa Fe Reporter, June 1999.

Fogarty JD, W Katon, C Engel, GE Simon, and JA Russo. Hypertension and Pheochromocytoma
Testing: the Association with Anxiety Disorders. Archives of Family Medicine, 3(1): 55-60, 1994.

Fogarty JD, G Lee, J Sundsten. An interactive visualization environment for neuroanatomy. Clin
Res. 38(1): 218A, 1990.

Kultas-llinsky K, B Hughes, JD Fogarty, IA Ilinsky. GABA and benzodiazepine receptors in the cat
motor thalamus after lesioning of nigro- and pallido- thalamic pathways. Brain Research,
511:197-208,1990.

Kultas-llinsky K, JD Fogarty, B Hughes, IA llinsky. Distribution of GABA and benzodiazepine
receptors in the cat motor thalamus and adjacent nuclear groups. Brain Research, 459:1-16,
1988.
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C

A community-based perspective
on the development of a

uranium groundwater standard
for New Mexico

John Fogarty MD MPH

Crownpoint, NM

New Mexico Water Quality Control Commission

September 24, 2003

Overview

* Describe the anatomy and physiology of the kidney

* Describe the effect of uranium on the kidneys

* Discuss the significance of "subclinical" renal disease

* Provide a community perspective on the development
of a health based uranium water standard

* Provide a precautionary story about waiting to act on
scientific evidence
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Anatomy and physiology of the kidney

3

The kidney has many finctions
(a new look at breakfast)

* Regulates fluid volumes (overnight fast)
* Filters the blood and excretes waste products

and foreign substances (coffee)
* Regulates the balance of electrolytes

(banana)
* Regulates acid-base balance (orange juice)
* Regulates blood pressure

* Produces and secretes hormones
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Anatomy of the kidney

5

Anatomy of the kidney

KIDNEY 6
EPAI,_ b k

I
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The Nephron

- Glomerulus

Proximal tubule

Distal tubule

Loop of Henle

Collecting duct

7

Electron micrograph of glomerulus

s
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High resolution electron micrograph of
glomerulus with fenestrations which allow for

the initial filteri of the blood
Fr23- s~

.9

Very high resolution electron micrograph of
glomerulus with pores that work as filters

* *,
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The proximal tubule resorbs water, balances
- electrolytes and excretes wastes

Proximal tubule

11

Illustration of a proximal tubule cell

k kI
Immarm

j

I

Brush border

I '
I . �

I

Mitochondria

Lysosomes

12
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Electron micrograph of a proximal tubule cell

- Brush border

- Mitochondria

- Lysosomes

13

Remainder of nephron resorbs more water*
and sodium and regulates blood pressure

Distal tubule

Loop of Henle

Collecting duct

14

7



Uranium and kidney disease

Is

Uranium is well known kidney toxin

* Used in 1800's to simulate models of
kidney disease in animals

* Well studied during 2 0th century
- animal studies

- human experimental studies
- population based studies

16
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Uranium damages many parts of the
proximal tubule cell including the:

Brush border

Mitochondria

Lysosomes

From Leggett, 1989

17

New evidence points to "subclinical" injury to
proximal tubule cells with exposure to low

levels of uranium in drinking water

* Mao, 1995
* Limson-Zamora, 1998
* Gilman, 1998
* Health Canada, 1998
* Kurttio, 2002

18
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"Sub-clinical" 
renal disease does

-:L "Sub-clinical" renal disease does
NOT signify the absence of disease

19

Sub-clinical disease is a part of
the spectrum of disease

an example with atherosclerotic heart disease

Atherosclerosis
begins

Heart
AttackChest Pain

Noi eDisease

I
Sub-

clinical
Disease

I
Clinical
Disease

Iet

20

10



"Sub-clinical" atherosclerosis can be very real disease
Artery with

Normal coronary artery "sub- clinical" disease

Sub-clinical disease is a part of
the spectrum of disease

an example with diabetic kidney disease

Dialysis or
Symptoms transplant

Elevated Kidney
creatinine failure

level
Microalbuminuria

I
No

Disease
SLbI

clinical
Disease

t -

Clinical
Disease

22
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The presence of "subclinical" microalbuminuria
is an ominous sign in diabetic patients

* Pima Indians in Arizona with microalbuminuria are 3.5
times more likely'to die (Kidney Int 33:197,1988)

- 65% will develop kidney failure within ten years
- They are more likely to die of both heart disease and to develop

complete renal failure
* Microalbuminuria also predicts coronary and peripheral

vascular disease and death from cardiovascular disease in
the general nondiabetic population (BMJ 300:297-300,1990)

* After microalbuminuria is present diabetics have 8 times the
risk of developing diabetic nephropathy (N EngI J Med 310:356-
360, 1984)

23

What is the significance of uranium
exposure and microalbuminuria?

* Mao study (1995) showed a significant
association between uranium ingestion and
elevated urinary microalbumin
- Uranium concentrations in study ranged from

14-19 ggfL

* The long-term significance has not been
determined

24
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...

New findings of sub-clinical renal
disease leading to

lower uranium water standards
N140 [ e 0

Canada, 1999 USEPA, 2000 WHIO, 1997
1225

"All calculations based on
experience elsewhere fail in

New Mexico."

General Lew Wallace
New Mexico's first territorial governor

26
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A New Mexican community perspective about the
development of a health based uranium

groundwater standard
27

Major uranium mining areas on the
Navajo Reservation, 1940's-1980's

28
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Many Navajo communities still contain
abandoned uranium mining waste

Some Navajo homes built from
uranium mining waste

0
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Some water sources are located near
unreclaimed uranium waste piles

Well in Olijato, Utah Mining waste 1/4 mile from tank

USEPA Abandoned Mines SurA4 , 2000

Summary of the Environmental Impacts
of Uranium Mining on Navajo Lands

* More than 1,000 abandoned mines
- Approximately 25% not cleaned up

* Mining waste is near homes, water, grazing areas
- Uptake of radionuclides has been documented in animals grazing

in Ambrosia Lake (NMED 1986)

- Western Navajo Nation study - 20% of tested water supplies in
areas of abandoned uranium mines exceeded 2OpCi/L (USEPA 1999)

* No other major environmental studies performed
- Still great uncertainty about ongoing exposures

32
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.Summary of the health effects of environmental
contamination from uranium mining

* Great deal of data about health effects in miners
exposed to radon

* Almost no data about health effects of uranium
mining activities in commun
- One study looking a alth effects of external

radiation in commc ities (Shields, Health Physics, 1992)

- NO studies loo e health effects
exposures in communities

- NO studies looking at association between renal disease
and oral uranium exposures in communities 33

New In-Situ Leach Uranium Mines in
Crownpoint and Church Rock could raise

uranium levels in water supplies

* Hydro-Resources Inc.(1l) made a proposal in 1988
- Four mines planned in Crownpoint and Church Rock

* Environmental Impact Statement completed in 1997

* Nuclear Regulatory Commission license granted in 1998

* Communities have contested the project since 1994 as the
mining project would likely raise uranium levels in local
aquifers
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HRI uranium
mining facility'

Hospital

Elementary school CCommunity wells

Panoramic view of Crownpoint, NM
35

View looking southeast from near HRI plant

Elementary School Water Well

36
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View looking north from near HRI plant.

Crownpoint High School

Water Well

I .

Elementary School

37

r

Navajo community opposition to ISL mining

* More than 1,900 opposition signatures collected

* 8 communities have passed opposition resolutions

* Navajo Health Board, Hospital, and Physicians opposed

* Eastern Agency Council passed opposition resolution

* Navajo Nation President opposed
38
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15,000 people depend on Crownpoint water
39

NRC uranium water standard is NOT
protective of public health

NRC license requires restoration of uranium
only to level of 440 micrograms/liter
- Current uranium level in Crownpoint drinking water

averages 2.5pgfL

Water Quality Data from Navajo Tribal Utility Authority

NRC Environmental Impact Statement for Crownpoint Uranium Project

40
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NRC uranium water-standard is NOT
protective of public health

* NRC License requires Crownpoint to relocate
wells due to the:
- "risk that restoration of groundwater to the primary goal

at the Crownpoint site may result in uranium
concentrations at the town's drinking water wells that
exceed the NRC standard of 0.44mgfL (440 pg/L) but
still fall within the New Mexico Drinking Water
Standard (sic) of 5mgfL."

Final Environmental Impact Statement, Docket No. 40-8968, US NRC
41

New Mexico should adopt a strict
uranium groundwater standard that is

protective of public health

* NRC uranium water standard is unacceptably high
- NRC has ignored important new studies in promulgation

of their standard

* NM WQCC should act where the NRC has not

42
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Diabetes and kidney disease are
common in northwest New Mexico

(rate per 1,000 population over 18years)

U.S. Crownpoint area

Diabetes rate 65 157

Dialysis rate 1.3 2.5

Sources: Crownpoint service area RPMS database; U.S. Renal Data System, USRDS 2002 Annual
Data Report: Atlas of End-Stage Renal Disease in the United States, National Institutes of Health,

National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, MD, 2002.

43

New Mexico needs a health based
uranium groundwater standard

* Recommend adopting 7[tg/L standard

- Protects current and future water supplies

- Acknowledges the differences in NM.

- appropriately strengthens the USEPA standard (30tg/L)
and the Nuclear Regulatory Commission standard
(440gfL)

44
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A precautionary story about waiting to
act on scientific evidence

45

Opening to an underground uranium mine - circa 1950

Muscum of Western Colorado 46
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Uranium mines contained yery high levels of radon.
Levels in the mines sometimes reached 80,000 pCi/L

and averaged 3,100 pCi/L
Holaday, USPHS Report, 1952 47
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Prior to mining in the United States there
was evidence- that underground uranium
mining was associated with lung disease
Population based studies in Germany and
Czechoslovakia
- Middle aged uranium miners noted to develop "mountain disease"

* Miners believed that "the discovery of a rich uranium ore vein
is always followed some years later by a strong mortality
among them."

- 1879 study: 75% of miner deaths from lung cancer
- 1913 study: >40% of miner deaths from lung cancer
- 1935 report: 60-70% of miner deaths from lung cancer -

"radioactivity in rock and air was undoubtedly the cause"
49

E. Lorenz, J Nati Can Inst, 1944

Prior to mining in the United States there
was evidence that underground uranium
mining was associated with lung disease

* Findings dismissed by National Cancer Institute
and Atomic Energy Commission

* "The opinion that radon is the sole cause of the lung cancer
of the miners cannot be maintained."

* the high rates of lung cancer were attributable to
confounding factors such as "dust", "respiratory diseases"
"hereditary susceptibility" and "inbreeding"

E. Lorenz, J Natl Can Inst, 1944 50
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Scientific evidence linking uranium mining
and lung cancer dismissed by National Cancer

Institute and Atomic Energy Commission

"After work the miners have to climb the ladders
again and usually walk home without changing their
clothing, which is soaked with sweat. It is no
wonder, therefore, that chronic respiratory diseases
are common."
"It seems, therefore, unlikely that the miners...
exposed to radon... should develop lung cancer."

. E. Lorenz, J Natl Can Inst, 1944 51

American studies conducted in 1950's - 1990's
showed definite link between lung cancer and

uranium mining

* Navajo miners have 28 times the relative risk of dying from
lung cancer compared to all NavajOS(Gillaland, Occup Env Mcd,2000)

* Navajo miners have increased rates of lung cancer, TB, and
other respiratory diseases (Roscoe, Am J Pub H, 1995)

* Mortality rates for lung cancer among NM Native
Americans rose from 1960 toJ1980
- Increased from 5.3 to 10.8 per 100,000 (Samet, Am J Pub H, 1988)

* Overall mortality rate for NM uranium miners is increased
10% over general population (Samet, Health Physics, 1991)
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Costs-of dismissing evidence on the
health risks of uranium mining

* 2,900+ Radiation Exposure Compensation Act claims
approved for uranium..workers

(httpJ/ivwwv.usdoj.gov/civil/torts/constlreca/)

* RECA payments total more than $291 million

*. Estimated more than 1,000 uranium miners died by 2000
(testimony of Victor Archer, Senate Hearings 1990)

* People are still dying
53

New Mexico needs to act and should
adopt a strict uranium groundwater

standard that is protective of public health
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THE BEHAVIOR AND CHEMICAL TOXICITY OF U IN THE KIDNEY:
A REASSESSMENT*

R. W. Leggett
Health and Safety Research Division, Oak Ridge National Laboratory, Oak Ridge, TN 37831
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Abstract-By the late 1950s, the views had evolved that 1) U does not enter cells but damages the kidneys by
binding to the luminal membranes of renal tubular cells, interfering with reabsorption of glucose, sodium, amino
acids, protein, water, ad other substances, and causing slow cell death by suppression of respiration; and 2) U
does not cause significant damage to the kidneys at concentrations below 3 pg U g-' kidney. Although there has
not been a major unified effort in the past three decades to update the toxicology of U as a nephrotoxin, there have
been numerous isolated studies that may be useful in reevaluating these longstanding views on the behavior and
action of U in the kidneys and the renal U concentration at which toxic effects may become evident. This paper is
a brief review and synthesis of current information on U nephrotoxicity. Much more experimental research and
reevaluation of existing data are needed concerning U nephrotoxicity, particularly for the case of chronic exposure.

BACKGROUND

IN THE early 1940s, the need arose for toxicological guides
for-the safety of increasing numbers of persons handling
U in laboratories and plants in the United States. It had
been discovered as early as the 1850s that U can induce
glucosuria and renal dysfunction, and U had been widely
used after that time in the homeopathic treatment of di-
abetes mellitus and in the production of experimental ne-
phritis (Hodge 1973). There was not much useful infor-
mation, however, on which to base practical guidance for
industrial exposures to U, and little was known about the
nature of the toxic action of U on the kidneys (Howland
1949; Hodge 1973). Consequently, toxicological investi-
gations of U were conducted between 1942 and 1945 at
the University of Rochester and the University of Chicago
as part of the Manhattan Project and were continued to
1950 at the University of Rochester under the Atomic
Energy Commission (Voegtlin and Hodge 1949, 1953;
Tannenbaum 1951). The animal experiments and in vitro
investigations at Rochester are said to have been con-

* ducted on a scale that is unequalled in the history of tox-
icology (Spoor and Hursh 1973).

Of the various theories of the toxic action of U on,
the kidneys that arose during the Rochester and Chicago
studies (e.g., see Dounce and Lan 1949, p. 853; Muntz et
al. 1951, p.260; Hodge 1953, pp. 2405-2407), the expla-
nation that eventually prevailed was based largely on the

consistency of the observed action of U on yeast cells with
the symptoms experienced by U-poisoned animals
(Voegtlin and Hodge 1953; Passow et al. 1961). According
to this theory, U does not enter cells but damages the
kidneys by binding to the luminal membranes of renal
tubular cells, interfering with reabsorption of glucose, so-
dium, amino acids, protein, water, and other substances,.
and causing slow cell death by suppression of respiration
(Hodge 1953; Passow et al. 1961).

The Rochester and Chicago studies did not reveal a
clearly defined toxicity threshold concentration for renal
U in animals, but it was suggested in a summary of the
Rochester studies that as much as 2-3 pg U g-' kidney
might be accumulated without serious effects (Voegtlin
and Hodge 1953; compare Neuman 1953, p. 2247; Hodge
1953, p. 2418). By the late 1950s, data for workers acutely
exposed to high levels of U in air and a few patients in-
jected with U for experimental purposes had led to esti-
mates that renal U concentrations of 2-6 ug g-' might be
tolerated by man without serious effects (Bernard 1958).
Based on these findings on the chemical toxicity of U, a
maximal permissible concentration of 3 pg U g-' kidney
was adopted in 1959 by the International Commission
on Radiological Protection (Spoor and Hursh 1973).

Although there has not been a major unified effort
since the late 1950s to update the toxicology of U as a
nephrotoxin, there have been many isolated studies that
may serve to improve our understanding of the behavior
and toxic actions of U in the kidneys and, at least, to
modify our perceptions of the "chemical toxicity thresh-
old" for renal U. This paper is a brief review and synthesis
of current information on the movement and retention

I

* This manuscript %as prepared by Oak Ridge National Laboratory
under subcontract PNL B-P3079-AAX with the Pacific Northwest Lab-
oratory as part of the Internal Evaluation and Upgrade Program of the
Department of Energy's Office of Nuclear Safety.
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of U in the kidneys, the toxic action of U on the kidneys,
and the renal U concentration at which toxic effects may
become evident. An effort has been made to collect at
least a representative sampling of the widely scattered and
somewhat heterogeneous literature related to U nephro-
toxicity that has arisen in the last three decades and to
compare the newer information with the older data.

MOVEMENT AND RETENTION OF
U IN THE KIDNEYS

Schematic diagram of potential directions of movement
of U in the nephron

The nephron is the functional unit of the kidney,
with each kidney composed of over one million such units
(Brobeck 1979; Guyton 1982; Fawcett 1986). A nephron
consists of a vascular component (the glomerulus) through
which fluid is filtered and a long tubule in which the fil-
tered fluid is converted to urine. Throughout its course,
the tubule is composed of a single layer of "directed"
epithelial cells. One surface of this layer of cells is bathed
by the contents of the tubule, and the other surface is
intimately connected with the capillaries that lie outside
the tubule.

A schematic diagram of potential directions of
movement of U with respect to the nephron is given in
Fig. 1. The qualitative model indicated in this figure is
used here only as an aid in discussing current information
on the movement of U in the nephron and is not intended
as a framework for a biokinetic model. Some of the in-
dicated paths may eventually prove to be unimportant
for purposes of describing the behavior and/or toxic ac-
tions of U in the kidneys.

As depicted in this qualitative model, U entering the
glomerulus in plasma either passes into the peritubular
capillaries or is filtered into the tubular lumen (A). Filtered
U passes into urine (B) or attaches to the brush-border
membranes of epithelial cells (C). Uranium may leave the
brush-border membranes by binding with passing ligands
(D), by sloughing of microvilli (included in D), by slough-
ing of entire cells that eventually go to urine (E), and by
entering the cell through endocytosis of U-containing
material (F). Uranium that has entered the cell is accu-
mulated by lysosomes (G). Uranium-containing micro-
crystals formed in lysosomes enter the cytosol (H) and
subsequently are extruded into the tubular lumen (P).
Smaller amounts of U may escape lysosomal packaging
and/or extrusion into the lumen and may bind in or on
mitochondria (3), the nucleus (L), and/or other subcellular
components such as the endoplasmic reticulum (included
in L). The possibility of movement of U from these sub-
cellular components to the cytosol, or possibly to the ly-
sosomes via autophagy in some cases, is also considered
(K, M). There may be extended residence of U in debris
(casts, microcrystals) in the lumen, particularly at high
dosage. There may also be some accumulation intersti-
tially in reticuloendothelial cells (not shown).

Potential movement of U with respect to these paths
is discussed in this section. The possible significance of
various paths with regard to toxic action on the kidneys
is discussed in a later section.

Behavior of U at the glomerulus
The glomerulus is a compact tuft of capillaries that

receives blood from the renal arterioles. Pressure of the
blood that has entered the glomerulus causes fluid to filter
into Bowman's capsule (a sac surrounding the glomerulus
and continuous with the renal tubule) through a thin layer
of tissue composed of the single-celled lining of the cap-
illaries, a basement membrane, and the single-celled lining
of Bowman's capsule. Glomerular filtrate is essentially
plasma from which nearly all proteins and protein-bound
substances have been removed (Brobeck 1979; Guyton
1982).

The uranyl ion, UO02?, is the most stable U species
in solution and the most likely form of U to be present
in body fluids (Durbin 1984; Gindler 1973). In plasma,
approximately 40% of U is present as a U-transferrin
complex and 60% as low-molecular-weight anionic
(mainly carbonate) complexes (Stevens et al. 1980; Durbin
1984). The low-molecular-weight complexes are filtered
rapidly at the glomerulus (path A in Fig. 1). The U-trans-
ferrin complex is not filterable; however, it is a weak com-
plex that dissociates as the U0 2-carbonate complex in
plasma is depleted. This allows continuous equilibrium
between U-transferrin and low-molecular-weight com-
plexes in plasma and fairly rapid elimination of virtually
all U from the plasma by filtration at the glomerulus or
binding to bone and other tissues (Stevens et al. 1980:
Durbin 1984). In humans, 80% or more of injected uranyl
nitrate may be filtered during the first 24 h, judging from

Fig. 1. A schematic diagram of potential paths of movement of
U in the nephron.
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typical clearance of U in urine observed for human sub-
jects and the fraction of injected U typically remaining
in the kidneys of different species at 24 h (Bernard et al.
1957; Bernard and Struxness 1957; Terepka et 'al. 1964;-
purbin 1984).

At most a small fraction of passing U is retained in
the glomerulus. Kisieleski et al. (1952) found little indi-
cation of U in glomreruli of U-injected mice, Jones (1966)
found "traces" of U in the glomeruli of injected rats, Ste-
vens et al. (1980) reported that "almost none" of the in-
jected U remained in the glomeruli of beagles at I d, and
Blantz et al. (1985) claimed that "it has been impossible
to demonstrate U in glomerular structures."

Behavior offiltered U in the renal tubule
The renal tubule is structurally and functionally di-

visible into three segments: proximal tubule, loop of
Henle, and distal tubule (Brobeck 1979). Glomerular fil-
trate first enters the proximal tubule, whose main function
is retrieval of the bulk of the filtrate. The proximal tubule
begins as a knot of convolutions and ends with a straight,
descending segment. A distinguishing feature of the epi-.
thelial cells lining the proximal tubules is the presence of
a prominent brush border, composed of many thin mi-
crovilli projecting from the cell into the tubular lumen.
The microvilli are noticeably longer in the distal portion
of the proximal tubules than in the earlier portions (Faw-
cett 1986).

There is a species-dependent decrease in pH along
the proximal tubule (Brobeck 1979). The drop in pH
causes the U0 2-carbonate complex to dissociate as glo-
merular filtrate passes along the tubules, freeing U02+ to
interact with other complexing species in the filtrate or
with components of the luminal membrane (Dounce
1949; Durbin 1984). Some of the U that remains corn-
plexed in the lumen and perhaps a portion of the freed
uranyl ions may traverse the length of the tubules and
enter the bladder urine (path B in Fig. 1), resulting in a
high rate of urinary excretion of U soon after injection
(see urinary excretion data of Bernard et al. 1957; Bernard
and Struxness 1957; Terepka et al. 1964). The portion of
filtered U going rapidly to urine depends on the acidity
of the urine and the amount of bicarbonate present
(Dounce 1949; Yuile 1973). When the bicarbonate con-
centration in the tubules is high, there is little accumu-
lation of administered U in the kidneys (Dounce 1949;
Yuile 1973). Increasing the urinary pH without increasing
the bicarbonate concentration in the-tubules has much
less effect in reducing the deposition of U in the kidneys,
while lowering the pH to 6.5 or less in the tubules causes
a substantial increase in renal retention of U and an equal
reduction in its excretion (Dounce 1949; Yuile 1973).

A significant common property of most nephrotox-
ins. including U and other heavy metals, appears to be a
great affinity for anionic sites of the brush-border mem-
brane due to their cationic charge (Simmons et al. 1981:
Kirschbaum 1982, 1984). While some UO.` probably
hinds to anionic membrane sites throughout the tubules

(path C), greatest deposition may be in the distal third of
the proximal tubules (Bowman and Foulkes 1970; Lues-
senhop et al. 1958; Haley 1982). The specific membrane
components that bind U02+ are not known, but the po-
tential importance of phosphate groups, particularly those
of phospholipids, as binding sites for U has been noted
in many studies for a variety of cell types (Bernheim 1971;
Hu 1972; Zeiske 1978; Bulman 1980; Friis and Myers-
Keith 1986; Pasquale et al. 1986; Chwistek et al. 1988).
According to Hu (1972), the affinity of U02" for other
major ligands in cell membranes is small compared to its
affinity for phosphate groups, particularly at low concen-
tration of U02", and for this reason U02+ has been used
as a chemical reagent specifically for phosphate groups of
phospholipids. It has been suggested that U02I may
compete with Ca" 4 for sites on cell membranes (Boileau
et al. 1985; Lin-Shiau et al. 1979; Hu 1972; Hagiwara
and Takahashi 1967).
Removal of U from the cell surface

Combination of U with bicarbonate or citrate in the
continuously flowing tubular urine (path D) may be an
important mechanism of removal from the luminal sur-
faces of epithelial cells at nontoxic levels (Durbin 1984).
The removal rate (the fraction of U removed per unit
time) from cell surfaces by this process probably decreases
if large amounts of U are present because of the limited
availability of bicarbonate and citrate in the lumen:

Uranium may also enter the lumen with microvilli
shed from the brush border (included in path D). The
rate of loss by this process probably increases sharply with.
dosage, perhaps beginning within the first hour after ad-
ministration of high U dosage (Yuile 1973; Haley 1982).

A third mechanism of removal from the luminal
surface (and cell interior) to urine (path E) is by sloughing
of dead cells (Yuile 1973; Haley 1982). Even at very low
levels of U intake there is gradual removal by natural cell
renewal, but the rates of cell death and sloughing increase
sharply at high U dosage. For example, occasional necrotic
cells were observed in the distal portion of the proximal
tubule as early as 12 h after injection of rats with 10 mg
U kg-' (Haley 1982). With high dosage there may be a
large accumulation of necrotic debris in the distal seg-
ments of the nephron, with highest accumulation within
a week of acute exposure (Barnett and Metcalf 1949).
Thus, with increasing dosage there appears to be a decrease
in the rate of removal of U-containing debris from the
lumen to urine.

Finally, some of the U on the brush-border surfaces
may enter the cells (path F). Evidence for this is discussed
in the following paragraphs.

Entry of U into renal tubular cells
The view is widely held that U does not enter cells

to a significant extent (Hodge 1953; Passow et al. 1961;
Rothstein 1959, 1970; Durbin and Wrenn 1975; Stuart
et al. 1979; Tyrakowski 1979). In fact, there is much ev-
idence that, for many types of cells. U penetrates cell
membranes slowly if at all (Rothstein 1970: Goodford
and Wolowyk 1972; Wyatt 1975; Tyrakowski 1979). Be-
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cause of its relatively high affinity for-anionic sites on cell
membranes. U has been used as a "non-penetrating
probe" to study various properties'of cell membranes
(Cirillo and Wilkins 1964;-Rothstein 1970; Pasquale et
al. 1986). The only significant amounts of alpha tracks
clearly identified by autoradiography in the kidneys of U-
injected humans and animals have been in clusters as-
sociated primarily with luminal casts and possibly cell
surfaces in the renal tubules (Luessenhop et al. 1958;
Bruengert).

It has now been documented, however, that sub-
stantial amounts of U may be accumulated inside some
types of cells. In particular, it was shown by microanalytic
methods that U accumulated inside renal tubular cells of
rats injected with U nitrate (Galle 1974, 1982) and in
cultured rabbit kidney cells exposed to U acetate (Ghad-
ially et al. 1982a). In addition, intracellular accumulation
of U has now been documented for liver cells of U-in-
jected dogs (Stevens et al. 1980); gill epithelia, hindgut
epithelia, and hepatopancreas cells of fish, molluscs, and
crustacea exposed to U-contaminated sea water or food
(Chassard-Bouchaud 1982, 1983, 1984, 1988; Chassard-
Bouchaud and Escaig 1984); a variety of cells of the knee
in rabbits injected in the knee joint with uranyl acetate
(Ghadially et al. 1982b); cultured human lymphoblastoid
cells exposed to tUranyl acetate (Ghadially et al. 1982c);
and cells of insects (Humbert 1980). A wide spectrum of
results concerning the rate of uptake of U, the maximum
accumulation of U inside the cell, and the effects of pH,
temperature, and competing cations have been obtained
for various microorganisms (Horikoshi et al. 1979; Hor-
ikoshi et al. 1981; Strandberg et al. 1981; Nakajima et al.
1981; Strandberg and Shumate 1982; DiSpirito et al. 1983;
Friis and Myers-Keith 1986; Galun etal. 1987). The extent
of variability was demonstrated by Strandberg et al.
(1981), who studied U uptake by Saccharomyces cerevi-
siae (yeast) and Pseudomonas aeruginosa (bacteria), two
of the microorganisms used in the early studies of the
effects of U on cells (Barron et al. 1948; Muntz et al.
1951). Uranium appeared to accumulate extracellularly
on the surfaces of S. cerevisiae, and the rate and extent
of accumulation were subject to pH, temperature, and
interference by Ca" and other ions. On the other hand,
there was rapid and massive intracellular accumulation
of U by P. aeruginosa as demonstrated by microanalysis,
and no response to pH, temperature, or other external
factors was detected.

The microvilli of the brush-border membranes of
renal tubular cells are the point of entry and transport of
many materials into these cells. For example, reabsorption
of filtered proteins occurs in the proximal tubules by an
energy-dependent process of attachment to microvilli and
endocytosis into the interior of the cell, where the proteins
are digested into constituent amino acids (Guyton 1982;
Brobeck 1979). This is thought to be an important mode
of transport of Cd and perhaps also Hg into renal tubular

t Personal communication with F. W. Bruenger. Dept. of Pathology.
School of Medicine. University of Utah. Salt Lake City. UT 84132.

September 1989, Volume 57, Number 3

cells (Weinberg 1988), and it is conceivable that some U
may enter the cell in this fashion after binding to proteins
in the l1ifien:Another route of entry, and perhaps a more
important one, may be by endocytosis after direct attach-
ment of U to anionic membrane components, as has been
described for gentamicin (Silverblatt and Kuehn 1979).

The role of lysosorihes in accumulating and removing in-
tracellular U

Lysosomes contain numerous acid-hydrolases (en-
zymes) that can digest foreign material, proteins, or dam-
aged or excess intracellular organelles after enclosure of
these materials within the lysosomal membranes (Brobeck
1979). Soon after a pinocytic or phagocytic vesicle appears
within a cell, one or more lysosomes attaches to the vesicle
and empties its hydrolases into the vesicle (Guyton 1982).
The hydrolases serve to decompose the contents of the
vesicles into amino acids, glucose, phosphates, and other
substances that can diffuse through the membrane into
the cytoplasm.

Lysosomes of renal tubular cells concentrate a num-
ber of heavy metals, including U, Hg, Cr, and Cu (Berry
et al.. 1978; Roth et al. 1984; Weinberg 1988): Uranium
and phosphorous were identified in crystals within lyso-
somes of renal tubular cells of rats at 12-48 h after injec-
tion with uranyl nitrate (Galle 1974) as well as in crystals
in presumably lysosomal bodies of cultured rabbit kidney
cells exposed to U nitrate (Ghadially et al. 1982a). Ura-
nium has also been found in lysosomes of several other
cell types, often in association with P (Chassard-Bouchaud
1982, 1983, 1984, 1988; Chassard-Bouchaud and Escaig
1984; Ghadially et al. 1982b, 1982c; Stevens et al. 1980;
Humbert 1980).

Galle (1974) used an electron probe analyzer com-
bined with a conventional electron microscope to follow
the movement of U in cells of the renal proximal tubules
of rats injected with approximately 10 mg U nitrate kg-'.
At 12 h (the earliest observation) the number of pinocy-
totic vesicles was high, and there were numerous lyso-
somes containing an electron-dense substance found to
include U and P. At 24 h, there were numerous U-con-
taining microcrystals in the form of needles inside the
lysosomes. When the lysosomes became filled with crys-
tals, the lysosomal membranes disappeared and the crys-
tals were seen inside the cytoplasmic matrix. At 48 h, U-
containing crystals with a diameter of about 2 um were
found in lysosomes, in the cytoplasmic matrix, and inside
the lumen of the proximal and distal tubules. Apparently,
accumulation of U in high concentrations within lyso-
somes (path G in Fig. 1) eventually resulted in destruction
of the lysosomes and a period of residence of the U crystals
in the cytoplasmic matrix (path H), and then some form
of exocytosis of U crystals into the lumen (path P).

Other potential sites of intracellular accumulation of U
It is evident from results of Galle (1974), Chassard-

Bouchaud (1982, 1983, 1984. 1988), and Ghadially et al.
( 982a, 1982b, 1982c) that lysosomes represent the major
intracellular site of U accumulation. There are indications,
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| - however, that some U may accumulate in -or on other
intracellular organelles or the nucleus. This could follow
release of U from lysosomes into the cytosol (Galle 1974;
Tasat and de Rey 1987), or there could-bea brief phase
of widespread distribution of U in the cytosol prior to
jysosomal uptake, as appears to be the case for gentamicin
(Wedeen et al. 1983; Weinberg et al. 1985; Weinberg
1988). There is evidence that several heavy metals, in-
cluding Hg, Pb, and Au, are not totally sequestered by
lysosomes after entering renal tubular cells but may also
bind in or on other subcellular organelles (Weinberg 1988;
Galle 1974; Murakami and Hirosawa 1973).

Ghadially and coworkers (1982a) were uable to detect
UL in the nuclei of U-treated rabbit kidney cells using x-
ray microanalysis but pointed out that a high concentra-
tion of U is required for detection by this method. They
suggested that the occurrence of monoribosomes rather
than polyribosomes in the cytoplasm may be caused by
depression of messenger ribonucleic acid (RNA) produc-
tion and depressed protein synthesis due to binding of U
with chromatin in the nucleus. It has been shown that U
acetate "stains" the nuclear chromatin as well as the nu-
cleolus and ribosomes and under some ionic conditions,
the endoplasmic reticulum, Golgi apparatus, mitochon-
dria, and larger lysosome-like bodies (Payne et al. 1983,
1984). Such studies of U acetate as a contrast staining
agent for intracellular organelles have been done, however,
under non-physiological conditions in which U has easy
access to the cell interior and exists predominantly in the
uncomplexed ionic form UO".t

It is known that mitochondria can accumulate a va-
riety of metals, including Sr, Ba, Pb, Al, Hg, and Au
(Weinberg 1988; Pounds and Rosen 1986; Roth et al.
1984; Pounds et al. 1982; Borle 1981; Choie and Richter
1980; Walton and Buckley 1977; Galle 1974; Murakami
and Hirosawa 1973; Caplan and Carafoli 1965). There
are indications that U may bind in or on mitochondria
(Goodford and Wolowyk 1972; Stevens et al. 1980; Mol-
lenhauer et al. 1986), but it has not been clearly established
that this occurs in undamaged cells either in vivo or in
vitro. For example, Goodford and Wolowyk (1972) found,

* using electron microscopy, that U occasionally interacted
with the outer mitochondrial membrane in guinea pig
muscle cells exposcd in vitro to uranyl acetate but inferred
from the rarity of such observations that this may occur
only in damaged cells. Also, Mollenhauer et al. (1986)
showed by x-ray microanalysis that U was occasionally
associated with mitochondria of degenerated renal tubular
cells in chicks administered high dosage of U nitrate. Using
cell fractionation techniques to investigate the subcellular
distribution of U in apparently healthy liver cells of U-
injected dogs, Stevens et al. (1980) found that most sub-
cellular U was associated with the mitochondrial fraction
at extended times; however, it may be that part or all of
the U in the mitochondrial fraction arose from confam-

ination by U-containing secondary lysosomes and other
materials that sediment at the same rate as mitochondria.§

Binding fif or on mitochondria has been included in
Fig. I as a potential path of movement of U inside cells
(arrow J). Arrow K has been included to indicate potential
loss of U from mitochondria; such loss could be directly
into the cytosol or possibly through eventual autophagy--
of mitochondria by lysosomal derivatives, as has been
suggested for Pb (Choie and Richter 1980). Arrows L and
M have been included to indicate potential paths of
movement of U between the cytosol and nucleus or sub-
cellular organelles other than lysosomes and mitochon-
dria.

Quantifying retention of U in the kidneys
There is continual deposition of filtered U onto cell

surfaces and continual removal from cell surfaces to lu-
men to urine, resulting in a rapidly changing fraction of
inhaled or injected U in the kidneys during the first day.
Morrow et al. (1982b) estimated that the kidneys of beagle
dogs contained 44% of absorbed U (that is, U reaching
the blood stream) at 6 h after inhalation of UO.F. but
only 16% at 24 h. At 1-3 d after inhalation or injection
of soluble forms of U, the kidneys of humans, dogs, and
rats contained 12-25% of the amount reaching blood
(Bernard and Strumness 1957; Muir et al. 1960; Jones
1966; Stevens et al. 1980; Morrow et al. 1982a). About
20-40% of injected U was found in the kidneys of mice
at I d (Kisieleski et al. 1952).

A long-term renal U compartment has been included
in some retention models. For example, in the retention
model given in Publication 30 of the International Com-
mission on Radiological Protection (1979), the prepon-
derance of renal U is assumed to be removed with a half-
time of 6 d, while a tiny fraction is assumed to be lost
with a half-time of 1500 d. Durbin (1984) reviewed data
on retention of U in the kidneys of humans, beagles, rats,
and mice and concluded that 92-95% of the renal burden
remaining at I d is lost with a half-time of 2-6 d and the
remainder is lost with a half-time of 30-340 d.

The small amount of available data indicate that re-
tention of U in the kidneys as a function of time after
administration of moderate to high dosage (roughly 0.1-
1.5 mg kg-' in this case) may be reasonably similar in
humans and dogs (Fig. 2). It is possible that a different
pattern of retention would occur for a much lower dosage.
In this regard, a fairly strong dependence of renal retention
of U on dosage is indicated by data of Muir et al. (1960)
and Jones (1966) for rats (Fig. 3). As discussed earlier, the
rate of removal of U from the brush-border membrane
to the lumen of the renal tubules, the rate of sloughing of
kidney epithelial cells, and the rate of movement of lu-
minal debris to urine all appear to vary with the dosage
level. In a later section, the possibilities are discussed that
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t Personal communication with C. M. Payne. Dept. of Pathology.
Arizona Health Sciences Center. University of Arizona, Tucson. AZ.

§ Personal communication with F. A'. Bruenger. Dept. of Pathology.
School of Medicine, Universitv of Utah. Salt Lake City. UT 84132.
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the rate of entry of U into cells and/or its rate of removal
mom cells (path P in Fig. 1) may also depend on the level

osage.
Retention of U in the kidneys cannot be accurately

characterized without consideration of the continual but
diminishing inflow of U released from bone and other
tissues. A quantitative model of renal retention will be
offered in-a subsequent paper dealing with the biokinetics
of U in the total body.

TOXIC ACTION OF U ON THE NEPHRON

Effects of U on the luminal membranes of renal tubular
cells

There are several indications'of interference with
transport across renal tubular cells soon after administra-
tion of moderate to high dosage of U to animals. For
example, an immediate increase in K+ excretion and a
rise in Nat excretion at I h were observed in dogs injected
with 0.5 mg U acetate kg- (Tyrakowski et al. 1976). Also,
glucosuria and aminoaciduria have been observed as early
as 10-20 min after administration of U (Voegtlin and
Hodge 1949, 1953; Passow et al. 1961).

Researchers at the University of Rochester (Voegtlin
and Hodge 1949,1953) and University of Chicago (Tan-
nenbaum 1951) offered various explanations of such early
changes based on observed effects of U on proteins, en-
zymes, and microorganisms. More recently, isolated ep-
ithelial tissues have been used in attempts to model renal
--bular effects of U.

In vitro studies of the effects of U on proteins and
enzymes revealed that the uranyl ion combines with and
alters proteins and inhibits certain enzymes; that these
actions are often reversible; and that unlike Hg and several
other heavy metals, U does not combine with sulfhydryl
groups (Dounce and Lan 1949; Singer et al. 1951). Dounce
and coworkers at Rochester observed that the effect of U
on enzymes becomes more pronounced as pH decreases
from 7.0 to 5.5 and suggested that the lower pH in the
distal portions of the proximal tubules might increase the
damaging action of U on the tubular cells in that region
(Dounce 1949; Dounce and Lan 1949). They believed
that UO` liberated in the renal tubules immediately
combines with protein in the cell walls for the most part
(Dounce 1949), but there was not sufficient evidence to
determine "whether cell necrosis is initiated by an attack
on a vital enzyme or enzymes in the cell surface, or
whether the altered physicochemical state of the cell sur-
face produced by the action of U allows intracellular en-
zymes to destroy the cell . '.." (Dounce and Lan 1949,
p. 853). They conjectured that a defect in the cell surface
caused by U might allow more U to "continue the attack
directly on the cell cytoplasm" (Dounce and Lan 1949,
p. 853).

Muntz, Singer, Barron, and coworkers at the Uni-
%ersity of Chicago conducted experiments with yeast and
bacteria to investigate, whether studies of enzyme inhi-
'ition by U were applicable to living cells (Muntz et al.
Hi 1: Barron et al. 1948). They found that utilization of

glucose by yeast cells is highly sensitive to U and that the
effect is readily reversible by phosphate or bicarbonate,
for example, but that the inhibitory effect of U on enzymes
present in yeast maceration juice is not easily reversed.
The conclusion was reached that U does not enter yeast
cells but exerts its toxic action at the cell membrane and
that this action is different from U inhibition on isolated
enzymes, since inhibition of glucose by U is moreeasily
reversed by phosphate than is inhibition of isolated en-
zymes. The results for bacteria were less easily explained.
Uranium generally inhibited metabolism of glucose to
some extent in bacteria, but different kinds of bacteria
varied in their sensitivity to U, and phosphate only par-
tially relieved the inhibitory effect of U on bacteria. (It is
now known that at least one kind of bacteria studied by
these authors (P. aeruginosa) rapidly accumulates large
amounts of U intracellularly, independently of pH and
temperature (Strandberg et al. 1981 ).] The suggestion was
made by Muntz et al. (1951) that the "mechanism of kid-
ney damage by U is not similar to its inhibitory effect of
yeast and bacteria" and that "the more permanent damage
to tubular cells" is more easily explained on the basis of
direct enzyme inhibition by U that has entered tubular
cells rather than by U on the cell surface (p. 260).

Of the various theories of the toxic action of U on
the kidneys that arose during these early studies, the view
that eventually prevailed was based largely on the action
of U on yeast cells (Rothstein 1953; Hodge 1953; Passow
et al. 1961). The yeast cell probably was chosen as a suit-
able model for studying the metabolic effects of U because
it was readily available and easy to use in the laboratory,
its metabolic reactions were considered to be relatively
well known, and the early glucosuria and aminoaciduria
observed in U-poisoned animals are consistent with the
U-induced inhibition of membrane functions in the yeast
cell (Rothstein 1953; Hodge 1953; Passow et al. 1961;
Lewis and Phaff 1965; Smith and Shay 1966; Maxwell et
al. 1971). Whatever the reasons, analogies were drawn
between the "clearly defined" action of U on yeast and
the "less clearly defined actions on the [renal] tubular
cells" (Passow et al. 1961, p. 213). It was concluded that
little if any U enters renal tubular cells but that a reaction
of U02+ with phosphoryl or carboxyl groups on the lu-
minal membranes leads to reduced resorptive activity,
diuresis, and ultimately deterioration and death of the
cells (Hodge 1953; Passow et al. 1961).

Rothstein (1970) later reappraised the action of U
on cell membranes in light of improved information on
the mechanism of sugar transport by different types of
cells. He noted that the mechanisms of sugar transport
are different in yeast cells and animal cells and that the
specifics of the U02+ effect must also be different. He
maintained, however, that U02" generally penetrates cell
membranes slowly, if at all, and that the deleterious ac-
tions of U on animal cells as well as yeast cells are at the
cell membrane.

It has been suggested, based on observations of the
effects of U on isolated epithelial tissues, that initial in-
terference of U with transport properties of the renal tu-
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bular cells may result-directly from interaction of U with
the brush-border membranes and possibly other com-
ponents of renal tubular cells and may occur before there
is loss of structuirl integrity in these cells (Schwartz and
Flamenbaum 1976a, 1976b). In particular, there is
suggestive evidence that attachment of U to the luminal
membranes of renal tubular cells may alter cellular per-
meability to Na' (Schwartz and Flamenbaum 1976a,
1976b; Tyrakowski 1979). In turn, this may interfere with
transport of glucose, amino acids, and phosphates, for
example, since these substances are co-transported with
Na' into renal tubular cells along an electrochemical gra-
dient maintained by active transport of Na' by a Na-K-
ATPase pump located at the peritubular membrane.

In a study of the effects of U nitrate and HgCI2 on
the isolated turtle urinary bladder, Schwartz and Flamen-
baum (1976a) found rapid inhibition of active transport
of Na' and Cl- by U nitrate and Nat by HgCI2 after
mucosal addition of the heavy metal but not after serosal
addition. The authors found no change in the passive
fluxes of Na' and C-. They suggested that there could
be a mucosal membrane-heavy metal interaction or cel-
lular accumulation of heavy metal with cellular enzyme
inhibition, or both. Armstrong and Duque (1975) con-
cluded from a study of the effects of U on isolated frog
small intestine that inhibition of glucose transport by
UO2+ involves a specific interaction between UO2 and
membrane ligands in the brush border of the epithelial
cells that are important in co-transport of Na' and sugars
from the luminal medium to the cell interior. Tyrakowski
(1979) found that lower U concentrations in the medium
stimulated Na' transport into isolated frog skin, while
higher concentrations inhibited transport, sometimes after
a transient stimulation; these effects were noted at pH 5.0
but not at pH 7.0 or 7.8. Inhibition of Na' occurred when
U was available at the outer surface of the epithelium but
not the inner surface. Tyrakowski proposed on the basis
of these results that early U-induced changes in Na4

transport in the kidneys result from interaction of U with
the luminal cell membrane. In a much different setting,
Lin-Shiau et al. (1979) concluded from observations of
the effects of U on neuromuscular transmission that
UO2 competes with Ca"4 at a superficial binding site on
the nerve terminal and, at low concentration, increases
membrane Na' permeability and hence twitch potentia-
tion and contracture but at high concentration may bind
to the membrane and block the neuromuscular trans-
mission.

Although U may not bind to sulfhydryl groups
(Dounce and Lan 1949; Singer et al. 1951; Sandow and
Isaacson 1966), Schwartz and Flamenbaum (1976a,
1976b) and Stein et al. (1978) have suggested that such
groups on transport carrier proteins may be indirectly
blocked by U2O-protein ligand complexes. Similarly,
Zeiske (1978) concluded that binding of U02" to phos-
phate groups of phospholipids may alter mucosal Na'
uptake in frog skin indirectly by changing the structure
of complex lipid-protein molecules in a region neighboring
the U02 binding site (compare results of Steveninck and
Booij 1964, for yeast cells).

- It is known that high dosage of U can lead to exten-
sive structural changes in the brush-border membrane of
the proximal tubules. In fact, loss of microvilli has been
observed as early as I h after injection of 10 mg U kger
into rats (Haley 1982). An increased activity of the enzyme
alkaline phosphatase in urine soon after acute exposure
to U (Yuile 1973; Wright and Plummer 1974; Nomiyama
et al. 1974) may be associated, at least in part, with such
loss of microvilli of the proximal tubules, where alkaline
phosphatase is known to be localized (Yuile 1973).

Phospholipids of plasma membranes have been
shown to be important contributors to the regulation of
membrane properties, hormone-cell interactions, and the
activity of membrane-bound enzymes, such as Na-K-
ATPase (Weinberg 1988; Knauss et al. 1983).Disruption
of membrane phospholipid metabolism could be an im-
portant early event in the pathogenesis of U-induced renal
tubular cell injury. One result could be increased cell per-
meability to Ca" (Knauss et al. 1983), which could de-
termine the irreversibility of cell injury, as discussed later.
Disruption of phospholipid metabolism has been studied
extensively for the nephrotoxic antibiotic gentamicin
(WVeinberg 1988; Knauss et al. 1983), which produces
some of the same early symptoms as U, perhaps due to
the common affinity of gentamicin and U for phospho-
lipids of the brush-border membranes of renal tubular
cells. It has been shown that treatment of rats with gen-
tamicin leads to significant increases in the phospholipid
phosphatidylinositol (Phl) in multiple subcellular mem-
branes, without changes ins total tubular phospholipid or
widespread tubular necrosis (Knauss et al. 1983). Gen-
tamicin may cause selective loss of alkaline phosphatase
from the brush-border membrane due to its interference
with Phl, which is required for attachment of alkaline
phosphatase to membranes (Knauss et al. 1983). The po-
tential roles of alkaline phosphatase and Phl in U neph-
rotoxicity are not understood, but Cronin et al. (1986)
suggested that protection against U-induced acute renal
failure afforded by thyroxine in rats was due to a thyrox-
ine-induced reduction of alkaline phosphatase or Phl ac-
tivity and a significantly elevated activity of renal cortex
Na-K-ATPase, which might be inhibited by U (Nechay
et al. 1980; Kramer et al. 1986). Such protection by thy-
roxine was observed at moderate dosage (0.5 mg U nitrate
kg-') but not at high dosage (10 mg U nitrate kg-').

There is some evidence that the renal organic trans-
port system is affected early during the course of neph-
rotoxic injury. Nomiyama and Foulkes (1968) studied
renal tubular secretion of the organic acid p-aminohip- i
purate (PAH) after injection of 0.2 mg U acetate kg-' into
rabbits and suggested that U attacks the PAH transport
system on the peritubular rather than the luminal side of
the cells (see also Foulkes 1971). Hirsch (1972) found that
injection of rats with 6 mg U nitrate kg-' resulted in a
significant renal cortical uptake of the organic base N-
methylnicotinamide (NMIN), but transport of PAH was
not affected (see also Stroo and Hook 1977). The mech-
anisms underlying such changes in the organic transport
svstem are not understood, and it is not known if such
changes contribute to alterations of cell integrity.
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Results concerninj"the reversibility of effects of U
on animal tissues are variable. Tyrakowski (1979) found
that the U-induced inhibition of Nat transport into the-
isolated frog skin occurred fairly rapidly, sometimes after
a brief stimulation of transport, and that, even after long
exposure, the inhibition was reversible. Rodriguez-Yoldi
and Ponz (1986) performed in vitro and in vivo studies
with rat jejunum and found that a delay of several minutes
is required for inhibition to be manifested and that in-
hibition could be reversed only slightly by EDTA treat-
mnent. They ascribed impairment of sugar transport to
"binding of uranyl with chemical groups at the luminal
surface or deeply in the enterocytes" (compare Newey et
al. 1966; Ponz and Lluch 1958). It is not evident to what
extent actions of U on the kidneys are actually reversible,
but toxic effects may be ameliorated to some extent if
treatment with bicarbonate, EDTA, DTPA, Tiron, or
other agents is begun promptly after exposure (Dounce
1949; NCRP 1980; Basinger et al. 1983).

Effects on lysosomes
Galle (1974) suggested that local concentration and

insolubilization of U in the form of U phosphate crystals
in lysosomes is an important protective measure by the
cell, since this appears to allow rapid removal of large
amounts of U from the cell by exocytosis and subsequent
excretion of the insoluble crystals in urine. One can only
conjecture as to whether the rate of internalization of U,
packaging by lysosomes, and extrusion of U crystals into
the lumen might change substantially with dosage. For
example, it could be that the rate of internalization of U
is decreased at high dosage due to shedding of damaged
microvilli into the tubular lumen, or, alternatively, that
the rate of entry of U into cells is higher at high dosage
because of a greater amount of internalization and diges-
tion of damaged, U-containing microvilli. The ability of
the cell to extrude internalized U might decrease with
increasing dosage of U due to decreased energy production
by the cell, or it may be that smaller amounts of inter-
nalized U are extruded much more slowly than large
amounts because extrusion of U occurs only in the form
of fairly large phosphate crystals.

While lysosomal uptake of U may serve to protect
other intracellular organelles from U, it is also possible
that lysosomal accumulation of U may result in some
leakage of harmful hydrolytic enzymes into the cell. In
this regard, Tasat and de Rey (1987) concluded from a
study of the response of alveolar macrophages to culti-
vation .in media containing particulate U0 2 that intra-
cellular organelles may be damaged after U-induced leak-
age of hydrolytic enzymes. They found that U particles
taken up by the macrophages were initially contained
within "membrane-bound phagocytic vacuoles" but that
the U particles were later seen outside the vacuoles. The
membranes of those vacuoles frequently exhibited inter-
ruptions that were judged to be the result of toxic action
of U. The authors observed that the "presence of signif-
icant amounts of intracellular U does not inhibit lyso-
somal enzyme-activity, but is likely to induce an increase

in acid phosphatase activity in a large proportion of al-
veolar macrophages."

Effects on mitochondria
Mitochondria provide energy in a form usable for

essentially all energy-requiring cellular functions (Guyton
1982; Fawcett 1986). The mitochondrion has two lipid
bilayer-protein membranes: an oduter membrane and an
inner membrane. Carbohydrates, fatty acids, and amino
acids are oxidized in the mitochondria to carbon dioxide
and water with the aid of enzymes located on and within
the inner membrane. The liberated energy is used to con-
vert adenosine diphosphate (ADP) and inorganic phos-
phate to the high-energy substance adenosine triphosphate
(ATP) with the aid of the enzyme ATPase. The produced
ATP is transported out of the mitochondrion into the
surrounding cytoplasm, where its energy is used for cel-
lular functions, including active transport of material
across cell membranes. Its energy is made available by
splitting ATP to ADP and phosphate, which are again
taken up by mitochondria and used to generate ATP.

Changes in mitochondria have been mentioned fre-
quently in descriptions of U-induced nephrotoxicity. For
example, Mueller and Mason (1956) observed "dissolu-
tion and vacuolization" of mitochondria at 3 and 6 h
after injection of large doses (30-40 mg kg-') of uranyl
nitrate into mice. At 18 h after injection of U into rats,
Stone et al. (1961) found several intracellular changes,
including swelling of mitochondria, endoplasmic reticu-
lum, and Golgi systems, and an increased size, number,
and variety of vacuoles within kidney cells. Haley (1982)
observed increased sizes and numbers of apical vacuoles
and lysosomes at I h, enlargement of matrix compart-
ments of mitochondria at 24 h, and swelling of intracristal
spaces of mitochondria in sublethally injured cells of the
distal portion of the proximal tubules at 48 h in U-injected
rats. At 24 h after injection of rats with 5-30 mg U nitrate
kg-', Lim et al. (1987) observed swollen mitochondria
with dense matrices, dilated cisternae, and clear spaces.

Such mitochondrial alterations are a common man-
ifestation of cell injury and are frequently secondary to
changes induced by the noxious agent elsewhere in the
cell (Carafoli 1986). On the other hand, there are indi-
cations that mitochondrial changes induced by some ne-
phrotoxins (e.g., Pb, Hg, Au) may be a direct result of
binding of these nephrotoxins in or on mitochondria
(Galle 1974; Choie and Richter 1980; Bull 1980; Weinberg
1988). Weinberg (1988) has pointed out that it is always
difficult to assess whether changes in mitochondrial func-
tion seen after in vivo treatment with a nephrotoxin, even
when occurring early, are attributable to direct nephro-
toxic activity at the mitochondrial membrane or are sec-
ondary to other actions. He also rioted that changes in
mitochondrial function observed after in vivo exposure
to a nephrotoxin may differ from those seen after in vitro
exposure. For example, data from in v'ivo as well as in
vitro studies implicate mitochondria as an early intracel-
lular site of direct Hg action during the development of
HgCI2 toxicity; how ever, Hg is more tightly bound to mi-
tochondria after in vivo exposure than after in vitro ex-
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posure, indicAatng that the response to Hg in vivo is con- Carafoli (1987) claimed that the large capacity ofo
ditionedby ijitracellular factors more complex than con- -_chiofidria to accumulate Ca during cell injury is duu 2

ditions -present in studies of isolated nitochondria their ability to accumulate phosphate and to precipi

(Weinberg 4988). hydroxyapatite deposits in the matrix space. Storag

Carafoli et al. (1971) studied the effects of U nitrate large amounts of Ca by mitochondria can be done'oi

on mitochondria of rat kidney cells both in vivo and in relatively long time, and if the injuring condition is

vitro. They found that mitochondria isolated from the moved, Ca will be gradually removed from the

kidneys of rats injected a few hours earlier with 2 mg U chondria and the cell (assuming t hat the mitocho n

nitrate kg-' were capable of efficient energy-linked uptake themselves have not been irreversibly damaged by

of Ca"+ and, in fact, accumulated large amounts of Ca", noxious agent). Carafoli concluded that the ability of

but apparently had lost the specific Ca" carrier found in cell to survive during exposure to a noxious agent d

the membrane of normal mitochondria. Uranyl salts in- on whether the injuring condition can be eliminated

hibited the binding of Ca++ to mitochondrial phospho- fore a "point of no return" is reached by mitochon

lipids in vitro but apparently n ot in vivo and inhibited (that is, before an intolerable load of Ca has been

ATP-induced shrinkage of swollen mitochondria both in mulated).
vitro and in vivo. Mitochondrial accumulation of U was
not studied either in vivo or in vitro. J A Effects of U on the glomerulus

(te . lew A.fz W, In dogs injected with 0.5 mg U acetate kg- , at
Interference with cell Ca homeostasis J n) crease in the glomerular filtration rate (GFR) bega

Increase in cellular Ca is a common and early ap- about 30 min and dropped to 68% at 1 h and 64% at

pearance in cells injured by virtually any noxious agent (Tyrakowski et al. 1976). A decrease of 64-69% in

(Humes 1986; Carafoli 1987; Weinberg 1988). Calcium GFR was observed at 6 h (the first measurements) in

loading may play a particularly important role in the . injected with 10 mg U nitrate kg-' (Flamenbaum e

pathogenesis of renal tubular cell injury because of the 1974). A dosage of approximately 0.1 mg U kg- in

normally high transcellular transport of Ca across the renal form of U02F 2 caused a modest reduction in the GFR

tubular epithelium (Humes 1986; Weinberg 1988). Renal the first few days in dogs (Morrow et al. 1982b).

Ca levels appear to be an excellent index for. quantifying The observed U-induced reduction in the GFR

cell injury caused by nephrotoxins (Humes 1986). be largely an indirect effect related to alterations in

Dahl and Dole (1952) and Dahl (1953) examined port of solutes in the renal tubules, articularlywith m

the calcification of the kidneys of rats injected with 2-30 erate dosage. However, high dosage'ol is known t ca0

mg U nitrate hexahydrate kg-'. Deposits of Ca could be alterations in glomerular structure within a few

found within kidney cells as early as 12 h after adminis- (Benscome et al. 1960; Stone et al. 1961; Haley I

tration of 10 mg kg-' (Dahl 1953). Deposition of Ca al- Kobayashi et al. 1984), and such alterations may

ways began in the cytoplasmr and Ca remained intracel- contribute to the observed reduction in the GFR (

lular until the cell boundaries were destroyed (Dahl 1953). al. 1974; Stein et al. 1975; Blantz 1975; Avasthi et

Calcification peaked for dosages of 10-20 mg kg-' and 1980; Kobayashi et al. 1984). In particular, stru

declined sharply for higher dosage (Dahl 1953). Renal changes may result in a decrease in the glomerularsu

calcification was accomplished in two stages: I) a primary area available for filtration (Kobayashi et al. 1984; A

accumulation of Ca in association with anions other than et al. 1980). Blantz and coworkers (1975, 1985) attribu

phosphate and 2) a secondary conversion to a Ca phos- the reduction in measured GFR in rats after administr:

phate precipitate (Dahl and Dole 1952). The amount of tion of uranyl nitrate to two events: 1) transepithel

phosphorous in damaged tissue often far exceeded the feedback of solutes across damaged tubules (compa

amount normally present (Dahl and Dole 1952). Flamenbaum et al. 1976) and 2) glomerular abnormaliti,

Carafoli et al. (1971) later extended the studies by that are preventable with pretreatment with converting

Dahl and Dole and concluded that mitochondria are the enzyme inhibitor and reversible with plasma volume ex-

loci of early intracellular calcification in the kidneys of pansion after U administration, even though transepithe-

U-intoxicated rats, with increases in mitochondrial Ca lial back-leak of solutes persists. Nizet (1981) concluded

evident at 2-3 h after administration of 2 mg U nitrate that an observed decrease in filtration at 30-60 min afte

kg-'. Maximum mitochondrial loading was reached at 18 administration of uranyl nitrate to dogs was due to an

h when mitochondria contained more than 10 times the increase in proximal intratubular hydrostaticressure af-

original amount of Ca. During this time, no increases of ter tubular damage; tubular back-leak of fluid was cx-

Ca were found in other cell fractions, but large increases cluded as an early contributing factor to reduced GFR.

in Ca were found in the cytosol and microsomes after 24 The different conclusions reached by the various authors

h. It was suggested that Ca is precipitated inside the mi- may not be compatible but may reflect differences in ex-

tochondria as insoluble phosphate salt, since phosphate perimental techniques, particularly with aegard to periods

also increased conspicuously in mitochondria after U in- of observation and dosage levels used.

toxication. According to Humes (1986), the procedures
used by Carafoli and coworkers might have allowed sub- Site of action of U as a function of the pattern of exposare

stantial Ca redistribution. Information discussed above concerning various po-
In a recent review of intracellular Ca homeostasis, tentially toxic actions of U on the kidneys applies pri-
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rnarily to therase of moderate to high acute dosage, due
to the conditions of the studies. The relative importance
of these actions may vary considerably, depending on the
level and-pattern of exposure. For chronic intake of U, it
Weins plausible that, depending on the intake rate, reduced
reabsorption in the renal tubules might eventually develop
as a result of one or more of the following: 1) gradually
reduced numbers of microvilli on the luminal brush-bor-
ders of originally normal renal tubular cells, 2) gradually
altered subcellular organelles in such cells, and 3) an el-
evated rate of death of renal proximal tubular cells and
replacement by abnormal cells having reduced numbers
of microvilli. and mitochondria. (See observations of
Chassard-Bouchaud 1982, 1983, 1984, 1988, on altered
subcellular organelles in various cell types in sea animals
chronically exposed to U and discussion below on "ac-
quired tolerance.") Any or all of 1-3 could result in the
mild proteinuria and aminoaciduria that has been ob-
served in some U workers (see next section). In the case
of 3, effects of U might be cumulative if an increasing
percentage of renal tubular cells is replaced by abnormal
cells.

Biochemical indicators of U-induced renal damage
There are severa biochemical indices that have been

used to evaluate U-induced kidney damage. Sdmebof these
provide insight into the site and nature of damage, while
others are fairly non-specific.

Proteinuria may occur even after moderate U dosage
(Voegtlin and Hodge 1949, 1953; Luessenhopj et al. 1958;
Morrow et al. 1982b) and may result from any or all of
a number of causes. For example, either derangement of
microvilli of the brush-border membrane of renal tubular
cells or interference with mitochondrial function and
subsequent decreased energy production could contribute
to the observed U-induced proteinuria by leading to de-
creased reabsorption of proteins found in low concentra-
tions in glomerular filtrate (Yuile 1973). Also, some of
the protein found in urine after exposure to U may rep-
resent an excess filtered at the glomerulus (Yuile 1973;
Kobayashi et al. 1984) or possibly protein from the glo-
merular basement membrane (Griswold and McIntosh
1973). At some times after administration of U, increased
urinary excretion of proteins as well as amino acids may
be associated primarily with cell necrosis.

The glucosuria that may begin shortly after admin-
istration of U and sometimes continues for many days
(V-oegtlin and Hodge 1949, 1953; Passow et al. 1961;
Morrow 1984) may also arise from a variety of events,
perhaps occurring at different times after administration.
For example, it was discussed earlier that direct interaction
of U with the brush-border membranes might interfere
with Na' transport and consequently with transport of
glucose, amino acids, and phosphate even before there is
loss of structural integrity of cells. On the other hand,
structural damage may produce the same results; for ex-
ample; loss of microvilli from the brush-border or damage
to mitochondria resulting in reduced production of ATP
%ould also lead to reduced reabsorption of glucose, amino

-acids,-and phosphate. In this regard, Morrow et al. (1982bT7
suggeted that an observed delay of 3-4 d in the maximal_
inhibition of glucose reabsorption by U in dogs and rats
is not consistent with the theory that reduced-lrcise
reabsorption is caused solely by disturbance of carrier sys-
tems at the luminal surface.

The enzyme catalase, found in subcellular organelles
called peroxisomes, apparently provides protection to the
cell by catalyzing the conversion of hydrogen peroxide
(which is toxic to the cell) to water and oxygen (Orten
and Neuhaus 1982). Catalasuria may be one of the most
sensitive indices of U-induced renal damage (Dounce et
al. 1949; Luessenhop et al. 1958). There may be a bimodal
increase in urinary catalase after administration of U, with
the first increase sometimes occurring rapidly after ad-
ministration and the second occurring within a few days
(Dounce et a. 1949; Luessenhop et al. 1958). It is not
known whether early appearance of catalase in urine is
associated either with damage to peroxisomes or to in-
creased levels of hydrogen peroxide in the cell.

As discussed earlier, appearance of excess alkaline
phosphatase in urine soon after exposure to U is suggestive
of loss of microvilli from the brush-border membrane of
the proximal tubules, where alkaline phosphatase is
known to be localized. Based on urinary enzyme mea-
surements for U-injected rats, Wright and Plummer
(1974) concluded that lactate dehydrogenase (LDH) is a
more sensitive index of renal damage than alkaline phos-
phatase during the first few days after injection. Also, Zal-
ups et al. (1988) observed substantial increases of urinary
LDH at 3-5 d in rtsadministered low dosage of U (as
low as 0.10 mg kg-' in the form of U0 2F2). Following
acute UO2F2 exposure to rats, it was found that "several
enzymes originating from the cytosol of the tubular epi-
thelium, e.g., LDH, catalase, and aspartate aminotrans-
ferase were, with glucosuria, the most responsive changes
to UO++ injury, whereas enzymes associated with the
proximal luminal membrane, e.g., -y glutamyl transpep-
tidase and amino peptidase, were virtually unaffected by
uranyl ion" (Morrow 1984, describing recent findings of
L. J. Leach and coworkers).

As a marker of renal hydrolase release during U-
induced nephrotoxicity in dogs and rats, Morrow et al.
(1982b) measured urinary N-acetyl-fl-glucosaminidase
(NAG), an enzyme that occurs in high concentrations in
lysosomes of renal proximal tubules. They concluded that
NAG is more responsive to U than is urinary protein and
that NAG levels tended to remain elevated for longer times
than many other urinary indicators after-U-induced
nephrotoxicity. A bimodal increase in NAG excretion was
indicated in some tests, with the first beginning soon after
administration of U and with the peaks separated by sev-
eral days.

Stroo and Hook (1977) did not measure urinary
NAG but found that the lysosomal enzymes acid phos-
phatase and fl-galactosidase were increased in the first 24
h in urine of rats injected with 3.5 mg U acetate kg-',
while the brush-border markers maltase and alkaline
phosphatase were not. Zalups et al. (1988) suggested, based
on results for U-injected rats, that alkaline phosphatase
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and -NAG may not be useful in assessing renal damage
-fro-rblow dosage of U02 F2 .

-.-,,Urinary glutamate dehydrogenase (GDH) has been
used as a marker of mitochondrial damage in the kidneys
hin experimental U nephrotoxicity (Wright and Plummer
1974). According to Price (1982), however, mitochondrial
enzymes generally are not reliable indicators of renal tu-
bular damage.

Other urinary biochemicals that have been investi-
gated as potential indicators of U-induced renal damage
include Prmicroglobulin, glutamic-oxaloacetic trans-
aminase, glutamic-pyruvic transaminase, ketoreductase,
acid phosphatase, alpha amino nitrogen, citrate, phos-
phate, and chloride (Thun et al. 1985; Chaudhari and
Kirshenbaum 1983; Morrow et al. 1982b; Stroo and Hook
1977; Nomiyama et al. 1974; Voegtlin and Hodge 1949,
1953; Tannenbaum 1951). Several biochemical changes
in blood during U poisoning have also been reported,
including elevated non-protein N, a progressive increase
in total serum Ca, an early and transient elevation of al-
kaline phosphatase activity, and progressively elevated
serum phosphate levels (Stefanovic et al. 1987; Tannen-
baum 1951).

Acquired tolerance to U
It has been pointed out by many authors that the

kidney may develop an acquired tolerance to U in the
sense that animals exposed repeatedly to high, sublethal
dosages may survive dosages that are normally lethal to
previously unexposed animals (Haven 1949; Yuile 1973;
Hodge 1973; Morrow et al. 1982b). Hodge (1973) pointed
out that it was recognized as long ago as the early 1900s
that tolerance to U had its basis in the atypical regener-
ation of tubular cells. In the 1940s, the view arose that
acquired tolerance may be due primarily to elevated levels
of citric acid in the tubules of previously exposed kidneys
(Haven 1949). More recent results have confirmed and
extended the findings of the early 1900s. Proximal kidney
tubule cells regenerated after damage from U are simple
flattened cells with no microvilli on their luminal surfaces
(Porte et al. 1963), and there are reduced numbers of mi-
tochondria in which few cristae are seen (Yuile 1973; Porte
et al. 1963). Also, with "U tolerance" there is diminished
activity of urinary alkaline phosphatase persisting for sev-
eral months (Yuile 1973). Some "tolerant" animals have
high urine volumes (Yuile 1973), and some show a di-
minished glomerular filtrate rate (Morrow 1982b) or a
loss of concentrating capacity by the kidney (Morrow

- 1984; Yuile 1973), which are consistent with the observed
abnormal brush-border membrane and reduced mito-
chondrial function. It may be that the so-called tolerance
to U is partly a result of the reduction of microvilli on
luminal surfaces, since this could reduce attachment of
U to cell surfaces and its subsequent entry into cells.
Cronin et al. (1986) suggested that protection against U-
induced acute renal failure by thyroxine was due in part
to a thyroxine-induced reduction of certain components
of the microvilli that may bind U.

Tannenbaum and Silverstone (1951) concluded that

tolerance cannot be considered a practical-measure of
protection from a clinical viewpoint since it may be of
only limited duration and magnitude and does not prevent
chronic damage. Morrow et al. (1982b) concluded from
their studies that it is "unwise to consider that a long-
term protection has been established" by repeated dosage
and that descriptions of reversible and transient effects of
U in the literature have been "euphemistic." They found
that some urinary biochemical changes return to normal
slowly, even though histopathological specimens might
indicate that repair processes are well advanced.

CONCENTRATION OF RENAL U ASSOCIATED
WITH CHEMICAL TOXICITY

A concentration of 3 jg U g-' kidney has been used
for many years as a benchmark for limiting exposures to
U when chemical toxicity is the critical endpoint (Spoor
and Hursh 1973; Alexander 1984; Morrow 1984). This
level represents a committee's judgment based to some
extent on animal data from the Rochester and Chicago
studies but perhaps more strongly influenced by data for
humans acutely exposed to U (Spoor and Hursh 1973;
Hursh 1975; Voegtlin and Hodge 1953; Tannenbaum
1951).

The Rochester and Chicago studies did not reveal a
clearly defined toxicity threshold for U in the kidneys.
These studies indicated that there may be considerable
variability in U toxicity with species, chemical form, and
exposure pattern (Voegtlin and Hodge 1949, 1953; Tan-
nenbaum.1951). The most nearly definite statements
concerning a toxicity threshold were given by Neuman
(1953, p. 2247) and Hodge (1953, p. 2418) and seem to
have been based primarily on data for rats. Neuman stated
that "the maximal safe concentration must be considered
to be much less than 5 pg g-', probably 2 to 3 Jug g`l"
In a summary of results of the Rochester experiments,
Hodge modified Neuman's statement slightly by indicat-
ing that "as a guess, 2 to 3 ug g-' might be deposited
without serious tissue damage."

In a review of information on the chemical toxicity
of U, Stopps and Todd (1982) agreed that data from the
1943-1950 experiments are consistent with Hodge's guess
but pointed out that avoidance of serious tissue damage
is not equivalent to avoidance of all renal abnormalities.
In the studies conducted in the 1940s, renal abnormalities
often were found in animals with kidney U concentrations
considerably lower than 3 pg g-'. For example, mean renal
U concentrations of 0.1-0.4 pg U-g-' in dogs, rabbits,
guinea pigs, and rats after inhalation 6fUF6 or UCI4 over
several months were found to cause occasional "mild renal
injury" (Hodge 1953; Stokinger et al. 1953).

Morrow et al. (1982a, 1982b) concluded that intra-
venous doses of l0 pg U (as U0 2F2) kg-' total body weight
are nephrotoxic to the dog when judged by glucosuria.
This dosage might correspond to a peak renal U concen-
tration during the first day of slightly less than I pg g-1
and an average renal U concentration of about 0.3-0.4
pg g ' during the first 1-3 d after injection, based on Fig.
2. The authors found that inhalation and injection doses
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of about 100 pg U kg-' produced several abnormal bio-
Chemical changes in the dog, including glucosuria, pro-
teinuria, and aminoaciduria. Transient elevations in uri-
nary biochemical indices were ev dent in the rat only for
absorbed doses of 100 Ag U kg-' or greater in the form
of hydrolysis products of UF6 (Morrow et al. 1982b).

Eidson et al. (1988) studied the biokinetics and toxic
effects of U in beagles inhaling "yellowcake," which was
shown to be a highly variable mixture of ammonium
diuranate (ADU) and U30 8. Dogs inhaling ADU aerosols
at about 0.5 mg U kg-' body weight showed renal U con-
centrations of 0.3-3.5 mg g-' (usually less than I mg g-')
at 0-8 d, accompanied by focal necroses and cell sloughing
in the proximal tubules. Damage was described as "neither
severe nor widespread" and was said to be "repaired" at
64 d. On the other hand, the tubules in atrophic foci were
described as "shrunken and surrounded by fibrous tissue"
at 64 d. Kidneys of beagles inhaling U308 at about 0.5
mg U kg-' body weight showed lower U concentrations
(0-0.2 mg g-') at 0-8 d and no significant abnormalities
as revealed by histopathologic examination.

It is possible that the renal U concentration required
to cause chemical damage depends not only on the species
but also the chemical form of U considered; for example,
there could be a synergistic effect of HF and U0 2F2 on
the kidneys (compare Morrow et al. 1982b). In a study
of the effects of long-term inhalation of fairly insoluble
natural U in the form of a dust, Leach; et al. (1973) could
not demonstrate renal damage in monkeys, dogs, and rats
by histological examination even though kidney U con-
centrations often exceeded 3 pg g-'. Even so, the authors
suggested that elevated nonprotein N levels in the mon-
keys could have been the result of renal damage.

Uranium-induced renal abnormalities have been in-
vestigated in six hospital patients in the "Rochester study"
conducted in the late 1940s (Hursh and Spoor 1973) and
in at least eight terminally ill persons in the "Boston study"
conducted during the mid-I 950s (Bernard and Struxness
1957; Luessenhop et al. 1958; Hursh and Spoor 1973).
The subjects of these two studies were intravenously in-
jected with uranyl nitrate solutions or, in two cases, tet-
ravalent U as UCI4. Injected dosages ranged from 6.3 to
907 pg kg-' (Hursh and Spoor 1973). Tests for biochem-
ical indicators were not uniform, but urinary catalase and
proteins generally were determined. Subjects receiving
doses greater than 100 pg U kg-' showed clearly elevated
catalase and proteins. A subject receiving 42 pig U kg-'
showed a trace of protein in urine (possibly not signifi-
cant), and a patient receiving a dose of 71 pg U kg-'
showed elevated catalase, traces of protein, and possibly
reduced secretion of PAH. An injected dose of 71 pg U
kg-l might correspond to a transient peak renal concen-
tration of about 7 pg g-' and an average renal U concen-
tration on the order of 2-3 ug g-' during the first 1-3 d
after injection. based on the combined data in Fig. 2
(compare Bernard 1958).

Breuer and Righi (1973) questioned thereliability of
estimates of a U-toxicity threshold as determined in the
Boston study (and, by inference. in the Rochester study),
claiming that methods available in the mid-1 950s are no

longer considered adequate for determinationtof the "al-
buminuric threshold" of a nephrotoxin. iey proposed
that the problem of chemical toxicity of U be reevaluated
in view of the considerable technical advances that have
been made since the Boston study in detection of renal
abnormalities.

Data for humans occupationally exposed to U have
often been interpreted as indicating that the chemical tox-
icity of U to man is less than had been indicated by find-
ings in animals (compare Eisenbud 1975; Boback 1975;
HASL-58 1959). According to Eisenbud (1975), in the
late 1940s and early 1950s it was not unusual for urinary
U concentrations to exceed I mg L-1 for employees ex-
posed to soluble U compounds, but such levels have been
reported to be associated with only minor evidence of
transient kidney injury. A total of seven cases of nephroses
presumably due to chemical toxicity of U were diagnosed
among 130 employees in a UF6 plant in 1950, with ab-
normal urinary findings consisting of red blood cells, fine
and coarsely granular casts, and albumin (Eisenbud 1975).
Urinary findings for these seven workers, who had his-
tories of urinary U concentrations as high as 3.5 mg L-l,
were reported to have returned to normal within months.

Boback (1975) reported data for several workers ac-
cidentally exposed to U30, UF6 , and U ore concentrates.
Urinary excretion rates were as high as 1.9 mg U L-l in
persons exposed to UF6 and 2.9 mg U L' in persons
exposed to U ore concentrates. Boback concluded that
there was no renal functional injury among these subjects,
who were tested for abnormalities in urinary specific
gravity, pH, sugar, blood cells, casts, and proteins. Results
were usually stated as "negative," "none," "rare," or
"few," and only occasionally were numerical values given.
Elevated protein was found in one urine sample but its
significance was discounted. Total intakes by these work-
ers have been estimated to be as high as 100-200 pg kg-'
(Bentley et al. 1985). There are sufficient data to make
reasonable backward calculations of uptake to blood only
for some of the subjects inhaling UF6. For those cases the
maximum total uptake to blood may have been 40 pg
kg-' or less (see methods of Eckerman and Leggett 1986),
which might correspond to a transient peak renal U con-
centration of 4 pg g-' and an average renal concentration
on the order of 1-2 pig g-' during the first 1-3 d after
acute exposure. These estimates are based on the as-
sumption of fairly rapid movement of U from the lungs
to blood, which may not have been the case.

Urinary biochemical abnormalities have been found
in some workers chronically exposed to U compounds.
Clarkson and Kench (1956) found levels of amino acids
in urine that were significantly higher in 10 workers cur-
rently exposed to a "gaseous compound" of U than in
two workers whose exposures had ended at least 9 mo
before the study. Thun et al. (1985) evaluated kidney
function among 39 U mill workers and 36 controls and
found that U workers showed a significantly higher ex-
cretion of,2-microglobulin and various amino acids than
did the reference group. The 32-microglobulin levels did
not exceed the upper limit of normal (as given by the 02-
microglobulin test manufacturer), but the authors found
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that the clearance of Prmicroglobulin generally increase
- ACE with the number of years that the U workers had spec

(either part-time or full-time) in. the yellowcake dryin
and packaging area. The mean amino acid excretion, ad
jusied for creatinine, was higher among the U worker
than in a control group for 22 of 23 amino acids corn
pared; however, the levels of excretion were mild even ii
the U workers, and the differences betwen the two group
of workers were considered statistically significant onl
for five amino acids.

The maximum concentration of U found in the kid
neys in a limited number of autopsies of other U worker
(a few exposed until death) is less than 0.2 pg g-' (Hursi
and Spoor 1973; Campbell et al. 1975). Based on the his
tories of urinary excretion of U described by Thun ani
coworkers, it seems doubtful that renal U concentration
of the subjects at the time of the study would have beei
any greater.

SUMMARY AND CONCLUSIONS

The uranyl ion, UO2, is the most stable U specie
in solution and the most likely form of U to be presen
in body fluids. In plasma, approximately 40% of U i
present as a transferrin complex and 60% as low-molec
ular-weight anionic complexes. The low-molecular-weigh
complexes are filtered rapidly at the glomerulus, and th
weak U-transferrin complex, which is not filterable, dis
sociates as the low-molecular-weight U complexes ih
plasma are depleted.

By 24 h, 80% or more of injected U nitrate may b
filtered, with little or no U being retained in the glomer
ulus. The filtered U complexes dissociate as the pH fall
along the tubules, freeing UO2 to interact with othe
complexing species in the filtrate or with components o
the luminal membrane. Some of the U that remains corn
plexed in the lumen and perhaps a portion of the free
uranyl ions traverse the length of the tubules and ente
the bladder urine, resulting in a high rate of urinary ex
cretion of U soon after injection. The remainder binds ti
the luminal membranes of the renal tubules, with highes
initial deposition on the prominent brush-border mem
brane in the distal third of the proximal tubules. The spe
cific membrane components that bind U02" are no
known, but the potential importance of phosphate groups
particularly those of phospholipids, as binding sites for I
has been noted by many authors.

Uranium may be removed from luminal membran
surfaces by combining with ligands in the continuousl:
flowing tubular urine, by shedding of U-containing mi
crovilli into the tubular lumen, by sloughing of dead cell
into the lumen, or by entering the cells. The rate of los
from the cell surfaces by each of these processes may b
dosage dependent. The net result may be that the fractioi
of injected U retained in the kidneys increases with in
creasing dosage.

The mode of entry of U into renal tubular cells i) not known but might be primarily by endocytosis afte
attachment to anionic membrane components. After en
try into the cell, U is accumulated largely by lysosome!

d - When the concentration of U insideaiysosome is suffi..
It ciently high, U microcrystals form.-his is followed by
g destruction of the lysosome and eventually some form of
i- exocytosis of U crystals into The unmen. While lysosomes
3s represent the major intracellular site of U accumulation,
-. smaller amounts of U may accumulate in or on the nu-
n cleus,.mitochondria, or other intracellular organelles.
s The rate of loss of U from the kidneys by lysosomal
y packaging and extrusion may vary with the level of dosage,

as does loss by sloughing of dead cells. Uranium-contain-
ing debris may be retained for an extended period in the

s lumen or interstitially in reticuloendothelial cells, partic-
h ularly at high dosage. The net result may be that the re-
>- tention time of U in the kidneys increases with dosage.
d Based on combined data for dogs and humans injected
s with moderate to high levels of U, the peak kidney content
ni during the first day may be more than 40% of the injected

amount, one-half to two-thirds of the peak amount may
be eliminated by 24 h, and U remaining at 24 h is lost
much more slowly.

The toxic action of U on the kidneys is not fully
s understood, but several potentially important, interrelated
It events have been identified, at least for the case of acute
s exposure to fairly high dosage of U. Binding of U to the

brush-border membrane in the distal portion of the prox-
t imal tubules may result in reduced reabsorption of Na
e and, consequently, reduced reabsorption of glucose, pro-

s teins, amino acids, water, and other substances, even be-
El fore there is significant structural damage to the cell. Later,

structural damage to the plasma membrane may lead to
e moicre extensive changes in membrane transport and per-

meability. Membranes of lysosomes may become leaky
s after lysosomal uptake of U, and harmful enzymes may
r be released into the cell. Mitochondrial dysfunction may
f arise due to changes in the intracellular environment after
- alterations in plasma membrane permeability, releases of
I harmful enzymes from lysosomes, and perhaps direct ac-
r tion of U that has entered the cell. Declines in cellular
t- energy production due to mitochondrial alterations may
o lead to further reductions in active transport of substances
It across the renal tubular cells and to diminished capability
- for repair of plasma membranes. Transport of Ca into
- the cell may be increased due to defects in the cell mem-
it brane, and transpoft of Ca from the cell may be reduced
;, by impairment of energy metabolism, resulting in a
J buildup of Ca in the renal tubular cells, particularly in

mitochondria. The ability of the cell to survive at high
e dosage may depend on whether sufficient repairs to the
y plasma membrane can be completed before an intolerable
i- load of Ca has been accumulated by mitochondria.
s The relative importance of the various toxic actions
s of U proposed for high, acute dosage may vary with the
e level and pattern of exposure. Possibly, events at the lu-
ni minal membrane may take on less importance and ac-
I- cumulation of U inside cells may take on more impor-

tance in the case of chronic exposures. It is also possible
s that a given transient renal U concentration following an
r acute exposure may not produce the same renal damage

or dysfunctions as the identical concentration experienced
during chronic exposure, since the distribution of U in
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s the kidneys could be much different in the two ca.
though the total renal burden is the same.

ITe kidney may develop a kind of acquired tole
oM to U after repeated dosages, in that previously ex
ti animals may be able to survive dosages of U that i

e bn e lethal to unexposed animals. However, the k
s l which has developed tolerance to U is not normal,

0 regenerated cells have a reduced number of mitocho
and surface microvilli; tolerant animals have high

Itai volumes, a diminished glomerular filtrate rate, and
in of concentrating capacity by the kidney; and some u

biochemical changes return to normal only slowly,
3e though histopathological specimens might indicate

repair processes are well advanced. Acquired tolerai
U does not prevent chronic damage and cannot bx

n sidered a practical measure of protection.
Several studies have addressed the problem 4

termining a "chemical toxicity threshold" for renal
s 1 more broadly, a reasonable maximum allowable re

concentration for the purpose of limiting occupal
exposures to U when chemical toxicity is the critica

lat point. Results and conclusions of these studies have,
!cut widely. The apparent discrepancies may be due larg

a tIh differences in 1) perceptions and/or definitions of to:
2) sensitivity of the measurements of kidney dam,

f %r"* dysfunction, 3) patterns of exposure (for example,
versus chronic), and 4) sensitivity to renal U in dif

2 t species.
In the early Rochester studies, mild renal injur

d - occasionally observed in laboratory animals expos4
per. l prolonged periods to UF6 or UCI4 in air at levels le
caky to mean U concentrations of 0.1-0.4 ug U g' ki
may These same studies were interpreted by Neuman (
may and Hodge (1953) as indicating that 2-3 pg U g' k
after might be tolerated without "serious tissue damage.
es of cent results of Morrow and coworkers indicate that
tac-
.ular
may
Does

transient concentrations on the order of 0.3-1.0 pgUg`
kidney may cause renal abnormalities in dogs, based on
-fairly sensitive tests of renal dysfunction (Morrow et al.
1982a, 1982b; Morrow 1984). Data for humans injected
with U for experimental purposes or occupationally ex-
posed to high levels of U for brief periods have been in-
terpreted as indicating that renal U concentrations of 3
pg 9- or higher can be tolerated without significant, long-
lasting damage to the kidneys (compare Bernard 1958;
Spoor and Hursh 1973; Hursh 1975). On the other hand,
mild effects manifested by elevated urinary excretion of
the filterable plasma protein Prmicroglobulin or certain
amino acids have been observed in chronically exposed
U workers who probably did not have renal U concen-
trations greater than a few ug g'l at the time of the study
but who may have experienced fairly high exposure levels
in earlier years. The mild renal dysfunction observed in
these workers might be the result of one or more of the
following: I) current renal burdens of U, 2) persisting renal
damage caused by one or more high, acute intakes of U
in earlier years, 3) cumulative effects of U over several
years, 4) causes unrelated to U exposures.

The revel of 3 pg U g7' kidney that has been applied
for many years as a guidance level for limiting occupa-
tional exposures to U is based on tests of chemical toxicity
that appear to have been less sensitive, and on definitions
o6f chemical toxicity that were often less stringent, than
those applied by more recent investigators. Moreover, in
the human studies considered in developing this guideline,
it appears that the subjects may have experienced renal
concentrations on the order of 3 pg U g-' only for very
brief periods. In view of current information, it may be
prudent to lower this longstanding guidance level by
roughly an order of magnitude until more is known about
subtle physiological effects of small quantities of U in the
kidneys.
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ENVIRONMENTAL PROTECTIC
AGENCY.

40 CFR Parts 9, 141, and 142

FFRL-6909-31
RIN 2040-AC98

National Primary Drinking Watt
Regulations; Radionuclides; Fi

AGENCY: Environmental Protecti
Agency.
ACTION: Final rule.

SUMMARY: Today, EPA is finalizi
maximum contaminant level go°
(MCLGs), maximum contaminai
(MCLs), and monitoring, reporti
public notification requirements
radionuclides. Today's rule is oi
applicable to community water
Today's rule includes requiremn
uranium, which is not currently
regulated, and revisions to the
monitoring requirements for cor
radium-226 and radium-228, grt
particle radioactivity, and beta I
and photon radioactivity. Based
improved understanding of the :
associated with radionuclides it
drinking water, the current MCI
combined radium-226/-228 and
current MCL for gross alpha par
radioactivity mill be retained. B
the need for further evaluation (
various risk management issues
associated with the MCL for bet
particle and photon radioactivit
the flexibility to review and mo
standards under the Safe Drinki
water Act (SDWA), the current
beta particle and photon radioat
will be retained in this final rulb
will be further reviewed in the !
future.

Some parts of EPA's 1991 pro
including the addition of MCLG
the National Primary Drinking I
Regulation (Nl3DWR) for uraniu
required under the SDWA. Othe
portions were intended to make
radionuclides NPDWRs more cc
with other NPDWRs, e.g., revisi
monitoring frequencies and the
compliance. Lastly, some portic
contingent upon i991 risk analb
MCL revisions to the 1976 MCL
combined radium-2226 and -228
alpha particle radioactivity. anc
particle and photon radioactivit
portions required under SDWA
portions intended to make the
radionuclides NPDWRs more cc
with other NPDWRs arp being f
today. The portions contingent
outdated risk analyses supporti
1991 proposel are not being fins
today. in par based on updated
analyses.

IN DATES: This regulation is effective..
December 8, 2003. The incorporation by
reference of the publications listed in

..,,.today's rule is approved by the Director
of the Federal Register as of December
8, 2003. For judicial review purposes,
this final rule is promulgated as of 1

ar p.m. Eastern Time on December 7, 2000.
nat Rule ADDRESSES: The record for this

regulation has been established under
on the docket name: National Primary

Drinking Water Regulations for
Radionuclides (W-0O-12). The record
includes public comments, applicable

ing Federal Register notices, other major
als supporting documents, and a copy of
"t levels the index to the public docket. The
ng. and record is available for inspection from 9
s for a.m. to 4 p.m., Eastern Standard Time,
nl - Monday through Friday, excluding
systems- Federal holidays, at the Water Docket,
tnts for 401 M Street SW, East Tower Basement

(Room EB 57), Washington, DC 20460.
nbined For access to the Docket materials,
jss alpha please call (202) 260-3027 to schedule

)article an appointment.
on an FOR FURTHER INFORMATION CONTACT: For

risks technical inquiries. contact David
I Huber, Standards and Risk Management
L for Division, Office of Ground Water and
the Drinking Water, EPA (MC-4607), 1200
tide Pennsylvania Avenue, NW.,
ased on Washington, DC 20460; telephone (202)
if the 260-9566. For general inquiries, the

Safe Drinking Water Hotline is open
a Monday through Friday, excluding
v and Federal holidays, from 9:00 a.m. to 5:30
eify p.m. Eastern Standard Time. The Safe
ng Drinking Water Hotline toll free number
MCL for is (800) 426-4791.
:tivity SUPPLEMENTARY INFORMATION:
LI but Regulated Entities
iear

Entities potentially regulated by this
fposal. rule are public water systems that are
;s and classified as community water systems
Vater (CW\%Ss). Communitv water systems
nm, are provide water for human consumption
.r through pipes or other constructed
the convevances to at least I5 service

insistent connections or serve an average of at
ons to least 25 people year-round. Regulated
point of categories and entities include:

be regulated. To determine whether
your facility is regulated by this action,
you should carefully examine the
applicability criteria in
§§ 141.26(a)(1)(i), 141.26(a)(1(ii),
141.26(b)(1). and 141.26(b)(2) of this
rule. If you have questions regarding the
applicability of this action to a
particular entity, consult the person
listed in the preceding FOR FURTHER
INFORMATION CONTACT section.

Abbreviations and Acronyms Used in
This Docutent

ASTM: American Society for Testing and
Materials

AWWA: American Water Works Association
BAT: Best available treatment
BEER: Biological effects of ionizing radiation
CFR: Code of Federal Regulations
CWS: Community water systems
EDE: Effective dose equivalent
EML: Environmental Measurements

Laboratory
FR: Federal Register
ICRP: International Commission on

Radiological Protection
IE: Ion exchange
kg: Kilogram
L/day: Liter per day
LET: Low energy transfer
LOAEL: Lowest observed adverse effect level
MCL: Maximum contaminant level
MCLG: Maximum contaminant level goal
mg/L: Milligram per liter
pg/L: Microgram per liter
mGy: MilliGray
mnrem: Millirem
mrem/vr: Millirem per year
NBS: National Bureau of Standards
NDWAC: National Drinking Water Advisor

Committee
NIRS: National Inorganic and Radionuclide

Survev
NIST: National Institute of Standards and

Technology
NODA: Notice of Data Availabilitv
NPDVRs: National Primary Drnking Water

Regulations
NRC: National Research Council
NTIS: National Technical Information

Service
NTNC: Non-transient. non-community
NTNCWVS: Non-transient. non-communitv

water systems
pCi: Picocurie
pCi/L: Picocurie per liter
PE: Performance evaluation
PNR: Public Notification Rule
POE: Point-of-entr-
POtI: Point-of-use
PQL: Practical quantitation level
PT: Performance testing
RADRISK: A computer code for radiation risk

estimation
RfD: Reference dose
RO: Reverse osmosis
SM: Standard methods
SMF: Standardized monitoring framework
SSCTI-: "Small Systems Compliance

Technology List"
SWTR: Surface WVater Treatment Rule
TAW: Technical Advisorv Workgroup
UCMR: Unregulated Coniaminant Monitoring

Rule

ins Adere
' ses. e.g..

.s for
1 gross
I beta
:v. The

aind the

insistent
inalized
upon the
ng the
ilizedl
risk

Examples of
Category regutated entities

Industry ..... Privately-owned corn-
d munity water sys-

tems.
State, Tribal, Local, Publicly-owned com-

and Federal Gov- munity water sys-
ernments. tems.

This table is not intended to be
exhaustive, but rather. provides a guide
for readers regarding entities likely to be
regulated by this action. Other types of
entities not listed in the table could also
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UNSCEAR. United Nations Scientific
Committee on the Effects of Atomic
'Radiation

USDOE: United States Department of En
USEPA: United States Environmental

Protection Agency -
USGS: United States Geological Survey
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I. Background and Summary of the
Final Rule

A. What Did EPA Propose in 1991 ?

In 1991, EPA proposed a number of
changes and additions to the
radionuclides NPDWRs. Among other
things, EPA proposed to:

* Set a maximum contaminant level
goal (MCLGJ of zero for all
radionuclides.

* Set a maximum contaminant level
(MCL) of 20 pg/IL or 30 pCi/L for
uranium (ewith options of 5 pCi/L to 80
pig/L).

* Change the radium standard from a
combined limit for radium-226 and 228
of 5 pCi/L to separate standards at 20
pCi/L.

* Remove radium-226 from the
radionuclides included in the definition
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of gross alpha, while keeping the gross
' ilpha MCL at 15 pCi/L, since the

~'~proposed radium-226 MCL was greater
than the gross alpha MCL. .

-_ * Change dose limit from critical
organ dose (millirems) to "weighted
whole body dose" (millirems-effective
dose equivalent).

* Require community water systems
which are determined by the State to be
vulnerable or contaminated to monitor
for beta particle and photon
radioactivity, rather than at all surface
water systems serving a population over
100,000 people (as under the current
1976 rule).

* Establish a monitoring framework
more in line with the standardized
monitoring framework used for other
contaminants.

* Exclude compositing for beta
particle and photon emitters.

* Include non-transient, non-
community water systems (NTNCWSs)
in the regulation.

* Require that each entry point to the
distribution system be monitored to
ensure that each household in the
system received water protective at the
MCL. --

B. Why Did EPA Propose Changes to the
Radionuclides Drinkig Water --.

Regulations in 1991?-
In 1976, National Interim Primary

Drinking Water Regulations were
promulgated for radium-226 and -228,
gross alpha particle radioactivity and
beta particle and photon radioactivity.
The health risk basis for the 1976
radionuclides MCLs was described in
the recent radionuclides Notice of Data
Availability (NODA), (65 FR 21575,
April 21, 2000);The 1986
reauthorization of the Safe Drinking
Water Act (SDWA) required EPA to
promulgate MCLGs and National
Primary Drinking Water Regulations
(NPDWRs) for the above radionuclides,
radon and uranium. Also in 1986, EPA
published an Advance Notice of
Proposed Rulemaking for the
radionuclides NPDWRs (EPA 1986).
which stated EPA's intent to accomplish
this goal. In 1991, EPA proposed
changes to the current radionuclides
standards and new standards for radon
and uranium. EPA determined that both
combined radium-226 and -228 and
uranium could be analytically
quantified and treated to 5 pCi/L.
However, EPA concluded that, given the

much greater cost-effectiveness of
reducing risk through radon water
treatment relative toriadium and
uranium, the feasible levels were 20
pCi/L each for radium-226 and -228 and
20 lig/L (or 30 pCi/L) for uranium.
Between 1986 and 1991, EPA made risk
estimates based on then-current models
and information, as described in the
NODA (EPA 2000e) and its Technical
Support Document (USEPA 2000h). The
1991 risk estimates I indicated that the
proposed MaL changes would result in
lifetime cancer risks within the risk
range of 10-6 and 10-4 (one in one
million to one in ten thousand) that EPA
considers in establishing NPDWRs. The
1991 proposed uranium MCL was based
on both kidney toxicity risk and cancer
risk. All MCLGs for radionuclides were
proposed as zero pCi/L, based on a
linear no-threshold cancer risk model
for ionizing radiation. A summary of the
difference between the 1976 rule and
the 1991 proposal are presented in
Table 1-1. The detailed differences
between the 1976 rule and the 1991
proposal can be found in the record for
this rulemaking (EPA 1976; 1986; 1991;
2000a).

TABLE I-1.-COMPARISON OF THE 1976 RULE, 1991 PROPOSAL, AND 2000 FINAL RULE

Provision 1976 rule (current rule) 1991 proposal | 2000 final rule

Affected Systems ....
MCLG for all radio-

nuclides.
Radium MCL ......

Beta/Photon Radio-
activity MCL

Gross alpha MCL ....

CW S ...................................................
No MCLG . ...

Combined Ra-226 + Ra-228 MCL of
5pCVL

* s 4 mrem/y to the total body or any
given internal organ

* Except for H-3 and Sr-90, derived
radionucide-specilic activity con-
centrations yielding 4 mrem/y based
on NSB Handbood 69 and 2L/d

* H-3 = 20,000 pCVL; Sr-90 = 8 pCVL
* Total dose from co-occurring beta/

photon emitters must be £ 4 mremly
to the total body of any internal
organ

15 pCiA. excluding U and Rn, but in-
cluding Ra-226.

CWS + NTNC ......................................
MCLG of zero ...... _

Ra-226 MCL of 20 pCi.L..*- - --- ---.------
Ra-228 MCL of 20 pCi/L

* 4 mrem/y effective dose equivalent
(ode)

* Re-derived radionuclide-specific ac-
tivity concentrations yielding 4
mremfy ede based on EPA
RADRISK code and 2 Lid

* Total dose from co-occurring beta!
photon emitters must be < 4 mremly
ode

"Adjusted" gross aplha MCL of 15 pCV
L, excluding Ra-226, radon, and ura-
nium.

Included in gross alpha ........................

Included in beta particle and photon
radioactivity; concentration limit pro-
posed at 1 pCVL

20 g/L or 30 pCVL wt option for S pCi/
L-80 g/L

CSW.
MCLG of zero.

Maintain current MCL based on the
newly estimated risk level associ-
ated with the 1991 proposed MCL

Maintain current MCL based on the
newly estimated risk level associ-
ated with the 1991 proposed MCL
This MCL will be reviewed within 2
to 3 years based on a need for fur-
ther re-evaluation of risk manage-
ment issues.

Maintain current MCL based on the
newly estimated risk level associ-
ated with the 1991 proposed MCL

Included under gross alpha. as in cur-
'rent rule. Monitoring required under
the UCMR rule. Further action may
be proposed at a later date.

No changes to current rule. Monitoring
required under the UCMR rule. Fur-
ther action may be proposed at a
later date.

30 IAL

Polonium-210 .......... J Included in gross alpha.

Lead-210 ............. Not Regulated ......................................

Uranium MCL . Not Regulated

'The 1991 cancer risk estimates were based on
the now-outdatod RADRISK modol (sec the NODA

and Its Technical Support Document. USEPA 2000'k
and hK.
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TABLE 1-1.-COMPARISON OF THE 1976 RuLE, 1991 PROPOSAL, AND 2000 FINAL RULE-Continued

Provision 1976 rule (current rule) _ - 1991 jproposal 2000 final rule-

Ra-224 . . Part of gross alpha, but sample hold- Part of gross alpha. but sample hold- No changes to current gross alpha
Ing time too long to capture Ra-224. Ing time too long to capture Ra-224. rule. Will collect national occurrence

information; further action may be
proposed at a later date.

Radium monitoring Ra-226 linked to Ra-228; measure Ra- Measure Ra-226 and -228 separately Measure Ra-226 and -228 separately.
228 if Ra-226 > 3 pCVL and sum.

Monitoring baseline 4 quarterly measurements................. Annual samples for 3 years; Std Moni- Implement Std Monitoring Framework
Monitoring reduction based on results: toning Framework: > 50% of MCL re- as proposed in 1991. Four initial

> 50%. of MCL required 4 samples quired 1 sample every 3 years; < consecutive quarterly samples in
every 4 yrs; < 50% of MCL reguired 50% of MCL enabled system to first cycle. If initial average, level >
1 sample every 4 yrs apply for waiver to 1 sample every 9 50% of MCL 1 sample every 3

years. years; < 50% of MCL 1 sample
every 6 years; Non-detect: 1 sample
every 9 years. (beta particle and
photon radioactivity has a unique
schedule-see section III, part-K)
States will have discretion in data
grandfathering for establishing initial
monitoring baseline.

Beta particle and Surface water systems > 100,000 pop- Ground and surface water systems CWSs determined to be vulnerable by
photon emitters ulation Screen at 50 pCi/L; vulner- within 15 miles of source screen at the State screen at 50 pCVL
monitoring. able systems screen at 15 pCiVL 30 or 50 pCiK

Gross alpha moni- Analyze up to one year later ................ Six month holding time for gross alpha As proposed in 1991.
toring. samples; Annual compositing of

samples allowed.
Analytical Methods -. Provide methods .. ....... Method updates proposed In 1991; Current methods with clarifications.

Current methods were updated in
1997.

I - -I-

C. What New Information Has'Become
Available Since 1991? Overview of the
2000 Notice of Data Availability
(NODA)

EPA published a Notice of Data
Availabilitv (NODA) on April 21. 2000.
This NODA described the new
information that has become available
since the 1991 proposal and the basis
for today's final regulatory decisions.
The most significant source of new
information is Federal Guidance Report-
13 (FGR-13) (USEPA 1999b), "Cancer
Risk Coefficients for Environmental
Exposure to Radionuclides," which
provides the numerical factors used in
estimating cancer risks from low-level
exposures to radionuclides. The risk
coefficients in FGR-13 are based on
state-of-the-art methods and models and
are a significant improvement over the
risk coefficients that supported the 1991
radionuclides proposal. FGR-13 is the
latest report in a series of Federal
guidance documents that are intended
to provide Federal and State agencies
technical information to assist their
implementation of radiation protection
programs. FGR-1 3 was formally
reviewed bv ElPA's Science Advisorv
Board and was peer-reviewed by
academic and government radiation
experts. An interim version of the report
was published for public comment in
January of 1998. Comments were
provided by Federal Agencies,

including the Nuclear Regulatory
Commission and the Department of
Energy, State Agencies, and the public.
The final version (September 1999)
reflects consideration of all of these
comments. The risk analyses supporting
today's regulatory decisions are
described in detail in the NODA (EPA
2000e) and its Technical Support
Document (USEPA 2000h).

The NODA also reported the results
from a June 1998 USEPA workshop held
to discuss non-cancer toxicity issues
associated with exposure to uranium
from drinking water. At this workshop,
a panel of experts reviewed and
evaluated new information regarding
kidney toxicity was examined. The
findings from this workshop can be
found in the NODA's Technical Support
Document (USEPA 2000h).

Other important new information
includes the results from a 1998 U.S.
Geological Survey study which targeted
the occurrence of radium-224 and beta
particle/photon radioactivity (USEPA
2000e and h). Previously, it was
assumed that the alpha-emitting
radium-224 isotope rarely occurred in
drinking water. If present in drinking
water, because of its short half-life (3.6
days) and estimated low occurrence, it
was thought that sufficient time would
elapse to allow the isotope to decay to
low levels before entry into the
distribution svstem. Hence, radium-224
was not thought to appreciably occur in

drinking water. This new information
indicates that radium-224 significantly
(positively) correlates with both radium-
228 (correlation coefficient of 0.82) and
radium-226 (correlation coefficient of
0.69), suggesting that radium-224
should be evaluated as a potential
drinking water contaminant of national
concern (USEPA 2000h). The impact of
this and other information on decisions
regarding radium-224 is discussed in
part D of this section. In addition to the
radium-224 occurrence information, the
USGS study also determined that the
majority of the beta particle/photon
radioactivity in the samples collected
was due to the presence of radium-228
and potassium-40. both naturally
occurring contaminants. Since radium-
228 is regulated under the combined
radium-226/-228 standard and
potassium-40 is not regulated, this
suggests that most situations in which
the beta/photon screening level is
exceeded s-ill not result in MCL
violations. Of more concern, minor
contributions from naturally occurring
lead-210 were also reported. Lead-210
occurrence will be studied under the
Unregulated Contaminant Monitoring
Rule (UCMR).

In addition to this new technical
information, the NODA also described
the 1996 changes to the statutory
framework for setting drinking water
NPDWVRs. The SDWA, as amended in
1996, requires ElPA to review and revise.
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as appropriate, each national drinking
water regulation at least once every six
years. The Act also requires that any
revision to an NPDWR "maintain, or
provide for greater, protection of the
health of persons" (section 1412(b)(9)).

Regarding the setting of new
NPDWRs, the SDWA as amended in
1996 gives EPA the flexibility to set an
MCL at a level less stringent than the
feasible level, if the Administrator
determines that the benefits do not
justify the costs at the feasible level. If
the Administrator makes this finding,
the Act directs EPA to set the MCL at
a level that "maximizes health risk
reduction benefits at a cost that is
justified by the benefits" (section
1412(b)(6)). This provision applies to
uranium only, since it is the only
contaminant for which a new MCL is
being established by today's regulatory
action.

D. What Are the Rationales for the
Regulatonr Decisions Being Promulgated
Today?

As previously discussed, EPA is
retaining the current MCLs for
combined radium-226 and 228, gross
alpha particle radioactivity, and beta
particle and photon radioactivity and is
promulgating a new standard for
uranium. The following is a discussion
of the rationales supporting these
decisions. In addition to the responses
to major conunents in the following
section. responses to each individual
comment are in the comment response
document which is available for review
in the docket for this final rule.

1. Retaining the Combined Radium-226
and Radium-228 MCL

The 1991 proposed changes to the
MCLs for combined radium-226 and
radium-228 were premised on a cost-
effectiveness trade-off between radium
mitigation and radon mitigation (a
radon standard was also included in the
1991 proposal). This cost-effectiveness
argument was used to support a
proposal to raise the combined radium-
226/-228 MCL of 5 pCi/L to individual
MCLs of 20 pCi/L for each isotope. At
the time. it was thought that the risks
associated with 20 pCi/L of radium-226
and radium-228 were within the i0- to
10 - risk range. However, current risk
analyses based on Federal Guidance
Report-1 3 (see Part C of this section)
indicate that these higher MCLs have
associated risks that are well above the
10- 'to 0- I risk range. For details on
the basis and findings of this risk
analysis, see the NODA (USEPA 2000e)
and its Technical Support Document
(USEPA 2000h). Since this proposed
change would introduce higher risks

than envisioned in the original 1976
rule, approaching lifetime cancer risks
of one in one thousand (10-3) for
occurrence at or near the 1991 proposed
MCLs, EPA believes that its decision to
retain the current combined radium-
226/-228 MCL of 5 pCi/L is justified.
Under the 1996 Amendments to the Safe
Drinking Water Act, EPA is required to
ensure that any revision to a drinking
water regulation maintains or provides
for greater protection of the health of
persons (section 1412(b)(9)).

a. Major Comments Regarding Retention
of the Combined Radium-226 and
Radium-228 MCL

The major comments and responses
concerning the retention of the
combined radium-226 and radium-228
MCL are summarized in part E of this
section ("What are the health effects
that may result from exposure to
radionuclides in drinking water?").

2. The Final Uranium MCL
a. What Is the Final MCL for Uranium
and the Rationale for That Regulatory
Level?

With today's rule, EPA is
promulgating a uranium MCL of 30 pg/
L. The SDWA generally requires that
EPA set the MCL for each contaminant
as close as feasible to the MCLG, based
on available technology and taking costs
to large systems into account. The 1996
amendments to the SDWA added the
requirement that the Administrator
determine whether or not the
quantifiable and non-quantifiable
benefits of an MCL justify the
quantifiable and non-quantifiable costs
based on the Health Risk Reduction and
Cost Analysis (HRRCA) required under
section 1412(b)(3)(C). The 1996 SDWA
amendments also provided new
discretionary authority for the
Administrator to set an MCL that is less
stringent than the feasible level if the.
benefits of an MCL set at the feasible
level would not justify the costs (section
1412(b)(6)). This final rule establishing
an MCL for uranium of 30 gg/L is the
first time EP'A has invoked this new
authority.

In conducting this analysis, EPA
considered all available scientific
information concerning the health
effects of uranium, including various
uncertainties in the interpretation of the
results, as well as all costs and benefits,
both quantifiable and non-quantifiable.
As discussed in more detail below, all
health endpoints of concern were
considered in this analvsis. For some of
these, the risk can currently be
quantified (i.e., expressed in numerical
terms); and for some, it cannot.

Similarly, there are a variety of health
and other benefits attributable to
reductions in levels of uranium in
drinking water, some of which can be
monetized (i.e., expressed in monetary
terms) and others that cannot yet be
monetized. All were considered in this
analysis. A detailed discussion of each
of the principal factors considered
follows.

b. MCLG and Feasible Level for
Uranium

Since uranium is radioactive and EPA
uses a non-threshold linear risk model
for ionizing radiation, today's rule sets
the MCLG (non-enforceable health-
based goal) for this contaminant at zero.
The Safe Drinking Water Act requires
EPA to set the MCL as close to the
MCLG as is feasible, where this is
defined as "feasible with the use of the
best technology, treatment techniques
and other means which the
Administrator finds, after examination
for efficacy under field conditions and
not solely under laboratory conditions,
are available (taking cost into
consideration) * * * " [section
1412(b)(4)(D)]. EPA proposed a feasible
level of 20 gg/L in its 1991 proposal. In
doing so, EPA determined that uranium
may be treatable and quantifiable at
levels below 20 jig/L, however, levels
below 20 4g/L were not considered
feasible under the Safe Drinking Water
Act EPA believes the feasible level is
still 20 gg/L.
c. Basis for 1991 Proposed MCL and
Cancer Risk from Uranium

EPA is required by the Safe Drinking
Water Act (section 1412(b)(2)) to
regulate uranium in drinking water. In
1991, EPA proposed a uranium MCL of
20 jg/L ("mass concentration") based
on health effects endpoints of kidney
toxicitv and carcinogenicity. In the
proposal, EPA estimated that 20 4g/L
would typically 2 correspond to 30 pCi/
L ("activity"), based on an assumed
mass:activity ratio of 1.5 pCi/gg. While
such values are known to occur in
ground water, this conversion factor
does not reflect our "best estimate"
today. The best estimate of a geometric
average mass:activity ratio is 0.9 pCifg
for values near the MCL. based on data
from the National Inorganics and
Radionuclides Survey (see USEPA
2000h). Given the closeness of this

-'The actual relationship between mass
concentration (lg/L) and activity (pCi/L) varies
somewhat in drinking water sources, since the
relative amounts of the radioactive isotopes that
make up naturally occurring uranium (Id-23, U;-
235 and lU-234) varv between drinking water
sources. The typical conversion factors that are
observed in drinking water range from 0 t;7 tip to

1 pCii~ig.
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value to unity (1 pCi/jig), the available
data suggests that, to a first
approximation 3, the mass:activity ratio
is 1:1 for typical systems. The 1991
proposed MCL of 20 pg/L was
determined, at that tirni, to correspond
to a "drinking water equivalent level"
(DWEL4) with respect to kidney toxicity
for a lifetime exposure. The
corresponding 30 pCi/L level (based on
the 1991 mass to activity conversion)
was estimated to have a lifetime cancer
risk of slightly below the 10-4 level.

Because the kidney toxicity health
effects and the corresponding non-
quantifiable kidney toxicity benefits are
a very important consideration in
setting the MCL, we first provide
background on these effects before
discussing the rationale for setting the
uranium MCL.

d. Uranium Health Effects: Kidney
Toxicity

Each kidney consists of over a million
nephrons, the filtration functional units
of the kidney. The nephron consists of
glomeruli, which filter the blood, and
renal tubules (proximal, distal,
collecting duct, etc.), which collect the
fluid that passes through the glomeruli
(the "filtrate"). After the filtrate flows
into renal tubules, glucose, proteins,
sodium, water, amino acids, and other
essential substances are reabsorbed,
while wastes and some fraction of
electrolytes are left behind for later
excretion. The efficiency of this process
can be monitored by analyzing urine
("urinalysis"), which reveals the
concentrations of the various
constituents making up the urine. For
example, protein or albumin in the
urine (proteinuria or albuminuria)
indicates reabsorption deficiency or
leakage of albumin, a class of proteins
found in blood and which are
responsible for maintaining fluid
balance between blood and bodv cells.
In the case of uranium toxicity, it is not
clear whether long-term exposure may
lead to marked albumin loss.

The level of proteinuria in urine is an
indication of the degree of kidney
toxicitv: levels are divided into "trace",
mild", "moderate", or "marked".

which are defined by increasing levels
of proteinuria. Increased excretion of

'This is rnentinned since. for the sake or
simplicitv. the reader mav thus easily convert
between PglL and pCi/L. However. in current
calculations. we use the geometric mean from the
SIRS data. which is 0.9 pCi/gig. We reiterate that
conversion factors ranging from 0.67 up to 1.5 pCi!
pg do occur in drinking water sources.

'The drinking water equivalent level IDWEL) (VSg
LQ is the best estimate of the drinking water
concentration that results in the Reference Dose (Pg/
kg/day), assuming a water ingestion rate of 2 LWday
and a body mass of 70 kg.

protein in the urine could be the result derived from the Reference Dose (Rfl)),
of tubular-damage, inflammation, or whichJp an estiniate of a daily ingestion
increased glomerular permeability. It exposure to the population, including
should be noted that a gradual loss of sensitive subgroups, that is likely to be
nephrons is asymptomatic until the loss without an appreciable risk of -
is well advanced; the kidneys normally ,_.deleterious effects during a lifetime. The
have the ability to compensate for RfD (in jig of uranium per kg of body
nephron-loss. For example, chronic mass per day; Itg/kg/day) for uranium
renal failure occurs when there is was calculated from the Lowest
around 60% nephron loss. During the Observed Adverse Effects Level
gradual loss of functioning nephrons, ("LOAEL"), which is the lowest level at
the remaining nephrons appear to adapt, which adverse effects were observed to
increasing their capacity for filtration, occur. The LOAEL is taken directly from
reabsorption, and excretion. health effects data. The RfD is

Uranium has been identified as a calculated by dividing the LOAEL by a
nephrotoxic metal (kidney toxicant), numerical uncertainty factor which
exerting its toxic effects by chemical accounts for areas of variability in
action mostly in the proximal tubules in human populations because of
humans and animals. However, uncertainty in the uranium health
uranium is a less potent nephrotoxin database. EPA followed the
than the classical nephrotoxic metals recommended methodology of the
such as cadmium, lead, and mercury. National Academy of Sciences in
Uranium has an affinity for renal estimating the uncertainty factor.
proximal tubular cells and interferes As described in the NODA, we
with reabsorption of proteins, as reported that our best-estimate of the
previously described. Specifically, LOAEL is 60 jig/kg/day, based on rat
uranium-induced renal tubular data. In support of this estimate of the
dysfunction in humans is marked by DWEL, EPA has some human data
mild proteinuria, due to reduced which demonstrates that mild
reabsorption in the proximal renal proteinuria has been observed at
tubules. Furthermore, the pathogenesis drinking water levels between 20 and
of the kidney damage in short-term 100 pg/L In estimating the RfD, we have -
animal studies indicates that used an uncertainty factor of 100
regeneration of the tubular cells may (rounded from the product of 3 for intra-
occur upon discontinuation of exposure species variability, 10 for inter-species
to uranium. We do not know if variability, and 3 for the use of a
uranium-induced proteinuria is an LOAEL). Using this uncertainty factor,
indicator of the beginning of an adverse the RfD is calculated to be 0.6 pg/kg/
effect or whether it is a reversible effect day. The estimated uncertainty in the
that does not typically result in kidney RfD spans an order of magnitude (a
disease. Based on the uncertainty factor of ten). The 20 iig/L DWEL is
involved in the ultimate effects, the calculated by using this RfD and
scientists at our experts workshop assuming that an adult with a body
(discussed next) treated this effect as an mass of 70 kilograms drinks 2 liters of
indicator of an incipient change in water per day 5 and that 80% of
kidnev function that may lead exposure to uranium is from water.
ultimately to frank adverse effects such These calculations are described in
as breakdown of kidney tubular more detail in the NODA's Technical
function. For general information on Support Document (USEPA 200hb).
proteinuria, kidney function, and The Agency believes that 30 jig/L is
kidney disease, see the fact sheets at protective against kidney toxicity. While
http://wvw.niddk.nih.gov/health/ 20 gg/L is the Agency's best estimate of

kidney/pubs/ proteinuria/ the DWEL, there are several reasons. in
proteinuria.htm". "http:I/ the Agency's judgment, that
uwuw.niddk.nih.gov/health/kidney/ demonstrate that there is not a
pubs/yourkids/index.htm", and "http:// predictable difference in health effects
wuvs'.niddk.nih.gov/health/kidnev/ -- due to exposure between the DWEL of
kidney.htm" (NIH 2000a, NIH 200Gb, 20 tpg/L and a level of 30 jig/L. For
and NIH 2000c). instance, variability in the normal range
e. Neuw Kidney Toxicity Analyses for proteinuria in humans is very largeAnnounced in the NODA - and there is additional variability inA e te Nproteinuria levels observed at uranium

Since the 19Y1 radionucitues
proposal, EPA has reevaluated the
available kidney toxicity data and.
based on the results of an experts
workshop (see the NODA. USEPA
2000e, for details), has estimated the
DWEL to be 20 pg/L. The DWEL is

'The standard assumptions for the DWEL are
conservative, since the ingestion rate is at the 90th
percentile, while the body mass is more typical.
Conservative assumptions air used to ensure that
the resulting exposure level is protective of
individuals that consume significantly more water
than typical and children (low body masses).
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exposures large enough to induce the
effect. In the existing few epidemiology
studies, each of which are based on -

small study populations, there were
some persons exposed to over five times
the DWEL of 20 pg/L without the
observation of effects more serious than
mild proteinuria (within the high end of
the normal range). An MCL of 30 gg/L
represents a relatively small increase
over the DWEL compared to the over-all
uncertainty in the RfD and the
uncertainty in the importance of the
mild proteinuria observed for uranium
exposures from high drinking water
levels (keeping in mind that, as
discussed previously, the DWVEL is
based on the RfD and is an estimate of
a no effect level for a population). While
it is assumed that risk of an effect (here
a mild effect) increases as exposure
increases over the RfD, it is not known
at what exposure an effect is likely.
Given that the uncertainty factor of 100
provides a relatively wide margin of
safety, the likelihood of any significant
effect in the population at 30 pg/L is
very small. EPA, thus, believes that the
difference in kidney toxicity risk for
exposures at 20 jig/L versus 30 jgIL is
insignificant:.. -

f. Costs and Benefits From Regulating
Uranium in Drinking Water

As discussed in the NODA, EPA has
estimated the risk reductions,
monetized benefits, and costs associated
with compliance with an MCL of 20 jig/
L, 40 jig/L, and 80 plg/L In the NODA,
EPA solicited comment on using its

* statutory authority provided in section
1412(b)(6) of the Safe Drinking Water
Act to set the uranium MCL at a level
higher than the proposed level of 20 jig1

L, based on its analysis of costs and between 30 lig/L and 20 IggL), while the
number of cancer cases avoided

The monetized costs and benefits -!icreases much less significantly (only
associated with various MCL options are .20% of cancer risk reduction occurs
discussed further in section IV of between 30 jig/L and 20 gg/L).
today's notice and in more detail in-the Since the kidney benefits are not
economic analysis support document quantified, this is an incomplete
(USEPA 2000g). Table 1-2 shows picture, but EPA believes that the
incremental annual cancer risk uncertainties in the analysis of health
reductions, total national annual effects are such that it is not known
compliance costs and monetized whether the risk of mild proteinuria are
benefits (excluding kidney toxicity' appreciably different between 20 jig/L
benefits), and the numbers of and 30 pg/L. Assuming that there is a
community water systems predicted to risk increase, it would be expected to be
have MCL violations for MCLs of 80, 30, negligible compared to the risk increase
and 20 jig/L (assuming the 0.9 pCi/pg that occurs between the highest
conversion factor for estimating cancer uranium levels that occur in drinking
risk reductions and benefits). Keeping in water (i.e., approximately 200 PglL) and
mind that the monetized benefits and an MCL of 30 pg/L. Considering only
risk reductions exclude kidney toxicity cancer risk reduction benefits, the
benefits, several things can be noted annual net benefits e for a uranium MCL
from the analysis. Focusing on the MCL of 20 pg/L are negative $90 million 7 and
change from 30 pgfL to 20 gg/L (see for an MCL of 30 liglL are negative $50
lower part of table 1-2), one can see that million. Since the cancer risk reduction
the incremental benefits for net benefits are higher at 30 plg/L than
implementing an MCL of 30 ,g/L are at 20 pg/L and the non-quantified
three times greater than the incremental kidney toxicity benefits are expected to
benefits for a lower MCL of 20 pgfL, be substantially the same at 20 pg1L and
while the incremental annual costs are 30 pg/L, EPA believes an MCL of 30 pg/
much closer in magnitude ($54 million L maximizes the benefits at a cost
vs. S39 million). In terms of incremental justified by the benefits. EPA does not!-
cancer cases avoided, the estimated believe that uranium levels above 30 pg/
number of cancer cases avoided for an L are protective of kidney toxicity with
MCL of 30 pg/L is 0.8 annually, while an acceptable margin of safety. (EPA
lowering the MCL to 20 VgIL would believes that the margin of safety
result in an additional 0.2 cases avoided associated with a 30 lig/L are
annually (25% reduction) at an comparable with those at 20 jig(L.)
additional cost of $39 million annually Further, EPA believes that the net
(75% increase). Approximately 37% of kidney toxicity benefits of an MCL
systems predicted to have MCL greater than 30 pg/L would be less than
violations occur between 30 pg/L and 20 those at 30 gg/L Finally, EPA believes
pg/L, resulting in significant increases that 30 pg/L is protective of the general
in annual compliance costs (42% of population, including children and the
national compliance costs occur elderly.

TABLE 1-2.-INCREMENTAL COSTS AND BENEFITS FOR URANIUM MCLs OF 80 liGIL, 30 VGIL. AND 20 VG/L

nceeal Incremental Incremental
Incremental anu' annual monetized number of

Uranium MCL Exposure anIncremental c annuac canyer benefits niywerUaimMLchange casesa cavoied costsanc (kidney benefits not somuiystems r
cases avoded costsmonetized) ipce

(in millions) (in millions) ipce

80 pg/L .... -0 pg/L 0.5 $16 $2 100
30 pg/L ... 80-30 pg/L 0.4 38 1 400
20 tgL .... 30-20 PgL 0.2 39 1 290

Incremental Costs and Benefits for Uranium MCLs of 30 pgfL (pjgL) and 20 pg/L only

30 pgL ... |30 pgl . 0.8 | 54| 31 500
20 pg'L .. 30-20 g/L 0.2 39 1 | 290

Note: Numbers are rounded, so numbers resulting from addition and subtraction of the numbers shown may appear to yield incongruous re-
sults. However, the numbers shown are calculated using more significant figures and rounded after, which is the appropriate approach for num-
bers with large uncertainties.

0 Not incremental net benefits. but net bencfits:
"Benefits for an MCL in isolation"-"'Cost of an
MCL in isolation".

7-Annual net benefits for an MCL of 20 IigfL = S4
million-SR3 million. which rounds to negative S90

million: annual net benefits for an MCL of 30 ttg/
L S3 million-S54 million. which rounds to
negative S50 million. See Table IVno. "Summary of
Costs and Benefits for Community Water Svstems
Predicted to Be Impacted by the Regulatory Options

Being Considered for Finalization", in today's
notice and the supporting Economic Analysis
(USEPA 2OO0g) for more details.
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g. Administrator's Decision To maximized at a level (30 jig/L) that is representatives of the California
Promulgate MCL Higher Than Feasible_-still protective of kidney toxicity and -Department of HealthSeMr-ice:
Level carci aogenicity with an adequate commented that at uranium levels of 35

Based on the relatively modest annual nai m in of safety. EPA believes that tliher 1g/L, most of its small water systems
e.ik r a th e are considerable non-quantifiable - -- were able to use alternate sources of

cmaondcertidn toxidcitrisk reduxctieons benefits associated with ensuring that, water (new wells) as a means of
between 30 k gfL and 20 itglL (see Table kidney toxicity risks are minim iized and complying with the standard, but that
1-2) and the hg annual (seeliance has weighed these non-quantifiable 20 iggL would lead to many of these

high a compliance benefits in its decision to exercise its small systems having to install
costs ror an Mhas 20 d geLm tthe discretionary authority under SDWA treatment, which, because of waste
Administrator has determined that the section 1412(b)(6). disposal issues (i.e., inability to safely
benefits do not justify the costs at the In invoking the discretionary dispose of hazardous radioactive
feasible level. Furthermore, as authority of section 1412(b)(6) to set an wastes), could lead to a significant
previously descinbedd the Admistrator MCL level higher than feasible, the number of small systems being unable
has determined that an MCL of 30rcg/ Agency is in compliance with the to come into compliance through
L maximizes the health risk reduction provisions of section 1412(b)(6)(B). This treatment. EPA believes that these
benefits at a cost justified by the provision provides that the judgment comments lend support to the choice of
benefits. In summary, this finding is with respect to when benefits of the an MCL of 30 ligIL as being both
based on the fact that potential uranium .rulation would justify the costs under protective of kidney toxicity and a

substantially higher associated subparagraph (6)(A) is to be made based standard that allows for significant use
compliance costs and only modest on assessment of costs and benefits of non-treatment options by small

experienced by persons served by large systems, reducing the need for dealing
additional cancer risk reduction and systems and those other systems with radioactive waste handling and
kidney toxicity benefits. EPA has not unlikely to receive small system disposal.
selected a higher MCL for several variances (e.g. systems serving up to
reasons. Higher uranium MCLs would 10,000 persons). In effect, the costs to L Sumunary of Major Comments on the
still incur implementation and systems likely to receive a small system Uranium Options
monitoring costs, with benefits greatly variance are not to be considered in (1) Costs and Benefits of Uranium
diminished because uranium does not judging the point at which benefits MCLs of 20, 40, and 80 pig/L or pCi/L:
occur significantly at levels much justify costs. Subparagraph (6)(B) also Most commenters stated that the
higher than 30 jig/L. Additionally, EPA provides, however, that this adjusted benefits of an MCL of 20 plg/L or pCi/
believes that a uranium MCL of 30 pg/ assessment does not apply in the case of L did not justify the costs and suggested
L is appropriate since it is protective of a contaminant found "almost that EPA should exercise its authority
kidney toxicity and cancer with an exclusively" in "small systems eligible" under SDWA section 1412(b)(6) to set
adequate margin of safety. We do not for a small system variance. Because the an MCL higher than the feasible level.
believe that MCL options higher than 30 contaminants addressed in today's rule As discussed previously in this section,
pg/L afford a sufficient measure of are found almost exclusively in small EPA agrees that the benefits of an MCL
protection against kidney toxicity. svstems and because the Agency has at 20 lig/L do not justify the costs and

Assuming a conversion factor of 0.9 identified affordable treatment has exercised its SDWA authority bv
pCi/pg, an MCL of 30 pgfL will typically technologies for small systems that setting the uranium MCL at a level of 30
correspond to 27 pCiIL; which has a would need to comply with today's rule pg/L, a level at which EPA believes the
lifetime radiogenic cancer risk of (i.e., we do not contemplate granting benefits do justify the costs.
slightly less than one in ten thousand, small svstem variances), the Agency has (2) The Calculation of the Safe Level
within the Agency's target risk range of not adjusted the proposed MCL for Uranium in Water. One commenter
one in one million to one in ten pursuant to subparagraph (B). suggested that the use of 70 kg as the

thousand. EPA is aware that
circumstances mav exist in which more
extreme conversion factors (> 1.5 pCi/
Ag) apply. EPA does not have extensive
data on these ratios at local levels. but
believes these higher ratios to be rare. In
these rare circumstances, uranium
activities in drinking water may exceed
40 pCi/L. Although these concentrations
are still within EPA's target risk ceiling
of 1x1o- 4 . EPA recommends that
drinking water systems subject to
extreme pCi/gg conversion factors
mitigate uranium levels to 30 pCi/L or
less. to provide greater assurance that
adequate protection from cancer health
effects is being afforded.

In todav's final rule, the
Administrator is exercising her
authority to set an MCL at a level higher
than feasible (section 1412(b)(6)), based
on the finding that benefits do not
justify the costs at the feasible level (20
pg/L) and that the net benefits are

h. California Drinking Water Regulation
Approximately one-third of the

community water systems that are
expected to be impacted by the uranium
MCL are located in California. Thus,
current and likely future practices of
these systems is of particular interest.
The State of California currently has a
drinking water standard for uranium of
20 pCi/L (enforced as 35 pg/L). which it
adopted in 1989. EPA has used
comments and information from the
State of California in considering its
MCL for uranium. The California
standard is based an the California
Department of Health Services' 1989
estimate of the DWEL for kidney
toxicity, 35 pg/L. While California has
recently proposed revising its non-
enforceable public health goal for
uranium in drinking water, it is not
currently known what the final estimate
will be. In response to the NODA.

reference body mass unit a "u9th
percentile ingestion rate" of 2 Lldav
will lead to a kidnev toxicity DWEL that
is more protective than the 90th
percentile. EPA agrees that it is possible
that 20 pg/L is more protective than the
90th percentile value for the general
population. EPA has performed a
preliminary Monte Carlo analysis of the
safe level that replaces point estimates
for consumption rate and body mass
with distributions based on the
available data. Based on this analvsis
the 90th percentile (for the general
population) equivalent level could be as
high as 30 pg/L.

nCompliance Options for Small
Systems for an MCL of 20 pg/L or pCif
L: Several commenters stated that an
MCL of 20 pg/L or pCi/L would force
small svstems to install water treatment.
rather than allowing other compliance
options like installing new wells or
blending water. The commenters



76716 Federal Register/Vol. 65, No. 236/Thursday, December 7, 2000/Rules and Regulations

suggested that an MCL of 20 glg/L or -- individual radionuclides have
pCi/L would pose a significant hardship - asciated lifetime cancer morbidity_
on small systems with little benefit, (and imortality) risks that exceed 'fhe-
including significant costs and technical Agency's target risk range. A newly.-
problems-associated with waste proposed MCL expressed in mreem-ede
disposal. Commenters also suggested could result in a more consistent risk
that a higher MCL would allow a larger level within the Agency's target risk
fraction of small systems to use range. However, in today's final rule, we
compliance options other than are ratifying the current standard since
treatment, most notably, new well it is protective of public health. At the
installation. EPA agrees that a lower same time, we believe a near future
MCL does decrease the probability that review of the beta particle and photon
some non-treatment options could be radioactivity MCL and the methods for
used, including new well installation calculating individual radionuclide
and blending. EPA agrees that the concentration limits is appropriate. We
benefits of the MCL of 20 lig/L or pCi/ intend to reevaluate the MCL under the
L do not justify the costs and thus has authority of section 1412(b)(9) of the
chosen a higher MCL. EPA also believes SDWA to ensurethat the MCL reflects
that an MCL of 30 lig/L should allow a the best available science. This review
greater fraction of small systems to use wvill be performed as expeditiously as
non-treatment options for compliance, possible (expected to be 2 to 3 years).
avoiding waste disposal issues and Particular questions that we believe
excessive treatment costs. warrant examination as part of such a

(4) The Use of a Dual Standard for reevaluation process would include, but
Uranium: Commenters suggested that are not limited to, the following:
the use of a dual standard for uranium * What additional beta and photon
to ensure protectiveness of both kidney emitters should be regulated?
toxicity and carcinogenicitv, i.e., one in * What is the appropriate aggregate
lig/L and one in pCi/L, would be MCL expression for this category of
unnecessarily complicated, since it radionuclides?
would require that both uranium . What new information concerning
isotopic analyses and mass analyses be occurrence, analytical methods, health
performed by each water system. EPA effects, treatment, costs, and benefits
agrees that a dual standard would be would have a bearing"on this
.unnecessarily complicated and has reevaluation?
chosen a single standard expressed in * Is there an advantage to setting
plg/L that is protective of both kidney individual radionuclide concentration
toxicity and carcinogenicity. limits using a "uniform risk level

MCL"?
3. Retaining Beta Particle and Photon * If the basis of the current MCL
Radioactivitv MCL changes, is there an advantage to and

With today's rule. EPA is retaining the legal basis for setting concentration
existing MCL for beta and photon limits for individual beta particle and
emitters and the methodology for photon emitters within a guidance
deriving concentration limits for document that can be readily updated as
individual beta and photon emitters that scientific understanding improves?
is incorporated by reference. The . To what degree, in keeping with the
concentrations for these contaminants provisions of sections 1412(b)(9) and
were derived from a dosimetry model 1412(b)(3)(A), can the existing
used at the time the rule was originally methodology for calculating the
promulgated in 1976. When these risks concentration limits of individual beta
are calculated in accordance with the and photon emitters be adjusted in
latest dosimetrv models described in accordance with the best available
Federal Guidance Report 13, the risks scientific models and information and
associated with these concentrations. still meet the requirement that revised
while varying considerably, generally regulations provide "greater or
fall within the Agency's current risk equivalent protection to the health of
target range for drinking water persons"?
contaminants of 104 to Io- *. . How would any adjustments be
Accordingly, we are not changing the reconciled with the requirement that
MCL for beta particle and photon MCLs be set "as close as feasible" to
radioactivitv at this time. MCLGs?

We also are concerned that under the Finally, we note that there should be
regulatory changes for the beta particle no assumption, from the outset of this
and photon radioactivity MCL proposed reevaluation, that the process will
in 1991 11] the concentrations of manv necessarily lead to a different set of

4 mrem ede with a look-up table of the current MCI. and the methodology incorporated
concentrationm. difierent from those calculated using hy trfnrence in the current rule.

individual beta and photon emitter
concentration limits than those that
result from the methodology -
incorporated by reference in the current
and final rule. This reevaluation will
involve a complicated set of legal,
regulatory, and technical information
that will need to be carefully
considered.

a. Summary of Major Comments
Regarding the Decision To Retain the
Current Beta Particle and Photon
Radioactivity MCL

Of the 70 commenters who responded
to the April 21, 2000 NODA,
approximately 14 commented on the
MCL for beta particle and photon
radioactivity. The commenters
represented Federal agencies, State
governments, local governments, water
utilities, water associations, nuclear
institute representatives and public
interest groups. Seven commenters
support EPA's proposal to retain the
current MCL and several of these
comrnenters agreed that it was
appropriate to review the standard
under the six year review process 9. The
commenters that supported EPA's
proposal to maintain this MCL felt there
was no appreciable occu'ririiiie of man-
made beta emitters in drinking water, so
it was not a pressing public health
concern to revise the MCL. Several of
these commenters also felt it was
appropriate to delay action on lead-210
until more occurrence information
becomes available.

Three of the 14 commenters objected
to EPA's proposal to retain the current
standard and to defer re-evaluation to
the statutorily required six year process.
These commenters felt that the Agency
should propose to update the models
used as the basis for the MCL on a
shorter time-frame than the six year
review process. The commenters felt
that deferring the reevalu~ation of beta/
photons to the six year review process
would increase and perpetuate the
uncertainty involved with standards
which are used in waste management
and cleanup decisions. One commenter
pointed out that most DOE sites with

',.Six Year Review ProcessUnder ihe Sate
Drinking Water Act (SDVVA). the U.S.
Envimnmerntal Protectioh Agency (EPA) must
periodically review existing National lPrimary
Drinking Wator Regulations (NPDWRs) and. if
appropriate. revise them. This requirement is
contained in section 1412(b)t9) Of SDWA. as
amended in 199tt6, which rrads. *''hr Administratnr
shall. not less otlen than evern r, vears. teview and
revisE, as appropriate, each national primary
drinking water regulation promulgated under this
titr. An! revision Of a national primary drinking
water regulation shall be promulgated in
accordance w ith this section. except that oach
revision shall maintain, or provide for greater.
protection on the health of persons.-'
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE PRESIDING OFFICE

In the Matter of )

HYDRO RESOURCES, INC. ) Docket No. 40-8968-ML
2929 Coors Road, Suite 101 )
Albuquerque, New Mexico 87120 )

AFFIDAVIT OF CHRISTEPHER A. MCKENNEY

I, Christepher A. McKenney, being duly sworn, declare as follows:

1. I am competent to make this hffidavit, and the factual statements herein are

true and correct to the best of my knowledge, information, and belief. The opinions

expressed herein are based on my best professional judgment. This declaration will serve

to present my understanding of the health, safety and environmental effects of in situ

leach (ISL) uranium mining at the Crownpoint Uranium Project of Hydro Resources Inc.

(HRI). I will evaluate some of the comments and conclusions reached by Dr. Richard

J. Abitz and Dr. Marvin Resnikoff in their affidavits. See ENDAUM's and SRIC's

Motion for Stay, Request for Prior Hearing, and Request for Temporary Stay, dated

January 15, 1998 (Stay Request), Exhibits 4 and 13. I reviewed these affidavits in

preparing my affidavit. In addition to the affidavits of Drs. Abitz and Resnikoff, I was

previously familiar with and reviewed:

A. February 1997 Final Environmental Impact Statement to Construct and

Operate the Crownpoint Uranium Solution Mining Project, Crownpoint, New Mexico,
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NUREG-1508 (FEIS).

B. December 1997 Safety Evaluation Report, regarding HRI's License

Applicationfor CrownpointUranium SolutionMining Project in McKinley County, New

Mexico, Docket No. 40-8968 (SER).

C. HRI's August 15, 1997 Crownpoint Uranium Project, Consolidated

Operations Plan, Revision 2.0.(COP).

D. HRI 1993a, March 16 ChurchrockProjectRevisedEnvironmentalReport.

E. Declaration of Larry J. King, dated October 8, 1997, attached to Stay

Request as Exhibit 10. 1

F. Executive Order 13045, Protection of Children From EnvironmentalHealth

Risks and Safety Risks, dated April 21, 1997, as published in 62 FR 19885 (April 23,

1997).

G. Final Rule, Radiological CriteriaforLicense Termination, 62 FR 39058-

92 (July 21, 1997).

H. Draft Federal Guidance Report No. 13, Part I, Health Risks From Low-

Level EnvironmentalExposure to Radionuclides, U.S. Environmental Protection Agency

(in printing).

I. International Commission on Radiological Protection (ICRP) Publication

No. 72, Age-DependentDoses to Members of the Public From Intake of Radionuclides:

Part5: Compilation of Ingestion and InhalationDose Coefficients, PergamonPress, New

York, New York, 1996.
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J. HRI 1996b, August15 Response to Requestfor Further Clarification and

Additional Information of Responses; Safety Analysis Review and Environmental Review

for the Hydro Resources, Inc., Uranium Solution Mining License Application,

Crownpoint, New Mexico.

K. Kennedy, Jr., W.E., and Strenge, D.L., Residual Radioactive

Contamination From Decommissioning: Technical Basis For Translating Contamination

Levels To Annual Total Effective Dose Equivalent, NUREG/CR-5512, vol.1, October

1992.

L. Eisenbud, Merril, Environm~ntalRadioactivity: From Natural, Industria4

and Military Sources, third edition, Academic Press, New York, NewYork, 1987.

M. HRI. 1996a, April 1 and 5 Request for Additional Information Questions

49-91, Water Resources Protection and Cost/Benefit Analysis, Safety Analysis Review

and Environmental Review for Hydro Resources, Inc.

Professional Qualifications Regarding ISL Mining

2. I am an employee of the United States Nuclear Regulatory Commission

(NRC), in the Office of Nuclear Material Safety and Safeguards. In my six years with

the NRC, I have worked on uranium recovery issues and waste disposal issues. As part

of my duties in this regard, I have accompanied inspections to both conventional and ISL

uranium mining sites. I am also involved with the International Atomic Energy Agency's

(IAEA's) Biosphere Modeling and Assessment Methods (BIOMASS) program.

3. As part of my duties, I have worked on the HRI license application since

1995. I have reviewed HRI submittals in the areas of health physics, operations, and
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radiological impacts from potentialland application. On November 27 through November

29, 1995, William Ford and I participated in a site tour of HRI's proposed ISL mining

facilities near Crownpoint, New Mexico, including HRI's Churchrock site.

4. My resume, attached hereto as Attachment 1, accurately describes my

general background, training, and other qualifications to express the opinions stated

herein.

Health Basis for NRC's Dose Limits

5. The following discussion concerns the opinions of Dr. Abitz, at ¶I 37-41

of his affidavit. Dr. Abitz states therein that the NRC's groundwater restoration standard

for uranium of 0.44 mg/L (300 pCi/L) is not protective of public 1iealth, and that its use

will cause irreparable harm to local residents.' This standard-which is the secondary

rather than the primary restoration goal (see HRI License Condition 10.21A)--is based on

the allowable effluent concentration limit provided for in 10 C.F.R. Part 20, which was

made effective in January 1994. Dr. Abitz claims that this standard is not health-based,

but technology-based.

'In expressing his opinions, Dr. Abitz exaggerates the difference between the
NRC's secondary groundwater restoration goal for uranium, and the present quality of
Crownpoint's drinking water, while at the same time he ignores the New Mexico
groundwater standard. In ¶ 40, Dr. Abitz concludes that the current uranium
concentrations in Crownpoint's water wells are three orders of magnitude lower than
NRC's secondary goal. In fact, the difference between the lowest such measurement for
the town wells (< 0.001 mgIL) and the NRC's secondary goal is 0.44 mg/L, a difference
of two orders of magnitude, not three. Moreover, the NRC's secondary goal is an order
of magnitude below (i.e., is more stringent than) the New Mexico groundwater standard
for uranium.
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6. Pursuant-to.-IOC.F.R. § 20.1301, the annual dose limit for individual

members of the public is 100 mrem. This limit is based on recommendations from the

International Commission on Radiological Protection and the National Council on

Radiation Protection and Measurements, and is considered protective of the public health

and safety. Pursuant to 10 C.F.R. § 20.1302(b)(2)(i), one method of demonstrating

compliance with the 100 mrem limit is by demonstrating that "[t]he annual average

concentrations of radioactive material released in gaseous and liquid effluents at the

boundary of the unrestricted area do not exceed the values specified in table 2 of appendix

B to part 20."

7. The effluent concentration limits in appendix"B to Part 20 correspond to

an exposure scenario (using adult dose models) where an individual drinks two liters of

contaminated drinking water per day for one year, and thereby receives an approximately

50 mrem dose from the radionuclide.2 Since the dose models used are for adults, the

public dose limit was lowered to 50 mrem as a conservative measure to account for any

possible age-dependent effects.3 This 50 mrem dose limit is the equivalent of NRC's

2 At ISL facilities, the only two radionuclides typically of concern in groundwater
are radium and uraniumh. A 60 pCi/L concentration of radium in drinking water will result
in a 50 mrem dose. Since the concentrations in appendix B are a single significant figure,
the concentration doesn't necessarily correspond exactly to 50 mrem due to rounding
errors.

3 See 10 C.F.R. Part 20, appendix B, table 2, col.1 (page 317 of 1997 10 C.F.R.
volume).
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secondary groundwater-restorationgoal for uranium of 0.44 mg/L (300 pCi/L). See HRI

License Condition 10.21A.

8. Therefore, from a radiological standpoint, the 0.44 mg/L (300 pCi/L)

secondary restoration goal is a health-based standard, not a technology-based standard,

and I disagree with Dr. Abitz's opinions to the contrary.

9. As noted in Dr. Abitz's affidavit, high levels of soluble uranium in

groundwater can result in chemical toxicity to the kidneys. In recognition of this, the

NRC established an exposure limit of 10 milligrams a week of soluble uranium to avoid

renal failure due to uranium's chemical toxicity. See 10 C.F.R. § 20.1201(e). Based on

the exposure scenario described in ¶ 7, supra, the individual drinking two liters of water

containing 0.44 mg/L (300 pCi/L) of soluble uranium would ingest approximately 6.2

milligrams of soluble uranium per week. This is still below the weekly exposure limit

of ten milligrams, which in turn is a level well below the exposure level at which renal

failure would reasonably be expected to occur. Thus, in my opinion, the secondary

groundwater restoration goal for uranium of 0.44 mg/L (300 pCi/L) is protective of

public health and safety with respect to chemical toxicity to the kidneys.

10. Therefore, based on the above, I disagree with the conclusion reached by

Dr. Abitz in ¶ 41 of his affidavit, that "NRC's proposed restoration standard for uranium

is based on an effluent standard not suitable or appropriate for protection of a drinking

water aquifer, [and] has no public health or toxicological basis." The NRC's 50 mrem

limit is based on a conservative analysis of a health-based standard, and is below the

concentration necessary to cause renal failure.
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Inorganic Components of Drinking Water and Microalbuminuria
YANG MAO,* MARrE DESMEuLEs,* DOUGLAS SCHAUBEL,* DENIS BtRuBEt RoLAND DYcK}t DENIS BROL9,t

AND BARRY THOMAS*

*Cancer Bureau. Laboratory Centre for Disease Control, Health Canada, Ottawa, Ontario, Canada; tBureau of Chemical Hazards,

Environmental Health Centre. Health Canada, Ottawa, Ontario. Canada; and tDivision of Nephrology. Department of Medicine, Royal
Unicersity Hospital, Saskatoon, Saskatchewan, Canada

Received December 12. 1995

PRelatively little is known of the chronic effects
attributable to the ingestion of inorganic compo-
nents such as uranium and silicon. Although inges-
tion of large amounts of U can cause acute renal
damage through a chemical effect, studies on hu-
mans have typically considered inhalation the
route of exposure. We investigated the association
between drinking water concentration levels of U
and Si, and microalbuminuria, a sensitive biological
indicator of renal dysfunction. Linear regression
analysis revealed a statistically significant associa-
tion between U cumulative exposure index and al-
bumin per mmol creatinine (P = 0.03). No such sig-
nificant relationship appeared for Si, although a
positive trend was witnessed. Since normal but in-
creasing levels of microalbuminuria were observed
at U concentration levels below the Canadian Maii-
mum Allowable Concentration (MAC), it is sug-
gested that further study be undertaken. e im
Acad.mlc Pay... Inc_

been extensively investigated (Cothern and Lappen-
wush, 1983; Cothern ct al., 1983), since inhalation
has historically been considered the main route of
exposure (Ortega et al., 1989). Nephritis is the pri-
mary chemically induced health effect of uranium
(Hursh and Spoor, 1973), with evidence existing
that U-induced renal damage can occur following
even moderate U dosage (Votegtlin and Hodge,
1949,. 1953; Luessenhop et al., 1958). The toxic ac-
tion of U on the kidneys is well documented, with a
comprehensive review provided by Leggett (1989).

Since inorganic components have been implicated
as etiological agents in nephropathies, this investi-
gation was designed to examine the relationship be-
tween drinking water concentration levels of U and
other elements such as Si and urine albumin, a bio-
logical indicator of the early stages of renal dysfunc-
tion.

MATERIALS AND METHODS

INTRODUCTION

Incidence rates for end-stage renal disease
(ESRD), the limiting form of renal dysfunction, are
reportedly increasing in North America (Canadian
Institute for Health Information, 1994; National In-
stitutes of Health, 1991), with future increases being
projected (Desmeules et al., 1995; Wood et al., 1987).
As the etiology for a large percentage of ESRD cases
is poorly understood, it is prudent to evaluate agents
suspected of promoting even subtle degrees of renal
damage, including contaminants in drinking water.

The acute toxicity of uranium (U) has been stud-
ied extensively in animals and, to some extent, in
humans (Tannenbaum, 1951; Thun etal., 1985; Har-
vey et al., 1986; Domingo et al., 1987). Little is
known about the chronic effects of U ingestion.
Drinking water as a means of U ingestion has not

Participant Selection

Between August and October 1993, inhabitants of
three Saskatchewan communities were asked to
participate in this study. Water sources within these
communities had previously been shown to contain
different uranium concentration levels. Forty par-
ticipants from study site 1 (which served as a control
site), and 30 from each study site 2 and site 3, were
contacted by telephone using a random digit
method. The first adult contacted at each residence
was asked to participate. An appointment was then
set up, at which time a nurse research assistant ad-
ministered a questionnaire, and obtained blood and
urine samples. In addition, water samples were ob-
tained. If a telephone call did not result in an agree-
ment to participate, the process was continued until
the final total number of participants was obtained.
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Urine Analysis

A first morning urine sample was collected using a
sterile container. Biochemical analyses of the speci-
mens employed standard nephelometric methodol-
ogy (specifically, the Beckman array).

Water Analyses

The water source used for sampling, for each par-
ticipant, was the drinking water outlet used by each
participant, be it a private well or town water sup-
ply. Seventy of the 100 outlets were sampled in trip-
licate for unfiltered water. The sampling also in-
-cluded field-filtered (0.45 Am) water at 30 of the out-
lets and replication of 15 of latter outlets, as well as
QA/QC blanks and spikes. The analysis targeted
uranium (U) since preliminary studies had revealed
high concentrations of this element (32-38 Ag/liter)
in these areas. Uranium concentration was deter-
mined on preserved samples (HNO3 0.18%, w/w) us-
ing a Perkin-Elmer Elan 5000 ICP-MS equipped
with a pneumatic nebulization system. All measure-
ments were performed at mass 238 (and 235). Lead,
cadmium, and mercury were measured using a simi-
lar method. Silicon concentration was determined
using an ARL SpectraSpan7 DCP equipped with a
pneumatic nebulization system, using the 251.611-
nm emission line. All measurements were satisfac-
tory for accuracy (Standard Reference Materials
comparison within 5%), method precision (within 8%
RSD), spike recoveries (90-110%), and blanks.

Statistical Analysis

A crude index of the cumulative exposure to ura-
nium (hereafter symbolized by U*) was calculated
for each study participant as the product of the U
concentration level in the drinking water supply, the
reported average number of cups of water consumed
at the residence each day, and the total number of
years lived at the current residence. A cumulative
silicon exposure index (hereafter represented by Si*)
was calculated similarly.

Data were available for the following biological
renal function measurements: urine albumin con-
centration (mg/liter), and urine albumin scaled by
urine creatinine concentration (Inglmmol urine cre-
atinine), the latter considered to be a more accurate
measurement in a spot urine sample, since it ac-
counts for the concentration of the urine, and serum
creatinine. Linear regression was utilized to assess
the relationship among the three biological renal
function measurements, and (U and Si concentra-
tion) and (U* and Si*) separately. Treating the urine

and serum measurements as continuous variables
was considered most appropriate since, for each, the
cut-points defining normality are rather arbitrary.
In this context, categorizing of these outcomes would
represent an unnecessary loss of information. For
each model, terms were entered for age and diabetes
status, since both variables are known to increase
the risk of renal dysfunction. The U (U') effect was
controlled for Si (SiM), and vice versa. Sex, smoking
status, use of water filters and softeners, and previ-
ous occupational exposure to U, Cd, or Hg were not
found to have an effect on any of the outcome mea-
sures, nor did they influence the magnitude of the
effect of any of the variables of interest.

RESULTS

Response Rate

To obtain 40 subjects in the control site (site 1),
182 different phone numbers were dialed for a re-
sponse rate of 22%. In site 2, 77 phone numbers were
dialed to obtain a sample of 30 for a response rate of
39%. In site 3, 60 numbers were called to obtain the
sample of 30 for a response rate of 50%. Thus, the
overall response rate was 31.5%, in line with re-
sponse rates typically found for health surveys re-
quiring biological measurements.

Questionnaires were successfully administered to
all 100 participants. In addition, there was 100%
success rate in obtaining water samples and urine
specimens. Blood samples were not obtainable, for
technical reasons only, for 9 participants (9%).

Water Samples

None of the sites showed analyte concentrations
above the Canadian Maximum Allowable Concen-
tration (MAC) given in the Guidelines for Canadian
Drinking Water Quality (Health and Welfare
Canada, 1993), the MACs being 100 gg/liter for U,
10 Ag/liter for Pb, 5 ggfliter for Cd, and 1 pg/liter for
Hg. In fact, Pb, Cd and Hg were found at low con-
centration levels. Thus, the Pb mean concentration
was below 1.0 sggliter; Cd was found at concentra-
tions below 0.1 gg/liter for all outlets except two (at
0.3 and 0.8 gg/liter); Hg was not detected, coffsistent
with concentrations well below 0.1 jug/liter.

Although the concentrations of U and Si were
within ranges accepted as normal, their concentra-
tion levels were high, especially when compared to
the median values previously reported for drinking
water (typical values being 0.15 gg/liter for U and 3
mg/liter for Si) (Cothern and Lappenwush, 1983;
U.S. Geological Survey, 1990; Livingstone, 1963).
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Thus, an evaluation of the association between U
and Si concentration levels, and the occurrence of
chronic nephropathies was desired. The mean ura-
nium and silicon concentration levels, and their
ranges, are listed by site in Table 1. The control site
(1) had the lowest U and Si concentration levels
(0.71 and 0.75 mg/liter, respectively). Site 2 had the
highest U concentration level (19.6 ;ig(liter), while
the highest Si concentration level was measured at
site 3 (8.88 mg/liter).

No indication of the presence of U or Si in particu-
late matter was found. As well, no difference was
noted between samples when outlets were repli-
cated. In fact, the concentration of both elements
appeared stable for samples originating from the
same water sources, sampled at different distribu-
tion outlets or over intervals of many days.

Findings

Demographic characteristics of the 100 study par-
ticipants are displayed in Table 2. The sex ratio was
relatively low (56.3 males per 100 females), al-
though males are typically underrepresented in sur-
veys. The participants ranged in age from 18 to 84.--

A frequency distribution of the urine albumin lev-
els of the study participants is depicted in Fig. 1.
Values ranged from 0.165 to 16.1 mglmmol creati-
nine. For 8 participants, 'elevated" urine albumin
concentration levels were detected (i.e., >3.0 mg/
m1nol creatinine). Serum creatinine concentration
levels ranged from 50 to 170 pLmol/liter, with 3
(4.4%) participants having values said to be indica-
tive of prevalent renal damage (i.e., >120 grmol/
liter). For 9 participants, serum creatinine concen-
tration levels were unavailable, since blood samples
could not be obtained for technical reasons. Due to
the lack of clinically significant variability in serum
creatinine concentration among the study popula-
tion, and since serum creatinine is not a sensitive
biomarker for subtle renal damage, the statistical
analysis focused on urine albumin. Microalbumin-
uria has been shown to be a sensitive indicator of
early renal disease, particularly in patients with
diabetic glomerulosclerosis.

6

TABLE 1
Uranium and Silicon Levels of Drinking Water

U (Agfliter) Si (mg/liter)
Study site mean (range) mean (range)

I (control) 0.71 (0.48, 0.74) 0.75 (0.70. 0.84)
2 19.6 (<0.1, 48i 8.68 (<0.1. 11.9)
3 14.7 (<0.1. 50) 8.88 (<0.1, 22.5)

TABLE 2
Demographic Characteristic. of Study Population, by

Site (n * 100)

Region

Age group Site Site 2 Site 3 Total

c39 21 (52.5) 14 (46.7) 11(36.7) 46 (46.0)
40-59 8 (20.0) 8 (26.7) 4 (13.3) 20 (20.0)
060 11 (27.5) 8 (26.7) 15 (50.0) 34 (34.0)

Sex
Male 12 (30.0) 12 (40.0) 12 (40.0) 36 (36.0)
Female 38 (70.0) 18 (60.0) 18 (60.0) 64 (64.0)

Total 40 30 30 100

Age-adjusted partial correlation coefficients (p) for
the covariables used in the analysis are displayed in
Table 3. Strong correlations were observed between
U and Si (p = 0.66) and between U* and Si* (p =
0.59). Urine albumin (when measured as either mg/
liter or mg/mmol creatinine) increased significantly
with U* and Si*.

A summary of the results of the linear regression
analysis can be found in Table 4. A statistically sig-
nificant association (P = 0.03) was found between

*; the uranium exposure index, U*, and urine albumin,
when the latter was measured as milligrams per
millimole creatinine. However, most participants
had urine albumin levels within the normal range.
Urine albumin, when measured as milligrams per
liter, showed an association with U* (P = 0.07). No
association between Si or its exposure index and any
of the renal function biomarkers was observed. No
association was found between serum creatinine
and U, Si, U*, or Si* (data not shown).

DISCUSSION

This preliminary study found a significant (P =
0.03) positive association between increasing, but
normal levels of urine albumin (units: mg per mmol
creatinine) and uranium exposure index U* (calcu-
lated for each study participant as the product of the
uranium concentration level in drinking water, the
number of cups of water consumed per day, and the
number of years lived at the current residence). No
important association was found between urine al-
bumin and silicon, or its corresponding exposure in--
dex, Si*, which was calculated analogously to that of
uranium.

The statistically significant U effect is particularly
noteworthy considering the relatively crude mea-
sure of exposure and small sample size (n = 100).
Self-reports were not utilized with respect to the as-
certainment of either exposure (U and Si concentra-
tion levels) or outcome (albumin levels), with the
exception that the number of cups of water con-
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sumed per day was reported by the participants
themselves. The fact that the uranium exposure
index described in the preceding paragraph, U*,
proved to be a significant predictor of urine albumin,
while the U concentration level alone did not, adds
credence to our results. That is, the positive rela-
tionship between albumin and uranium appears
more genuine, given that consideration of the actual
quantity of water consumed strengthens the asso-
ciation between the two variables. However, this as-
sociation hinges on the assumption that levels of

uranium in drinking water are constant over time.
in many cases where serial measurements are taken
in a community, wide fluctuations occur.

The impact of known risk factors for renal dys-
function, such as age and diabetes status, were fac-
tored into the statistical models utilized in the
analysis. Sex, self-reported occupational exposure,
use of water filters and softeners, and having a first-
degree relative with end-stage renal disease did not
distort the association between U* and urine albu-
min. Since all participants were asymptomatic, re-

TABLE 3
Age-Adjusted Partial Correlations among Study Covariables

Urine Urine Serum
U Si Up Si* albumin/creatinine' albumin' creatinine

U 100 0.66 0.61 0.33 0.05 0.03 -0.14
Si
U.
Si*
Urine albumin per

unit creatinine
Urine albumin
Serum creatinine

1.00 0.43
1.00

0.59
0.67
1.00

0.16
0.39
0.32

0.05 -- a
0.37
0.38

0.12
0.09
0.26

1.00 0.91
1.00

0.18
0.17
1.00

a Ul (Si) were calculated as the product of U (Si) concentration, as measured in the drinking water supply, daily water consumption
(cups), and duration of stay at current residence (years).

b Units: mg urine albumin per mmol creatinine.
' Units: mg/liter.
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TABLE 4
Uranium and Silicon In Drinking Water, and Biomarkers

for Renal Dysfunction Linear Regression Analysis

Urine albumin Urine albumin
(mg/mmol creatinine) (mg/liter)

Slope Slope
Variable coeffident' P coefficient' P

U -0.01 0.66 0.01 0.97
Si 0.07 0.21 0.19 0.86
Us 0.13 0.03 2.19 0.07
Siw 0.11 0.43 2.76 0.33

P.I'

I
5,

(

_Z

Adjusted for age, diabetes status, and Si concentration (Si').
5Adjusted for age, diabetes status, and U concentration (U').

'U' (Si') were calculated as the product of U (Si), as measured
in the drinking water supply, daily water consumption (cups),
and duration of stay at current residence (years).

call bias was unlikely. In fact, recall bias would
likely artificially reduce the U effect since those who
suspected that their drinking water was contami-
nated would simply switch to another source (e.g.,
bottled water).

Uranium is used primarily as a fuel for nuclear
power reactors. It is also used in inertial giuiance
devices, in gyro compasses, as a counterweight for
missile reentry vehicles, as shielding material, and
as an X-ray target. Uranium in drinking water sup-
plies results from its natural occurrence in bedrock
and overburden, and human activity. In situ sources
can contaminate both groundwater and surface wa-
ter, this occurring more commonly in groundwater
sources. In the present study, the isotopic ratios
(U238/U235 ) were normal, corresponding to natural
abundance; natural abundance was also confirmed
for signals observed at mass 234. Although U is

: found in both food and drinking water, the opportu-
nity for its ingestion via drinking water is usually
greater than that via food (Cothern et al., 1983). It
was estimated that, when water concentration is
higher than 10 tLg/liter, drinking water contributes
to more than 95% of ingested uranium (Cothern and
Lappenwush, 1983). The chemical form for U in wa-
ter is usually the uranyl ion Uo2, (Cothern and Lap-
penwush, 1983). Soluble salts containing this ion
showed absorption levels reaching 1% for humans
and many animals (Wrenn et al., 1985). This ion was
shown by ion chromatography to be present in free
from in proportions ranging from 75 to 85% for all
samples with total U concentrations >20 ;Lg/liter (Lo
et al., 1994). Considering this speciation result and
the present state of knowledge, the exposure to ura-
nium appears satisfactorily defined by the soluble
uranium concentrations, as determined in these wa-
ter supplies.

- There is not complete agreement in the scientific
community regarding the uptake and retention of
uranium. Significant gaps remain in our knowledge
of U metabolism (Wrenn et al., 1985). Nephritis is
the primary chemically induced health effect of ura-
nium in animals and humans (Hursh and Spoor,
1973). In a comprehensive review of the behavior
and chemical toxicity of U, Leggett (1989) notes
that, as early as the 1850s, it was suspected that U
could induce glucosuria and renal dysfunction. In
fact, U has been used in the experimental produc-
tion of nephritis (Hodge, 1973). The.pattern of this
malady is described by the following sequence: poly-
uria, albuminuria, casts, glycosuria, oliguria, and
sometimes anuria, ending in either uremic death or
recovery (Cothern et al., 1983). The two types of le-
sions in the kidney are glomerular and tubular.

Silicon levels showed a strong increasing relation-
ship with urine albumin (data not shown), but the
effect disappeared when they were adjusted for U
(i.e., when U and Si were simultaneously entered
into the regression model).

- A limitation of this investigation is the inability to
establish temporality with respect to uranium inges-
tion and albumin concentration levels. That is, since
both entities were measured at the same time, it is
impossible to determine whether the suspected ex-
posure did, in fact, precede the effect. Another weak-
ness pertains to the crudeness of the exposure met-
ric. Thus, the exposure indices for uranium and sili-
con only pertain to the time spent at the residence
occupied at the time of interview. Although some
stability was noted between days during the present
study, considerable variation over months or years
are possible, as indicted by other studies (Health
and Welfare Canada, 1987). Additionally, although
information was collected about previous residences
occupied by each participant, no data pertaining to
the water quality at previous dwellings were avail-
able.

This study provides evidence for the relationship
between uranium present in drinking water among
humans and microalbuminuria, although the degree
of albuminuria does not appear to be clinically sig-
nificant. A similar study with more precise exposure
data, and greater sample size to increase statistical
power, would be a logical extension to that pre-
sented. Since urine albumin concentration levels in-
creased significantly with the uranium exposure in-
dex at U concentration levels below the MAC found
in the Guidelines for Canadian Drinking Water
Quality (Health and Welfare Canada; 1993), it is
reasonable to suggest that further study be under-
taken.
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A study was conducted of the chemical effects on the hun
kidney induced by the chronic ingestion of uranium in drink
water. Subjects were divided into two groups: The low-expos
group, whose drinking water was obtained from a municipal wi
system and contained <1 ttg uraniumn/L, and the high-expos
group, whose drinking water was obtained from private driJ
wells and contained uranium levels that varied from 2 to 781 FLI

Years of residence varied from I to 33 years in the low-expos
group and from 3 to 59 years in the high-exposure group. 1
indicators of kidney function measured in this study inclu
glucose, creatinire, protein, and p2 -microglobulin (BMG). t

markers for cell toxicity studied were alkaline phosphatase (Al
.y-gutamyl transferase (GGI), lactate dehydrogenase (LDH), 4

N-acetyl-p-D-glucosaminidase (NAG). Urinary glucose was foi
to be significantly different and positively correlated with urani
intake for males, females, and pooled data. Increases in ALP
BMG were also observed to be correlated with uranium intake
pooled data. In contrast, the indicators for glomerular injt
creatinine and protein, were not significantly different between
two groups nor was their urinary excretion correlated to uran
intake. These results suggest that at the intakes observed in
study (0.004 pg/kg to 9 Fjg/kg body wt), the chronic ingestion
uranium in drinking water affects kidney function and that
proximal tubule, rather than the glomerulus. is the site for
interference. e uw Soett"s oftToicolog.

In Canada, the federal Department of Health along with
Provinces and Territories, under the auspices of the Fede
Provincial Subcommittee on Drinking Water, establishes
guideline for uranium in drinking water. The Radiation I
tection Bureau has measured the uranium concentration in
water supplies of 17 cities since 1975 and has found levels
monthly composite samples to usually be less than I p
(Health and Welfare, Canada, 1979-1988). However, elev.

' To whom correspondence should be addressed.

- levels have been found in uranium mining as well as in
of non-uranium-producing communities. In the latter case, the

SK uranium has been introduced into drinking water, not through
human activity, but through contact with naturally occurring
deposits of uranium minerals.

nan Uranium, the heaviest of the naturally occurring elements, is

Ing a metal whose biological effects were described in the litera-
ure ture as early as the 1820s (Stannard, 1988; Meyer and Pietsch,
uter 1936). As with other heavy metals (Pb, Hg, Cd), it has been
ued identified as a nephrotoxin (WHO, 1991). Its nephrotoxic cf-
;gq_ fects are more likely due to its chemical properties rather than
sure its radioactivity, although ingested uranium may have a radio-
rhe logical effect on other tissues of deposition such as bone.
tded Studies of the toxic effects of uranium intake through vari-
The ous routes were conducted in the 1940s (as part of the war
-P), effort in the United States) and in postwar experiments. These
3ndd were carried out largely on laboratory animals (Voegtlin and
iuM Hodge, 1949). The criteria for oral toxicity included mortality,
and a decrease in growth rate, arid histopathological changes. The
for principal histological finding was atrophic changes in the renal

jiy, tubules. Some postwar human studies were conducted with
the hospital patients at the University of Rochester (Bassett, 1948;
tum Terepka et aL. 1965) and Boston-Oak Ridge (Luessenhop et
this al., 1958; Struxness et aL., 1955; Hursh et al.. 1969), although
n of their primary purpose was to study the metabolism of uranium.
the rather than its health effects.
this There have been no major efforts since the late 1950s to

update the toxicology of uranium as a nephrotoxin (Leggett.
1989). Many isolated studies were conducted on the mecha-
nisms for the toxic effects of uranium at moderate to high acute

the doses on experimental animals (Benscome et al., 1960; Car-
ral- afoli et al., 1971; Galle, 1974; Schwartz and Flamenbaum.
the 1976; Blantz et al, 1985). However, only a few studies were

Pro- done on the bioeffects of chronic uranium intakes by humans..
the Clarkson and Kench (1956) studied a group of 10 workers
for exposed to a gaseous uranium compound while Thun et aL.
g/L (1985) evaluated kidney function in a group of uranium mill

aited workers exposed primarily by inhalation. Moss and co-workers
(1983) studied a Canadian community that relied on private
wells containing elevated levels of uranium for their drinking

�Nllll
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-water. These investigators all reported uranium-correlated kid-
ney bioeffects. Three studies were conducted by the Health
Canada to examine the structural changes in the kidneys of

* New Zealand rabbits and Sprague-Dawley rats exposed for 91
days to uranyl nitrate hexahydrate in their drinking water
(Gilman et al., 1998a bc). And concurrently with the present
study, a pilot epidemiological study was conducted in three
Saskatchewan communities where uranium levels in drinking
water varied from 0.48 to 50 $Lg/L (Mao et al., 1995). The
findings in both the epidemiological and animal studies suggest
uranium-induced involvement of the kidneys.

Due to the paucity of human data. most standard settings for
occupational and environmental contaminants have required
the extrapolation to humans of conclusions derived from ani-
mal data. The present investigation was undertaken to obtain
direct evidence from human subjects to determine if the bioef-
fects observed in animal studies would also be detected in
humans.

Two communities were selected: The first community had
private wells supplied from a groundwater source whose ura-
nium content was well above the current Canadian drinking
water guideline of 100 pgfL (Health and Welfare Canada,
1996). The second had drinking water, supplied by surface
water through the municipal distribution system. which con-
tained less than I Lg/L. Only 'urinary biochemical indices were
used. A combination of several indicators was used to detect
uranium-induced bioeffects on kidney function such as loss of
tubular reabsorptive ability or increased glomerular permeabil-
ity (glucose, creatinine, total protein, and (32-microglobulin)
and provide insight into the site for these effects (alkaline
phosphatase (ALP), y-glutamyl transferase (GGT), N-acetyl-
* r)glucosaminidase (NAG). lactate dehydrogenase (LDH)).

SELECTED MARKERS OF RENAL INJURY

Two types of biomarkers were used in this study: indicators
of kidney function and markers for cell toxicity. Kidney func-
tion was assessed by creatinine, glucose, total protein, and

.3-microglobulin. Cell toxicity markers included the enzymes
ALP. GGT, LDH, and NAG.

Glucose, a small molecule (MW = 180), is filtered by the
glomerulus and is completely or almost completely reabsorbed
into the blood by active processes in the proximal tubules of the
kidney. Creatinine. a waste product of metabolism, and also a
small molecule (MW = 113). is not reabsorbed in the tubules at

* all. Virtually all creatinine that is filtered in the glomerulus passes
on through the tubular system and is excreted in the urine.

Under normal conditions, only small amounts of protein are
detected in urine. Increased urinary excretion of low molecular
weight proteins is primarily the result of an increase in plasma
concentration or a decrease in tubular absorption of small
proteins. If tubular absorption is not impaired, part of an

* increased load of small proteins will be absorbed, and any
increase in urinary excretion will be minimized.

When the permeability of the capillaries is increased, high
molecular weight proteinuria develops (Lillehoj and Poulik,
1986). Small changes in glomerular permeability will lead to
large increases in the filtered load of larger proteins, e.g.,
albumin (MW = 69,000). Due to the low affinity of the tubular
absorption process, these proteins appear in urine after escap-
ing the inechanisms of tubular reabsorption. Thus, increased
urinary excretion of serum proteins with molecular weight in
excess of 50,000 such as albumin is an early indicator of
glomerular injury (Lillehoj and Poulik, 1986).

The majority of animal studies have shown that the primary
site of injury resulting from uranium intoxication is the renal
tubule (Gilinan et a!., 1998a,bc; Diamond et a!., 1989). How-
ever, some questions have been raised about whether the
glomerulus is also affected. In this study, it was anticipated that
the differential effect on the indicators chosen would shed light
on this subject. The renal tubule, in particular the proximal
tubule, is the principal site for reabsorption of water and small
molecules filtered at the glomerulus from the blood. If the
tubule is the principal site of injury, increases in urinary
excretion of the smaller molecules, such as glucose and BMG,
will be observed with no change in the levels of larger protein
molecules and creatinine which will be filtered at normal rates
by healthy glomeruli. If, on the other hand, there is glorrerular
involvement, without tubular injury, levels of the larger protein
molecules and creatinine will rise in the urine without signif-
icant increases in the smaller molecules. If both the tubule and
the glomerulus are involved, then there would be a general
increase in all these biomarkers.

Kidney tissue is the main source of urinary enzymes. Other
investigators have used enzymes in the assessment of uranium
nephrotoxicity. Zalups et al. (1988) used lactate dehydroge-
nase, catalase, and aspartate aminotransferase in a study of
UOF,-treated rats. Diamond and co-workers (1989) used
N-acetyl-3-r-glucosaminidase, alkaline phosphatase, y-glu-
tamyl transferase, lactate dehydrogenase, and aspartate amino
trarisferase as indicators of renal injury in uranyl fluoride-
treated rats. Stroo and Hook (1977) used the lysosomal en-
zymes acid phosphatase and 0-galactosidase and the brush-
border markers maltase and alkaline phosphatase in a study of
rats treated with uranyl acetate.

The diagnostic potential of urinary enzymes is often en-
hanced by the simultaneous assay of more than one enzyme.
particularly if the activities of the individual enzymes used are
high in different regions of:,the nephron (Price, 1982). The
selection of kidney tissue enzymes for this study was therefore
based on their site of maximal concentration in the nephron.
GGT is maximal in the membrane of the proximal tubules and
the loop of Henle (Albert er al., 1961). ALP has been demon-
strated in the membrane of epithelial cells of the proximal
tubules (Butterworth er al., 1965) and is located more super-

ficially in the membrane than GGT (Jung et al., 1993). NAG is
found in lysosomes and is present in greatest concentration in
the glomerulus and the proximal tubule (Bourbouze et al..
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.TABLE I --

Biomarkers and Analytical Methods Used

Analyte/biomarker Analytical method Detection limits

Uranium Inductively coupled plasma/mass spectrometry 6 X 10-4 Ipg/L
Crtatinine Modified Jaffd (colorimetric) 0.01 mrnoV/L
Glucose Hexokinseeinzyrnatic) 634 mg/L
Protein Bio-Rad Coomasie blue protein assay 0.0007 mg/ml
3-Microglobulin (B MG) Phadebas competitive radioimmunoassay 12.7 nnoUl/

Alkaline phosphaase (ALP) Kinetic 0.06 U/L
y-Glutamyl tranferase (GGT) Kinetic 2.04 U/Lb

Lactate dehydrogenase (LDH) Kinetic 0.04 UIu
N-Acetyl-A-D-glucosaminidase (NAG) Fuied point 0.37 U/I.

I unit will hydrolyze 1.0 amol of p-nitrophenyl phosphate per minute at pH 10.4 at 37CC.
I 1 unit will liberate 1.0 Wnol of p-nitroaniline from L-rglutamyl-p-nitroanilide per minute at pH 8.5 at 251C.
I unit will reduce 1.0 Kunol of pyruvate to L-lactate per minute at pH 7.5 at 370C.

'I unit will hydrolyze 1.0 snol of p-aitrophenyl N-aceryl-p-D-glucosaminide to p-nitrophenol and N-acetyl-D-glucosamine per minute at pH 4.25 at 25C.

1984). LDH is found in the cytoplasm and is maximal in the
distal tubule (Bonting et aL, 1960).

It was anticipated that the combination of biomarkers chosen
for the present study would provide information on which site
within the kidney is affected by uranium.

MATERIALS AND) METHODS

Selection of sztdypopulations. A village in Nova Scotia was selected for
this study. Previous analysis by the province had shown elevated uranium
levels in water from private wells in this community. Some wells exceeded the
present Canadian uranium guideline of 100 izg/L for drinking water (Health
and Welfare Canada. 1996). Residents were approached to participate in this
study based on the uranium levels in their well water. Adult participants were
recruited with as even a distribution between males and females and as good
a spread of age between 20 and 70 years. as possible. Several teenagers were
also included in the study.

A group of healthy subjects. who were gender and age-matched to the first
group. were selected from a pool of volunteers residing in Ottawa, Ontario.
which is supplied by surface water whose uranium concentration was tess than
I Aeg/L.

Questionnaires were administered ro participants to help establish such
parameters as age. years of residence in the community. and health status. To
avoid confounding factors in the statistical analysis of the results. candidates
with a history of renal. heart. or liver disease: hypertension: and diabetes
mellitus were excluded from the study as were individuals who were on any
medication that might interfere with the biomarker measurements.

Sample coflecrion. A separate sample of tapwater was collected from each
household at the beginning of the study and analyzed for uranium content.

Duplicate portions of each drink and food consumed by each subject was
collected over a 3-day period to determine uranium intake in water and through
food. Uranium intake is the product of the concentration in water or food and
the amount consumed.

Twenty-four-hour urine samples were collected for uranium, glucose, pro-
tein. and creatinine. while one 8-h sample was collected from each subject
from approximately 22:00 h in the evening to 6:00 h the following morning for
the enzyme and BMIG measurements. The uranium concentrations in urine
were used to determine the fractional uptake of uranium by the GI tract. These
results are being reported in a separate publication, now in preparation.

Analytical method Water taken as such or in tea or coffee was evapo-
rated to dryness on a hotplate. ashed in a muffle furnace at 450'C for 20 h.

cooled. and then taken up in warm 1% HCI to complete dissolution of the
residue. Urine samples were acidified with 1% HCI and analyzed without
further pretreatment. Food samples were homogenized An aliquot of the
homogenate was dried overnight at 105'C and ashed in a muffle furnace at
600'C. The ash was then dissolved in hot aqua regia and diluted to volume.

Uranium in the digestates was measured by inductively coupled plasma;
mass spectrometry (ICPIMS). Tracer recovery for the protocol used to prepare
the food and water samples was 99.9 = 1.2%. The detection limit was 6 x
10' ugIL for water and the aqueous solutions of food digestates.

For the biomarkers. all urine samples were centrifuged prior to analyses.
Glucose. creatinine, and total protein were measured in the supernatant without
further treatment. Phosphate buffer (pH 7.6) was added to the supernarant to
adjust the pH for the z-microglobulin assay. For the enzyme assays, the
supernatant was dialyzed against water for 2 h to remove low molecular mass
inhibitors (Laszlo and Szabo. 1982).

All bioindicatcors were quantified using a Bausch and Lomb Spectrotic 2000
UV/visible spectrophotometer. Table 1 lists the methods used for the measure-
ment of the biomarkers in this study with corresponding detection limits. These
protocols were chosen for their specificity for the analyte. their sensitivity. and
their resistance to interferences. All equipment (pipettes. spectrophotomneter.
analytical balance) were calibrated to an accuracy of ±5%. Calibration curves
were established with appropriate standards for each biomarker and all mea-
surements corrected for spike recovery. Measurement reproducibility was
within 11% RSD.

Staisical methods. In this study. total uranium intake from both water
and food. averaged over the 3-day study period, was used as the indicator for
establishing a correlation between the different biomarkers and uranium ex-
posure.

Because the Ottawa subjects were also exposed to uranium, albeit at very
low levels in food, the two groups could not be distinguished simply as
..exposed" versus "unexposed." Instead. all subjects were pooled. regardless
of place of residence or source of drinking water. and then grouped according
to uranium levels in their drinking water. Those whose drinking water uranium
concentntion was 'a I pggL were placed in the high-exposure group, while
those whose drinking water uranium content was less than I gg/L were
assigned to the low-exposure group.

Data on biomarkers. as well as log-transformed data. were checked for
normality, using the Shapiro-Wilk test (Shapiro and Wilk. 1965). Since this
test did not support the assumption of normality, and because of small sample
sizes. it is appropriate to use nonparametric methods for the analysis. To test
the equality of the means in different groups (subpopulations). the Kruskal-
Wallis test (Lehman, 1975) was used. This test utilizes the ranks of the
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Study Po

Number of subjects
Age (years)
Age at initial exposure

(years)
Years of residence
Uranium in drinking

water (MgIL)
Uranium intake from all

sources (Ag/day)

Uranium level in drinkinj
' Uranium level in drinkini

measurements, rather than th
between total uranium intake
correlation coefficient (Lehir
coefficient provides an altem
data do not come from a biv:

The correlation coefficient
test of significance for that c
ability, whether the associatic
was drawn. In this study. t
hypothesis was p s 0.05.

TABLE 2 - to 570 Zg uranium with the percentage of intake through water
pulation Characteristics varying between 31 and 98%.

e-e The uranium concentration in the municipal drinking water
High-exposure LOw-exposure supply of the low-exposure group was 0.02 ± 0.004 jig/L. The

largest amount of uranium ingested daily in this group was 20
Males Females Males Females lg, while the smallest amount was 0.34 jig. The percentage of

*intake through water varied from I to 9%.
10 20 7 13 Total daily intake of uranium per kilogram of body weight

15-56 1347 1443 1568 varied from 0.058 to 8.5 jig/kg among the high-exposure group

0-28 0-34 0-37 0_5I participants and 0.004 to 0.20 ag/kg in the low-exposure
13-36 3-59 S-33 1-26 group.

4-780 2-780 0.02 0.02 Bioindicator Measurements

6-410 3-570 0.3-20. 0.4-10 Table 3 lists the individual results for the biomarker mea-
surements. Of these, four glucose, four ALP, and seven LDH

; water ; 1 g/L. values exceeded the published 95th percentile ranges (Lentner,
g water <l Flats 1981; Niwa et al., 1993) for the method used in our analyses.

One GGT result and one NAG value were below the 5th
e actual values. To investigate the relationships percentile literature values (Niwa et al., 1993) for these bi-

a nd the biornarkers of interest, the spearman omarkers. Threc protein results exceeded the published "at
an. 1975) was used. The Spearman correlation rest" value of 80 mg/day (Burtis and Ashwood. 1994). Dif-
ative to the Pearson correlation coefficient when ferences between published creatinine reference intervals (Bur-
ariate normal distribution. tis and Ashwood 1994) and some creatinine results (one below
itself represents the degree of association. The and Ashaood) 1994 anddsome ireatnres

oefficient determines, at a chosen level of prob- and four above) were borderline in nature.
on exists in the population from which the sample ALP values exceeded reference ranges (Niwa et al., 1993)
ec significance chosen for rejection of the null for uranium intakes ranging from 220 to 410 pg/day, while for

glucose, this occurred when intakes varied from 21 to 410
jig/day and for LDH with intakes which varied from 0.63 to

RESULTS 220 ttg/day.

The GGT result below the lower limit of the published
acteristics reference range was for an individual whose daily intake was

the characteristics of the two study 220 pLg/day. The NAG result below the published NAG refer-
people volunteered to participate in this ence range was for the same individual.
icluded in the statistical analysis due to Glucose, protein, and creatinine values were, based on suc-
ould interfere with the interpretation of cessive 24-h urine sample measurements and intrasubject vari-
sure group included 10 males and 20 ability ranged from 3 to 62, 2 to 54, and I to 3% RSD,
group ranged in age from 15 to 56 years. respectively. For other biomarkers, results were based on mea-
[es varied from 13 to 87 years. Years of surements on a single 8-h sample.
Ito 59 years, while age at the beginning Table 4 summarizes the data in Table 3 and gives an indi-
rm 0 to 34 Years. cation of intersubject variability.

Study Population Char

Table 2 summarize.
populations. Fifty-nine
study. Nine were not ir
health problems that ct
results. The high-expo.
females. Males in this f
while age among femal
residence varied from 3
of residence varied fro

The low-exposure group included 7 males and 13 females.
The range in age was from 14 to 43 years among males and
from 15 to 68 years among females. Years of residence varied
from I to 33 years. Age at the beginning of residence in this
group varied from 0 to 51 years.

Levels of Uranium Intake

Uranium in the drinking water of the high-exposure group
ranged from 2 to 780 jLg/L. Approximately half of the 30
donors in this group consumed drinking water with uranium
levels exceeding the present Canadian Guideline (Health Can-
ada. 1996) of 100 jiggL. The range of total daily uranium
consumption through both food and drinking water was from 3

Statistical Analysis

Table 5 summarizes the outcome of the Kruskal-Wallis test
for significance of difference between the high-exposure group
and the low-exposure group. At the chosen significance level
of p c 0.05, the biomarkers that are significantly different
between the two groups are glucose for male (p < 0.05).
female (p < 0.02), and pooled male and female data (p <
0.001) and LDH for males (p < 0.02).

The results of the analysis of correlation with total daily
uranium intake are presented in Table 6. Of the markers for
proximal tubular injury studied, glucose, ALP, and BMG were
significantly correlated with uranium intake for pooled male



TABLE 3
Biomnarker Measurement Resultsa

Sex Ag. Tobl Uranium Inxake Expfur Ghieoe Cromn. Protein ALP" GGrT LDH NAG' 5MG0
- (pgtday) Le~e (mg/i) (mMtd) (mg/d) (U19 Cratininw) ag Cr* ")

F 48 570 H 79.1 15i 29.6 9.7 17 19 2.9 120
M 36 410 H 388' 20' 89.7' 23 13 12 2.7 50
F 23 300 H 128 6.5 38.4 57 21 17 4.0 97
F 37 220 H 251' 8.9 33.1 22 14 69' 3.2 62
F 76 220 H 43.4 3.0 0.9 21* 0 35 0.0 340
F 87 220 H 99.6 8.4 20.8 14 . 11 8.8 6.6 210
M 56 190 H 60.2 9.6 135' 12 35 29 6.5 140
F 22 150 H 58.8 9.7 58.5 7.8 23 410 4.0 21
F 45 98 H 43.3 8.1 40.3 7.8 38 290 A 5.8 53
M 36 94 H 68.5 11 41.8 3.0 27 7.7 3.6 45
F 40 92 H 133 8.8 68.7 9.9 47 31 11 79
M 41 77 H 187 7.5 15.7 1S 11 11 0.5 92
M 15 74 H 18 10 39.9 5.8 25 9.2 3.3 67
M 34 70 H 427' 20 69.5 2.0 19 16 4.1 21
F 21 62 H 32.7 5.2 28.6 6.4 38 98 2.6 97
M 15 58 H 133 9.0 35.4 6.3 25 11 3.6 46
F 13 32 H 112 8.4 29.1 5.9 25 id 3.6 34
F 52 31 H 111 8.7 27.2 4.7 27 0.0 2.4 38
F 54 31 H 53.3 13 33.8 7.3 20 0.0 1.7 55
F 17 21 H 221 13 57.4 17 20 29 2.8 61
M 36 20 L 88.7 13 46.6 6.1 31 62 5.4 74
F 45 14 H 62.3 6.8 0.2 3.5 22 6.2 2.0 97
F 41 13 H 60.9 9.2 51.1 14 26 52 3.9 35..-
F 33 --- 12 H 105 8.4 33.6 2.3 23 26 5.0 26
F 24 11 H 61.5 12 48.4 5.2 28 18 2.8 53
M 35 11 H 165 12 41.5 4.0 31 15 4.0 62
F 68 9.6 L 41.1 12 57.2 9.5 38 58 5.2 11
* 43 6.6 H 73.3 9.7 33.2 3.4 29 11 4.3 32
M 15 6.2 H 71.3 8.6 95.9 2.6 30 5.1 4.5 66
F 68 6.1 H 84.6 9.2 22.7 2.8 19 15 3.6 28
F 35 3.8 H 75.6 8.4 29.3 5.8 25 19 3.1 58
F 39 3.7 L 20.2 6.5 25.2 7.2 28 27 3.0 63
F- 17 3.4 H 32.8 7.2 20.6 1.4 32 0.0 3.5 1S
M 14 3.1 L 40.5 10 55.0 5.5 23 34 .4.0 22
F 40 2.7 L 35.2 6.1 20.8 6.9 24 SS 5.0 65
F 15 2.7 L 31.8 6.9 20.6 5.3 23 26 4.0 51
M 43 2.5 L 80.4 11 33.6 2.8 17 25 5.1 33
F 43 1.3 L 66.9 13 45.3 4.3 23 22 3.4 36
F 26 1.0 L 54.4 6.5 14.3 7.1 26 7.6 2.1
F 37 1.0 L 74.2 6.3 17.7 6.9 36 14 2.4
F 22 0.80 L 48.6 9.1 30.6 6.1 24 32 3.1 35
F 67 0.63 L 57.3 7.4 41.4 10 26 66 6.1 270
M 37 0.59 L 111 18s . 35.9 4.1 11 13 1.2
F 46 0.52 L 52.8 8.0 44.6 14 28 37 4.2
F 17 0.51 L 104 12 44.6 9.3 25 28 2.2
F 33 0.43 L 87.7 8.5 26.4 11 26 23 2.2
F 54 0.43 L 32.7 5.8 19.3 9.5 25 21 4.9
M 15 0.37 L 63.3 8.3 52.4 6.6 40 16 2.3
M 42 0.34 L .77.5 12 32.5 3.6 27 17 2.3
M 33. 0.34 L 39.9 9.7 29.8 9.9 23 11 2.8

'Values exceeding 95th-percentile in reference range are indicated with A: values below the 5th-percentile are indicated with .

b H. Concentration of uranium in drinking water is greater than or equal to I gg/L. L. Concentration of uranium in drinking water is less than I b'g/L.
Alkaline phosphatase; I unit will hydrolyze 1.0 Amol of p-nitrophenyl phosphate per minute at pH 10.4 at 37'C.

4 Gamma-glutamyl transferase: I unit will liberate I.0 pmol of p-nitroanil;ne from LI--glutamyl-p-nitroanilide per minute at pH 8.5 at 25YC.
Lactate dehydrogenase: I unit will reduce 1.0 pmol of pyruvate to L-lactate per minute at pH 7.5 at 37°C.

N-acetyl-froDglucosaminidase: I unit will hydrolyze 1.0 g.mol of p-nitrophenyl N-acetyl-t-D-glucosaminide top-nitrophenol and N-acetyl-Doglucosamine per
minute at pH 4.25 at 25SC.

I -2-microglobulin. 72
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TABLE 4
Intersubject VariabilityO In Biomarker Data

Biornarker High-exposure groupb Low-exposure group'

Glucose 82A (32.7-427) 55.9 (20.2-111)
Creatinine 9.0 (3.0-20) 8.8 (5.8-18)
Protein 34.b (0.2-135) 33.0 (14.3-5712)
BMG 56 (15-340) 43 (11-270)
AU 6.3 (1.4-57) 6.9 (2.8-14)
GGT 25 (0.0-47) 26 (11-40)
LDH 17 (0.0-410) 25 (7.6-66)
NAG 3.6 (0.0-11) 3.2 (1.2-6.1)

'This table gives median values with minimum and maximum values in
brackets.

4 Number of subjects, 30.
'Number of subjects. 20, except for BMG. 9.

and female data. The positive correlation with glucose was
weak to moderate (with r, varying from 0.34 to 0.57) but
statistically significant for pooled data (p < 0.001), males (p <
0.02), and females (p < 0.05). The positive correlation be-
tween uranium intake and ALP and BNfG was also weak (with
r, = 0.28 and r, = 0.39, respectively) but statistically signif-
icant (p < 0.05 and p < 0.01, respectively) for pooled data.
BMG was also found to be positively correlated with uranium
intake for female data (r, = 0.38, p < 0.05).

No significant correlation was observed with NAG, and the
negative correlation with GGT was marginally significant for
female data (p < 0.06) only. No significant correlation with
uranium intake was found for either creatinine (p = 0.45, 0.57,
and 0.46. respectively, for pooled data, males, and females,

* respectively) or total protein (p = 0.23, 0.11, and 0.36), the
markers used for glomerular injury in this study.

DISCUSSION

Upon comparison of the high-exposure group with the low-
exposure group, only glucose and LDH showed a statistically
significant difference at p s 0.05.

Glucose excretion increased with increasing daily uranium
intake (Fig. 1) at a statistically significant level for both males
and females. In contrast. there was no significant difference
shown between the two groups in the excretion of creatinine or
protein, nor did these biomarkers correlate significantly with
daily uranium intake. Note that the method of measurement

* used for urinary protein in this study measures primarily large

protein molecules such as albumin (MW = 69,000).
In a study conducted by Diamond et at. (1989) of rats

injected wiih uranyl fluoride solution (five injections of 120 JAg
U/kg body wt followed by three injections of 240 gg U/kg
body wt intermittently over a 33-day period), glucose was
found to be the most sensitive of the biochemical indicators of
renal injury used, exhibiting a 150-fold elevation in treated rats
over controls. If the uranium-correlated trend observed in our

- -TABLE S
Test for Significance of Difference between Biomarker Levels

In the High-Exposure and Low-Exposure Groups

p values for Kruskal-Wallis test

Biomarker Males Females Pooled data

Glucose 0.05 . 0.020 0.001
Creaonine 0.70 0.27 0.62
Protein 0.33 0.44 0.45
BMG 0.50 0.66 0.38
ALP 0.92 0.94 0.98
GGT 0.77 0.15 0.42
LDH O.020 0.38 0.08
NAG 0.49 0.78 0.80

I Statistically significant differeoce at p s 0.05.

study was due to the excessive filtration of glucose by damaged
glomeruli, then a similar trend should be observed for creati-
nine which is freely filtered at the glomerulus but is not
reabsorbed at the tubules. A similar observation would also be
made of the protein results, since high molecular weight pro-
teinuria is often associated with glomerular injury (Lillehoj and
Poulik, 1986). Comprormised glomeruli would filter larger pro-
teins easily and these would be reabsorbed with difficulty at the -
proximal tubules which have a low affinity for high molecular
weight proteins. However, neither value for creatinine or pro-
tein exhibited this trend for pooled data or for males or fe-
males. The glucose. creatinine, and total protein data taken
together appear to suggest that at the levels of uranium intake
observed in this study (2 to 410 Ag/day among males and 2 to
570 jIg/day for females), the segment of the nephron most at
risk to injury is the proximal tubule rather than the glomerulus.
This finding is in agreement with animal data obtained by
previous investigators (Nomiyama and Foulkes, 1968; Haley et
al., 1982; Diamond et aL. 1989).

TABLE 6
Spearman Correlation Coefficients for Uranium Intake

for Male, Female, and Pooled Data

Biomarker Malesb Females' Pooled data?

Glucose 0.57 (0.02) 0.34(0.05) 0.40/0.001)
Creatinine 0.15 (0.57) 0.13 (0.461 0.1 (0.451
Protein 0.40 (0.11) 0.17 (0.361 0.17 (0.231
BMG 0.43 (0.14) 0.38 (0.05) 0.39 (0.01)
ALP 0.25 (0.33) 0.26 (0.14) 0.28 (0.05)
GGT -0.03 (0.92) -0.33 (0.06) -0.22 (0.12)
LDH -0.22 (0.39) 0.06 (0.75) 0.02 (0.89)
NAG 0.19 (0.46) 0.05 (0.79) 0.15 (0.291

'Numbers in parentheses are the corresponding p values.
' Number of observations. 17. except for BMG where N = 13.
'Number of observations. 33. except for BMG where N = 27.
'Number of observations. 50. except for BMG where N = 40.
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FIG. 1. Variation of urinary glucose with total daily uranium intake. The Y coordinate represents the mean of six measurements in 8-b urine specimens.
Uranium intake is the mean of amounts ingested in water and through food over a 3-day period.

Diamond and co-workers (1989) also found LDH to be a
sensitive bioiodicator of renal injury. In their study, LDH
increased 11 times in treated rats over controls. In our study,
although four of the values in the high-exposure group
exceeded the published upper limit for the reference range
and a statistically significant difference was observed be-
tween this group and the low-exposure group, urinary LDH

did not correlate significantly with uranium intake (r, =
-0.22, p = 0.39).

The positive correlation of ALP and BMG with uranium
intake (Figs. 2 and 3) for pooled male and female data provide
support to the conclusion regarding the involvement of the
proximal tubule. The findings with BMG are in agreement with
those of Moss et al. (1983) and Thun et al. (1985). Although
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FIG. 2. Variation of urinary alkaline phosphatase activity with total daily uranium intake. The Y coordinate represents the mean of six measurements in 8-h
urine specimens. Uranium int'ke is the mean of amounts ingested in water and through food over a 3-day period.
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there was no significant difference between exposed groups
and controls at the 95% confidence level, Moss and co-workers
noted a trend of increasing urinary BMG excretion with in-
creasing uranium exposure. Thun et at also observed a positive
correlation between length of exposure and urinary BMG
clearance by uranium workers, although the observed values
did not exceed the upper limit of normal provided by the
manufacturer of the BMG test kit.

BMG is not of renal origin. It is a low molecular weight
protein (MW = 11,800) filtered at 100% of the glornerular rate
and then reabsorbed and digested in the lining of the proximal
renal tubules. ALP is present on the membrane of the brush
border of proximal tubule cells (Butterworth et al.. 1965). The
mechanism for the results obtained with these two biomarkers
may involve the disruption of the cell membrane by prolonged
exposure to tubular fluid, resulting in a release of ALP into the
developing urine and a decreased ability to reabsorb BMG. It
is known that high dosing with uranium can lead to structural
changes in the brush-border membrane of the proximal tubules
(Haley et al., 1982; Kirschbaum, 1982: Schwartz and Flamen-
baum. 1976). Loss of microvilli has been observed as early as
I h after injection of 10 mg U/kg into rats (1faley et a!. 1982).
An increased activity of ALP has been observed in urine soon
after acute exposure to uranium (Nomiyama et a., 1974; Yuile,
1973) and may be associated at least in part with such loss of
microvilli of the proximal tubules, where ALP is known to be
localized (Yuile, 1973). Although the daily dose rates in the
present study are very much lower than the doses quoted in
these reports, constant daily insult to the tubular epithelium
may conceivably achieve the same effect.

Initially, the GGT and NAG results that were below pub-
lished reference ranges for these biomarkers seemed puzzling.
However, there have been reports in the literature where sim-
ilar observations were made by other investigators in studies on
the toxicity of uranium or other metals. Diamond et at (1989)
observed a trend of decreasing GGT with uranium treatment of
male Wistar rats. Niwa et aL (1993) reported a similar obser-
vation with the renal tubular enzyme trehalase in a study of
subjects residing in a Cd-polluted area in Japan and postulated
that this decrease may be indicative not of cell injury but of the
actual loss of enzyme-producing cell mass. Another possible
mechanism for the decrease in GGT activity may be enzyme
inhibition by uranium once it has penetrated the tubular cell
membrane. In a study of canine kidney, Nechay et al. (1980)
observed a reduction in the activity of Na' and KC-ATPase
following treatment with heavy metals such as mercury and
uranium.

Proteins appear in urine only after escaping the efficient
mechanisms of tubular reabsorption (Lillehoj and Poulik.
1986). Increased urinary excretion of serum proteins with
molecular weight in excess of 50,000, such as albumin, is an
early indicator of glomerular injury (Lillehoj and Poulik,
1986). Albumin constitutes the major protein in normal urine
because it is the protein found in largest concentration in
plasma. Values for this protein were not observed to differ
significantly between the two groups and were not significantly
correlated to uranium intake. In the Saskatchewan, Canada.
study conducted by Mao and co-workers (1995), a uranium
exposure index-correlated microalbuminuria was observed,
which is defined as an elevated urinary albumin excretion rate
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of 20-200 gag/min that is below the range at which urinary
protein is detectcd by conventional methods (Davison et aL,
1995; Mogensen et al., 1992). The range of uranium conecn-
trations in drinking water in this study was 0.48 to 50 Ag/L
Persistent microalbuminuria indicates a high probability of
damage to the glomerular filtration capacity of the kidney and.
is of great diagnostic relevance for diabetic nephropathy. In the
Mao study, diabetics were not excluded although diabetic
status was corrected for in the statistical analysis of results.
Their findings do not necessarily suggest glomerular damage,
as proteinuria has also been observed in at least one animal
study (Diamond et aL., 1989) where hisiopathology of rat
kidney tissue revealed only damage initially to the S2 and S3
segments of the proximal tubule and, eventually, to the loop of
Henle as treatment progressed further. No damage to the glo-
merulus was reported. These authors postulated that although
glomerular injury could not be ruled out completely, the pro-
teinuria observed in their experiment may also have arisen
from peritubular plasma diffusing into the urine across a dis-
rupted tubular epithelium.

At the levels of intake observed in this study, the results
taken collectively point to the renal tubule, rather than the
glomerulus, as the part of the nephron most at risk of injury
from chronic uranium ingestion in drinking water. This finding
is in agreement with histological evidence obtained in animal
experiments. In both uranyl fluoride-treated rats (Diamond et
al., 1989) and uranyl nitrate hexahydrate-treated rabbits and
rats (Gi~man et al., 1998a b,c), significant dose-related injury
was noted in the tubules rather than the glomeruli. The Dia-
mond et al. (1989) study further establishes the S2 and S3
segments of the proximal tubule to be most at risk of injury
from this type of exposure.

We have utilized total uranium intake through food and
water as a measure of uranium exposure to the kidney since
this is the quantity of interest in standard setting and the
development of guidelines for drinking water quality. A more
specific measure would undoubtedly have been the amount of
uranium actually reaching the kidney. This quantity is being
assessed in an upcoming publication, in which the balance
between uranium intake and uranium excretion in urine is
being used to determine the fractional uptake of uranium in the
GI tract. Preliminarv indications are that the average uranium
uptake is about 1%. The difference between cases where the
uptake is primarily from drinking water and cases where the
uptake is primarily from food is being investigafed.

CONCLUSIONS

The nephrotoxicity of uranium has been established through
numerous animal studies. The present investigation suggests

* that long-term ingestion of uranium by humans may produce
interference with kidney function at the elevated levels of
uranium found in some groundwater supplies.

The combined trend effects observed in this study of increas-

ing-uiinary glucose, alkaline phosphatase, and 3-microglobu-
lin with increasing chronic uranium ingestion suggest that the
primary site for this interference is the proximal tubule.

These observed effects may represent a manifestation of
subclinical toxicity which will not necessarily lead to kidney
failure or overt illness. It may, however, be the first step in a
spectrum which with the chronic intake of elevated levels of
uranium may lead to progressive or irreversible renal injury.
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( Renal Effects of Uranium in Drinking Water '
Paivi Kurtttol AnssJ Auvinen,;' Laina Salonenl HeikkI Sahag Juha Pekkanen,4 Ilona Mikeliinen,
Sari B. Vrisinen,5 Ilkka M. Pentfila5 and Hannu Komulaineia
ISTUiK-Radiation and Nuclear Safety Authority, Research and EnvIronmental Surveillance, Helsinki, Finland; 2 University of Tampere.
School of Public Health, Tampere, Finland; 3University of Tampere, Medical School. Tampere, Finland; 'National Public Health Institute,
Division of Environmental Health, Kuopio, Finland; 5Kuoplo University Hospital. Department of Clinical Chemistry, Ktopio, Finland

Animal studies and small studies in bumans hrac shosn that uranium is neihrotauic. Howeer,.
more information about its renal effects In humans following chronic expoure through drinking
-waier is reqiurc We marsured uranium concentrations' n isiing wicr and urine in 325 i-
sons who hac wed drilled wells for drinking watcr. Wc measured urine and serwm concentrations
o*tcidum,phospjhtc, glucose, albumin, creatrine, and fi2.rnicroglohi6in to evaluate possible
renai dcecis. Tlhe rmedian uranium concentration in dnlig-water was 28 pgL (interquirile
ran:ge 6-135. rntax.'1,920 pg/L) and in udine 13 nglnirndl ereatinine (2-75),'risulting in the
medilan 'ally urwnium intake of 39 pg (7-224). Uranium 'concentration in uwne was statistically
significantdy.associated with increased &acdornal escretrti ,of ealcium and phosphate. Increase of.
uranium !n urine by I pglmmol crearinine incresed fractiona- eJcret;On of'calcciumy l.5S6 195%
conficegce internal (Cl), 0.6-2.3, phosphate by 13% ;14-25), and glucose excretion by 0.7
pmo~mrun ('0.4-4). Uraniu concentrations int drinking wae and daily intakce of uranium wvere
sa'ticallr aiificandy associated with ialcium fractonal excretio, but not wuit jphosphate or

mcioe excretion. Uranium efpoture was not 6ated iih ncrtne aanee buiinaiyalbu-
niv Which crlcjl ornerular function. In conclusion. uraniurm exposure is wer associated with

altered pribimil tibulat fiiction Without a dear 6hreihold, which suggess-that even low uranium
concentrations in dtinking water Cant cause nephrooxvic effects. Depte clronic intalte of-water
withiiVh uranium concentration, we observed no effcct on glomerular function.'The dinical and
public health relevance of the findingi are not easily established, but our result 'suggets that the
safe concentrao of uranium in drinldng waxer maybe wiiin the'ranSe of the proposed guideline
values zif2m-30 K/L 1 'i dr finking waer giomerular funaon. renal tubular fiunaion. ura-
niumi, iuiniurntdty. Enwv' JUfdrb Piect 110:337-32 (2002). [Online: 1 Marc 20021
///cbpdi 1ictnek£.pd2O d/ Op337-342kurtIn'iob''acLhrs '1

I' te

Urranium occurs naturally in the earth''s.
crust-and surface and groundvar ters. 'f.the
bedrock consitsu rmnIfl.of uniusuin-rich
granitoids arnd girnites and contains safe,
slightly alkaline bicarbonate waters, uranium
is highly soluble under oxidizing conditions
at a wide.pH range. These.condirions Occur
widelyin Finland (1). and consequently,
exceptionall higliraniurm concentdrions
(up to 12,000 pgtL) are found in'wells
drilled in bdrock (2.3).

Ahiimal sttudics; as well as studies of
occupationally exposed persons, hirc shown
rhat ihema'or health cefecr of uranium is
cheiiirl kidney toxicityi rather than a radia-
tion hazard (4:I. Both functional and his-
rologic.damage t the proximral ubulushas
been demonstrited (8-13, Little iskrnown
about the. effects of long-trem envi ronmental
urantum cxposure in humans. Only two
small studits with 50-1-00 study persons
have becn published on the kidney toxicity.
of natural uranium from ,duinking water.
Thqthavc 2i ow'rn a. issoaton of uranium
exposure with intreascd urinary glucose,
alkaline phosphatase, and >-2-microglobulin
excretion (1), is *ell as inacresed urinary
abumin Icis (l5).

'he world Heal OranItIon ( HO)
U) 'his prpied guSideine vilue of 2 pgtL

for uranium 'ini drindr -e, b;&d on ani-
rnrl experiments in thc'kbsien'ce othuman
data.' Risk assessmen't ind e'stablishment of

iexposure limits for taiiium in drinking water
'is of considirable imnpotuince'in areas with
ga'ni'te rock, such as in Firiland,'where
approxirnztaly one-sevnrth 'of khe population

.uses. dnking water with uraniumr concentza-
tion above 2 Vt1L (161.

-The aim of the prent (udy was to evil-
uAte posstble kldney effects of chronic expo-
sure to uranium through drinking water.
Our sample siie was larger thin in earlier
srudiesi with 2 wide rangc'ofs.zrauiium con-

entratiQntin drinking watertand well-char-
acterized uran2um exposurc.

Materiais and Metihods
Sh fiX t jiratien. Th e 'souice popuilation
was based on the drinkin 'water databise or
STUK6Radiation and Nuclear Safety
Authority, with radioirity measirelments
of more than;5,000 drilled wells 1(Table 1).
The study was 1united to 28 municipalities
in southetn Pth-and, where uraniuim concen-
trations are highest and. uraniuirm measure-
ments have be'en rade most extensivelv.

Sarnime-sit'escalcularronts inadkred thar i
study populazion of 300 would provide ade-
Aqtare srarsscicl power' (cx'Q.QS.0 ounebtided,

1 - P.- 0.9) to detect a 20S6 increase in
P-2-microg obulin xctretion aind creatinine
dcearance.

The orst questionnaire was.m2iled to 798'
households, with questions abour the use of
thc drilled well, 'possible water purification
equipment, and medical history, as wel as the
person's willingnest to participate in the study
(Table 1). Based on the first questionnaire, we
selected 436 pcrsons, restricted to those older
than 15 yyears of age, with- manximnum of two
persons pcr household whetex wcel had been
used for drinking water for at least j year.

The second questionnaire (Table 1) ws
used to coilccr inforrm2tion.on tesidentil
hisrory and usc of well'water, daily con-
surption of water from the drilled well, and
liquids from other sources, as well.as msmok-
ing hiscory educa on. occupation, and use
ofarnalgaics. other.drugs. and hurbil prod-
ucts. In addition. we obtained information
on kidncy, cardiovascular, and liver diseases
and diabetes; as well as exposurcs ro heavy
nicttlsar.Mwork or dtiringleistire timic.
Seventy-eight percent of the persons who
received the second questionnaire consented
ro particiption in th'e study. The nonrc-
spondents were slightly older (mean age 56
years vs. 48 years of respondents). Parental
consent was required for'children you'nger
than 18 years of age. The study protocol vsa
approved by the Nationial Public:Hcalth
Institute Standing Committee on Eihies
(project number 81030399).

We restricted the study area to munici-
palities ivith it least tine well in the original
high-uranium group. Persons with diabetes
mellitus (n p 4) or chronic use of mcibotrex-
it' (ln- 1) or sodium:2urorhiornaare (n =
1),, pregnant woman (ni 4), and households
with effective equipmcnt for removing os14-
nium from well watcr (n - 4) were excluded.

Address correspondence to Plivi lKurrdio. STUX.
JUadiaoni and Nucdar Safezy.Autbosirr. Riseaich
an'd Environrnental SurvrUlancc.PO Boi 14. FIN-
00851 HcisinkL, Finland. Telephone :358-9-
75988554, Fax: +358-j7598846=. E-mail:
pi1vLkundoE'nmlLfi

We thank Consultins EngintertePalvo Ristola
Ltd. for wsterond urinat uraniuinn szhsyscs: Z.
kIapas for inteircalibraien of'water utiit- - inaly-
ses: and the studt pcrsons end labotatonres in the
pdnuy mih'cnes fio irrpar~n~ipti ;d e study,.

The Ministr of Soda! Affirs and Hcatlf tof
Finl;and f suppo'tred thiis study.
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Table 1. Selection of the study population. . (
.Original ursniun Number of persons Numbersf persons to Number of persons .Finilstudy
c:nceintrion Who replied to the whiom the second who attended populatiorialter
:groupa first u'estionneire questionnaire was sent the study exclusions

LtR1Ovg/U.398 150 113 108
.Medisdumll0-.1Dp/ 1363 150 171 116
High(>111)*1 347 138 105 101
Totil 1.108 436 '339

"TUoobtain v wide ronge of exposure lavls. the wels wetre dMded prmarily lin9 thren groups based on the uranium concentrations calculated from grosa alphi analrses (M1 low. n =
*3W, medheri. n, w3W. and blhi; h s19e).

Table 2 Analtical methods Ised In the study.

-Anaysis Method DItectdn limit

U0ranium jn waiar ICP-MS (Eln 15XX fa8i Elmner; Godonseewer. GmbH, Toronto. Canadal 0.0004 ,ugA
Uranium in wuine 0.002 gOIL
-.Senm nratinina iatt meth od lonerlb a i anaiya and rrage'ntk:.Xnelab .. Espo, Finlandl 19y m ollL
Urine.oreatinix .Clinical Chemisuy autrrntie analyzerlKonelab Cocl . e n0.4 n mmolL

-Serum caIcijtm Colored conplex with Arsenazo hi tkonelab E'i plna er ard reaarns; Itnlab Cc.l 0.5 mrnol/L
.Urnm calciurn Atomic absarpticn spectrophotcetr0yEFOX 5053: Eppendor. Hamburg. Demarnv) C1 mo.
.sdhoi phusote W~ored omrnplex wiff wnmonitiniolybate 11onelab 601 analyzer, Konelab Co.) 0.1 "~m I/L
Urine phOWShate 2.0 'mmvl/L
Serum albumin 'Brontcisbl Ouris medhod (Konelia 60i irialyz.'coneldb`Co.* 5Ca
lorine elbtxpn Immunological method (Eednan ,k i cheiS istems Micro Albini eckmnM Instrumriens Irn.. 2 mOA.

Galway. Irelandl using aieckma4-Arroy PrteirianalyMr'lEeckmaui instriients' nc.. San Diegb. CA. USA)
Sawuin giucosa 'Hexokinase method (Konelab 60 aner1 Ktiab tc.a 0 5 miiolfL
ttriine glu~zose t m1~tnc/t
Serumn -24nicroglabulin irnmnnoturbidimretti: imethbd fratrant P-2.micicgl6bukin Rocie b]iignosmcs tmatA. Mannliim, Germanyf 0.2 mi
.Urine -2rmino'globulin withta Hiitti monot 717 iutomatic rnalazerot Ita~Hi Ltd.. Tokyo. Japan] 'O.i rnglL

._,.

The final study population (Table]l) con-
s oifrd af325 persdns with 194 wells in 24
.municipalities. The wcUs had been used as
the main. soue pf'drinking wtater fir. 13
~yeaz? wiaicr~e (.a!ge 1-34 years).

Tetean age Of die persoUs cf the; findl
.study populatdoqi was .52 yeas (nge 15-82
.years). Fifty petcentor thei.ersofts were
women (mIl 163)-.riftysix percent had never
smoked cigariws, cigars, or ppes;29%,were
cix-smakics end 15%'-c ciurrenrt$maokers.

-Thirry-igt: persons reported exposurc.to
heavy meols, butn ,the .posure erieds had

teenshoirt tbhEefiirc; this exposure was con-
sidetred ifgrtflnt.

Sample ;oUkciion andJ, pradirn. The
watei, urtuie; ind nofifatirg bfood Sarplies
were collected bmcween 14 Scptember and I
December 1999.T.be sramp1e were collerted
it a trime ihen rtht.stldy persons" had.con-
sumed svaterfornithc drilled well during thc
previous week. Samples we're iot taken
unicss it Itas I week hid cl pgcd sincc an-
acute Ulleori.1Thc study persons collecred
water sanpole foir'utifim drilalyses.iri a pisii
tic bottleIn the ceztaing. Overniiht unine
samples were collcted in plastic, bottles and
he collecdo.n fimes recorded (m'edian II hr.

rasnc'7-l7. fr).
'Thc ctudy pe.rsonsbrought ithcsampIes

to ilih lfboritory in the tnorning. itid wc
smmsuzed' urine'vdlume (median O0 smL,
range..2102,600 r. T he urine 'saples
tot catelutr and phosphate analyses :were
,conserncd With hydholloriic ciidd Du~ ng
thcitnie vIsit, we collected I.spot urine

Z.

.Ia

.S

'.2

.E ti

.1 1o. tail 6
Uiranium'In drinkn wa~le, iqilg'lW

1MD

Iigur. 1. Corfilatloriwof the iirsfldm bdicehlratiort In'drinking water afld In urIne tlo0l$0.01 t:. 0.80
log4;~ asoncorfaion=0.51 -

iiarip'le for dhilyses of P'_2-nticrooobulin
(conserved with lodiumrni barbonact) and
dare*:bjood litimpts to obtahinsecrum for
cllntcai khe istry. fft addition, WC Measured

~uppeblod re~iiel-d y Hgihx and
.hdigki! aeording to standard proceures.
m~ r =a.sic! oerih ukine siIes for'

tarahum~nlyse *er-cone~edw~ polcri

urine snnples were stored Frozen at --20C
until analysis.

tUraniian e:ponSra rsssmentitiranium
in drinldng water and urine weie anIalyzed
blind With inductively Coupled plasmt mass
specromer t(ICP-MS)'in tie irbititdry of
Co'n'sulting Engineersf Dazin Ristols
Laboratory. HIoTll, TFinland XTable 2).
Urinc rsiuptes 'were dilufed 1:5 with' 2%
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TableltUranium exposure!rom drinking water and measured kidneylfunton aramatirs amcig thie atudy~opultdon In 325).

Percentile
Parameter P ean Mediin 25th 75th ftange
Uraun iri drinkirgwar (nI N1* 28 6. 135- U.001-1.920
Uranium in urine WU .424 78 17 413 1-'v
Uranium in urine (./rrmo creatininel 73 13 2 5 75 0 -

Daily itake ci trJ il from drinking water Ipg) 235 39 75 224 0 OQOSt.125
Daily ntakeof twraium from dririnrg water lwIgg body weight) 32 0.6 0.1 32 D O0Ot-52
Cumijbtive intake uianium frcrndrinihiid water (mg) IN20 129 24 887 0001-33t10
Intaaot drilled-wewaterlltfdwVa 1.7 I6 1.2 2.0 0.3-56
Total Pluid intAe ) Z.7 Z 32 1 7
06niionrol the usae o illed well (years) 13 11 20 t45J
Calciutmfraciionaledon(%lb tis 1.3 0.8 20 008-10
Phosph ftaCtio*tmexcrtionI%V n27- 24 19 33 36-1?7
Glucose excretion pVmotmin 0,9 07 05. 0 01-21
CreatirielmarleiralmL 103 '100 83 115 20GZ9
Urinaarflbiti a/mny .3. J1.7 .1.1. Z6 03-92

.2McrP*1Nin crcentruiion in urine (aibl 0.12 0.05 0Z 0Q13 0.G55.0
*aFrm a quieoontare ctmvirng fluid ikake (tfrm drinks aid soups) it hon &od *ioleAre.AI.rrlas caicium K serum crcatinsnellterurh calcium xOiniotreatininel i 100.'lUr.rie phow
phsat x ruhm ircatuid.Vlseruni phosjhate xurlne irtininal K 1X 0 filrioe glucose,2 urine volunisYrine collpedon time. Urine creatinine a urine volumalysirum e ceatininiel

Ii uMinS ecle~ctn leim l1.13.bodysurfacel. ltrine albunjin i urine idurrme rin. coilection tiirne .- -

Tabli 4. Association of oranium exposurein kidney funcicon indictorsb1food pressure.and diuress..

Uraniunm in tiine Uranium In dtinling Daily Intaketof uranium
hi/Mr olcreiintne1 water (mgau_ (M1iai

(b 195%CIJ ' 195%CII) 7 1959-CI)
Calcium frictional excreton 1%' '15 (0.6-31 .05 10.06-1,01 0.4 If.2-0.7}
Phbsphate fractionl exetion I(% 13 (1.4-251 4.5 12.3-1 i 1 3.1 0.54.71
Glucodsb emoticn lptoinmin) 0.7 td:4-1,) 0b2 1-0.4-48) 0.2 1005)
Cre6diinebleidranciKmlirofn1 -7.6 t;3-181 .7 (11-16i ' 0.8 V-6.8144)
Ulnarjplbuninlj/min .'' -2.1 .8.4.6) 0.1 1.7-391 0.2 (1.2221
f.2icwglabulin in ajte
k0 ii01494nol -107 1523-309) -82 ('318-153) -49 t17S 76i

Sl blood pressum (mitiigy 6.e '-5.7-191 7.4 (0.3-141 4.1 10.3-7.91
Diastclctlbod pressurenrimHg? 8.5 11,4-151 5.0 {05-9.01 3.0 (011-.1)
DiiresiLftnlinu n. 5 9 (129-11.0701 61 (1-211-332 71 72l7l

.Aairtrdiner Tnreasc o otoutcotnrevariablaskl hichis astocihledw n hcreae of exosurq vanables by c nk *it SSX Cl (n3ZilUanium exposuri k sue'u-s
variable edjusted For ajisn.i arid bodym niiti nd.n except whett Scited..
'Adiustsd lor ow asihtbo hdv flafsi1MtPL d 0tirin.

H6O3 befoerincaly. .Wafer sziipleciwetC.
diluted with 7%o' NO3 iftiraniurn in vwar
exciedid 500 'j7L

For qualit nassnce, split wuccr (n 38)
and urine sarnplcs(n= 20) were anlyzedi.
he tbc iari oivisiition for wsrter samplcs

was 3.6% (rt1ton c criicnJt1 0.98)'ind
foriurncsamplts 16% (regression c ent

'0.99). Ji iddition, 15 water nsaMps WcWre
nzed blind by CP-EMS in another libdrd-

toriy(Nudetr lescarch Center. Nege'vBer-
$hevai IsrI el.'by. ev 1rpas};. ihee nsmplc
.jf aisci anlyzc For Tiknmum st'opes SU
and 343 jJbyrdiodemical andalpha-spectro-
meirc rnecbchod (2) at STLTK-;Radiation and
Nuccrn fty Authority. rhe zestilts in 'dif.
fcreni laboratorics Were comparable berweecn
theIccP-MS masutirrients (regression coef-
ficient b.9i1 and bctween the ICP-MS
and 'thc radiochemicalanalyses (regression
coeficcnt =.0.96).

.Weused four nuesuresofuraiutn espo
sure; uranium roncvrtrradion in drinking
:vWateri(rnitto'pmrsyc ptliter), uriiniurn con-
Vcntuantr in .urinc (nanograms per lier bt
Wgrai ns per inillimolc crctinine)d*L.
Intake 'ki t-raridb ?rm dirinkifg .marer

(vo!urie ,ised x conceotraiion..tricrograms),
and cariiiulative inuake froih dritking.wavcr
(dailyinctake is:duraiion of the vatcercon-

numptioi.'mligri,&mns). iTheexposurc vari-
AICes were toighty coiehced with eich other
( firorr 0.54 .rolf.2) (Figurci 1). Oily the
urirnlumi S~c~rtc'ntido~nsin drinkding warer
and in urine(Pef tp ra riine) and dnily intakc
Telated to ihe outcome les are shown.
The viposure Wla~bkes were -Analyzed both as
continuous and ciftbric variableL We chose
thc cut points of the untnium concentrdion
in drinkidrig watvi based ott thc present or
sao-dd guidcinevhluesf.btrdriikin watcr.
and the cut points for Pr iiunu i0 urine and
daily i Wtake vrciapproximatc jquiniiles.

l~dteyfimcron -a&Wmenni. Wc sc1ctcd
excereion of glucose,. calcium. phosphate.
and A.2-tnicioglcbuilii n-indicaiors of
elci ln oxima`tuibulus, and i,'datviinc
clearance and urinry ilbuniri as Indkeators
for glorrierular liwion.:rtiesc puccome
measures were tAOen .asdd ft previous
tesults on'n ranium liicity and suilahiy for
Widacy td iiori fhisizirine- In q rge suidy
population.L 'caust 4c fic=onm1 excretion
(fov6ue 4 l . .yi n Footnok) i.

Independent of thte urinay volume or cotec&-
oiin cinse (dimina'ingoncesourceof uncrr*

t2inry), We gied cricinal eict 'oir Hf
pICcium and phosphaCe as the nanih outiftco1c

encasurc in thc fGlal laTilyscs. Uri a.TU-
coie tnd albumin vvere -ua'd as cos caly'cl
vanr me2sures of.kidna $ysfiunttiidri he
.kidney fuihtion pramecters were measured

',at the Depaitment of.Ctinicl dChemistiy tf
Kuopio Uniiversity.Hospital according to

.cctdfied labortuory'proccdurs (Table 2).
Because 65% -of f(2-icogiobulir con-

cenmodons ;nurinue :WCr below the deec-.
tioin limit Of the,assay, we analyzed ihe-
2rl IlCa2 a zrichordmausvaliAbI6e.

tahsdirtcal unviysc. Forthllpirimc-
tcrs dectrrincd, the oblryations below. the

,detcction limits wcrc recOrded as hbAF of the
detctieon limit.

'lire crude and adjiiuisyQ ge. sex, and
boar niass Indet) analy es'wer perfotuoked

,usipg gencralizcd linea( mnodis'gssuming
normal distrilution ofr thc ocitcponic ind. in;
.identity r~k Funcuon a . a *4t a b S
line, ' i=etcssiouncoefficlent. y= kidneq

ynion iiccaiumn cxposurc) in SAS*i-
sian (.12i P1.lC,.(:,.lENNOI?.(SAS ITnstit'ne

1. . .
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Inc., Cary, NC. USA). An adjustment for
duration of uranium exposure, education,
occupation, use of analgesics, or smoking

(never, ex-smoker. or current smoker) did
not change the A=hcc of uranium exposUre to

kidney fisnctions and were therefore not used

as covariares. 'llMe results o*> univariate analy-
ses were similar to those from multivariare
analyses. and only adjusted results are shown.

We also conducted an analysis using a

log transformation. but the results remained

essenrially unchanged. There was no obvious
skewness for residuals across predicted values
for any of the main outcome measures (i.e.,
showing no substantial departure from nor-

maliqv). No svsitematic variation in residuals
was observed in relation to exposure vari-
abkCs, suggesting that the effect of uranium
was adequately described by a linear cxpo-

sure term. To estimate: the shape of the
dose-rcsponse curve, we also conducted

analyses separately for thosc above and below
median exposure. These analyses were con-
ductcd for calcium and phosphate fractional
excretions as end points.

Results
Tb' urapium concentration in water varied

from 0.001 to 1,920 pgJL. and .30% of tie

concentrations exceeded 100 ggIL. The

median daily intiake of uranium from drink-

ing water was 39 jig (Table 3).
An increase in the daily intake of ura-

nium from drinking water by I ,ug Wias. asso-

ciared with an increase of 0.21 ng of

uranium in urine/mmol creatinine (95%

confidence interval (Cl), 0.19-0.24) (Figure

I). The mcdian of the ratio of uranium in

urine (micrograms per liter)Iuranium in

water (micrograms per liter) was 3 x 10'

(25th and 75th percentiles 2 x 10'- and 7 x

1.0"). The ratio was not associated with the

exposure levels (daily iita ke, = 0.6), agc (p

=0.5), or sex (p =0.3).

Uranium exposure (uranium in urine,

uranium in drinking water, and uranium

intake) was statisticall significantly associ-

ated with increased, fractional excrction of

calcium (p = 0.0006, 0.03, and 0.001 for

continuous cxposure variables, respectively)

(Table 4: Figure 2), Phosphate fractional

excretion waI sta istically significantly (p =

0.03): associated with uratnium. concentration

in urine. but not withi urnipm in drinking

water (p = 0.2) or uranium inrtake (p = 0.09)

(Table 4). Thc rendency of uranium expo-

sure to increase glucose excretion was not

statistically significant. An increase of ura-

ntium in urine by I ptigmmoi creatinine Was

associared with anr increase of fractional

excretion of calcium by 1.5% (95% Cl,

0.6-2.3). phosphate by 1. 3% (1.4-25),

and glucose excretion by 0.7 rmollmin

(0-4-1tK) (Table 4). We observed a statisti-

cally significant increase in phosphate frac-

tional. excretion for drinking.wawr uranium

concentration > 3Q0 pg/l. relative to < 2

,gtL (Tablc 5). Similarly, the study persons

with the highest uranium excretion and

intake had elevated calcium and phosphate

fractional excretion compared with the low-

Cst expostre groups (Tables 6 and 7). We

observed no association between przn;4m

exposure and crearinine clearance, urin'ary

albumin, or conlcentttation of (p-2:tnicwglob-

ulin in urine (Table 4.
Uranium exposure was astociated with

incased systolic and diastolic blood prtssures

and diuresis (urine volumeltime) when contin-

uoums exposure variables were used (T-abie 4),

but the association was staristicfly significanr

only berween diuresis and the highest categoric

exAposure group (uranium in urine) compared

with the lowest exposure group (fable 7)..

In dose-responsc analyses, risk estimates

tended to be slightly higher for the subgroup

with uranium levels bdlow the median than

for those ahove thc median, whier cacium

or phosphate fractional excretion st tused as

the end point antd for both water aod urinary

uranium concentrations. A squared uranium

exposure term was not sastically significant

and had a negative regression coeflicient,

Discussion
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Figure 2 Uranium concentration in urine and fractional excretion of calcium crude values. The

-sents the smoothed runnina means.

The study showed an association between

increased uranium. exposure through drink-
w50. ing water and tubular function, but not

between uranitm exposure and indicators of

line repre- glomerular injury (i., crcauiniac clearance
and urinary albumin). Even though the

table 5..Kidna fhrnction indicators for uranium in water.

Uranium in-water lpg/l 0.001-1.9 2-9 10-19 20-99 100-299 300-1,920.

n 3i 82 25 83 55 43.

Calclum fractional excretion (%4
Mean 15 1.3 1.4 15 1.8 20

Ref 0.19 t-C61-0.23[ -0111 -057-44641 1.04t.46-03) 0.23 I-an-ug) 0.38 tO I0-8871

flosphate fractional excretion (%)
Mean 23 27 28 2E 28 32

b Ref 4.6112-101 5.5(1-2.3-131 2.9 Ti9".7 5.111.2-111 910,2-4-10

Glucese0excration limol/nn
Mean 0.B 0.7 018 1.0 0.8 1.0

D. Ref 0.01 t51-0-.531 G.051 O.80.741 tt23t4.2S-0.51 0 09 -0.47-0,841 0.2941.30-0.89)

Valuasrhqen re e increaseo I cue.wilarsbl tampered with tse aowest expwsure stbiatd) .B5% C, and mrsani unadiuned outecme vaiales in each exposurestrarilIn

t3Th). Urmilurn expasiire 'n ceteagrizad vertable adjusted Iror age. sax, and bodly dnss ind9a
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Articles * Uranium and kidney:function.i.,

cfFcccs were of modesr magnitude, they
( occurred without a cear thresbold

The results. are consistent with previous
findings, suggesting that uranium. in drnk-
ing watcr.afficts kidney tu6ular function
(14.15). In our study, uranium concentra.
r6ons were 'higher than in the earlier studics.
In the study by Zamora ec al. (14) of prcsons
using water containing < I pglL uranium (n

20) or between 2 and 780 pg/L (0i 30)
the diily intakce of uranium was 0.3-570 ig.
increased urinary glucose, 0-2-microglobu-
lin, and alkaline phosphata c wre associatced
with daily uranium-inuke, but mosrVilucs
remnaincd within the normal rangc Indieators
for giomerular injury (urinary arairiinc and
total protein) wecrc hot associated with ura-
mium inmtkc. In anothersrudy. the.uranium
concentrations in water were bewveeni c 0.1
and 50 pg/L (n . 100), and slightly iicre-sedl
levels of urinary albumin were associatced
with cumulative intakc ofturasium from
drinking wtcr (j./ Other biochemical para.
meerets in urine we e nor evaluated.

We di'd nor find an issoeicion between
urinium exposfrteand cxtcetion bf p-2-
ruicroglobulin in urine. The results are
consistent.with the prcvious stu'dics (/4,15)

in that i-2-microglobulin and albumin
-rarely cxceedcd the uiormal1 range.

-- Our findings arc supported by.experi-
nental .finding on .toic of uranium in

laboratory animals. Very.high doses of ura-
nium (10-25 mg/kg body weight) cause an
acuterenal failure'(,9 17.18).. 2nd lower
cxposure levels induce morphologic and
functional changes in kidneys (1O1,11IA..
The primary arger is rhc proximal convo-
lutird tubule and the damage it higher doses
is irrcersible b 8-10.:Histologic changes are
paralleled by glucosuria. aminoaciduria. pro-
teinuria polyuria ind ihrased excretion of
enzymes such as alkalinc phosphatase and
(acate dchydrogcnkas (5,lO. J2, 17.20.1) as
indicators of altered function of proximal
tubules and cell damage. rcspe=ively.

In ihis study, the changes'in tubular
function waee asociated mote closely with
urinary uranium concentration -than daily
intake-or uranhiu concentration in -water.
Uranium eoncentration inr-o uid*aircr may
s'ary over time. and tharefore a'spoc sanipling
does noi necessarily represent Ipng-crmn ur2-
nium exposure. Additiorally, self-riptirtcd
estimates of drinkiusg water tonsumption
were required for calctilating the daily

intake, which adds uncertainty1 Urinary
'3urinium concentratioh is independenit of

thesc sources cf uncertainty. Purhcr nodre, it
also encompusses individual variation in uLa-
nium-kinerics within the bo.dy,.whih fur-
ther increaset its validity as an indicator of
titanium coneentration in the kidney.

Renal effects of urinium were noit associ-
ated with thc duratioti of well-water use or
with cumulative uranium inAle. These find-
ings su gcst 'itiz short-term. exposure is most
relerant for kirdney eAects of uraniut; tand
effects are not likely tolbc uumulatis. This,
i; asni supported b' kinetic studics (4-6.

In our study population. drinking witer
tis ihc-predominant source of uranium 'espe-
eiilly among those w*ith elvaired uranium
concentrations in well water. We.had no
data on dietary intake of uranium. bur the
average daily invakc of uraniimn in food in
other countries has becn reported to bc 1-2
pg/day (22;Ž3). We had no informationion
braniumrin.-previous drinking watcr source&s
Hawcver, thc findings Were independcnr of
duration.of residence in the dwelling. sug-
gesting thit chis is not likely to affect. the
resuits. Wcarnd)%7cd only uianiu in frdni the
water samples. To confound the results,

Table 6. Kdney function indicators for' daily intake of uranium.
Daily intake of U lpgY 0.0006-4.9 5A19 20-99 ID-299 128

60 f8 81 51 65
Calciuhn tractional excretion IS%
Mean 1A t. 1.4 18

Ref -0V.8 (-04650301 -.0.05 0.41-.31) 0.371-0.03-Q781 0.45 0.07-4.83f
M*osplia~a fractlcnil excreliioIlk

Meani 265 . - 26 28 1t
J ReJ 2.0 1.3-7,21 0.93 [4.1-SW 7.8 Z 2.94-S) .5.9 0.5-l t21

Glueesr outioni rvmovminl
Mean ' '7. 0B 12 t.o
.b Ret 0.02 0.4S-0.481 0.02 -0.42-0.46) 0.5i lt.01-1.0il 0.3 (-0.24?1170)

Velues show~n uc ime Incriase ef cutrome iblts fbI compared whh thIoWZ lo esoc S stzsia? lRftJ . a i *nd means of unidjusted outcome vsriables in each exposure stiata
(in "z225 Uraniurn esabsure is a tiaraorired vriabeS adusted Icige S er, end Padytinas Ihdu.

Tdii i. Kidney tmmtlon indicators.blodd pressure end duredi s for uranium In urine.
U in urine (ng/mmol creasinine) ~0.1-1.9 2-9 10-19 20-99 100-955
n bS 80 37 72 68
Calcium fractional excretion 11.5
Mein 13 1.4 7 IS . 2 0
b Reft 015 [0.30 4.40) 0.289105-0.7 1| 0A09 O 127-0 45) 0.6 (li9-iDI

FtOsphate fractional ecretion 2-.
stean 25 26' *2 2S B3i

b ef `23 (-2-7.7) 1.9i-74.2-.7S) 2SLV4.01 1,7 R.6-131
Glucose exOrerian (piol/iii) .

Mean 0.7 CJ 1.2 o.r t~o
h net 0l 01 .0.42-0.44) 0.52 f0.02-1.051 0.07 1137-52). 0.M [.0.16-.75)

Syttolic biod- pre-ssue (mmHg)l
Mean 135 .134 . 138 139 139
bV Bel -112t654C tDIt-.1467) 1.0 4-83t 1,4 1-A~J4S)6

Diastolic blood pressure lnsnHgl
Mean t2 81 82 83 85

Ref . 1.341.3-1 ) .4t .03.21 1:1 ts14.11 2.1 11.-52t
Diiuresis IrnlAninl12 .. 3.

Mealfi .3 1. 1
Meanl :Ref 012 t-0074-321 0.05 D1.291 . 9.iii-lD9 0.31t 0.3810.1-B0581

Values shown are te increase of outconme variables (hi comps red with the 6wst wtposure sats ItRO 15% Cl. and me ns of unadjusted outcome Verdabias in each ixposure strata
(di;325L J~hreum easure 'IS ca megorza d variabre adjusted tar ege. sez.endbody Iapdrexscetwtreinfctd.
Asdjubted hr ae, sex, tody hiehi limdet. amd imOD^;ri;
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other chemicals in drinking warer should be
associated with both uranium concentration
and outcome measures. In another study wc
measured hLavy nictals. some of which are
known ncphrocoxic agents, in Finnish
drilled wells. 'These preliminary rcetilts show

rh;it heaw metals other tdun uranium occur
extremnclyrarely in substantial conccn rra-
tions. Furthermore, none of the heavy met-
als arc positivdel correlated with uranium.
Therefore. odier chemicals in drinking vater
arc not likely to confound itb results.

Thecl dinical significance of the results is
not easily established. We found an association
between urainim exposure.acd tubular finc-
tion (calciuria. phosphaturia. and polyurii).
but no changes in glomeruar function (creari-
nine clearancc. albuminuria). Tubular Jivs-
function manifested within the normal
physiologic range. but occurred without an
apparcnt threchold. Excretion of ealcium.
phosphat and glucose remained within nor-
mal range in mosr'subiccrs, even for persons
with vcey high and long-lassingeixposurc to
uranium. Tlcse findings are consistenr -With
studies of occupational exposure so uranium
failing to demnonstritc ovcet kidney disesse
among workers exposed to uranium (24-261.
Hovevcr, mnst occupational studies have not
used sufliciently sensitive fwuctional indicators
to detect latent kidney dysfunction, and thus
minor effects may havc remained unobserved.

Tubular dysfuncrion mia merely repre-
scnt a maniritataion of subclinical toxicity,
and it is unclear if it carries a risk of develop-
mcnt into kidney failutc or overr illnEss.
Howcvet, alterationt in renatl functions

induced bv uranium cannot be ignored.
although their health si,5nificance rCmains to
be cstalblishlid They mra decrease the spare
mpacity. of kidnqy function or promot clinm-
ical manifcstation of other hirmfuul nsiilrs.
The chdungs int kidney functionl, cvdn in the
absence of renal failure, may have subtle
indirect'lhalth cdnsequenccs. Increased cal-
citun leaking into urine may lead to negative
calcium balance and increase ;usccptibiliry
to osteoporosis. An association between
blood pressure and urinary uranium cxcrc-
tion miay be of clinical 'imporrance to sub-
jects witha. preidisposition to hyperrensiot.
Uranium elevates serum renin concentration
(17.27), which may explain our-finding.
These findings deserc further exploration.

Therc is no evidence rhat natural ura-
nium in drinking v. ter would cause cancer.
and chemical toxicity of natural ur3nium is
likely Ao be much more imnportant for
humimn health than risk oficincer from aidia-
tion (4.628). lire mredian annual eflective
dose based on the .uraniuimintalce and the
avCrgC uranium isotope ratios in drilled-well
waxers (Z) and dose conversion fisctors (29)
was 0.02 mSvyear (maximum 2 nmSv,4Yr).

and hence remains lower than the worldwide-
average dos fronm natural sources (2.4

m.Sv/yeatr (30a.
Guideline values for' drinking wvater rnng-

ing from 2 pgIL (7) to 100 pg/L (30 have
been proposed. The values are based on ani-
nml studies, with application of a .salcy factor
to sake into account the lack of humani stud-
ics. Based on tiis report and two previous
reports (141.5). the results frons humnn stud-
ics could be used for setting guidelines. We
fo ind ialtered tuluir filinction statistically sir-
nificant at water uranium concentrations
excceeing 300. pg/L Howevcr, hcterogencity
of exposure and of health effect (i.e.. susccpt-
bility) are possible, and this should be costid-
cretd in setting the guideline values. Because
our study and other human studies have
shown an effect of uranium on kidney func-
tion, guidetinc valucs based on these studies
arc unlikely to be substantially higher than
those suggeste previously. Due to thde lac of
an obvious ibreshrold ror die nephrotoxic cffcst
and possible hererogchein of eftect within
popuJations, ' guideline valic of 1Ot pg/L
semis too high. whereas valucs in the range
proposed by the WHO (2 ItgfL) (Q) and the
.US. Environmental protection Agency (U.S.

EPA) (30 lgIL) (3-1 ippe-ar approprirare.
In sumniarv. we found an 355ociation

between incrcased uranium exposutre through
drinking water and excretion of several
solutes in urine. The etfecr is consistent with
reduced rcabsorption in kidney mubules. lihe
public hearth irmplications of thesc findings
remain uncertatn, but sugcst thit the safe
concentration of uranium in drinking water
may be close' to the guideline values proposed
by tho WH0 and tre US. EPA.
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many drinking water supplies, with levels ranging from
Uranyl Nitrate: 28-Day and 91-Day Toxicity Studies in the 0.015 to 980 pg U/L of water and an estimated average of

Sprague-Dawley Rat. Gilman. A. P., Villeneuve, D-.C. SecouriS 3 'IglL (Drury et al., 1981). The wide range of levels of
V. E., Yagminas, A. P., Tracy, B. L, Quinn, J. M., Valli , uranium in drinking water, together with the observation
Wiles, R. J., and Moss, M. A. (1998). Toxicol. ScL 41, 117-128. consin higher lev e thertain themobservater

of consistently higher levels in certain community water
Although uranium (U) is a classic experimental nephrotoxin, supplies, has raised concerns regarding the potential hazard

there are few data on its potential long-term chemical toxicity. of such sources of uranium to human health (Cothern et al.
These studies were undertaken to derive a no-observed-adverse- 1983; Cothern and Lappenbusch, 1983; Moss et al.. 1983).
effect level (NOAEL) in male and female Sprague-Dawley rats Two different types of health hazards could potentially
following 91-day exposure to uranium (as uranyl nitrate hexahy- b
drate, UN) in drinking water. Following a 28-day range-finding be associated with exposure to uranium: radiation toxicity
study, five groups of 15 male and 15 female weanling rats were and chemical toxicity (Novikov, 1972; Cooper et al., 1982;
exposed for 91 days to UN in drinking water (0.96, 4.8, 24, 120, Haley et al.. 1982; Cothern et al., 1983). The isotopic mix-
or 600 mg UNIL). A control group was given tap water (<0.001 tire of naturally occurring uranium results in about 10 pCi
mg U1L). Daily clinical observations were recorded. Following the of alpha radiation per 1.5 pg of uranium. The disposition of
study, animals were euthanized and exsanguinated, and multiple uranium in the body is such that the risk of adverse effects
hematological and biochemical parameters were determined. Nec- in kidney or bone associated with the radioactivity is consid-
ropsies were conducted, and multiple tissues were sampled for ered less than the risk of chemical toxic effects (Novikov,
histopathological examination. The hematological and biochemi- 1972; Priest et al., 1982; Moss, 1989). Therefore, a major
cal parameters were not affected in a significant exposure-related
manner. Although there were qualitative and slight quantitative focus in assessing potential health hazards associated with
differences between males and females, histopathological lesions
were observed in the kidney and liver, in both males and females,
in all groups including the lowest exposure groups. Renal lesions of TABLE I
tubules (apical nuclear displacement and vesiculation, cytoplasmic Mean Uranium Residues (pglg) in Kidney and Bone Tissues
vacuolation, and dilation), glomeruli (capsular sclerosis), and in- of Female Rats after 28 Days Treatment with Uranyl Nitrate
terstitium (reticulin sclerosis and lymphoid cuffing) were observed (UN)
in the lowest exposure groups. A NOAEL was not achieved in this
study, since adverse renal lesions were seen in the lowest exposed Group number 1 5 6
groups. A lowest-observed-adverse-effect level of 0.96 mg UN/L Exposure (mg UN/L)I 0 120 600
drinking water can be reported for both the male and the female TWA uranium equivalent dose'(mg U/kg body wt/day): <0.0001i 7.82 40.00
rats (average dose equivalent 0.06 and 0.09 mg U/kg body wt/day, Number of animals studied: 10 5 7
respectively). c i~s so of TodCoIY.

Keyv Words: uranium; uranyl nitrate hexahydrate; subchronic Kidney <0.2 <0.2 092'
exposure; drinking water; Sprague-Dawley fat; nephrotoxicity. t0.l9)'

Bone <0.2 1.78 4.60
(0.40) i 1.08)

Naturally occurring uranium (U) salts are common to ~ K Reported in Tracy et al. 11992).
'Time-weighted average uranium equivalent dose. Based on terminal

'This work was presented in pan at the following meetings: Canadian body weight and Week 4 fluid consumption data: uranyl nitrate hexahydrate
Fed. Biol. Soc. (Edmonton). June 1982. American Public Health Associa- x 0.474 = uranium equivalent.
tion Meeting (Montreal). November 1982. Nuclear Regulatory Commission 'Significantly different from control group (p < 0.05); Duncan procc-
Public Meetings on Uranium (Washington). December 1985. dure.

To whom correspondence should be addressed. 'd standard error of mean.
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TABLE 2
Mean Terminal Body Weight, Body Weight Gain, Food and Water Intake, and Kidney Weights of Female and Male Rats

after 91 Days Treatmrent with Uranyl Nitrate (UN)

Group number.
Exposure (mg UN/L: 0

0.2
0.96

3
4.8

4
24

1
120

*~ Mentrinlbd wi- g

Mean tcrrninal body wcight (g)
Females

Males

Mean body weight gain (g)
Females

Males

Mean feed intake (gtanimaltday)
Females

Males

Mean fluid consumption (mVanimal/day)
Females

Males

Mean kidney weight (% body weight)
Females

Males

310.3
(7.7)

487.0
(13.94)

206.7
(5.7)

389.07
(11.81)

19.79
(0.50)
21.23
(2.52)

34.75
(1.56)
36.76
(1.44)

0.34
(0.02)
0.28

(0.01)

311.9
(7.9)

521.8
(11.94)

210.6
(8.7)

417.33
(10.94)

20.07
(0.49)

23.21
(2.26)

35.71
(1.53)
35.37
(1.55)

, 0.33
(0.01)
0.29
(0.01)

315.1
(8.5)

513.7
(14.69)

215.8
(8.3)

408.93
(14.79)

20.07
(0.33)
24.14
(2.97)

35.69
(1.77)
38.75
(1.55)

0.32
(0.01)
0.29

(0.01)

320.1'

(6.7)
494.9
(15.23)

216.7
(6.5)

391.80
(15.01)

20.32
(0.53)
22.76
(1.94)

34.65
(1.21)
35.92
(2.06)

0.32
(0.01)
0.30

(0.005)

336.9'
(8.9)

496.2
(9.30)

234.7'
(6.6)

393.67 .
(7.39)-

20.44
(0.65)
23.03
(2.20)

35.91

(135)
34.05
(1.12)

0.31
(0.01)
0.30

(0.01)

6
600

309.5
(6.8)

503.2
(12.29)

210.1
(7.7)

39853
(13.83)

19.56
(0.54)
22.53
(2.31)

34.43
(1.77)
36.84
(1.37)

0.33
(0.01)
0.30

(0.01)

' Significantly different from group 1: p < 0.05; Duncan's multiple range test.
' ± standard error of the mean with 15 rats per group.

uranium has been upon its chemical toxicity. The U.S. EPA
guidance levels for uranium were formerly estimated based
upon the radiation hazard (Cothem et aL, 1983), but chemi-
cal toxicity is now also taken into consideration (U.S. EPA,
1991). Uranium is a classic experimental nephrotoxin, and
its use in high dosage for the induction of acute nephrotoxic-
ity in animals has been well established (Cothern et a!.,
1983; Haley. 1982; Haley et al., 1982; Moss. 1989). How-
ever, there are few data on the potential long-term toxicity
of uranium (Haley et al., 1982: Cothern et at.. 1983: Leggett,
1989). This study was undertaken to provide an estimation
of the no-observed-adverse-effect level (NOAEL) in rats fol-
lowing.exposure to uranium for 91 days.

METHODS *'

28-day range-finding study. Five groups of 10 male and 10 female
weanling specific pathogen-free (SPF)-derived (about 60 g body wt)
Sprague-Dawley rats (obtained from Charles River Breeding Laboratories
Inc.) were exposed for 4 weeks to uranyl nitrate hexahydrate.
UOANO ,), -6H O (CAS No. 135'0-83-7). in their drinking water. Simulta-
neously. control rats. 10 males and 10 females (group 1). were administered
drinking water containing less than 0.001 mg U/L (concentration range over
four determinations: 0.00078 to 0.00087 mg UtL). Exposed groups 2. 3. 4.

5. and 6 received drinking water with uranyl nitrate hexahydrate (UN.
supplier British Drug House) added to concentrations of 0.96. 4.8. 24, 120.
and 600 mg UN/L of water, respectively. UN was readily soluble up to
these concentrations using gentle agitation from a magnetic stirrer.

All animals were housed individually in stainless-steel mesh cases with
free access to food (Purina Rat Lab Chow; U < 0.10 jg/g) and drinking
water. both during the standard quarantine period and during the study.
Detailed clinical observations were conducted daily. Body weights were
measured weekly. Feed intake and fluid consumption data were recorded.
For the 28-day study. time-weighted average (TWA) doses were calculated
from water intake data collected over Week 4 and from terminal body
weights. Uranium equivalents were obtained by multiplying the uranyl ni-
trate hexahydrate value by 0.474.

After 4 weeks of treatment. all animals were anesthetized with ether
and exsanguinated via the abdominal aorta. The following hematological
parameters were determined for each animal: hemoglobin, packed cell vol-
ume (PCV). red blood cell counts (RBC). mean corpuscular volume (NMCV).
mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobit con-
centration (N1CHC). platelet count, and total whi- blood cell count IWBC).
Cell counts were determined with a Baker 7000 cell counter. Differential
WBC counts were conducted on blood samples from groups I (control)
and 6 (600 mg UN/L).

Biochemical determinations were conducted on serum. using a Technicon
SMA 12/60 microanalyzer. and included measurements of sodium, potas-
sium. inorganic phosphate. total bilirubin. alkaline phosphatase (AP). aspar-
tate aminotransferase (AST), total protein. calcium. cholesterol. glucose.

uric acid. and lactic dehydrogenase (LD). Sorbitol dehydrogenase (SDH)
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TABLE 3
Uranyl Nitrate Dosage (mg UN/kg Body wtlDay') at Weeks 1, 6, and 12 of Treatment of Female and Male Rats

with Uranyl Nitrate (UN)

Group number I - 2 3 4 5 6
Exposure (mg UN/L): 0 0.96 4.8 24 120 600

Study week
I Females 0.0003 0.27 1.32 6.85 32.09 167.21

(0.00001) (0.01) (0.06) (0.23) (0.42) (7.57)
Males 0.0002 0.20 1.05 5.29 27.63 124.62

(0.00001) (0.006) (0.03) (0.04) (2.00) (2.88)
6 Females 0.0001 0.15 0.75 3.56 18.01 100.19

(0.00001) (0.01) (0.07) (0.12) (0.90) (7.05)
Males 0.0001 0.10 0.56 2.66 13.08 67.76

(0.0001) (0.005) (0.03) (0.17) (0.66). (3.58)
- 12 Females 0.0001 0.14 0.68 3.16 16.13 84.43

(0.00002) (0.01) (0.04) (0.13) (1.28) (4.77)
Males 0.0001 0.07 0.43 2.18 9.83 49.77

(0.0002) (0.005) (0.04) (0.18) (0.58) (3.87)

TWA uranium equivalent dose (mg U/kg body wt/day)r

Females <0.0001 0.09 0.42 2.01 9.98 S3.56
Males <0.0001 0.06 0.31 1.52 7.54 36.73

Calculated from weekly fluid consumption data and body weights.
' standard error of the mean.

'TWA dosage: time-weighted average dosage, calculated from the area under the dose-time curve assuming a linear relationship of dose and time
between Study Weeks I to 6 and 6 to 12. Uranium equivalent - uranyl nitrate hexahydrate x 0.474.

activity was determined according to an automated method (Yagminas and kidneys. The following tissues were fixed in 10% buffered fonmalin (pH
Villeneuve. 1977). 7.4): adrenal. bone marrow, brain (three sections), bronchi. colon. duode.

Gross pathological examinations were conducted on all animals at nec- num. epididymis. esophagus. stomach (gastric cardia. fundus. and pyio-
ropsy. Organ weights were obtained for brain. heart. liver, spleen. and rus), heart. kidney. liver. lungs. mesenteric and mediastinal lymph nodes,

TABLE 4
Selected Hematological and Biochemical Parameters of Female and Male Rats after 91 Days Treatment with Uranyl Nitrate (UN)

Group number- 1 2 3 4 5 6
Exposure (mg UNIL: 0 0.96 4.8 24 120 600

Mean hemoglobin (g/L)
Females 145 147 149 150147 148

(Ir (1) (2) (2) )()
Males 145 146 145 148 145 143

(3) (1) (1) (1) (1) (2)
Mean erythrocytes (x10'/L)

Females 6.69 7.16 7.18 7.36' 7.22 7.26
(0.08) (0.07) (0.10) (0.;1) (0.10) (0.10)

Males 7.59 7.84 7.74 7.4 . 7.64 7.62
(0.18) (0.10) (0.08) (0.08) (0.10) (0.12)

Mean corpuscular hemoglobin (pg)
Females 20.9 20.5 20.7 20.3' 20.3' 20.3'

(0.,) (0.2) (0.2) (0.1) (0.2) (0.1)
Males 19:2 18.7 . 18.8 18.8 19.0 18.8

(0.2) (0.2) (0.1) (0.1) (0.2) (0.2)
Mean glucose (mmo/L)

Females 8.9 8.2 8.4 8.5 8.5 8.8
(0.2) (0.2) (0.3) (0.2) (0.3) (0.3)

Males 8.7 8.8 9.5' 9.0 9.4' 9.1
(0.2) (0.2) (0.3) 10.2) (0.2) (0.3)

' standard error of the mean with 15 rats per group.
'Significantly different from group 1: p < 0.05; Duncan's multiple range test.

IN
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- TABLE 5
Uranium Residues (pglg) In Selected Tissues of Female and Male Rats after 91 Days Treatment with Uranyl Nitrate (UNr

Group Number I 5 6
Exposure (mg UN/L): 0 120 600
TWA uranium equivalent dose'

(mg U/kg body wt/day)
Females: <0.0001 9.9R 53.56
Males: <0.0001 7.54 36.73

Animals sampled (femalelmale): 15115 6/5 616

Kidney
Females <0.2 0.42 1.67

(0.04)' (0.37)
Males <0.2 0.42 2.12

(a.07) (0.81)
Bone

Females <0.2 0.50 0.73
(0.14) (0.13)

Males <0.2 0.40 0.97
(0.15) (0.14)

Brain
Females na na nd
Males na na 0.43

(0.53)
Liver and spleen

Females and males na na nd

Note. na. not analyzed; ad. not detected.
Reported (kidney and bone) in Tracy et aL (1992).

'Time-weighted average uranium equivalent dose. Calculated from the area under the dose-time curve assuming a linear relationship of dose and
time between Study Weeks I to 6 and 6 to 12. Uranium equivalent = uranyl nitrate hexahydrate x 0.474.

' - standard error of mean.

ovary, pancreas, parathyroid. pituitary, salivary glands. skeletal muscle.
spleen. testes. thoracic aorta. thymus, thyroid, trachea. and uterus. All
tissues were processed through paraffin embedding, sectioned at 6 pm,
and stained with hematoxylin and cosin (H&E). The blocks containing
renal tissue were subsequently recut at 5 pm and stained with H&E.
Heidenhain's iron hematoxylin (HN). and periodic acid-Schiff. methena-
mine-silver (PAMS) for more specific identification of cytoplasmic and
basement membrane changes. Fatty change in the liver was confirmed in
frozen sections as previously described (Villeneuve et at. 1979). The
animals and tissues were examined by a pathologist without knowledge of
the experimental protocol. according to a predetermined and standardized
scoring system provided in the Lab Cat program for histopathology (Inno-
vative Programming Associates. NJ) which incorporated a severity scale
from normal or minimal change (I). to mild (2). moderate (3). and marked
change (4) for each tissue examined. Tissues were also evaluated within
these categories as to whether the changes were focal. locally extensive.
multifocal. or diffuse.

Uranium residues were examined in samples of brain. liver. spleen. blood.
kidney. and bone from all female dose groups but not males. as reported
in Tracy er al. (1992). with a lower limit of detection of about 0.03 Pg/g.

Statistical analyses of all data other than the pathology scores were carried
out using a one-way analysis of variance, followed by a Duncan's multiple
range test to assess which groups were significantly different (p < 0.05)
from the controls (Nie et al. 1977). The incidence scores of histopathologi-
cal lesions were analyzed by the Fisher exact test. Kidney and liver lesion
severity scores were evaluated by an analysis of variance followed by
Duncan's multiple range test and by Dunnet's t test.

91-ay subchronic study. The exposure levels for the 91 -day study
were identical to those in the 28-day range-finding study. The number of
animals was increased to 15 per sex per group. The animals were necropsied

after 13 weeks of treatment. Water and food intake were measured during
three weekly periods (Weeks 1, 6. and 12). Otherwise, the experimental
conditions of the study and the collection and analyses of various samples
were as described for the 28-day study.

The TWA doses were calculated from the area under the dose-time
curve. assuming a linear relationship of dose and time between Study Weeks
1-6 and 6-12. Body weights measured at these times were used in the
calculations.

RESULTS

28-Day Range-Finding Study

The time-weighted average equivalent dose of uranium.
expressed as mg U/kg body wt/day, for groups 1-6, respec-
tively, were <0.0001. 0.07. 0.33, 1.65. 7.82, and 40.00 for
females, and <0.0001, 0.05. 0.27, 1.34, 6.65, and 35.30 for
males. No differences in clinical signs were observed be-
tween the exposed and control rats. No significant dose-
related effects were observed on body weight gain. feed
intake, or fluid consumption.

No dose-related effects were evident in hematological pa-
rameters, including hemoglobin, PCV. RBC. MCV, MCHC,
platelet count, WBC, and differential white blood cel! counts.
Serum uric acid levels appeared to increase with the level of
uranyl nitrate treatment, although only group 6 females showed
uric acid levels significantly greater than controls (i.e., 1.64 vs
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TABLE 6 -

Kidney and Liver Lesion Incidence Summary in Male Rats after 91 Days Treatment with Uranyl Nitrate (UN)

Group number. I 2 3 4 S 6
Exposure (mg UNIL): 0 0.96 4.8 24 120 600
Animals examined per group: 1S 15 15 15 15 IS

Kidney
Glomerular adhesions 2' 4 10 10 10 11
Tubular

Cytoplasmic shedding 13 9 12 12 14 13
Cytoplasnuc inclusions 14 14 13 15 14 13
Apical displacement of nuclei 0 6 1 5 0 2
Cytoplasmic vacuolation 0 9. 7 12 9 7
Nuclear vesiculation 0 6 tO 6 6 5
Tubular dilation 0 4 5 10 4 5
Tubular atrophy 0 0 0 1 3 1
Cytoplasmic degranulation 0 2 11 13 7 7

Interstitial
Collagen sclerosis 0 1 2 1 2 12
Reticulin sclerosis 4 5 8 5 8 10
Lymphoid cuffing 0 6 6 2 7 10

Liver
Accentuation of zonation 0 2 1 0 8 10
Nuclei

Anisokaryosis 0 5 10 14 15 15
Vesiculation 0 0 7 2 0 0
Hyperchrornicity 0 0 1 12 15 Is

Cytoplasm
Increased portal density I I 1 5 15 13
Perivenous vacuolation 0 5 1 3 0 0
Increased perivenous homogeneity 3 . 14 14 13 15 15

'Number of animals in group with indicated abnormalities.

1.18 mg/dl; p < 0.05). Other clinical chemistry parameters
were not affected in a dose-related manner.

Compared to controls there were no significant differences
in organ weights of males or females, in any dose group at
the conclusion of this study. Significantly increased tissue
uranium levels were detected in the kidney and bone in
group 6 females (Table 1). Tissue uranium levels were not
measured in males in the 28-day study.

Gross pathological examination was performed in all ani-
mals. but histopathological evaluation was performed only
on the control group and the highest exposure group (600
mg UN/L). Quantitative analysis of the histopathological
data did not identify any significant differences between con-

- trol and high-dose animals in either the male or the female
group, although there was a very small ingrease in the num-
ber of affected animals in the high-dose group. Based upon
these observations, the 91-day toxicity study was designed
using the same dose levels as the 28-day study.

91-Day Subchronic Study

No treatment-related clinical signs were observed in the
exposed animals. Terminal body weights were statistically

greater in groups 4 and 5 than in control (group 1) females.
Group 5 females had a significantly greater body weight
gain than group 1. However, these differences did not appear
to be dose-related. There were no significant dose-related
differences in kidney weight expressed as a percentage of
body weight (Table 2). No significant differences were ob-
served between control and exposed groups in average feed
intake or water consumption (Table 2). Mean fluid consump-
tion increased between Weeks I and 6 of the study; however,
there were no significant dose-related differences. Since the
concentrations of uranyl nitrate in the drinking water re-
mained constant throughout the study, the dosage of uranyl
nitrate per kilogram body weight decreased with age (Table
3). This decrease was most pronounced during the first 6
weeks of the study. The time-weighted average equivalent
dose of uranium, expressed as mg U/kg body wt/day. for
groups I through 6, respectively, were <0.0001, 0.09. 0.42,
2.01. 9.98, and 53.56 for females and <0.0001, 0.06. 0.31.
1.52, 7.54, and 36.73 for males (Table 3).

Hemoglobin and RBCs were significantly increased in
group 4 females, and MCH values were slightly but signifi-
cantly decreased in groups 4, 5, and 6 females (Table 4).
Serum glucose levels were significantly increased in groups

in
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TABLE 7
Kidney and Liver Lesion Incidence Summary In Female Rats after 91 Days Treatment with Uranyl Nitrate (UN)

Group number.
Exposure (mg UN/L):
Animals examined per group:

I0
15

2
0.96
Is

3
4.8
15

4
24
15

S
120
14

6
600
14

Kidney
Glomerular adhesions
Capsular sclerosis
Tubular

Cytoplasmnic inclusions
Cytoplasmic vacuolation
Anisokaryosis
Nuclear vesiculation
Pyknosis
Tubular dilation
Tubular atrophy
Cytoplasmic degranulation

Interstitial
Collagen sclerosis
Reticulin sclerosis

Liver
Accentuation of zonation
Nuclei

Anisokaryosis
Vesiculation
Hyperchrocticity

Cytoplasm
Increased portal density
Increased perivenous homogeneity

12
0

14

0
0
0
0
0

1

1

0

0

7

0
4

1s
5

13
3
4
6
3
0
0
6

3
9

5

It
15
0

1 I
10

13
4

IS
6
3
6
2

2
3

2
8

3

13
2

15
14

15
3

14
2
8
7
3

S
7

4

15
12
6

14
13

14
6

14
4
4
4
7
0
0
9

0
6

4

14
8

13

II1
9

14
S

14
2
7
7
3
3

5

2
5

3

14
1 1
14

12
14

' Number of animals in group with indicated abnormalities.

3 and 5 males (Table 4), and serum sodium levels were
decreased in group 3 females. No dose-related trends were
evident in these parameters, and no significant differences
were observed in other biochemical parameters. Uranium
residues were detected in bone and kidneys from males and
females in groups 5 and 6; the kidney uranium concentra-
tions in group 6 were about fivefold greater than those mea-
sured in group 5 (Table 5). Brain samples from males in
group 6 also had detectable levels of uranium, whereas levels
in liver and spleen samples were undetectable.

The incidence and severity of selected kidney and liver le-
sions are summarized, by exposure group, for males and fe-
males, in Tables 6-9. Significant renal histological changes
(Figs. 1-6) were observed in males in tubules at the lowest
exposure level with dilation (Fig. 2), apical displacement (Fig.
3), and vesiculation of tubular nuclei (Fig. 6); and cytoplasmic
vacuolation (Fig. 3) and degranulation (Fig. 4). Otler lesions,
including glornerular adhesions and focal tubular degranulation.
became significantly different above the 4.8 mg UN/L exposure
level. Females had significant changes to both glomenular and
tubular elements, the most important consisting of focal sclero-
sis of glomerular capsules (Fig. 5) and anisokaryosis and vesic-
ulation of tubular nuclei. Reticulin changes were more signifi-
cant than collagen changes in the renal supporting connective

tissues. Overall, the most important changes in the female study
were sclerosis of glomerular capsules and reticulin sclerosis of
tubular basement membranes and interstitial scarring, both of
which are nonreparable lesions and occurred at the lowest expo-
sure level.

Adaptive and likely reversible changes occurred in the
liver of male and female rats including accentuation of zona-
tion and anisokaryosis. Sinus hyperplasia was observed in
the spleen of both males and females in a treatment-related
manner which reached a significant difference from controls
in group 6 (data not shown).

Nonspecific and likely reversible changes of the thyroid gland
were similar in both sexes, but were more severe in males.
Multifocal reduction of follicular size with increased epithelial
height was a common observation in both sexes. Only males
had decreased amount and density of colloid. These differences
were significantly different from controls in groups 3-6 (males)
and in groups 4 and 6 (females) (data not shown).

Although histopathological findings were generally less
severe in the female animals; statistically significant changes
to the liver and kidney were detected at the lowest exposure
level in both females and males. In terms of permanent
injury, the renal changes are the most significant in both
male and female rats. It would appear that on the basis of
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TABLE 8
Statistical Evaluation of Kidney and Uver Lesion Incidence Data for Male and Female Rats

after 91 Days Treatment with Uranyl Nitrate (UN)'

Group number. 2 3 4 S 6
Exposure (mg UN/A: 0.96 4.8 24 120 600

Kidney
Glomerular adhesions
Capsular sclerosis X X XX x
Tubular

Anisokayosis X XX X XX
Pyknosis XX
Apical displacement of nuclei *

Nuclear vesiculation
XX XX XX X XX

Cytoplasmic vacuolaitoa ..
x

Cytoplasmic degranulation
X Xx

Tubular dilation . .
Interstitial

Collagen sclerosis 7
Reticulin sclerosis a

XX XX X X

Lymphoid cuffing
Liver

Accentuation of zonation ...
X x X

Nuclei
Anisokaryosis *.. ..

Xxx XXX XXX XXX XXX

Vesiculation
XX X

Hyperchromicity
Xx xxx XXX

Cytoplasm
Increased portal density

XXX XXX XXX XXX XXX

Perivenous vacuolation *
Increased perivenous homogeneity *-.

x xxx XX X XXX

Fisher exact test.

Male Female Significantly different from control group

*.

a..
XX

XXX

p < 0.05
p < 0.01
p < 0.001

these histopathological findings, a no-observed-effect-level
for uranyl nitrate was not observed in this study.

DISCUSSION

Exposure-related signs of toxicity or modifications in nor-
mal appearance or behavior were not found in rats exposed
to UN for 91 days at levels up to 600 mg/L drinking water
(equivalent to a time-weighted avcrage equivalent dose of
37 or 54 mg U/kg body wt/day for males and females, re-
spectively).

Histopathological lesions were observed primarily in the
liver. thyroid, and kidney in the rats exposed to UN. The
lesions of the liver which were generally nonspecific nuclear
and cytoplasmic reactive changes apparent in both males
and females of all exposure groups were directly related to
uranium exposure. The incidence and severity of liver le-
sions increased with dose, even though the uranium levels
in the liver were below detection. Thyroid lesions similar to
those observed in this study have also been reported in other
subacute and subchronic rat studies involving different toxi-
cants (Chu er al.. 1983, 1984), and would not seem to be
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TABLE 9
Statistical Evaluation of Kidney and Liver Lesion Severity Data for Male and Female Rats

after 91 Days Treatment with Uranyl Nitrate (UN)

Group number 2 3 4 5 6
Exposure (mg UN/L): 0.96 4.8 24 120 600

Kidney
Glomerular adhesions
Glornerular congestion xx
Tubular

Cytoplasmic shedding
Cytoplasmic inclusions
Cytoplasmic vacuolation
Cytoplasmic degranulation
Apical displacement of nuclei
Anisokaryosis XX xx
Nuclear vesiculation xx
Tubular dilation
Tubular atrophy
Protein casts x

Interstitial
Collagen sclerosis
Lymphoid cuffing

Liver
Accentuation of zonation
Nuclei

Anisokaryosis * **

x xx xx xx xx
Vesiculation

xx x x x
Hyperchromicity so

xx xx xx
Cytoplasm

Increased portal density
x xx xx xx xx

Perivenous vacuolation
Increased perivenous homogeneity

xx xx xx xx
Increased perivenous and midzone homogeneity xx

Dunnen's t test.

Male Female Significantly different from control group

:-0
x

xx

p < 0.05
p < 0.01

specific to uranium exposure. As reported by others (Haley'
1982; Haley et al., 1982; Morrow et al.. 1982; Cothern et
al., 1983). the major tissue affected was the kidney. In males.
the major kidney lesions were vesiculation and apical dis-
placement of the proximal tubular nuclei and cytoplasmic
vacuolation and tubular dilation. These tubular changes may
result in permanent injury to basement membranes with loss
of nephrons and reduced renal function. Similar kidney le-
sions have been reported in acute exposure studies to UN
and other uranium compounds in the rat'(Haley, 1982; Haley
et aL. 1982; Lim et al.. 1987). Thickened tubular basement
membranes which may b: not uranyl related were also iden-
tified (Fig. 2).

In the exposed females, the most important changes were
glomerular capsular sclerosis and reticulin sclerosis of the
interstitial connective tissues. These focal changes, while not
severe, are important becausie they are nonreparable, and
would limit the kidney's functional reserve. Sustained expo-
sures would likely increase the number of damaged glomeruli
and ultimately would impair renal function. The finding of
increased severity for cytoplasmic inclusions in the group 5
males which was reduced to a mild level in group 6 may
result from uranyl inhibition of hepatic cr2-microglobulin pro-
duction, resulting in reduced renal accumulation. This was
not found in females, and may reflect androgen dependence
for the deposited protein. Lesions of the glomerular apparatus
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FIG. . Renal cortex from a female rat in the control group of the 91-day study. (A) Outer stripe cotex. Glomerular and tubular basement membranes
are of normal and uniform thickness (arrow) and proximal and distal tubules have uniform diameter, cytoplasmic volume, and nuclei. PAMS x320. (B)
Section to adjacent (A) demonstrating normal depth of cytoplasmic staining in proximal (dark) and distal (light) tubules. HN x320.

have been reported elsewhere following acute exposures to
UN in male Sprague-Dawley rats (Haley. 1982) and in fe-
male Sprague-Dawley rats (Avasthi et al.. 1980). and to
uranyl acetate in white rabbits (Kobayashi er aL. 1984).

In addition to the contrast between males and females in
the type of kidney lesions observed. there were quantitative
differences in their sensitivity to uranyl nitrate, which cannot
be accounted for on the basis of uraniurp dosage: females
consumed a higher time-weighted average dose (mg U/kg
body wt/day) than males in every exposure group (Table 3).

Despite these qualitative and quantitative differences, kid-
ney toxicity was evident at the lowest exposure level used
in both males and females (i.e.. 0.96 mg UN/L drinking
water for 91 days: equivalent to time-weighted average doses
of 0.06 or 0.09 mg U/kg body wtlday for males and females,
respectively). Transient proteinuria and marked renal mor-

phological changes have been reported in rats following a
single exposure of 50 pg UN/kg body wt. but this was fol-
lowing parenteral administration (Bentley et al.. 1985).

The explanation of the observed qualitative and moderate
quantitative differences in sensitivity between male and fe-
male rats in the development of kidney lesions following
UN exposure is not readily apparent. The renal toxicity of
administered nephrotoxins may depend in part upon the sex
of the animal (Ackerman and Hook. 1984). Adaptive re-
sponses of dog kidney to acute intravenous and inhalation
exposure of uranyl fluoride has been described (Morrow et
al.. 1982). The possibility of an acquired tolerance to ura-
nium on the basis of morphological changes observed in
regenerated proximal tubular cells has been recently re-
viewed (Leggett, 1989). It was suggested that the reduction
in microvilli on luminal surfaces would result in reduced
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g UNIL for 91 days. Multiple profiles of markedly dilated distal convoluted
I (arrowhead) and focally protruding into the lurnen. Basement membranes
oximal tubules of reduced diameter (arrows). PAMS x 160.

Differences between males and females in sensitivity of
the kidney to uranium do not seem to correlate with tissue
uranium residue levels. Uranium concentrations in the kid--
ney were only moderately higher in males than in females

FIG. 2. Outer stripe renal cortex from a male rat which received 0.96 ml
tubules. Epithelium is irregularly flattened and nuclei are irregularly spaced
are normal surrounding the dilated tubules and thickened around adjacent pt

attachment of uranium to cell surfaces and thereby reduce its
entry into cells. This may partly explain some experimental
observations of apparent tolerance, but the significance of
any such long-term protective effects remains uncertain.

1W Anh";Ah;C -
FIG. 3. Inner stripe renal cortex from a male rat which received 0.96 mg UN/L in drinking water for 91 days. Multifocal vacuolation of cytoplasm

in a segment of proximal convoluted tubule with normal basement membranes. The vacuoles variably surround the nuclei and extend to the basement
membrane (arrows). H&E x720.
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FIG. 4. Renal cortex from a male rat which received 120 mg UN/L in drinking water for 91 days. Multiple profiles of tubular injury with typical
loss of density of cytoplasmic staining due to degranulation. HN x320.

in group 6, and similar in both sexes in group 5. This obser-
vation is surprising in view of the larger time-weighted aver-
age dose of uranium received by females. The increase in
uranium residue level in kidney from group 5 to group 6 is
proportional to the increase in dose level between those
groups (Table 5). This suggests that basic pharmacokinetic
parameters are similar between the sexes, and does-not ac-
count for the reduced sensitivity in females.

A no-observed-adverse-effect level (NOAEL) was not
achieved in male or female rats in the current study, since
adverse renal and hepatic changes were seen in all exposed

groups. Based upon the frequency and degree of nonrepara-
ble degenerative lesions in the renal proximal convoluted
tubule in males, and in the glomerulus of females, a lowest-
observed-adverse-effect-level (LOAEL) of 0.96 mg UNIL
drinking water can be reported for both the male and the
female rats (TWA uranium equivalent dose 0.06 and 0.09
mg U/kg body wtlday, respectively). A simple linear inter-
polation of the kidney residue data available in Table 5
suggests that kidney tissue uranium concentrations would
be close to the limit of quantitation (0.2 jig/g) at this expo-
sure concentration.

FIG. 5. Renal cortex from a female rat which received 600 mg UN/L of drinking water for 91 days. There is marked and irregular thickening of the
parietal layer of Bowman's capsule typically opposite the vascular pole of the glomerulus (arrow). PAMS X320.
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FIG. 6. Renal cortex from a male rat which received 600 mg UN/L of drinking water for 91 days. Focus of glomerular injury with accumulation of
protein in the urinary space of the glomerulus and protein casts irregularly dilating adjacent proximal tubules (arrow). There is irregular vesiculation and
pyknosis of nuclei with loss of tubular cytoplasmic staining density. Affected tubules have normal basement membranes (arrowhead). PAMS x320.
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Uranyl Nitrate 91-Day Toxicity Studies in the New Zealand
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These studies were undertaken to derive a lowest-observed-ad-
verse-effect level (LOAEL) in the New Zealand White rabbit fol-
lowing a 91-day exposure to uranium (U, as uranyl nitrate hexahy-
drate, UN) in drinking water. Males were exposed for 91 days to
UN in their drinking water (0.96, 4.8, 24, 120, or 600 mg UNIL).
Subsequently, females were similarly exposed for 91 days (4.8,24,
or 600 mg UNIL). Control groups were given tap water (<0.001 mg
U/L). Regular observations were recorded, and urine was collected
periodically. Four males showed evidence of Pasteurella multocida
infection and were excluded from the study. Following the study,
all animals were euthanized, and multiple hematological and bio-
chemical parameters were determined. Necropsies were con-
ducted, and histopathological examination was performed. The
hematological and biochemical parameters were not affected in a
significant exposure-related manner. Dose-dependent differences
consisted of histopathological changes limited primarily to kidney.
Changes in renal tubules were characteristic of uranium toxicity.
Based on changes in the tubular nuclei, the 91-day LOAEL for
males in this study is 0.96 mg UNIL drinking water. The females
drank 65% more water than the males, yet appeared to be less
affected by the exposure regimen, although they also developed
significant tubular nuclear changes in their lowest exposure group,
deriving a LOAEL of 4.8 mg UN/L Tissue uranium residue studies
suggested that pharmacokinetic parameters for the males and fe-
males differ, possibly accounting for the difference in observed
sensitivity to UN. An adverse effect of P. multocida infection can-
not be excluded. c i9m Socim O(ToVicov. I

Key Words: uranium; uranyl nitrate hexahydrate: subchronic ex-
posure; drinking water, New Zealand White rabbit; nephrotoxicity.

In a related publication (Gilman et aL, 1998), we have
reported 91-day studies of uranium (U) exposure in the
Sprague-Dawley rat, where a lowest-observed-adverse-ef-
fect level (LOAEL) of 0.96 mg UNIL drinking water was
derived for both males and females. The present studies were
undertaken to provide an estimation of the LOAEL in the
New Zealand White rabbit following exposure to uranium
for 91 days.

METHODS

Five groups of 10 male weanling (initial body weight about 3200 g) New
Zealand White rabbits (obtained from Charles River Breeding Laboratories
Inc.) were exposed for 91 days to uranyl nitrate hexahydrate. U02
(NQzh -61-1O (CAS No. 13520-83-7) in their drinking water. Concurrently.
10 control male rabbits (group I) were given drinking water containing less
than 0.001 mg UIL. Exposed animals (groups 2-6. respectively) received
drinking water with uranyl nitrate hexahydrate (UN) added to concentrations
of 0.96. 4.8. 24. 120. or 600 mg/L

Similarly. female weanling New Zealand White rabbits (10 per group:
initial body weight about 3100 g) from the same supplier were exposed to
4.8. 24. or 600 mg UN/L drinking water for 91 days (groups 2-4). Ten
control females received drinking water containing less than 0.001 mg UI
L (group 1). Female animals were purchased as specific pathogen free
(SPF): males were not.

All animals were acclimated for 3 weeks prior to the start of the study
and housed individually in stainless-steel mesh cages with free access to
food (Purina Rabbit Lab Chow; U < 0.5 pg/g) and drinking water. The
possibility of coprophagia was minimized through the use of wire mesh
Roors in the cages. Detailed clinical observations were conducted daily.
Body weights were recorded weekly. Food and water intake were measured
four times throughout the experiment.
-'-After 30. 60. and 91 days of exposure. urine was collected from four
male rabbits from each group. Volume was recorded and levels of the
following analytes were determined: uranium, glucose. creatinine. urea ni-
trogen. total protein. albumin. lactic dehydrogenase (LDl. y-glutamyl trans-
peptidase (y-GT). leucine aminopeptidase (LAP). and N-acetyl-O6n-gluco-
saminidase (NAG).

After 30 and 90 days of exposure in the female study. urine was collected
from all the animals in group 4 (600 mg UN/L) and from all the controls.
The following analytes were determined: glucose. creatinine. urea nitrogen.
total protein. albumin. and NAG.

Dye clearance tests were performed I week before the termination of

'This work was presented in part at the American Association of Veteri.
nary Anatomists Annual Meeting in Baton Rouge. LA. June 1984..

! To whom correspondence should be addressed.
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the studies. using standard bromsulfophthalein (BSP) and phenolsulfonph-
thalein (PSP) test procedures to assess liver and kidney function. respec-
tively (Boldrini and Tinne. 1980). Four male animals from each exposure
group (three from group 3) were injected with BSP and PSP. and timed
blood samples were collected subsequently to determine dye clearance. For
the female study. six animals from each exposure group were similarly
studied for PSP clearance only.

After 91 days of exposure. all animals were-anesthetized with sodium
pentobarbital and exsanguinazed via the abdominal aorta. Routine hernato-
logical parameters were determined for each animal as previously described
(Oilman et aL. 1998). Comprehensive biochemical determinations were
conducted on serum from male and female rabbits. as described previously
(Gilman et at. 1998) but with the addition of urea nitrogen and creatinine.

Gross pathological examinations were conducted on all animals at nec-
ropsy. Organ weights were measured on brain. heart, liver. spleen. and
kidneys. Histopathological examination was performed as previously de-
scribed (Gilman et at.. 1998). All tissues were processed through paraffin
embedding, sectioned at 6 pm. and stained with hematoxylin and eosin
(H&E). The blocks containing renal tissue were subsequently recut at 5
pm and stained with H&F Heidenbain's iron hematoxylin (HN). and peri-
odic acid-Schiff. methenamine-silver (PAMS) for more specific identifica-
tion of cytoplasmic and basement membrane changes. In the male study.
fatty change in the liver was determined in frozen sections as described
elsewhere (Villeneuve er at.. 1979). The animals and tissues were examined
by a pathologist without knowledge of the experimental protocol, according
to a predetermined and standardized severity scoring system as previously
described (Gilman et aL. 1998).

Uranium residues were determined in samples of kidney and femur from
~'five to six males in each exposure group and from all the female rabbits

using the method described by Tracy et at. (1992). The detection limit
for the analytical procedure for uranium measurement in these tissues was
0.03 pg/g:

Statistical analysis of the data was carried out as previously described
(Gilman er at, 1998).

. ..

.

__a RESULTS

-Allt uigh all rabbits were expected to be pathogen free,
rmale6rabbits were not SPF derived, and four of the males
were shown to have developed Pasteurella multocida in-
fection during the course of the study. Two of these died
during the study, and the other two presented with clinical
signs (submandibular abscess) which were treated. All
four infected males were removed from the study and
statistical analysis. Two other animals died prematurely;
necropsy findings were consistent with mucoid enteritis
in one and ischemic or toxic renal failure in the other.
These animals were also excluded from statistical analy-
sis; however, it is possible that their signs represented
treatment-related injury, since both were from group 6.
In addition, two other animals were removed from the
study because of gastric obstruction due to hair ball for-
mation. Thus statistical analyses on the males are based
on the surviving 52 animals that did not require any medi-
cal treatment. There was no evidence of Pasteurella in-
fection in the female study.

The average dose of uranium in the exposed groups
ranged from 0.05 to 28.7 mg U/kg body wt/day for males
and from 0.49 to 43.02 for females (Table 1).

No significant differences in weight gain, food con-
sumption, or water intake occurred between control and
exposed groups in either sex throughout the experiments
(Tables 2-3). Water and food consumption in controls
and all exposed groups was lower at Week 12 than at

TABLE I
Uranium Dosage Levels in Male and Female New Zealand White Rabbits during 91

with Uranyl Nitrate Hexahydrate (UN)
Days Treatment

Theoretical' Measuredb average Average' Average' Average
Exposure U content U content water intake body weight U intake

Group number (mg LTN/L) (mg/L) (mg/L) (ml/day) (kg) (mg Uikg/day)

Males
I 0 0.005 0.0 342 4.085 0.00

* 096 0.46 0.6 351 4.054 0.05
3 4.8 2.3 2.3 347 4.051 0.20
4 24.0 11.4 10.1 339 3.903 0.88
5 120.0 56.9 52.0 365 3.933 4.82
6 600.0 284.4 323.0 343 3.864 28.70

Females
I 0 0.005 0.0 564 3.885 0.00

2 4.8 2.3' 3.4 561 3.894 0.49
3 24.0 11.4 9.6 530 3.856 1.32
4 600.0 284.4 306.4 566 4.029 43.02

Uranyl nitrate hexahydrate x 0.474 = uranium equivalent.
Average of three samples taken at intervals during the study.

'Average of four consumption studies undertaken during Weeks 3. 7. 10. and 12 (males) and Weeks 3. 6. 8. and 12 tfemales).
'Calculated from average of initial and final body weights.

�l
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TABLE 2 - ---- Tliere were no significant differences between urinary
Body Weight and Food and Water Consumption in Male New parameters of female rabbits in the control group and

' .,.Zealand White Rabbits during 91 Days Treatment with Uranyl. group 4 (600 mg UNIL), after either 30 or 90 days of
Nitrate Hexahydrate

Group number Exposure
t(nale) (mg UIN/LI .Week 3 Week 12

I 0
Sw (kg) 3.825 = 0.295' 4.345 t 0.402
Food (g/day) 181 = 28' 148 ± 20'
Water (mi/day) 382 ± 72 318 = 79'

2 0.96
Bw (kg) 3.779 = 0.398k 4.329 ± 0.547'
Food (glday) 183 ± 37 142 ± 27
Water (mi/day) 381 - 77 334 ± 86

3 4.8
Bw (kg) 3.704 - 0.299 4.397 ± 0.446
Food (g/day) 180 = 36 153 - 17
Water (mi/day) 358 = 80 325 ± 93

4 24.0
Bw (kg) 3.620 = 0.2496 4.185 ± 0.451'
Food (g/day) 173 = 37' 157 = 18'
Water (ml/day) 366 _ 48' 320 = 49k

5 120.0
Bw (kg) 3.660 - 0.206' 4.205 = 0.307k
Food (gWday) 186 = 39' 152 ± 23'
Water (mVday) 407 = 44' 349 ± 71'

6 600.0
Bw (kg) 3.531 = 0.280' 4.196 t 0.302'
Food (glday) 176 = 36' 154 = 19'
Water (mi/day) 378 = 63' 321 ± 71'

Note. Bw. body weight; food, food consumption: water. water consump-
tion. All data are expressed as means = SD. and n = 10 unless otherwise
noted. Exposed group means and controls were not significantly different

within weeks.
n 9.
n= 8.
In 7.

Week 3. However. the females consumed about 65% more
water overall than the males, resulting in the difference
in average dose received.

b Water and food consumption declined in the controls
* and in all exposure groups. both male and female. as the
; study proceeded. Nevertheless. food and water intake was

similar among all groups of the same sex in the study.
and this decline did not appear to be dose dependent
(Tables 2-3).

In male rabbits. no urinary parameters were affected
after 30 days of treatment (data not sho'n). At the end
of 60 days, group 4 rabbits had significantly higher NAG
activity (p < 0.05). and group 6 rabbits had a significantly
higher total protein (p < 0.05) than the controls (data not
shown). Following 91 days of treatment, there were no
significant differences between the urine parameters of
any exposed male group and controls.

exposure (data not shown).
- In males, there was no significant relationship between
BSP retention and the UN exposure level. There was,
however, a significant (p < 0.01) linear relationship be-
tween exposure level and rate of PSP excretion, expressed
as the reduction of log PSP concentration (data not
shown). This effect was most pronounced in the highest
exposure group, and detectable in the second highest ex-
posure group. In females, no significant effects on the
rate of excretion of PSP were observed.

A number of changes were observed in various hemato-
logical and biochemical parameters, none of which ap-
peared to be dose dependent (data not shown). In the
male rabbits, the hematocrits in groups 2 and 3 were
significantly lower than that of the control group (p <
0.05). The percentage of polymorphonuclear leukocytes
in group 5 males was significantly higher than that in the
controls (p < 0.05). In the female rabbits, hemoglobin
was found to be significantly lower in group 4 (600 mg
UN/L) than in the control group (p < 0.05). Biochemical
analysis of serum samples in male rabbits showed LD
activity to be significantly increased in group 4 compared

TABLE 3
Body Weight and Food and Water Consumption in Female New

Zealand Wlhite Rabbits during 91 Days Treatment with Uranyl
Nitrate Hexahydrate

Group number Exposure
(female) (mg UtN/L) Week 3 Week I'

I 0
Bw (kg) 3.460 ± 0.142 4.309 t 0.209
Food (g/day) 240 - 16 227 = 27
Water (mtday) 645 = 177 523 = 118

2 4.8
Bw (kg) 3.565 = 0.262' 4.222 = 0.359
Food fglday) 228 -34 211 = 39
Water (mlday) 697 = 184 515 ± 140

3 24.0
Bw (kg) 3.505 ± 0.183 4.206 : 0.237
Food (g/day) 241 t 31 229 = 31
Water (mi/day) 590 = 104 500 = 66

4 600.0
Bw (kg) 3.638 = 0.188 4.420 t 0.184
Food (g/day) . 245 = 35 243 = 49
Water (mi/day) 667 = 169 560 - 134

Note. Bw. body weight; food, food consumptien; water. water consump-
tion. All data are expressed as means - SD. and n = 10 unless otherwise
noted. Exposed group means and controls were not significantly different
within weeks.

' = 9.
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TABLE 4
Uranium Residues (uglg) in Kidney and Bone.of.Male and Female New Zealand White Rabbits

after 91 Days Treatment with Uranyl Nitrate

Uranium concentration (pg/g)
Exposure

Group number (mg UN/t) IKidney Femur

Males
I 0 5 0.05 ± 0.01 5 0.05 0.01
2 0.96 6 0.04 ± 0.01 5 0.09 = 0.05

3 4.8 6 0.50 ± 0.22 5 0.05 - 0.01
4 24.0 6 0.73 = 0.20 5 0.30 ± 0.15
5 120.0 6 2.97t = 1.45 5 0.76 _ 0.24

6 600.0 S 4.98t = 0.82 5 4.04t ± 0.55

Females
I 0 10 0.010 ± 0.005 10 0.013 ± 0.002
2 4.8 10 0.019 ± 0.004 10 0.053 ± 0.004

3 24.0 10 0.07 ± 0.01 10 0.15 ± 0.01

4 . 600.0 10 l.03t ±0.15 10 3.06t ± 0.31

Note. All errors are standard errors of the mean.
t Significantly different from control group: p < 0.05; Duncan procedure.

to the control group (p < 0.05). In females, group 2 tissue levels of uranium show-d qualitative and quantita-
(4.8 mg UNIL) had significantly decreased serum glucose tive differences between the males and females (Table 4).

levels compared to the control group (p < 0.05). In males, levels of uranium in kidney tended to be slightly
For both male and female rabbits, neither organ weights higher than in bone. In females, the converse was the

nor organ to body weight ratios were significantly af- case, and the levels of uranium in female kidneys was
fected by the administration of UN (data not shown). The generally one-fifth of that detected in males.

TABLE S
Tabular Summary of Kidney Lesion Incidence of Male New Zealand White Rabbits

after 91 Days Treatment with Uranyl Nitrate (UN)

Group number 1 2 3 4 5 6
Exposure (mg UN/): 0 0.96 4.8 24 120 600

Animals examined per group: 10 10 . 9 10 10 9

Glomerular
Adhesions 8 10 9 10 10 9

Tubular
Cytoplasmic inclusions 9 10 9 10 10 7
Apical displacement of nuclei 0 0 0 1 0 4

Cytoplasmic vacuolauon 0 5 3 6 4 6
Anisokaryosis 0 5 8 9 9 9
Hyperchromicity 0 0 6 8 9 9

Nuclear vesiculation 0 8 8 10 10 9
Nuclear pyknosis 0 3 4 6 7 5

Tubular dilation e 3 2 3 4 4
Protein casts 0 1 2 1 0 4
Atrophy 0 2 2 1 4 5

Interstitial
Collagen sclerosis 0 I 0 2 5 7

Reticulin sclerosis 0 3 3 6 10 8

'Number of animals in group with indicated abnormalities.
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FIG. 1. Renal cortex from a male rabbit in the control group. Tubular diameter, cytoplasmic volume and density, nuclar size. and basement
membranes are normal and relatively uniform throughout. PAMS x320.

Exposure to UN was associated with significant dose-
related histopathological changes most prominent in the kid-
ney and thyroid gland and to a lesser extent in the liver. A
summary of the incidence of kidney lesions is presented in
Tables 5 and 6. The statistical analyses of incidence and
severity evaluations are presented in Tables 7 and 8.

TABLE 6
Tabular Summary of Kidney Lesion Incidence of Female New

Zealand White Rabbits after 91
trate (UN)

Days Treatment with Uranyl Ni-

Group number. 1 2 3 4
Exposure (mg UN/L): 0 4.8 74 600
Animals examined per group: to to 10 9

Glomenalar
Adhesions 10 10 I0 9

Tubular
Cytoplasmic inclusions 10 8 to 9
Cytoplasmic vacuolation 0 3 3 3
Anisokaryosis 0 4 8 9
Nuclear hyperchromicitv 0 0 0 9
Nuclear vesiculation 0 5 - 8 9
Nuclear pyknosis 0 1 0 5
Tubular dilation 3 10 6 9
Protein casts 5 6 2 3
Atrophy 0 7 5 3
Tubular pigmentation 0 2 I S

interstitial
Collagen sclerosis 2 2 3 9
Reticulin sclerosis 5 7 10 9

' Number of animals in group with indicated abnormalities.

Hisropathological Findings in Male and Female Rabbits

Histopathological changes occurred in the kidneys of male
and female rabbits (Figs. 1-3). These consisted of foci of
cytoplasmic vacuolation in proximal renal tubular epithelium
(Fig. 2A) resting on normal basement membranes (Fig. 2B).
in animals at the lowest exposure level. The cytoplasmic
changes were accompanied by both vesiculation and
pyknosis of tubular nuclei both at the lowest (Fig. 2A) and
at higher dose levels (Fig. 3A) where the epithelium was
injured prior to any detectable change in the tubular base-
ment membranes (Fig. 3B).

Changes in the thyroid gland consisted of an irregular
increase in epithelia' height from flattened or cuboidal epi-
thelium to epithelium that was approximately three to four
times normal height, with clear foamy cytoplasm and with
vesiculation of nuclei. Hepatic changes were minimal. con-
sisting of accentuation of zonation occurring at the architec-
tural level as well as hepatocellular anisokaryosis.

Metaplastic changes occurred in the aorta in a small num-
ber of treated and control animals. They ranged from focal
laminar mineralization of the media to formation of well-
developed bony plates with, in one case, a bone marrow
cavity. These lesions were generally accompanied by other
minor changes in the erdothelium and underlying elastic
membrane, suggesting a general metabolic etiology rather
than the result of a prior atherosclerotic plaque. These
change, did not appear to be dose related.

DISCUSSION

The highest dose of UN (600 mg UN/Lj administered
to male rabbits under these study conditions was toxic
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FIG. 2. Renal corticomedullary region from a male rabbit which received 0.96mg UN/L qf dnnking water for 91 days. (A) There is marked multifoca]
vacuolation of thick ascending tubular cytoplasm with focal nuclear pyknosis (arrow) and luruinal debris (above arrow). There is multifocal flattening
of tubular epithelium with moderate vesiculation and anisokaryosis of tubular nuclei. H&E x320. (B) Adjacent section of same area. Basement membranes
(arrowhead) are normal. PAMS x320.

and in some cases may have been lethal. Significant ef-
fects on kidney physiology and pathology were observed.
The histopathological findings we observed in the kidney
tubules were consistent with typical UN-induced nephro-
toxicity (Moss, 1989). Dose-related changes in tubular
nuclei were significantly different (p < 0.05) from con-

trols even in the 0.96 mg UN/I group (Tables 7 and 8).
Significant changes in severity (p < 0.01) were found in
10 different morphological indicators of tubular injury
in the highest exposure group (Table 8). In addition.
significant changes were found in a treatment-related
manner in renal interstitial connective tissue. In the ag-
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FIG. 3. Renal cortex of a male rabbit which received 24 mg UN/L or drinking water for 91 days. (A) Outer renal conex with multiple profiles of
proximal convoluted tubules with marked vacuolation of cytoplasm (arrow), reduced staining density. and vesiculation of nuclei (arrowhead). H&E x320.
(B) Section adjacent to (A) demonstrating normal basement membranes (arrowhead). PAMS x320.

gregate, these changes indicate that all the male rabbits
exposed to UN were affected seriously enough that some
permanent kidney functional impairment was likely.

The changes in the aorta appeared to bae sporadic and
were not dose dependent. No similar aortic changes had
been observed in our previous UN 91-day studies in rats
(Gilman et al.. 1998).

Female animals in this study appeared much less af-
fected by the exposure regimen than males, although sig-
nificant nuclear changes (anisokaryosis and vesiculation)
were seen in the lowest female exposure group (4.8 mg

UNML). These changes, and other indicators of tubular
injury, significantly increased with increasing exposure.

It is possibly significant that the female rabbits were
specific pathogen free, and may have responded differ-
ently from the males, where 4 animals of 60 were shown
to have contracted P. mulgocida infection. All animals
known to be infected were excluded frorh the study, but
the possibility that some remaining animals may have
had subclinical infection cannot be excluded.

The sex of an animal can have a marked effect on the
renal toxicity of administered nephrotoxins (Ackerman



136 GILMAN ET AL

. TABLE 7
Statistical Evaluation of Kidney Lesion Incidence Data for New

Zealand White Rabbits after 91 Days Treatment with Uranyl Ni.
trate (UN)'

Group number (male): 2 3 4 5 6
Group number (female): - 2 3 - 4
Exposure (mg UN/L): 0.96 4.8 24 120 600

Glomerutar
Adhesions

Tubular
Cytoplasmic inclusions
Apical displacement of nuclei
Cytoplasric vacuolation *
Anisokaryosis *5,

- o eoo - ooo
Nuclear hyperchromicity - . . . *

- 0 0
Nuclear vesiculation . ..** . ' .

- o ooo - 0 0
Nuclear pyknosis * *- *-

_ _ 0
Tubular dilation * *

- 00 -0o

Protein casts
Atrophy

- oo o - o
Tubular pigmentation - - 0

Interstitial
Collagen sclerosis 5

0 0 0
Reticulin sclerosis * .

0 - 0

Fisher exact test.
Male Female Significantly different from control group

ktg body wt/day basis (Table 1), their tissue uranium lev-
els were not similarly raised for the highest exposure
group. For the -highest exposure group. the average kid-
ney uranium level in females was only 20% of that in
the males, while the average bone uranium level in fe-
males was 76% of that in the males (Table 4). Tlese
qualitative and quantitative differences between the
males and females suggest that their pharmacokinetic
parameters differ. This contrasts with our findings in rat
studies, where differences in male/female sensitivity to
UN could not be attributed to pharmacokinetic parame-
ters (Gilman et al., 1998). If the renal tissue levels of
uranium in the female rabbits were below or close to
the threshold concentration for renal injury, this could
account for their reduced sensitivity compared to the
males.

TABLE 8
Statistical Evaluation of Kidney Lesion Severity Data for New

Zealand White Rabbits after 91 Days Treatment with Uranyl Ni-
trate (UN)'

Group numbeLr(ppjae: 2 3 4 5 6
Group number (female): - 2 3 - 4
Exposure (mg UINIL): 0.96 4.8 24 120 600

Glomerular
Adhesions -

0 -_

Tubular
Cytoplasmic inclusions
Apical displacement of nuclei
Cytoplasmic vacuotation
Anisokaryosis

-- 0 - 0 0
Nuclear vesiculation * .

- 00 - 00
Nuclear pyknosis

-- 00
Hyperchromicity . .

-- 00
Tubulardilation 00 0 - 0 0
Atrophy *

-- 00
Tubular pigmentation _0 0
Protein casts

Interstitial
Collagen sclerosis *

_ 0 0
Reticulin sclerosis . .. *.

_ 0 0

* Dunnett's t test.
Male Female Significantly different from control group

* 0 p <0.0 5
00 p<O.OI
- No exposed group

* 00
A 0 0 000

p < 0.05
p < 0.01
p < 0.001

No exposed group

and Hook. 1984). A similar effect was observed in 91-day
rat studies, where female Sprague-Dawley rats exhibited
less sensitivity to the nephrotoxic effects of UN than did
males in equivalent dosage groups (Gilman et at., 1998).

The female rabbits consumed on average 65% more
water than the males (Tables 2-3). The reason for this
is not readily apparent. The male study vwas conducted
during January-March while the female study was dur-
ing the period August-November. Although the facility
was climatically controlled, it is possible that there were
minor temperature and humidity differences between the
two studies. It is noteworthy that although the females
consumed about 65% more water than the males and their
average uranium intake was about 50% greater on a mgl
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Although rabbits have bceiffiised in uranyl-induced ley rats, equivalent to doses of 0.06 and 0.09 mg U/kg
acute renal failure studies (Kobayashi et-al.. 1984),-no--- body-wt/day, respectively (Gilman et at., 1998).
published studies could be found reporting an estimated
renal threshold concentration for uranium (UJ) in the
rabbit. Various estimates for U,, have been published for
rats, suggesting a value in the range of 0.7-1.3 pg/g,
where much more inarked changes were observed with
renal tissue uranium levels in the range 1.3-3.5 lig/g
(Diamond et al.. 1987). Estimates of U. in other species
have been reported as low as 0.3 pg U/g in dogs (Morrow
et al., 1982). On the basis of current information, it has
been suggested recently that the level of 3 pg U/g used
as a guidance level for limiting human occupational ex-
posures should be lowered by about an order of magni-
tude (Leggett, 1989). The lowest-observed-adverse-ef-
fect level (LOAEL) of 0.96 mg UNIL reported here for
males corresponded to a mean renal tissue uranium con-
centration of 0.04 pg/g. while the LOAEL of 4.8 mg UNI
L for females corresponded to a concentration of 0.02
pug U/g. These estimates are considerably less than the
U,, noted above for rats and dogs.

In terms of nuclear changes in particular, a no-ob-
served-adverse-effect level (NOAEL) was not identified
in either the male or the female rabbit study, and a
LOAEL was at the 0.96 mg UN/L exposure level (aver-
age dose equivalent 0.05 mg U/kg body wt/day) in males
and at the 4.8 mg UNIL exposure level (average dose
equivalent 0.49 mg U/kg body wtlday) in females. We
have reported elsewhere a 91-day LOAEL of 0.96 mg
UNIL drinking water for male and female Sprague-Daw-
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mg uranyl nitrate hexahydrate (UN)/L drinking water in both
Uranyl Nitrate 91-Day Exposure and Recovery Studies in the male and female rats (Gilman et aL. 1998a). In further stud-

Male Sew Zealand White Rabbit.. Gilman, A. P., Moss, M4. a .'
Villeneuve, D. C., Secours, V. E., Yagminas, A. P, Tracy, B. L, ies. a LOAEL of 0.96 mg UNIL drinking water in the male
Quinn, J. M., Long, G., and Valli, V. E. (1998). Toxcol. ScL .414 New Zealand White rabbit was also derived following 91
138-uIn . * days exposure (Gilman et aL, 1998b), based upon nuclear

changes in the renal proximal tubular epithelium. The pres-
This study was undertaken to examine the reversibility of renal ent study was undertaken to observe the reversibility of such

injury ir the male New Zealand White rabbit subsequent to a 91- pathological changes subsequent to a 91-day exposure to
day exposure to uranyl nitrate (UN) in drinking water, followed a i d w fs
by various recovery periods. Specific pathogen-free (SPF) animals
were exposed for 91 days to UN in their drinking water (24 or
600 mg UN/L). Control groups were given municipal tap water METHODS
(<0.001 mg UAL). Regular clinical observations were recorded,-
and urine was collected periodically. Recovery periods between Seven groups (initial body weight about 3000 g) of male weanling specific
the last UN exposure and termination were 0, 8, 14, 4, or 91 pathogen-free (SPF) New Zealand White (NZ) rabbits (obtained from
day; ollst UN thxp re ga ld te arnmals wire anesthetized and tor9 Charles River Breeding Laboratories Inc.) were exposed for 91 days to
minated by exsanguination, and multiple hematologcal and bio anyl nitrate hexahydrate. UO2(NO)2-6H1O (CAS No. 13520-83-7. in

their drinking water. Exposed groups received drinking water with UN
chemical parameters were determined. Necropsies were con-. added to concentrations of 24 or 600 mglgl Concurrently. three control
ducted, and histopathological examination was performed. Expo- groups were given municipal tap water containing less than 0.001 mg
sure-related histopathological changes were observed only at much uranium (U) /L. After the 91-day exposure period. each group was
higher doses than in our previous male rabbit study where non- allowed a recovery period of 0. 8. 14. 45. or 91 days (UN-treated water
SPF-free animals had been used. Minor increases in kidney to replaced with regular municipal tap water) before the scheduled termination
body weight ratios were observed In the high-dose groups following (Fig- I).
exposure and early recovery. Renal tubular injury with degenera- All animals were acclimated for 3 weeks prior to the start of the study
tive nuclear changes, cytoplasmic vacuolation, and tubular dila- and housed individually in stainless-steel mesh cages with free access to
tion was seen in the high-dose group, without consistent resolution food (Purina Rabbit Lab Chow: U < 0.5 ug/g) and drinking water. The

after 9days r Animals ingested i 33% possibility of coprophagia was minimized through the use of wire mesh
floors in the cages. Detailed clinical observations were conducted daily.

more uranium per day in this study than did males in a comparable and body weights were recorded weekly. Food and water intake were mea-
dose group in the previous study, yet their kidney tissue uranium sured eight times throughout the experiment.
residues were 30% lower. These results suggest that SPF rabbits A 48-h urine void was collected three times during the exposure phase
are less sensitive to uranyl injury than the non-SPF animals. The and four times during the recovery phase. Volume was recorded and leveh
lowest-observed-adverse-effect level is estimated to lie at or below of various analytes were determined as described previously (Gilman et at.
24 mg UNIL C 0A9 soit of Toxkolog. e 1998b). Phenolsulfonphthalein (PSP) dye and uranium clearance tests wert

Key Words: uranium; uranyl nitrate hexahydrate; subchronic expo- performed on selected groups of animals on Days 50 and 84 of exposure
sure; drinking water, New Zealand White rabbit; nephrotoxicity. and on Days 43 and 84 of recovery as described previously (Gilman et a.

-

I

Previous studies in Sprague-Dawley rats suggested a 91-
day lowest-observed-adverse-effect level (LOAEL) of 0.96

'To whom correspondence should te addressed.
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I 770u.

In order to study in vivo uranium clearance. whole-body counting studies
were performed on one group of animals on the first day of the recovery
period. and repeated at 24-h intervals thereafter for 6 days. This group was
euthanized 8 days after the end of the exposure period. The results of these
clearance studies have been reported elsewhere (Tracy et al. 1992).

Following the postexposurc recovery period. all animals were anesthe-
tized with sodium pentobarbital and exsanguinated via the abdominal aorta.
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FIG. 1. Treatrnent levels and exposure tines for uranyl nitrate in drink-
ing water and recovery periods on untreated drinking water for male New
Zealand White rabbits exposed to uranyl nitrate.

Routine hematmolgical parameters were determined for each animal as pre-
viously described (Gilman et al. 1998a). Biochemical determinations were
conducted on serum, as described previously (Gilman et at. 1998a b).

Gross pathological examinations were conducted on all animals at nec-
ropsy. Organ weights were measured on heart, liver, spleen, and kidneys.
Histopathological examination was performed as previously described (Gil-
man et al.. 1998ab). All tissues were processed through paraffin embedding,
sectioned at 6 jpm, and stained with hematoxylin and cosin (H&E). The
blocks containing renal tissue were subsequently recut at 3 pm and stained
with H&E, Heidenhain's iron bematoxylin kHN). and periodic acid-Schiff.
methenamine-silver (PAMS) for more specific identification of cytoplasmic
and basement membrane changes. The animals and tissues were examined
by a pathologist without knowledge of the experimental protocol. according
to a predetermined and standardized scoring system as previously described
(Gilman et aL. 1998a).

Uranium residues were determined in samples of kidney and femur. using
the method described by Tracy e at. (1992). Results from uranium residue
determinations on feces and urine have been reported previously (Tracey
et at. 1992).

Statistical analysis of the data was carried out as previously described
(Oilman et aL. 1998a).

RESULTS ,

The average dose of uranium in the exposed animals was
1.36 or 40.98 mg U/kg body wtlday for the 24 and 600 mg
UN/L groups. respectively (Table 1). No significant dose-
related differences in food and water consumption or body
weight gain occurred between the exposed and control
groups throughout the experiment (Table 2). Significant (p
< 0.05) dose-related changes are described below:

Urinary parameters. Group 3 animals (91 days exposure
to 600 mg UN/L followed by 91 days recovery) showed the

following changes in urine parameters: an initial decrease
in output detected at Week 1, accompanied by increased
excretion of glucose and protein and increased leucine
amninopeptidase activity (Table 3). These latter changes per-
sisted through Week 4. Seven days after the end of the 91-
day exposure period (Study Week 14), urinary volume was
increased, while among other parameters the only abnormal-
ity detected was continuing increased glucose excretion. At
Weeks 16, 18, and 26 (i.e., 3, 5. and 13 weeks of postexpo-
sure recovery), there were no significant differences in uri-
nary parameters between exposed animals and controls. Uri-
nary glucose excretion continued to be elevated in the ex-
posed animals, but was below the p < 0.05 level (Table 3).
There were no significant dose-related differences in urinary
parameters between the 24 mg UN/L exposed groups and
controls (data not shown).

Hematology. No significant differences were detected
either in the 24 or 600 mg UN/L exposed groups euthanized
at the end of the 91-day exposure period, nor in the other
24 mg UN/L group euthanized after the 91-day recovery
-period. The groups exposed to 600 mg UN/L showed in-

-~creases in percentage and total lymphocyte counts after 91
days recovery, accompanied by a proportionate decrease in
the percentage and total polymorphonuclear counts (Table
4). The total WBC was not significantly different from con-
trols.

Blood chemistry. Blood glucose was significantly in-
creased in the 600 mg UN/L exposed group at the end of
the 9 1-day exposure period, but did not remain significantly
elevated in exposed groups sampled following any subse-
quent recovery period (Table 5). In the 600 mg UN/L group
euthanized after 91 days exposure, several differences were
observed in comparison with other similarly exposed groups
following subsequent recovery periods: calcium became pro-
gressively elevated, while total protein, total bilinibin, lactic
dehydrogenase, and sodium decreased. It should be noted
that all of these latter changes, although significantly differ-
ent between the 600 mg UNAL exposed groups, were not
significantly different from the applicable recovery date con-
trol groups. and therefore did not seem to be exposure re-
lated. The only significant difference detected between a 600
mg UNAL exposed group following recovery and a control
group was an elevated alkaline phosphatase at 91 days recov-
ery (Table 5).

In vivo studies. The PSP tissue clearance studies showed
no significant dose-related effects (data not shown).

Organ weights. No significant dose-related effects were
detected in organ weights in the 24 mg UN/L exposed groups
(data not shown). Kidney weight, expressed as a percentage
of total body weight, was increased in the 600 mg UN/
L group (0.27%) immediately following 91 days exposure
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Mae TABLE I
Uranium Dosage Levels In Male New Zealand White Rabbits during 91 Days Treatment with Uranyl Nitrate Hexahydrate (UN)

Tbeoretical' Measured' average Average' Average' Avenge
Exposure U content U content water intake body weight * U intake

Group number (mg UN/L) (mgI) (mg/L) (ml/day) - (kg) (mg Uflg/day)

I + 7 + 10 0 0.00474 0.0 553 3.582 0.00
2 + 8 24.0" 1 1.4 9.3 508 3.476 1.36
3+ 4 + 5 + 6 + 9 600.0'- 284.4 302.4 476 3.513 40.98

Uranyl nitrate hexahydrate x 0.474 - uranium (U) equivalent
Avenge of four samples taken at intervals during the study.
Average of four consumption studies undertaken during Weeks 2. S. 8. and I I of the exposure period.

'Calculated from average of Week 3 and Week 12 body weight.
Pooled data; differences between groups were not significant.
Experimental groups 1. 7. tO; n = 20.

'Experimental groups 2. 8: n - 16.
Experimental groups 3. 4. 5. 6. 9; n - 33.

compared with the exposed 24 mg UN/L group and applica- Histoparhology. Histopathological changes were ob-
ble control (both 0.25%). This percentage steadily decreased served in the kidney, thyroid gland, liver, and aorta. Major
during the recovery period and was not significantly different histological changes occurred in the kidneys of male rabbits
from controls by the 45th day of recovery or thereafter. .No (Figs. 2-7. Table 6). Focal dilation of renal proximal tubules
significant dose-related effects were detected following 91 resulted from exposure to both 24 mg UN/L, group 8 (Fig.
days recovery postexposure to 600 mg UN/L. 3). and 600 mg UNAL, group 9 (Fig. 5). Tubular dilation

TABLE 2
Body Weight and Food and Water Consumption in Male New Zealand White Rabbits during 91 Days Treatment

with Uranyl Nitrate Hexahydrate (UN) and during Subsequent 91-Day Recovery Period

Group Exposure
number (mg UNIL) Week 2 S 8 II IS 18 21 24

l 0 (control); n - 8
Body weight (gr 3072 3628 3815 4092 4141 4286 nd 4488

(143)h (168) (176) (218) (197) (272) (-) (210)
Food (g/day) 158 313 293 246 217 208 222 219

(I1) (47) (44) (33) (34) (34) (39) (43)
Water (mI/day) 431 634 613 534 457 442 464 469

(25) (144) (117) (82) (82) (104) (77) (92)
2 24.0; n8

Body weight (gr 3048 3501 3708 3903 3919 4063 nd 4277
(169) (188) (207) (173) (122) (165) (-) (179)

Food (g/day) 160 308 280 235 194 200 208 200
(7) (36) (22) (19) (24) (21) (19) (23)

Water (ml/day) 416 595 540 479 407 422 430 413
(43) (106) (137) (91) (106) (86) (60) (95)

3 600.0; n = 8
Body weight (gf 3051 3543 3749 3973 4069 4223 nd 4437

(192) (250) (323) (373) (416) (426) (-) (457)
Food (glday) 168 307 267 228 185 217 202 215

(6) (48) (45) (38) (74) (36) (37) (36)
Water (ml/day) 398 546 515 445 494 511 520 480

(32) (65) (80) (57) (61) (109) (97) ills)

Note. nd. no data.
Body weight was measured at Weeks 3. 6. 9. 12. 14. 16. 19. and 26.
Data are means (=SD).
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TABLE 3
Biochemical Changes In Urine of Male New Zealand White Rabbits Exposed to 600 mglL Uranyl

Nitrate Hexahydrate for 91 Days, Followed by a 91-Day Recovery Period *

Exposure Recovery

Week: 1 4 13 14 16 18 26

Mean urine volume (ml/48 h)
Exposed 248' 255 116' 265 228' 193' 269

(95)' (45) (4) (75) (133) (79) (98)
Control 381 338 140' 216 138' 129' 225

(I0I1) (86) (52) (43) (56) (65) (63)
Mean glucose (mnmolV24 h/kg body wv)

Exposed 12.3 . 4.4' 2.7 3.0' 2.3f 3.0' 3.3
(5.0) (1.6) (0.9) (1.0) (1.2) (1.2) (1-5)

Control 2.7 2.6 2.5 1.7 2.6' 2.5' 2.2'
(2.5) (0.7) (1.2) (0.5) (1.1) (0.9) (0.8)

Mean total protein (mgr24 h/kg body wt)
* Exposed 2120' 615' 449 305 281' 477' 110

(2293) (37) (288) (107) (102) (219) (170)
Control 379 520 325 338 236' 738' 30'

(189) (142) (135) (255) (100) (310) (20)
Mean leucine aminopeptidase

(mUnitsJZ4 hakg body wt)
Exposed 4.592' 2.15' nd nd nd nd nd

(2.344) (0.924)
Control 0.852 1.2 t- 1.423 nd nd nd nd nd

(1.337) (0.801)

Note. 'Significantly different from control group (p = <0.05). "(-SD). n
1: exposed is Group 3.

was accompanied by cytoplasmic vacuolation (Figs. 3 and 4)
and shedding (Fig. 6). Concurrent nuclear changes included
apical displacement and irregular placement (Figs. 3 and 4)
with vesiculation, anisokaryosis (Figs. 4. 6, and 7A), and
pyknosis (Fig. 3). Tubular basement membranes were nor-
mal in areas of epithelial injury in early lesions (Fig. 5) but
became thickened focally in animals in recovery (Fig. 7B)
and in locally extensive areas (Fig. 7C). Thyroid changes
were most pronounced in the controls and not treatment
related. For the liver, an irregular accentuation of zonation
was present at the architectural level, accompanied by in-
creased variation in hepatocellular nuclear size, nuclear
pyknosis, and extensive cytoplasmic vacuolation. Foci of
degenerative change in the aorta were not treatment related
and occurred as described previously (Gilman et al. 1998b).

The statistical analyses of incidence ajd severity evalua-
tions are presented in Tables 7 and 8. In summary, exposure
to 600 mg UNIL was associated with significant changes
in renal proximal tubules and basement membranes Which
persisted after a period of recovery as long as 45 days, and
in some cases, 91 days.

Tissue retention studies. Significant elevations of ura-
nium in kidney and femur were demonstrated following 91
days exposure to 24 and 600 mg UNAL compared to controls

= 6 unless otherwise noted: ' 2 '3: '4; 5. nd. no data. OControl is Group

(Table 9). Uranium clearance from kidney during the subse-
quent 91-day recovery period was much more rapid than
from bone (Fig. 8, Table 10).

DISCUSSION

Based upon changes in renal proximal tubular nuclei. a
91-day LOAEL for male rabbits of 0.96 mg UN/L was de-
rived in a previous study of New Zealand White rabbits
(Gilman er al., 1998b). While females ingested on average
65% more water than the males, with correspondingly higher
UN doses, they appeared less affected by this exposure, and
a LOAEL of 4.8 mg UNIL was derived (Gilman et al.,
1998b). Based upon the differing tissue uranium residues, it
was speculated that a difference in pharmacokinetic parame-
ters between the males and females might have accounted
for the difference in their observed sensitivity to UN: it is
known that the sex of an animal can have a marked effect
upon the renal toxicity of administered nephrotoxins (Acker-
man and Hook, 1984).

The rabbits exposed to 24 mg UNIL in this study showed
few dose-related changes (tubular atrophy or dilation and
cytoplasmic vacuolation or pigmentation), contrasting mark-
edly with the findings of the previous study in male rabbits
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TABLE 4
HeHatological Changes in Male New Zealand Mhite Rabbits Exposed to 600 mggL Uranyl Nitrate

Hexahydrate for 91 Days, Followed by Various Recovery Periods up to 91 Days -

Exposure Recovery

Week: 13 14 1 7 20 26

Exposed n: 6 5 S 6 8
Group number 9 4 5 6 3

Control n: 8 - - 4 7
Group number. 7 10 1

Mean white blood cells (x l0'/L)
Exposed 4.7 6.8 5.9 7.2 7.6

((.5)' (2.3) (1.7) (1.3) (1.6)
Control 5.5 n d ad 8.3 7.7

( 2 .0) b ( 2 .8 ) ( 2 .1 )

Mean lymphocytes (9b)
Exposed 44' 55 55 56 656

(3) (8) (12) (8) (6)
Control 41 n d n d 52 49

(14) (10) (9)
Mean total lymphocytes (X10'1L)

Exposed 2.00' 3.56 3.09 4.05 4.97

(0.54) (0.80) (0.35) (0.98) (136)
Control 2.10 ad n d 4.34 3.68

(0.87) (1.76) (0.87)
Mean polym orphonuclear cells (%) . .

Exposed 40' 35 31 30 23'

(3) (8) (7) (12) (6)
Control 45 nd ad 35 37

(16) (8) (12)
Mean total polymorphonuclear cells (x10/L)

Exposed 1.87 2.49 1.90 2.18 1.74'

(0.64) (1.30) (0.95) (0.89) (0.53)
Control 2.58 ad ad 2.92 2.90

(1.46) (132) (IA 3)

Nore. ' Significantly different from other exposed groups following 45 days recovery (p < 0.05). ' (=SD). 'Significantly different from other exposed

groups following 8 days recovery (p < 0.05). 'Significantly different from control group (p < 0.05). ad. no data.

(Gilman et aL. 1998b). The animals in the 600 mg UN/L
exposure group in the present study ingested an average of
41 mg U/kg body wt/day, compared to an average of 29 mg
U/kg body wt/day in the comparable male exposure group
in the previous study. In spite of this larger ingested dose,
the kidney residual uranium levels in the present study were

3.48 pglg immediately following 91 days exposure, com-
pared to 4.98 ttglg in the previous study (Table 10). Lower
residual uranium levels were also seen in boone in the present
study (2.89 pg/g) compared to 4.04 pg/g in the previous
study (Table 10). These findings suggest that the.-animals
in the two studies handled the ingested dose of uranium
differently, clearing it much more effectively in the present
study and reducing the accumulated uranium burden in both
kidney and bone. The lower renal uranium concentrations
in the present study are also consistent with the observed

reduction in regressive and presumably toxicant-induced his-
topathological findings compared with the previous study.

The female rabbits in the previous study were SPF-derived
animals (Gilman et aL. 1998b). The 600 mg UN/L exposure
group ingested an average of 43 mg U/kg body wt/day, and
had a residual bone uranium concentration of 3.1 ug/g. These
values compare closely with those of the males-in the present
study, although the females had lower kidney residual ura-
nium levels (1.0 jig/g).

The male rabbits in the present study were SPF, while 4
of the 60 male animals of the previous study were found to be
infected with Pasteurella multocida (Gilman et al., 1998b).
Although all known affected animals were subsequently ex-
cluded from that study, the possibility exists that some re-
maining males may have had a subclinical infection which
may have affected their response to administered uranium.
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TABLE S
Serum Biochemical Changes ii Male New Zealand White Rabbits Exposed to 600 mg/L Uranyl Nitrate

Hexahydrate for 91 Days, Followed by Various Recovery Periods up to 91 Days

Exposure Recovery

Week: 13 14 20 26

Exposed data n: 8 S 7 7
Group number 9 4 6 3
Control data n: 8 - 4 8
Group number. 7 10 I

Mean glucose (mmoVL)
Exposed . 7.5' 9.8 7.9 8.6

(1.2)b (4.3) (1.1) (0.5)
Control 6.2' nd 8.2' 9.3

(0.6)' (0.2) (I.5)
Mean calcium (mmolIL)

Exposed 2.9' 3.1 3.6 4.0^
(0.2) (0.9) (0.2) (0.8)

Control 2.9' nd 3.5 3.4
(0.1) (0.1) (0.2)

Mean alkaline phosphatase (Units/I.)
Exposed 72 61 55 63

(22) (22) (9) (19)
Control 82' nd 43' 43

(21) (8) (7)
Mean bilirubin (pmouL) ..

Exposed Id 9 5 5
(3) (3) (0) (2)

Control 10' nd 5' 5
(3) (0) (0)

Mean lactic dehydrogenase (UnitslL)
Exposed 292' 192 36' 69'

(122) (120) (22) (49)
Control 332' nd ad 45

(189) (21)
Mean sodium (mmoVl)

Exposed 149' 150 135 132
(3) (3) (2) (10)

Control 149' nd 135' 135
(5) (1) (2)

Note. ' Significantly different from control group (p < 0.05). * (±SD).' Significantly different from subsequent control groups (p < 0.05).' Significantly
different from other exposed groups after 45 days recovery or more (p < 0.05). n. as shown in table heading, except where otherwise noted: ' 3; '4:
' 6: ' 8. nd. no data.

Animals under subclinically expressed disease stress may be
more susceptible to the effects of a toxicant.

No significant dose effects were found in PSP clearance
in the present study. In the previous stvdy (Gilman et al.,
1998b). there was a significant linear relationship between
exposure level and rate of reduction in excretion of PSP in
the male rabbits. This tends to further support the notion
that the non-SPF rabbits exhibited some UN dose-related
impairment of renal clearance.

Although there remain some sex differences in the bone-
kidney uranium ratios (females in previous study vs males
in the present study: Table 10). the present findings tend to

dismiss any such explanation for the male-female differ-
ences observed in the previous rabbit study; the SPF animals
appear to be less sensitive to the toxic effects of uranium.

A summary of administered uranium dose and tissue ura-
nium residues in this and our previously reported studies in
male and female Sprague-Dawley rats and male and female
NZ white rabbits is shown in Table 8. and includes some
ratios derived from these data. Examination of the dose/
kidney U ratios shows that female rats accumulated less
kidney U residue per equivalent dose than did males. Simi-
larly, the female rabbits show less kidney U than did male
rabbits (0-day recovery group from the present study). while
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FIG. 2. Outer stripe renal cortex from a male rabbit in thecontrol group. Glomerular tuft and parietal Bowman's capsule as well as tubular cytoplasm.
nuclei, and basement membranes arm normal. PAMS X320.

the male rabbits from the previous study.(which may have
included animals with subclinical Pasteurella infection)
showed a much higher kidney U retention. These data are
presented graphically in Fig. 9.

The histopathological changes observed were similar to

those seen in the female rabbits in the previous study (Gil-
man et al., 1998b). The thyroid changes did not appear to
be dose or treatment related, whereas the hepatic changes
were treatment related but not dose related. Focal degenera-
tive changes of the aorta consisting of mineralization of the

USA W50.04AZ *'' 4

FIG. 3. Outer stripe renai cortex from a male rabbit which received 24 mg UNIL of drinking water for 91 days (group 8). There is moderate focal
dilation of a proximal tubule with moderate multifocal cytoplasmic vacuolation (arrow). apical displacement of nuclei. and focal nuclear pyknosis
(arrowhead). H&E x320.
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FIG. 4. Renal corticomedullary junction from a female rabbit which received 24 mg UN/L drinking water for 91 days (group 8). There is
mild multifocal basal vacuolation (arrowheads) with irregular placement of nuclei which have moderate vesiculation and anisokaryosis. H&E
x720.

.. _. 4. .

medial layers with giant cell reaction were observed in both
controls and treated animals and appeared to be sporadic,
lesions exacerbated by UN exposure.

The early biochemical changes obser ved in urine during
the exposure peniod of the 600 mg UN/L. animals (reduc-

tion in urine flow accompanied by glycosuria. gross pro-
teinuria, and enzymuria) are typical of those associated
with acute uranyl nephrotoxicity (Moss, 1989). During the
recovery period, continuing glycosuria was noted, accom-
panied by slightly increased urine volumes (although the

FIG. S. Outer stripe renal cortex from a male rabbit which received 600 mg UNIL of drinking water for 91 days (group 9). Moderate to
marked dilation of tubules with partial collapse demonstrated by folding and wrinkling of basement membrane (arrow) that is of normal thickness.
PAMS x320.
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FIG. 6. Outer stipe renal cortex from a male rabbit which received 600 mg UN/L of drinking water for 91 days (group 9). There is moderate
muluifocal dilation of proximal convoluted tubules with marked cytoplasmic vacuolation (arrow). multifocal cytoplasmic shedding (arrowhead). and
irregular placement of nuclei with vesiculation and anisokaryosis. H&E x320.

latter did not reach a p z< 0.05 significance level compared
to controls).

Animals from the 600 mg UN/L exposed group euthanized
after 14 days of recovery (group 5) had moderate.hypergly-
cemia; unfortunately there was no control group for this'

recovery group to determine whether this was a significant
finding (Table 5). However, it is noted that the similarly
exposed group 3 animals which were monitored for the full
91 days recovery had a significantly increased glycosuria at
this point in the recovery (Table 3). Hyperglycemia may

TABLE 6
Kidney Lesion Incidence Summary of Male New Zealand White Rabbits after 91 Days Treatment

with Uranyl Nitrate (UN) and Various Periods of Recovery

Exposure: Control 24 mg UN/L 600 mg UN/L

Group number. 7 1o I 8 2 9 4 5 6 3
Days of recoverv: 0 45 91 0 91 0 8 14 45 91
Animals examined per group: 6 4 8 8 8 8 5 5 6 8

Glomerular
Adhesions 41 3 4 6 6 6 5 4 3 7

Tubular
Cytoplasmic inclusions 6 4 8 8 8 8 5 5 5 7
Cytoplasmic vacuolation 0 0 0 0 1 4 1 1 6 4
Anisokarvosis 4 0 0 0 0 8 5 5 5 8
Nuclear hyperchromicity I 0 0 0 0 8 S 4 2 5
Nuclear vesiculation 4 0 0 0 0 8 5 S 5 7
Nuclear pyknosis I 0 0 0 0 3 3 0 0 1
Tubular dilation I I I 1 3 7 4 4 3 7
Protein casts 0 1 0 0 2 0 I 4
Tubular atrophy 0 0 0 0 1 5 4 2 3 0
Tubular pigmentation 0 0 1 0 1 2 5 3 2 4

Interstitial
Collagen sclerosis 0 1 0 1 1 5 5 4 5 3
Reticulin sclerosis 4 3 0 6 2 8 5 5 5 8

Number of animals in exposure group with specific abnormalities.
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FIG. 7. Renal coricomedullary junction from a male rabbit which received 600 mg UN/L of drinking water for 91 days followed by 45 days of
recovery on clean water (group 6). (A) There is mild irregular dilation of tubules with intratubular variation in the cytoplasmic volume and staining
density. There is continuing focal shedding of cytoplasm with luminal protrusion of nuclei (arrowhead) and moderate vesiculation. anisokaryosis. and
hyperchromicity of nuclei (arrow). H&E x320. (B) Section adjacent to (A) with moderate multifocal thickening and wrinkling of tubular basement
membranes (arrow) and persistence of silver-positive granules in tubular cytoplasm. PAMS x320. (C) Corticomedullary junction of the same animal as
(A) and (B) demonstrating mild generalized basement membrane thickening (arrow) in a medullary ray. PAMS x 160.

account in part for the continuing glycosuria. but it is also
possible that a tubular injury-associatedchange in the renal
threshold for glucose was responsible. This could not be
further elucidated by comparison with our previous rabbit
studies, where neither significant hyperglycemia nor glycos-
uria were observed relative to controls (Gilman et al.,
1998b).

Following review of the histopathology data. the lowest-
observed-adverse-effect-level (LOAEL) is estimated to be
at or below 24 mg UN/L, associated with a kidney uranium

concentration of 0.18 ug/g or less. We have previously esti-
mated a 91-day LOAEL of 0.96 mg UNIL in male and
female Sprague-Dawley rats, based primarily upon lesions
of the renal tubular epithelium (Gilman et al., 1998a). Unfor-
tunately, kidney uranium concentrations were not deter-
mined in those exposed animals (because they were esti-
mated to be below the limit of analytical detection based
upon an initial range-finding study). However, a threshold
concentration for uranium has been reported elsewhere for
rats in the range of 0.7-1.3 jig UIg based upon eight injec-
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tions of UO2F2 over a 24-day period (Diamond et aL., 1987).
Severe tubular injury and associated abnormalities were also
reported within the range of 1.3-3.5 jug U/g in that study.

A summary of the various LOAELs derived during our
uranium toxicity studies is presented in Table I 1. Our studies

suggest that, except for the non-SPF animals, the Sprague-
Dawley rat is more sensitive to uranyl nitrate than the NZ -

Wlhite rabbit.
The present study was designed to examine the reversibil-

ity of the early renal lesions induced by exposure to uranium

TABLE 7
Statistical Evaluation of Kidney Lesion Incidence Data for Male New Zealand White Rabbits after 91 Days Treatment

with Uranyl Nitrate (IuN) and Various Periods of Recovery'

24 mg UJN/L 600 mg UN/L

Exposure group: 8 2 9 4 5 *6 3
Days of recovery: 0 91 0 8 14 45 91

Glomerular
*Adhesions

Tubular
Cytoplasmic inclusions
Cytoplasmic vacuolation
Anisokaryosis
Nuclear hyperchromicity
Nuclear vcsiculation
Nuclear pyknosis *
Tubular dilation 9 *
Protein casts ,

Tubular atrophy *
Tubular pigmentation

Interstitial
Collagen sclerosis - S *5 *5 59

Reticulin sclerosis

* Fisher exact test.
Significantly different from control group (p < 0.05).
Significantly different from control group Ip < 0.01).
Significantly different from control group Ip < 0.001).
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TABLE 8
Statistical Evaluation of Kidney Lesion Severity Data for Male New Zealand White Rabbits after 91 Days Treatment

with Uranyl Nitrate (JN) and Various Periods of Recovery'

24 mg UNIL - 600 mg UN/L

Exposure group: 8 2 9 4 S .6 3
Days of recovery: 0 91 0 8 14 45 91

Glomerular
Adhesions

Tubular
Cytoplasmic inclusions
Cytopltasmic vacuolation
Anisokaryosis
Nuclear hyperchromicity _ ...
Nuclear vesicul*.ion
Nuclear pyknosis
Tubular dilation
Protein casts
Tubular atrophy
Tubular pigmentation *

Interstitial
Collagen sclerosis
Reticulin sclerosis '* .

' Dunnents t test.
* Significantly different from control group (p < 0.05).

Significantly'aifferent from control group (p < 0.01).

in the rabbit. The kidney lesion incidence summary (Table 6)
shows that in the 600 mg UN/L exposure groups, important
lesions were still present after 91 days recovery. These find-
ings suggest that some significant recovery occurred during
the 91-day postexposure period. Cytoplasmic vacuolation
was still present at 91 days recovery and nuclear vesicula-
tion, anisokaryosis, and hyperchromicity in the tubular epi-
thelium were more prevalent in the 91-day recovery group
than in the 45-day group, as was tubular dilation. The sever-

TABLE 9
Uranium Residues (pglg Wet wt) in Kidney and Bone of Male

New Zealand White Rabbits after 91 Days Treatment with Uranyl
Nitrate Hexahydrate (UN)

Mean uranium concentration
(rPgrg)

Group Exposure Kidney.X Femur
number (mg LN/L) n = 8/group n = 8/group

7 0 001 (0.01 0.10 (0.15)
(control)

8 24.0 0.18 (0.14) 0.20 (0.05)
9 600.0 3.48 (1.54)0 2.89 (0.78)'

' (-SD).
* Significantly different from consrol group: p < 0.05.

Tissue uranium
(jig/g)

4

3
Femur

Krid are ± 2 SE

Kidneyay 92 istrU
day of Ira

0
BC 100 120 140 160 too 200

Day

FIG. B. Changes in tissue concentration of uranium in kidney and bone
(piglg wet wt) of male New Zealand Whitc rabbits previously exposed to
uranyl nitrate in the drinking water for 91 days. followed by a period of
recovery on untreated water. Lines of best fit produced by interpolation
function of Cricket Graph (Cricket Software. PA).
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TABLE 10
. Summary of Dose and-Tbsue Uranium Residues In Rats and RabbitiFollowing 91 Days Exposure

- to Uranyl Nitrate Hexahydrate In Driking .Wtir (600 mg(L)

Ratios

Study le TWA U dosce'& Kidney L' BoneLr' Dose/kidney U Dose/booe U Kidney Ubooe U

Male rat' 6 3016.88 (184.04r 2.12 (1.99)' 0.97 (033)' 1423.06 3110.19 2.19
Female rat' 6 4366.19 (952.10) 1.67 (0.91) 0.73 (033) 2614.49 5981.08 2.29
Male rabbit' 5 2677.87 (288.42) 4.98 (1.84) 4.04 (1.23) 537.72 662.84 1.23
Female rabbit/ 10 3902.72 (745.46) 1.03 (0.46) 3.06 (1.00) 3789.05 1275.40 0.34
Male rabbit

0 days recovery (group 9) 8 3557.25 (648.45) 3.48 (1.54) 2.89 (0.78) 1022.20 1230.88 1.20
8 days recovery (group 4) 5 3310.94 (400.43) 1.14(0.11) 2.58 (0.64) 2904.33 1283.31 0.44
14 days recovery (group 5) 5 3806.85 (61.84) 0.84 (0.15) 2.14 (0.81) 4531.96 1778.90 0.39
45 days recovery (group 6) 7 3731.72 (66858) 0.31 (0.19) 2.67 (0.67) 12037.8 1397.65 0.12
91 days recovery (group 3) 8 3696.63 (314.83) 0.02.(0.01) 2.28 (0.43) 184832.0 1621.33 0.01

' Nauuber of animals for which tissue uranium residue data were available. and may not include entire exposed group.
'Timc-weighted average dose of uranium (mg U/kg body wt/91 days). The TWA values for this table were calculated only for those animals for

which tissue residue data were available. and may show small differences from group TWA values given elsewhere.
'Tissue uranium residue. pg/g wet wt.
'Gilman etaL (1998a).
' Data are means (±SD).
fGilman et aL (1998b).

ity of histological changes did not increase between the 45-
and 9 1-day recovery groups, but the continuing prevalence
during this time suggests that subchronic exposure to 600
mg UN/L caused an injury which was self-sustaining. It is

important to note that the presence of sclerotic changes in
tubular basement membranes and renal interstitium persisted
in recovery and likely represents permanent injury. Confir-

Kidqyni=m/TWA91 ddose ab

TABLE 11
Sunmnary of Lowest-Observed-Adverse-Effect Levels (LOAELs)

in Sprague-Dawley Rats and NZ White Rabbits Following 91
Days Exposure to Uranyl Nitrate Hexahydrate (UN) In Drinking
Water

LOAEL

Uranium dose
equivalent Kidney tissue

Exposure group (mg/kg body uranium residue
Study (mg UNQL) wt/day) (JLgtg wet tissue)

Male rat' 0.96 0.06 0.2'
Female rat' 0.96 0.09 0.2'
Male tabbit" 0.96 0.05 0.04 (0.03)'
Female rabbit' 4.8 0.49 0.02 (0.01)
Male rabbit" 24 1.36 0.18 (0.13)

'Gilitian et aL (1998a).
' No residue data for this exposed group were available; values are inter-

po!ations reponed in Gilman er al. (1998aj.
'Gilman et aL (1998b).
'Non-SPF animals; may include animals with subclinical Pareurella

infection.
Data are means (-SD).

f'Recovery study-. animnals were SPF.
I'The LOAEL is estimated to lie at or below 24 mg UTNIL.

0.002

0.001,

0.000
fd __ _ C.ffemalerabbite¢female ntd tntalcras d 31 rabcnbit 'rale rabbit

FIG. 9. Tissue concentration of uranium in kidney as a function of time-
weighted average dose of uranium exposure in Sprague-Dawley rats and New
Zealand White rabbits. ' Kidney uranium concentration: pug/g. wet t. ' Time-
weighted average uanium dose: mg uraniumikg body wt/91 days. ' Gilman
et aL (1998b). ' Gilman et al (1998a). ' Present study. ' This study may have
included male animals with subclinical Panteurella infection.
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I
mation of the severity of these lesions using electron micros- Anthony. M. L. Gazlaid. K P. R.. Beddell, C. R.. Undon. J. C.. and Nich-
copy has already been reported (McDonald-Taylor et al., olso.Jo. K. (1994).Studiesof thebiochemical toxicologyof uranyl nitrate

997, 1992) - in the rat. Arch..ToxicoL 68, 43-53.1997, 1992).. o ro .P. an e. . a d Ba g . .(1 8 )
The reversibility of injury resulting from a lower dose of Diamond Gelein. R; Morrow. P., Panner B.. nd Baggi. R. (1987).from .Aephroroxiciry of Uranyl Fluoride and Reveruibiliry of Renal! Injury

uranium remains to be explored. Further exposure-recovery in the Rat. NUREG/CR4951. US Nuclear Regulatory Commission.
studies using doses between 4.8 and 24 mg UN/L are re- Washington. DC.
quired to better approximate both the LOAEL and the Gilman. A. P.. Villeneuve, D.C.. Secours. V. E. Yagminas, A. P., Tracy.
NOAEL. High-resolution proton nuclear magnetic resonance B. L. Quinn. J. M., Valli. V. E.. Willes. R. J.. and Moss. M. A. (1998a).
('H NMR) spectroscopy has been recently reported to reveal Uranylnritate:28-dayand9l-day oxicitystudiesintheSprague-Dawley
high concentrations of 3-D-hydroxybutyrate. in the absence rat. ToxicoL Sci 41, 117-128.
of acetoacetate or acetone. in the urine of rats acutely ex- Gilman. A. P.. Villeneuve. D. C., Secours. V. E.. Yagminas, A. P.. Tracy.
posed to UN by intraperitoneal injection (Anthony et al., B. L. Quinn. J. M.. Valli. V. E.. and Moss, M. A. (1998b). Uranyl nitrate:
1994). This is proposed as a novel marker of certain forms 91-day toxicity studies in the New Zcaland White rabbit. ToxicoL Sci.
of proximal tubular nephrotoxicity. including that induced 4
by exposure to UN, and may be a useful adjunct in future McDonald-Taylor, C. K,. Singh. A.. and Gilman. A. (1997). Uranyl nitrate-induced proximal tubule alterations in rabbits: A quantitative analysis.
studies of this nature. Toxicol. Parhol. 25(4), in press.

In summary, the ability of UN to produce specific tubular McDonald-Taylor, C. K., Bhatnagar. M. K.. Gilman. A.. Yagminas. A.. and
injury followed by basement membrane injury at relatively Singh, A. (1992). Uranyl nitrate-induced glomerular basement membrane
low doses in even a small proportion of exposed animals alterations in rabbits: A quantitative analysis. BulL Environ. Contan.
suggests that human exposure to soluble uranium over pro- Toxicol. 48, 367-373.
longed periods needs to be monitored. Moss. M. A. (1989). Study of the Effects of Uranium on Kidney Function.

Atomic Energy Control Board Report INFO.0306. Ottawa, Canada.
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