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I. NAME AND QUALIFICATIONS

1. My name is Craig S. Bartels. The statements herein are true and correct to the best of my
knowledge, and the opinions expressed herein are based on my best professional judgment.

2. My education and experience are described in my curriculum vitae, attached to this
affidavit as Attachment C. To summarize, I have a Bachelor of Science degree from Montana
College of Mineral Science and Technology in Petroleum Engineering. I am a Licensed
Professional Engineer in the State of Illinois, and am also a Licensed Professional Geoscientist in
the State of Texas. I was recently named President of HRI. Prior to that, I was principal in a
consulting company specializing in hydrology, geochemistry, aquifer test design and analysis,
and groundwater modeling. Over the course of the last 27 years, I developed a commercial
groundwater model, and while principal in my consulting company, continued to expand and
refine that groundwater model, significantly improving its capabilities. I have worked in the in-
situ leach (ISL) uranium recovery industry for over twenty-six years and am familiar with all
aspects of the ISL mining process, including geologic interpretation, geophysical log analysis,
pumping test design and analysis, well test analysis, hydrologic computer modeling, well pattern
design and development, well design and construction, wellfield and plant operations, and
wellfield restoration. During that time I have run literally thousands of computer models
(including MODFLOW) analyzing lixiviant control for the initial wellfield design, active
wellfield operations, and wellfield restoration, and geochemical models focusing on the
geochemistry of ISL projects, becoming proficient in using and interpreting results from
geochemical programs such as PHREEQC (USGS), MINTEQA2 (USEPA), and the MT3D flow
model. I have supervised and trained others in the design and operation of ISL projects. I have
evaluated numerous ISL properties and operations of other ISL uranium recovery companies,
and, as such, am familiar with their operations and procedures. Prior to that, I was a drilling
engineer (well design, drilling supervision, completion, re-completion, geophysical log analysis),
and reservoir engineer for a gas storage operation, including the running of pump tests, and
analyzing for leaky cap rocks.

II. PURPOSE OF TESTIMONY

3. My testimony concerns the geology, hydrology, and geochemistry relative to HRI's
Nuclear Regulatory Commission (NRC)-licensed ISL uranium recovery operation at Church
Rock-Section 17, Unit 1, and Crownpoint, New Mexico. Throughout my Testimony I refer to
the statements and exhibits of Dr. Richard J. Abitz [Abitz, Abitz (1999)], Dr. Spencer G. Lucas
[Lucas], and Mr. Michael G. Wallace [Wallace, Wallace Addendum Wallace (2004), Wallace
(1999)].

III. MATERIALS REVIEWED

4. In addition to the declaration and exhibits noted above, I also reviewed and reference the
following materials associated with hearings on the HRI Crownpoint Uranium Project:
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Abitz (1999). Abitz Affidavit of 08-Jan-99, Exhibit I of Intervenors 11-Jan-99 "Written
Presentation in Opposition to HRI Application for a Materials License with Respect to
Groundwater Protection." Resubmitted as Exhibit B in Abitz.

Abitz. Abitz Affidavit of 03-Mar-05, Exhibit M of Intervenors 07-Mar-05 "Written Presentation
in Opposition to HRI Application for a Materials License with Respect to Groundwater
Protection, Groundwater Restoration and Surety Estimates."

Bartels (1999). Bartels Corrected Affidavit of 19-Feb-99, (corrected per HRI attorneys "Errata"
letter of 26-Feb-99) of "Hydro Resources, Inc.'s Response to Intervenors' Brief in
Opposition to Hydro Resources, Inc.'s Application for a Materials License with Respect
to Groundwater Issues."

Bartels (2004). Bartels Affidavit of 21-Jun-04 in "Hydro Resources, Inc.'s Response to
Intervenors Motions to Reopen and Supplement the Record and to Supplement the Final
Environmental Impact Statement for Section 8 and 17." (Springstead Estates Project)

Bloch (1999). Peter B. Bloch, Administrative Judge, PARTIAL INITIAL DECISION
CONCLUDING PHASE I (Groundwater, Cumulative Impacts, NEPA and Environmental
Justice), August 20, 1999. In 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.

ASTM (1998, D6312). American Society for the Testing of Materials (ASTM), 1998.
Standard Guide for DevelopingAppropriate Statistical Approachesfor Ground-
Water Detection Monitoring Programs, D63 12.

COP 2.0. HRI's Consolidated Operations Plan, Revision 2.0 (August 15, 1997).

FEIS. The 1997 Crownpoint Uranium Project Final Environmental Impact Statement (CUP
.FEIS) prepared by NRC (NUREG-1508), in cooperation with the Bureau of Land
Management (BLM) (BLM NM-010-93-02), and Bureau of Indian Affairs (BIA) (EUS-
92-001).

HRI Brief(1999). HRI Attorneys Brief of 19-Feb-99. "Hydro Resources, Inc.'s Response to
Intervenors' Brief in Opposition to Hydro Resources, Inc.'s Application for a Materials
License with Respect to Groundwater Issues."

HRI (1992a). Pump Test Analysis, Crownpoint Project, April, 1991. Contained in the
"Crownpoint Project, In-Situ Mining Technical Report. HRI, Inc. June, 1992.

HRI (1992b). Crownpoint Project, In-Situ Mining Technical Report. HRI, Inc. June, 1992.

HRI, (1993). HRI, Inc., Churchrock Project Revised Environmental Report, March, 1993.

License SUA-1508. U.S. Nuclear Regulatory Commission, 1998. Source Materials License
SUA-1508 (and attachment A thereto), Hydro Resources, Inc., Crownpoint Uranium
Project, January 5, 1998. NB 11, ACN 980116066.
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Lucas. Lucas Affidavit of 25-Feb-05, Exhibit II of Intervenors 07-Mar-05 "Written Presentation
in Opposition to HRI Application for a Materials License with Respect to Groundwater
Protection, Groundwater Restoration and Surety Estimates."

NRC (2004). Memorandum and Order (Ruling on Intervenors' Motions to Supplement the
FEIS), Thomas S. Moore, Presiding Officer, 22-Oct-04. (Springstead Estates Project).

NRC Requests for Additional Information (RAI):

RAI Q1/50. HRI, Inc. response to NRC Q1/50, "Degradation of Crownpoint Water
Supply Wells by Restored Solution Mine Ground Water"

RAI Q1/81 HRI, Inc. response to NRC Q 1/81, "Pump Test and Pre-pump Test Water
Levels May Not Indicate the Dakota Sandstone is Hydraulically Isolated"

RAI Q2/81 HRI, Inc. response to NRC Q2/81, "Explain UncertaintyAssociated with the
Crownpoint Site Pump Test and the Level of Confidence that this Test Provides in
Supporting the Conclusions that the Dakota Sandstone and the Weshvater Canyon are
Separated Hydrologically. "

RAI Q 99. HRI, Inc. response to NRC Q 99, "Sensitivity Analysis of Modeled Unit 1
Ground-Water Flow."

SRP-FINAL (2003). U.S. Nuclear Regulatory Commission, 2003. Standard Review Plan for In
Situ Leach Uranium Extraction License Applications, Final Report. NUREG- 1569, Final
Report, Office of Nuclear Material Safety and Safeguards; Washington, D.C. June, 2003.

USEPA (1989). U.S. Environmental Protection Agency, 1989. StatisticalAnalysis of
Ground-Water Monitoring Data at RCRA Facilities, Interim Final Guidance, Office
of Solid Waste, Waste Management Division.

USEPA (1992). U.S. Environmental Protection Agency, 1992. StatisticalAnalysis of
Ground-Water Monitoring Data at RCRA Facilities, Addendum to Interim Final
Guidance, Office of Solid Waste, Waste Management Division.

Wallace (1999). Wallace Affidavit of 08-Jan-99, Exhibit 3 of Intervenors 11 -Jan-99 "Written
Presentation in Opposition to HRI Application for a Materials License with Respect to
Groundwater Protection."

Wallace (2004). Wallace Affidavit 14-May-04, Exhibit A of Intervenors "Motion to Supplement
the Final Environmental Impact Statement for the Crownpoint Uranium Project."
(Springstead Estates Project).

Wallace. Wallace Affidavit of 01-Mar-05, Exhibit X of Intervenors 07-Mar-05 "Written
Presentation in Opposition to HRI Application for a Materials License with Respect to
Groundwater Protection, Groundwater Restoration and Surety Estimates."

Wallace Addendum. Wallace Addendum dated 03-Mar-05 to Affidavit of 01-Mar-05, Exhibit
LL of Intervenors 07-Mar-05 "Written Presentation in Opposition to HRI Application for
a Materials License with Respect to Groundwater Protection, Groundwater Restoration
and Surety Estimates."
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5. Additional technical references are listed at the end.

IV. SUMMARY OF CONCLUSIONS

6. Intervenors experts lack the experience and training to offer the opinions they express.
They do not appear to understand the most basic elements of uranium deposition, or the
processes used in uranium solution extraction. Their lack of understanding of fundamentals
leads to erroneous, even outrageous, conclusions. They present those erroneous conclusions,
unsupported by any scientific research, data, or experimentation. They further compound their
error by ignoring statements of fact despite frequent repetition, neglecting pertinent data
reiterating failed theories, and disregarding resounding proof that such notions are groundless.
In short, their fundamental premises with regard to groundwater are erroneous, misleading.
unproven, and disingenuous.

V. INTERVENORS' EXPERTS KNOWINGLY MAKE UNTRUE STATEMENTS

A. Crownpoint Town Water Wells must be moved prior to operating ISL at Crownpoint site.

7. The Intervenors systematically omit important facts and information in an attempt to make
a persuasive case. For example, moving the Crownpoint municipal water wells prior to
operating ISL at Crownpoint site is a requirement of the license and has been referred to many
times throughout the record. License Condition 10.27 of License SUA-1508 states:

*10.27 Prior to the injection of lixiviant at the Crownpoint site, the licensee Shall:
MA) Replace the town of Crownpoint's 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 mg/L (300 pCUL)
uranium, as a result of in situ leach uranium extraction activities at the Unit land
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, BIG-3, BIA-5, and BIA-6 in
accordance with applicable requirements so these wells cannot become future
pathways for vertical movement of contaminants."

8. This requirement is also referenced in the FEIS no less than ten times, the first of which
occurs on page 4-49:
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fThe staff would require HRI to relocate the town of Crownpoint drinking wells to an
alternate location with acceptable groundwater quality and quantity, prior to mining
at the Crownpoint site, to ensure a continued source of high quality water to the
town of Crownpoint. This requirement is included as a mitigative measure in Section
4.3.3."

9. Since the requirements of License Condition 10.27 have been referred to so often
throughout the record, I have simply noted some of those references here without quoting them
specifically, which would take up additional time and pages. From the FEIS: pages 4-49, 4-59,
4-60, 4-62, twice on A-22, twice on A-24, #5 on B-5 to B-6. This requirement (as well as others)
was accepted by HRI as noted in the letter shown on page B-12 of the FEIS. Additionally, from
the COP 2.0 at page COP-13, three references from the Bloch (1999) decision: footnote 27 on
page 55, #12 on page 83, #15 page 84. And, again, three references in Bartels (1999): §4 of
page 3, 1St bullet page 5, page 17.

10. In spite of the above, Abitz and Wallace make statements that declare directly or, at the
least, imply that the existing Crownpoint municipal water wvells will be contaminated by ISL
operations at the Crownpoint project site.

Abitz at §9: 'The purpose of this testimony is to provide my technical analysis of
whether HRI, ... in the case of the Crownpoint site, prevent the contamination
of currently used municipal drinking water wells." [Emphasis added.]

Abitz at §12: 'With respect to health and safety issues, it is my professional opinion
that HRI will not be able to ... and, in the case of the Crownpoint site, prevent the
contamination of currently used municipal drinking water wells." [Emphasis
added.]

Abitz at his heading "E' and §§75-76:

*E. Crownpolnt - 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" [Emphasis added.]

"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-1 is less than one-half mile from the nearest
proposed HRI Injection wellfield)." [Emphasis added.]

"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 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 3842)." [Emphasis added.]

Abitz at §80: "...between the boundary of HRI's Crownpolnt site and the town
of Crownpolnt well NTUA-1 (FEIS at 4-49). Site-specific data that supports our
concern for the migration of contaminants outside of the mine zones and into
the Crownpoint municipal wells ..." [Emphasis added.]
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Wallace at §8: "With respect to the Crownpoint site, ... My alternate model ...
predicts that even during mining, contaminated mining fluids can reach the
Crownpoint municipal water supply wells in as little as seven years.! [Emphasis
added.]

Wallace at heading roman numeral "I": 1I. Crownpoint Site: Independent Modeling
of Contaminant Transport Demonstrates ISL Mining Will Result in Rapid
Contamination of Crownpoint's Municipal Water Supply Wells." [Emphasis
added.]

Wallace at §12: *This has been asserted in spite of the fact that the ore zone to be
mined is as little as 2,000 feet from a major water supply well in the same
aquifer, with no natural barriers between. In fact, this water supply well, NTUA-1, Is
approximately as close to the ore zone as the ore zone is to the land surface."
[Emphasis added.]

Wallace at §20: "I modeled contaminant transport from the Crownpoint mining
site to the Crownpoint municipal wells in two ways: ... This model shows
contamination reaching the nearest public water supply well in as little as
seven years, even while mining Is still occurring and active groundwater
monitoring is in place." [Emphasis added.]

Wallace at §78: "However, the channel flow exercise that I conducted for the
Crownpoint site (Wallace, 1999a at 40-42) showed rapid transport from the
mining region to the municipal wells at Crownpoint. Those predictions are not
significantly different from the more realistic model predictions I presented for the
Crownpoint ... sites in this declaration." [Emphasis added.]

Wallace at §83: "And I have presented a conservative but realistic model showing
how contaminants can reach CrownpoInt municipal wells In seven years from
the Crownpoint mining site ..." [Emphasis added.]

Wallace at §86b: "... Crownpolnt mining sites are in relatively close proximity to
a set of major municipal water supply wells, which pump large quantities of
groundwater from the same aquifer (the WCA) that HRI proposes to mine from."
[Emphasis added.]

II. I was unable to find any reference by Abitz, Wallace or Lucas to the requirement for
moving the Crownpoint municipal wells prior to ISL operations at HRI's Crownpoint site.

12. The only acknowledgement of that requirement (moving Crownpoint municipal wells)
appears to be in the legal brief submitted by the attorneys for the Intervenors and dated March 7,
2005 (hereafter noted as "Intervenors").

Intervenors at C.1.b, page 34: "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-1508, 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
Crownpolnt 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." [Emphasis added.]
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The attorneys, of course, have no hydrological expertise to make any such statement. I
note, however, that an underlying premise in Intervenors presentations throughout this
proceeding is that ISL uranium recovery cannot take place in a drinking water aquifer.
As noted in Pelizza, ISL uranium recovery can take place in exempted portions of large
regional drinking water aquifers precisely because the exempted portion of the aquifer is
highly mineralized and not suitable to be a drinking water source. Thus, another
fundamental premise of Intervenors is erroneous.

13. The fundamental premise regarding HRI operations at Crownpoint is erroneous, and thus,
conclusions based upon that premise are also erroneous. In light of the facts in the hearings and
record regarding the Crownpoint Municipal Wells, their testimony could be interpreted to be
intentionally misleading to both the public and the NRC, and as a result it should be disregarded
entirely by the licensing board.

VI. LUCAS IS WRONG IN HIS BASIC PREMISE OF OUTCROP ANALOGUE.

14. Lucas at ¶16 states "16. Geologists have long known that much more can be learnedfrom
the study of rock outcrops than can be learned from subsurface data from boreholes and
geophysical well logs." That might be an appropriate statement for a paleontologist experienced
at studying fossils, but it is not true when studying the geological setting of minerals far removed
from the outcrop. As a petroleum engineer trained in geology, trained and experienced at
geophysical log analysis, and as a professional geoscientist, my experience causes me to feel that
this is just not correct. In fact, just the opposite is true. Following his logic, for example, we
would have to conclude that the structural cross-sections and fence diagrams sought by Wallace
[Wallace Addendum at ¶¶4-5] were really superfluous. And if an outcrop showed good
confinement of an ISL production zone, then both the operator and the regulatory agencies

-should be satisfied. No.

15. This prejudice against borehole information and geophysical logs raises questions as to his
experience in interpreting well logs as he attempts in Lucas at ¶31-35. Lichnovsky (2005),
McCarn (2005), and Pelizza (2005) discuss Lucas further.

16. Lucas' reliance on outcrop analogue, to the exclusion of site-specific information, causes
his conclusions to be faulty. For example, Lucas at 122:

M...conclusion that the Jurassic geology of the Section 17 mine subsurface is the
same as at Outcrop Analogue A. This means that at the mine site, no aquitards
confine the Westwater Canyon Member." [Emphasis added.]

17. His narrow focus causes Lucas to simply ignore the existing, higher water pressures of the
overlying zones at the Church Rock site. However, the result of that high differential pressure is
summarized in Bloch (1999) at pp. 19-21:

mb. Alleged Connection to Aquifers Above Westwater

Intervenors' Staub (Staub January 9, 1999 Testimony at 26) makes claims about
overlying strata, He contends that the Westwater and overlying Dakota aquifer may
be in contact at Church Rock because the Brushy Basin member has been scoured
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away. Staff (FEIS, 3-18) quotes HRI and Hilpert (1969)" on the varying thickness of
the Brushy Basin at the Church Rock site. Based on the information provided by
the Staff, I am persuaded that the minimum thickness of the Brushy Basin
Member is 45 feet, and at no place is the sandstone unit in the Brushy Basin
separated from the Westwater and Dakota Members by less than 16 feet of
mudstone, which is known to be an efficient aquitard (FEIS 3-35).

Bartels (Bartels Affidavit at 9, attached to HRI 2/19/99 Response) discusses the
Church Rock Environmental Report (Hearing Record ACN 9304130415 at 110),
which points out that the Dakota Sandstone and Poison Canyon units have a
positive differential pressure with respect to the underlying Westwater. Bartels
correctly concludes that there cannot be appreciable leakage between these
units because the leakage would equalize the pressures.

HRI Expert Orr (Orr Affidavit at ¶13, attached to HRI 2/19/99 Response) concludes
that because of the lower pressure of the Westwater with respect to the Dakota,
"any vertical excursion into the Dakota could be reversed simply by stopping
the operation.' This would cause the net flow to be into the lower-pressure,
underlying Westwater.

Bartels (Bartels May 11, 1999 Affidavit at 5, attached to HRI May 11,1999
Response) quotes a memo by J. Holonich, NRC to P. B. Bloch (dated April 20,
1998):

Historically almost all vertical excursions at ISL mining operations [anywhere]
have been caused by faulty well completions or unsealed exploration boreholes.
The staff Is aware of only one ISL site where vertical excursions may have
been caused by stratigraphic Interconnections.

Based on this memorandum, I conclude that the Brushy Basin Member shows
characteristics of an efficient aquitard In the mine area. Thus, HRI has not
misrepresented this Issue. I conclude that there are unlikely to be any serious
problems from vertical excursions In the course of mining Church Rock
Section 8." [Emphasis added.]

VII. DISCUSSION AND RESPONSE TO ABITZ AFFIDAVIT.

A. Abitz has neither the credentials nor the experience to express "expert" opinions on
hydrology issues.

18. In his current declaration, as in his 08-Jan-99 affidavit, Abitz makes statements and draws
conclusions about hydrology, without having the background or experience to do so.

Abitz, §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. [Emphasis
added.]

19. Concerning Abitz's 08-Jan-99 affidavit, I noted in my 19-Feb-99 affidavit (§5):

'... This is especially true of Dr. Abitz, who does not appear to claim expertise, or
even familiarity, with the analysis and interpretation of hydrologic tests (Abitz Written
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Testimony, Exhibit A). His unfamiliarity with basic hydrologic principles is first
suggested in that he was retained "as a technical expert in the field of geology and
geochemistry.' (Abitz Written Testimony, p. 3), not in hydrology. Further, in his own
description of his expertise (Abitz Written Testimony, p. 3), there is nothing at all to
suggest he is qualified to comment on the hydrology of any aquifer, much less the
Westwater Canyon aquifer. His apparent ignorance of the methodology,
interpretation, and critical assumptions associated with groundwater hydrology and
hydrologic analysis reflected in the fact that his Written Testimony, contains not a
single reference to the analysis andlor interpretation of any hydrologic test, and its
relevance to the Westwater aquifer in general, much less to Churchrock Section 8.
In fact, Dr. Abitz technical opinion concerning the hydrology of the Westwater
Canyon aquifer appears to rest solely on a *conceptual" geologic model of the
depositional system (Abitz Written Testimony, pp. 3, 27-30). Dr. Abitz makes
statements such as:

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... Hence, lixiviant control
and containment are likely to be significantly more difficult than HRI
predicts.... In my professional judgement, because contaminated
groundwater will flow through very narrow sand channels, ....

(Abitz Written Testimony, p. 30) [Emphasis added.]. Given his stated credentials, Dr.
Abitz is simply not qualified to make judgments on issues associated with
groundwater hydrology."

20. My general statements from my 19-Feb-99 affidavit are also true of the current Abitz
affidavit. Abitz at 18 states "Since 1997, I have served as ENDA UM's and SRIC's technical
expert on issues associated with the geology and geochemistry of the proposed mining areas."
Nowhere does Abitz show that he is qualified to make judgments on issues associated with
groundwater hydrology, pumping test analysis and interpretation, groundwater modeling,
excursion modeling, etc. and certainly not on whether HRI: "will be able to prevent uranium-
contaminated mine water from escaping the mine zones during ISL mining ... capture migrating
mining fluids once they leave the mine zones ... prevent the contamination of currently used
municipal drinking water wells." [Abitz at 19]. Considering his references to "unprofessional
[conduct]" throughout his affidavit, his statements outside his area of expertise are, at the very
least, surprising.

B. Abitz's Inexperience in Hydrology is Manifest.

21. Abitz's inexperience leads to some bizarre, and even ludicrous conclusions. Consider his
statements in Abitz at ¶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
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injected at the Teton test plot may have migrated to HRI's Section 8 and
Section 17 property in as little as 8 years. [Emphasis added.]

22. The locations of the Teton Push-Pull well #405, and wells CR-6 and CR-8 that Abitz
mentions are plotted to scale in Attachment C. Well #405 is to the lower left and the CR wells
are to the upper right. Also noted is the velocity (8.7 feet/year) and direction of the natural
groundwater movement from FEIS Figure 3.11 [attached here as Attachment B]. A UNC memo
giving basic information about the push-pull test is shown in Attachment D. 17,100 liters of
lixiviant were injected into well 405 and 52,900 liters were withdrawn [17,900 liters plus two
additional pore volumes for restoration (35,000 liters)], i.e., 4500 gallons injected and 13,975
gallons extracted from 40 feet of screen. Ignoring the fact that 3+ times more water was
removed than injected and using 25% porosity, 4500 gallons of injected fluid would extend 4.4
feet from the wellbore across 40 feet of screen [nrT2 x h x porosity x 7.4805 gal/ft3 = gallons].
The Teton well with radius 4.4 feet was drawn to scale on an 8 A/2" x 1 I" plot but was very
difficult to see and would disappear during photocopy reproduction, so the well radius was
increased to two years water movement at 8.7 feet/year (17.4 feet diameter = 2 year water
movement), and re-plotted. See Attachment C.

23. The natural groundwater movement in the Church Rock area was measured at 8.7 feet/year
in March 1993 to the NNE (FEIS, Figure 3.11, reproduced here as Attachment B). The distances
between well 405, and CR-6 and CR-8, are 12,883 and 12,589 feet, respectively. For water to
move between well 405 and the CR wells in eight years as Abitz suggests, it would have to move
at -1600 feet/year, or approximately 180+ times faster than the measured velocity at Church
Rock. And it would be moving in a direction across the prevailing groundwater movement,
which means it must change the direction of groundwater movement on a regional basis.
What force is supposed to be driving this wild water movement from the Teton well to the
Church Rock area? Abitz offers only speculation, as if it demonstrates his theories; he provides
no hard data or proof of his conclusions.

24. Consider further the credibility of Abitz's conclusions. Look at the Teton well on
Attachment C, the little dot to the lower left. As noted above, to be visible it is drawn at a scale
equivalent to two years' water movement. Although the initial lixiviant plus two pore volumes
of restoration water was extracted at the Teton well site, according to Abitz whatever might be
left at that itty-bitty dot races toward the CR wells at 1600 feet / year, defying known physical
laws, undaunted by dilution, dispersion, or the natural groundwater movement in the area. Eight
years later, at just the exact time that HRI is sampling CR-6 and CR-8, that itty-bitty dot has
moved some 12,500+ feet, somehow split into two even tinier dots, again unaffected by dilution,
dispersion, or natural groundwater movement, and is exactly in the very two locations that will
contaminate the two CR wells, the two itty-bitty dots at the upper right of Attachment C.
Further, just when the solution gets to the CR wells, the 1600 ft/year groundwater velocity stops,
so that, instead, 8.7 feet/year is measured at Church Rock, with no effect on the pressure
contours of FEIS Figure 3.11 (Attachment B). To say that his scenario lacks logic and credibility
is an understatement.

25. The supposition that the final Teton well water after the push-pull test (which was certainly
cleaner than the injected lixiviant) moved to, and contaminated, the CR wells, as Abitz suggests,
should have first undergone a "commonsense" test. After flunking that, rudimentary knowledge
of hydrology would have cinched its demise. If Abitz has some other plausible theory about how
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water from the Teton well contaminated wells CR-6 and CR-8 then he should have presented a
full analysis for the NRC and HRI to verify and validate (at this point, it should not be the other
way around). Instead of Abitz providing hard, site-specific data, he speculates, he postulates, he
theorizes, but it is left to HRI and NRC to verify, validate, and determine plausible reality.

26. Another example of unsupported conclusions in Abitz occurs at ¶67 as quoted above. The
statement that uranium at CR-6 and CR-8 "may indicate" that such uranium came from either the
Teton push-pull well (to the west at 16.5 degrees south of west) or from the old Church Rock
mine shaft to the south. He apparently sees three possibilities: (I) it came from the Teton push-
pull, (2) it came from an old Church Rock mine shaft, or (3) it came from neither (because it
only "may indicate"). Again, he provides no detailed analysis of which is the most likely source.
I assume he would not choose possibility (3), because if he did, why would he even speculate
about the uranium in the first place. We then are left with one possibility to the west and one to
the south, two completely different directions and distances. The groundwater cannot be moving
in two different directions at the same time, nor can it be moving at two different speeds at the
same time. So which does he make a case for? Apparently, the answer is "neither" since he
provides no credible specific detail as to how either of his guesses might have happened (no
modeling, groundwater movement analysis, etc, etc). HRI and NRC are left to defend against
wild speculation.

27. In another example, Abitz makes some remarkable claims from some of his simple
observations. Abitz at 168 notes the following increases at UNC Northeast Church Rock
(NECR) Mill well: As from <0.001 to 0.004 mg/L; Se, <0.001 to 0.218 mg/L; and U, 0.065 to
0.565 mg/L. Then he claims "This observation demonstrates tait miningfllids at restored sites
Ovil migrate into other portions of the Westwater Canyon, ... ". [Emphasis added.]. An amazing
claim, and beyond his own idle speculation, Abitz "demonstrates" nothing. He provides no basis
or specifics from Northeast Church Rock to support this guesswork: no core studies,
geochemistry, hydrology, or geology specific to the site, no historic perspective of the effect of
mining or dewatering at the site, no laboratory experiments. No maps of the uranium ore body in
the area, geochemical analysis of waters from the ore body around the mill well, or statistical
analysis of those waters [considering Abitz at ¶¶15-39]. Abitz complains bitterly that NRC and
HRI did not consider the statistics he presents at ¶22 through 130, or the geochemical issues he
points out in ¶44 through ¶57, yet he completely ignores all of that for his own claims, and
instead uses the simplest of observations as support. And equally remarkably, he then uses this
same observation to argue that "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." [Emphasis added.]

C. Abitz's Geochemistry is Mercly Generic Textbook Information.

28. Abitz at ¶63 contends that he has "shown" that there will be uncontrolled movement of a
"toxic groundwater plume" away from any ISL site. However, as will be shown below, that
statement is built upon false premises and lacks any scientific validity.

Abitz at 1T63: "I have shown through numerous citations to the scientific literature
and references to both geochemical principles and my own geochemical analyses,
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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."

29. He admits the basis of his conclusion is "numerous citations to the scientific literature and
references to both geochemical principles and my own geochemical analyses...". The only
reference I find to results from his "owvn geochemical analyses" is at 166 where he refers to his
use of geochemical code EQ3/6. One scenario he develops to explain his result is that water
migrated from the Teton ISL pilot site to Church Rock in eight years (167). This theory was
discussed above, and is implausible. In the same manner, also discussed earlier, Abitz at ¶168
calls his observation of water quality from a single well as a "demonstration" that that restored
water will migrate. Yet he provides no specifics as to how that will happen, only a generic
discussion of geochemistry available in any good book on the subject' and that applies equally
well to all ISL sites, past and present.

30. Although he claims "numerous citations to the scientific literature" as support of his
theories, Abitz at ¶¶44-68, cites not a single instance, weilfield or ISL project in which
uncontrolled movement of a "toxic groundwaterplume" away from any ISL site has taken place,
as he theorizes it will. Nor is there a single instance of contamination of water wells near ISL
projects. By itself, that is a demonstration that his conclusions are false.

31. Abitz at ¶47 states:

When the redox condition of an aquifer is transformed to a strong oxidizing
environment by the Introduction of a lixiviant, ... 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)." Emphasis added.]

32. Abitz provides no support for these statements and conclusions. Since oxidation and
reduction are easily recognized by their color2 (tan is oxidized, gray is reduced), geologists easily
determine the location of the redox front simply by noting the color of the drill cuttings, and
cores. I have studied and evaluated multiple post-leach cores (cores taken after leaching is
completed). If the oxidation was as intense and complete as Abitz implies, the color change
from reduced to oxidized should be easily seen. Yet, we saw no color change. We were able to
identify oxidation caused by leaching only through chemical analysis (in some cases coupled
with disequilibrium logging). The reason for this is "chemical kinetics": uranium leaches at a far
faster rate than many of the other "reducers" in the rock, and those "reducers" are only partially
oxidized at end of leaching. If this was not the case, (i.e., if the bulk of the reduced minerals
were as easily, or more easily, oxidized than uranium), than uranium ISL leaching would not be
economical. In addition, if there was complete oxidation of the rock, there would be little or no
soluble (as opposed to refractory) uranium left in the rock at the end of production, yet the
typical recoveries are 60-80%.

l For example: Appelo & Postma (1993), Deutsch (1997), Drever (1988), Stumm & Morgan (1981), Stumm &
Morgan (1996).
2 Except in "re-reduced" areas, which is not the case with HRI's ISL projects in New Mexico.

13



33. Abitz (¶10, 12, 44, and 57) discusses natural attenuation, claiming that it cannot happen,
basing his conclusions on his generic geochemistry discussion, his flawed analyses of (¶65-68),
and his assertion that the rock is completely oxidized at the end of leaching. Consider what
happens as an ore body becomes oxidized by natural groundwater and is moved or
"redistributed" downgradient: all of that ore body moves, and all of it that makes up the new ore
body has been re-precipitated by reducers in the rock. If there were not enough reducers in the
rock to re-precipitate that ore body, the uranium would stay in solution, and there would be no
"ore body". If we were able to view this "redistribution" of an ore body as it moved
downgradient over geologic time, any time that ore body had moved beyond its original width,
say 100-200 feet, we would know that every single pound of the new ore body had been moved,
and every single molecule of uranium that had been in solution that was now part of the new ore
body had been re-precipitated 3. Any rock, where redistribution is known to have occurred, and
which has that samne reduced rock extending beyond the existing ore body, will be able to re-
precipitate the uranium, all of it. Otherwise, at some point, the orebody would cease to exist as
the uranium stayed in solution. In addition, Abitz is wrong in his contentions of 1144-68 where
he tries to equate the partially oxidized ISL production area (far smaller in size in relation to the
downdip aquifer) with the reduced areas downgradient. So, even assuming for the moment that
the rock was completely oxidized at the end of ISL leaching, it would have no effect on the
reducing character of the rock downgradient, especially considering that the water in the
wellfield will be restored; it certainly will not have production levels of uranium in solution.
Abitz is wrong about natural attenuation.

D. Abitz's Interpretation of SRP Guidance is Confused.

34. Abitz's reliance on SRP guidance is confused, and, as a result, his subsequent conclusions
are erroneous. He mixes quotes from different sections of the SRP, Section 2 for "Site
Characterization" and Section 5 for "Operations". The top of each page in the SRP-FINAL
(2003)4 is clearly marked with the appropriate section.

Abitz at his heading u(1)" and ¶16:

*(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" [Emphasis added.]

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
I 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, §6
2.7.3. and 5.7.8.3(1) (at 2-24 and 5-41, respectively) ..." [Emphasis added.]

Abitz at ¶U18: *Thus, HR1's failure to fully characterize baseline water quality,
especially in non-mineralized parts of the aquifer at or beyond the monitoring well

3 1 include all of the chemical and physical processes in "precipitation", e.g., precipitation, adsorption, absorption,
ion exchange, etc.
4In order to distinguish between the earlier, draft version of the NRC's Standard Review Plan (NUREG-1569)
referenced by Abitz as "SRP", and the Final NUREG-1569 published in June, 2003, that final version is referred to
here as SRP-FINAL (2003).
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ring, is explained in part by the Staffs decision to allow HRI to defer final
determination of baseline water quality until after the license was issued, but before
injection of lixiviant.' [Emphasis added.]

Abitz at 121 (emphasis added): "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.... 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 5-41."

35. The SRP-FINAL (2003) describes "three distinct phases of ground-water and surface
monitoring" as:

SRP-FINAL (2003), at 5.7.8.1, page 5-36: "There are three distinct phases of
ground-water and surface-water monitoring: pre-operational, operational, and
restoration. Pre-operational monitoring is conducted as a part of site
characterization, and review procedures are in Section 2 of this standard review
plan.'

36. The Table of Contents for SRP-FINAL (2003) also clearly identifies Section 2 as "Site
Characterization" and Section 5 as "Operations". In addition, EACH page in the body of SRP-
FINAL (2003) is marked at the top with its appropriate section name. So section 5, quoted in
part by Abitz at ¶21 and noted above, is clearly marked as "Operations" at the top of each page.
To put his quote in context, a more complete quote from §5.7.8.3(1) [SRP-FINAL (2003) at 5-
39] is presented below (with emphasis added):

"(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 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 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
analyzed for the water quality conditions of the sampled aquifer at a specific time.
[This second paragraph is quoted by Itself by Abitz at ¶21]
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An acceptable set of samples should include all well field perimeter monitor wells,
all upper and lower aquifer monitor wells, and at least one production/injection well
per acre in each well field. For large well fields, it may not be practical to sample
one production/injection well per acre. Consequently, enough production/injection
wells must be sampled to provide an adequate statistical population if fewer than
one well per acre is used. ..."

37. Note the introductory phrase to §5.7.8.3(1): "(1) For each new well field, the applicant's
approach for establishing baseline water quality data ...". When taken in context, a number of
points are obvious:

* §5.7.8.3(1) is clearly in reference to "Operations";

* "wvellfields" are clearly part of "Operations", not "Site Characterization";

* "establishing baseline water quality data" is clearly part of the "well field"
regimen.

38. The second point is also important because:

SRP-FINAL (2003), page xviii: OThe general licensing process is outlined in the flow
diagram provided in Figure 1. An in situ leach source and byproduct material
application may be denied or rejected under specific instances during the review
process. Beginning construction of process facilities, well fields, or other
substantial actions that would adversely affect the environment of the site, before
the staff has concluded that the appropriate action Is to Issue the proposed
license, Is grounds for denial of the application 110 CFR 40.32(e)].' [Emphasis
added.]

39. "Beginning construction of ... well fields ... before the staff has concluded that the
appropriate action is to issue the proposed license, is grounds for denial of the application". So
"well fields" are clearly NOT intended to be constructed and sampled during "Site
Characterization", and before the license is issued. And conclusions drawn by Abitz on that
premise, and subsequent to that premise, are in error. This sequential development for ISL
projects has been stated and re-stated many times, and was summarized in the HRI Brief (1999)
at page 23:

Intervenors fail to, or refuse to, grasp the fundamental concept of sequential
development of ISL wellfields and the fact that data cannot be collected until an
operator installs production baseline wells and monitor wells. Prior to placing
monitor wells, additional exploration and delineation work has to be conducted to
assure the wells are properly placed. As wellfields or mine units are developed,
they are pump tested to assure that the monitor wells are functional before they can
be sampled. The results in one mine unit may cause the engineer or geologist to
change design in the next. This process is both progressive and iterative, with each
mine unit developed and tested as the mineral is progressively depleted from
different parts of the orebody. There is no other practical way to conduct ISL
mining.'

40. See also Pelizza.

41. This sequential treatment of ISL well fields was decidedly not "[NRC] Staffs Decision" as
Abitz incorrectly states at 118 (noted above), but is the standard NRC methodology, developed
over decades, used to protect groundwater and the environment. Abitz refusal to acknowledge
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this causes his misunderstanding, his mis-statements based on misunderstanding and
subsequently his false conclusions.

E. Abitz Inaccurately Characterizes HRI's Proposals, Which Could Mislead the Reader.

42. Intervenors regularly misrepresent quoted sources by using out-of-context, partial quotes
when it appears advantageous to their cause; Abitz does so at ¶23. By taking statements from
COP 2.0 out of context, Abitz inaccurately characterizes HRI's proposals, which could mislead
the reader. Abitz at 123 "In the COP 2.0 (HRJ, 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." Abitz is referencing
information from "8.6 Baseline Water Quality Determination" in the COP 2.0. However, the
introduction to that section actually states [COP 2.0 at 84-85):

8.6.1 General

The collection of baseline water quality data, and determination of baseline water
quality conditions is very important as the Upper Control Limits (UCL's), and ground
water restoration objectives are based on this data.

Consistent with regulatory requirements, initially, HRI will collect three
Independent baseline water quality samples from each well. However, based
on the consistent results of multiple samples from Individual wells taken
previously, HRI believes that multiple independent baseline water quality samples
from each well will not be warranted. With the concurrence of NRC, HRI will
sample each well once, and perform the requisite analysis to determine baseline
water quality characteristics. It Is with this presumed approval that the following
portion of the Plan Is drafted. [Emphasis added.]

43. Across decades of sampling baseline wells, HRI's experience has been that the multiple
baseline samples are very consistent for individual wells, not at all surprising with a good
sampling program, using careful techniques. HRI fully expects to have the same experience in
New Mexico. However, it is plain that "Consistent with regulatory requirements, initially, HRI
will collect three independent baseline water quality samples from each well". Only later, if
New Mexico wellfields show the same consistency, and " With the concurrence ofNRC, HRI will
sample each well once" from that point onward. This is also discussed in Pelizza. Abitz
characterization of HRI's proposal is erroneous.

F. HRI has Committed and Does Commit to Following US EPA Statistical Guidance.

44. Abitz suggests that HRI has not committed to using USEPA statistical guidance in
evaluating baseline water analyses.

Abitz at 119: *I explain In more detail In %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
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and a 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 1998 groundwater monitoring guidance. Therefore, the
commitment to perform an outlier test is not a commitment to Implement all
USEPA's and ASTM's guidance for analysis of groundwater monitoring data,
recommendations that remain the industry standard for collecting, sampling and
analyzing groundwater.' [Emphasis added.]

Abitz at ¶23: *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." [Emphasis added.]

45. These statements are absurd. SRP-FINAL (2003), "Operations" at 5.7.8.3 (1), pp5-39 - 5-
40 states "Dealing with outliers in the sample sets should be done using proper statistical
methods.", ergo, HRI committed to using statistics properly. NRC requested that HRI use
USEPA (1989) as guidance for dealing with outliers, and HRI fully understood that it would use
USEPA as guidance for "proper statistical methods" as well. That is what HRI intended, and I
believe what NRC understood. It is mere pretense to conclude otherwise.

46. In my current capacity as President of HRI, I state unequivocally that HRI is fully
committed to using USEPA (1989) and USEPA (1992) as statistical guidance for groundwater
analysis, consistent with NRC requirements and directions to ISL operators5. Of equal
importance, because guidance changes with time, we will comply with other statistical guides as
directed/requested by the NRC. In my previous capacity as VP of Technology for HRI from
1996 through 1999, I also state that such has always been HRI's intention. And Mark Pelizza in
his capacity as Vice President of Health, Safety and Environmental Affairs, and past President of
HRI, (see Pelizza) re-iterates this same position.

47. Although Abitz uses his reasoning to present NRC and HRI a statistics lecture extending-
for eleven pages (pages 18-29), he is incorrect on a number of items as discussed below. [Also
see the Affidavit of Prof. Ronald Christensen, Professor of Statistics at the University of New
Mexico for additional comments.]

48. Relating to ASTM (1998) mentioned by Abitz as noted above, since the FEIS and the COP
2.0 are both dated 1997, and the NRC License SUA-1508 is dated January 5, 1998, it is obvious
that none of these documents could refer to that ASTM 1998 standard since they all predate it,
and equally obvious that it is not "unprofessional" that they do not.

49. As demonstrated earlier, Abitz improperly mixes requirements of SRP-FINAL (2003) §2
["Site Characterization"] and §5 ["Operations"], and ignores the sequential licensing nature of
ISL projects. There is also the well field directive of SRP-FINAL (2003), page xviii. There are
far fewer wells in the "Site Characterization" phase than in actual wellfields used to characterize
pre-operational baseline of the SRP-FINAL (2003) §5 "Operations". We are still in the "Site
Characterization" phase. As Intervenors are aware (or, at least, should be aware), acceptance of

5 HRI obviously cannot commit to requirements and directions not consistent with those from the NRC to ISL
operators.

18



"Site Characterization" by the NRC does not allow a company to start leaching operations. It
only allows the ISL operator to install a wellfield [SRP-FINAL (2003) at xviii and §5], so that
pre-operational information for each specific site can be gathered and evaluated (ore body
baseline water quality, monitor ring baseline, pumping tests, adequacy of overlying and
underlying aquitards, etc.). The specific well field site is much smaller in area than that
encompassed in "Site Characterization", and so it will provide much denser baseline information
than the global "Site". Since we have not been able to get out of the "Site Characterization"
phase yet, all that can be said of Abitz complaints [Abitz at 1115-18] that there are fewer wells
than would be in the pre-operational well field phase is "yes of course". The unusual situation in
the "Site Characterization" phase is to have the many wells that exist on the Unit 1 site, but it
was simply happenstance that Mobil put in a well field over a small portion of the site (as Abitz
points out in his 1I 7)

50. Running detailed statistics [e.g., USEPA (1989)] on the few wells of "Site
Characterization" as Abitz proposes (and performs) [Abitz at 1¶23-39] is an interesting academic
exercise. However, it provides little or no information beyond what is already known for the
CUP sites, and confers a false sense of worth to the data. The information garnered from "Site
Characterization" will simply never equal that of the site-specific well field, nor is it intended to
do so. The site-specific well field is the location of actual ore recovery. As an example, a well
field might include 50-100 wells (production + monitor) on 25 acres, and is simply and logically
a much better indicator of the site-specific baseline water quality (geology and aquitards, etc)
than the "Site Characterization" area (e.g., 5-10 wells on 500 acres). In the "Site
Characterization" phase, it makes no sense to analyze the small set of regional wells with
nonparametric statistical techniques, if some water data is found to have non-normal distribution
[Abitz at 128]. Of what use will that analysis be for site-specific wellfields? It cannot be used in
lieu of site-specific wellfield data. It cannot be used to determine the real data distribution of the
larger, site-specific data set, or the site-specific baseline, or UCL's, or any other measured
parameter.

51. Because of this, as far as I am aware, arithmetic averaging and the "normal" standard
deviation is industry standard for NRC "Site Characterization". As a result, arithmetic means
and standard deviations were determined for the water of CUP "Site Characterization" wells, and
submitted to the NRC, and accepted by the NRC. It is farfetched to think that any small
differences in statistics between these will make any material difference as to whether a license
should be granted or not. The time to use more detailed statistics is on the wellfield water data,
as the NRC requires and HRI has committed. [Also see Pelizza].

52. Abitz at ¶¶1 8-39 makes statements about what he considers "professional" and
"unprofessional", and what he considers the proper statistical techniques to be. For example:

Abitz at ¶126: *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.' [Emphasis added.)
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Abitz at ¶23: "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. [Emphasis added.]

53. Abitz also resubmits, and references, his testimony from 1999 as his Exhibit B. I reference
his 1999 testimony as Abitz (1999), and have attached a portion of it here as Attachment E.
Considering his condemnations above, I note that what he calls "the appropriate statistical
methods that HRI should have used in the FEIS, and should have proposed in the COP" [Abitz at
126] is nowhere to be seen in his 1999 testimony. There was no mention of USEPA (1989),
USEPA (1992) or ASTM 1998, yet all were available to him at that time. There was no mention
of log-normal distributions or nonparametric analysis, no mention of normality testing, of Chi-
square, Shapiro-Wilk's test, etc., etc. Yet he presented five tables in the 1999 testimony based
on his statistical analyses of the Westwater Canyon waters, including Unit 1, all using
"averages" and standard deviations meant for normal distributions, a completely different
statistical analysis from his current testimony, which he appears to consider the only
"professional" methodology. Applying the criteria of his current testimony to his 1999
testimony, his 1999 testimony could only be considered "unprofessional". It appears, therefore,
that his enthusiasm for the "appropriate statistical methods" which he now espouses is newly
found.

54. As Abitz states in his 1999 affidavit:

Abitz (1999) at page 11:

*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....

Draft Standard Review Plan for In Situ Leach Uranium Extraction License
Applications, at 2-25, NUREG-1 569, ... October 1997 ..." [Emphasis added.]

Abitz (1999) at page 14: Therefore, wells CR-3, CR-4, CR-5, CR-6, and CR-8
reflect variability in the uranium and radium-226 values in ore zones, while CR-7
reflects uranium and radium-226 water quality in non-ore zones. These
combination of wells were used to calculate the non-ore and ore zone
compositions shown in Table 1.

Abitz (1999) at page 23: mMy 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 "la]verage water quality in each [aquifer] zone and range
of each indicator in the zone should be tabulated and evaluated.! [Emphasis
added.]

Abitz (1999) at page 25: "in response to Questions 4 and 5, 1 listed baseline water
quality averages for the three HRI mine sites in non-ore zones, and these are
again summarized In Table 6." [Emphasis added.]

55. Reading through Abitz ¶18-39, it is easy to come away with the notion that his
prescriptive dialog is the only recommended and "professional" methodology. Yet it is not the
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hard and fast methodology that his testimony might lead one to believe. It is obvious that
statistical techniques and guidance changes from time to time: consider the USEPA (1989)
"Interim Final Guide" and the USEPA (1992) "Addendum". Also, if the US EPA methods were
the only accepted guidance, there would be no need for the ASTM (1998) standard, and vice
versa.

56. For example, Chi-square was a standard test of normality (and other distributions) in
USEPA (1989), and Shapiro-Wilks test a mere footnote:

USEPA (1989) at §4.2, page 4-5: *Another alternative to testing for normality is
provided by the rather involved Shapiro-Wilk's test. The interested user is referred
to the relevant article in Biometrika by Shapiro and Wilk (1965)."

57. But by 1992, there were enough changes in guidance that USEPA published its addendum,
and Shapiro-Wilks became the preferred method of testing normality for sample sizes up to 50,
with the Shapiro-Francia test for sample size greater than 50. [The same Shapiro-Wilks test
referenced in Abitz but ignored in his 1999 testimony.]

58. And of course, the referenced documents are meant to provide "guidance" and not to be
absolutes. Consider some guidance information included in those documents. For example, in
discussion of Part 264 regulations prior to the October 11, 1988 amendments, and then of the
October 11, 1988 amendments, USEPA (1989) states:

USEPA (1989), Preface at p. iv: "Finally it should be noted that this guidance is not
intended to be the final chapter on the statistical analysis of ground-water
monitoring data, nor should it be used as such, 40 CFR Part 264 Subpart F offers
an alternative [§264.97(h)(5)] to the methods suggested and described in this
guidance document. In fact, the guidance recommends a procedure (confidence
intervals) for comparing monitoring data to a fixed standard that is not mentioned in
the Subpart F regulations. This is neither contradictory nor inconsistent, but
rather epitomizes the complexities of the subject matter and exemplifies the need
for flexibility due to the-site-specific monitoring requirements of the RCRA
program.' [Emphasis added.]

USEPA (1989) at §2.1, page 2-2: "Although the regulations have always
provided latitude for the use of an alternate statistical procedure, concerns
were raised that the CABF statistical procedure in the regulations was not
appropriate. ... Specifically, the concerns were that the CABF procedure could
result In "false positives" (Type I error), thus requiring an owner or operator
unnecessarily to collect additional ground-water samples, to further
characterize ground-water quality, and to apply for a permit modification,
which is then subject to EPA review." [Emphasis added.]

USEPA (1989) at §2.2, page 2-3: 'EPA has elected to retain the idea of general
performance requirements that the regulated community must meet. This approach
allows for flexibility in designing statistical methods and sampling procedures
to site-specific considerations." [Emphasis added.]

USEPA (1989) at §2.2, page 2-2: "EPA' s basic concern in establishing these
performance standards for statistical methods is to achieve a proper balance
between the risk that the procedures will falsely Indicate that a regulated unit is
causing background values or concentration limits to be exceeded (false
positives) and the risk that the procedures will fall to indicate that background
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values or concentration limits are being exceeded (false negatives)." [Emphasis
added.]

59. And from ASTM (1998, D6312):

ASTM (1998, D6312) at §1.5: "1.5 This guide is applicable to statistical aspects of
groundwater detection monitoring for hazardous and municipal solid waste
disposal facilities." [Emphasis added.]

ASTM (1998, D3612) at §1.4: "1.4 The purpose of this guide is to Illustrate a
statistical ground-water monitoring strategy that minimizes both false negative
and false positive rates without sacrificing one for the other." [Emphasis added.]

ASTM (1998, D3612) at §1.6: '1.6 It is of critical importance to realize that on the
basis of a statistical analysis alone, it can never be concluded that a waste
disposal facility has Impacted ground water." [Emphasis added.]

ASTM (1998, D3612) at §1.9: '1.9 Finally, it should be noted that the statistical
methods described here are not the only valid methods for analysis of ground-
water monitoring data. They are, however, currently the most useful from the
perspective of balancing site-wide false positive and false negative rates at
nominal levels." [Emphasis added.]

60. There are obvious errors in Abitz's application of statistics in both Abitz ¶1 18-39 and
Abitz (1999) pages 10-24. For example, Abitz at ¶27 states "When the data do not follow a
normal or lognormal distribution, the mean and standard deviation are meaningless because
these parameters are defined ONLYfor a normal distribution." That is not only incorrect, but it
influences his understanding and interpretation of basic statistics. Instead of tabulating many
examples of real world distributions, besides normal and lognormal, which have associated
means and standard deviations6, it is simpler to reference the Affidavit of Prof. Ronald
Christensen, Professor of Statistics at the University of New Mexico.

Christensen at 116: "It is categorically false that "the mean and standard deviation
are meaningless because these parameters are defined ONLY for a normal -
distribution." It would be much nearer the truth to say that the mean and standard
deviation are defined for any distribution of practical significance in the real
world." [Emphasis added.]

61. The Christensen Affidavit is concerned only with the statistical methods used by Abitz,
¶25-39, pages 20-29 and refutes a number of Abitz statements.

G. Abitz's Handling of Outliers is Erroneous.

62. As noted earlier, Abitz (1999) was resubmitted in Abitz as his Exhibit B, and a portion of
that is attached here as Attachment E. Abitz at footnotes 3, 4, and 5 (p. 13) references his
groundwater analysis from Abitz (1999), and those references show that he still considers his
1999 analysis appropriate.

63. Consider some criticism from Abitz:

6 Simple reference to "Schaum's Outline of Theory and Problems of PROBABILITY and STATISTICS (I 975)"
even shows this. ["Schaum's Outline" is the "Cliff Notes" of science & engineering.]
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Abitz at §11: '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, ..."

Abitz at §15: *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.

Abitz at §19: "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."

64. Although Abitz discusses at some length the importance of following professionally
accepted guidelines, guidelines available to him in 1999, he completely ignores those same
guidelines in considering outliers, a major consideration in any statistical analysis of
groundwater. Abitz is critically wrong in his application and interpretation of the statistics.
Consider the professional guidance on treatment of outliers in documents referenced by Abitz.

USEPA (1989) at page 8-12: OIf no error in the value can be documented then it
must be assumed that the observation is a true but extreme value. In this case it
must not be altered. It may be desirable to obtain another sample to confirm the
observation, However, analysis and reporting should retain the observation and
state that no error was found in tracing the sample that led to the extreme
observation." [Emphasis added.]

USEPA (1989) at page 8-13:

"The test for an outlier provides a statistical basis for determining whether an
observation is statistically different from the rest of the data. If it is, then it is
a statistical outlier. However, a statistical outlier may not be dropped or
altered just because it has been identified as an outlier. The test provides a
formal identification of an observation as an outlier, but does not identify the
cause of the difference.

Whether or not a statistical test is done, any suspect data point should be
checked. An observation may be corrected or dropped only if it can be
determined that an error has occurred. If the error can be identified and
corrected (as in transcription or keying) the correction should be made and the
corrected values used. A value that is demonstrated to be incorrect maybe
deleted from the data. However, if no specific error can be documented, the
observation must be retained in the data." [Emphasis added.]

USEPA (1992) at §6.2, pp 83-84 [Emphasis added.]

"6.2 OUTLIER TESTING

Formal testing for outliers should be done only if an observation seems
particularly high (by orders of magnitude) compared to the rest of the data
set. If a sample value is suspect, one should run the outlier test described on
pp. 8-11 to 8-14 of the EPA guidance document. It should be cautioned,
however, that this outlier test assumes that the rest of the data values,
except for the suspect observation, are Normally distributed (Barnett and
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Lewis, 1978). Since Lognormally distributed measurements often contain one
or more values that appear high relative to the rest, it is recommended that
the outlier test be run on the logarithms of the data instead of the original
observations. That way, one can avoid classifying a high Lognormal
measurement as an outlier just because the test assumptions were violated.

If the test designates an observation as a statistical outlier, the sample should
not be treated as such until a specific reason for the abnormal measurement
can be determined. Valid reasons may, for example, include contaminated
sampling equipment, laboratory contamination of the sample, or errors in
transcription of the data values. Once a specific reason is documented, the
sample should be excluded from any further statistical analysis. If a plausible
reason cannot be found, the sample should be treated as a true but
extreme value, not to be excluded from further analysis.

Step 4. ... Before excluding this value from further analysis, a valid
explanation for this unusually high value should be found. Otherwise,
treat the outlier as an extreme but valid concentration measurement."

ASTM (1998) [Emphasis added.]

At §6.3.5.2: "6.3.5.2 To remove the possibility of this type of error, the historical
data are screened for each well and constituent for the existence of outliers
(see 6.2 In Ref (4)) ..."

At "References", p. 14: "(4) USEPA, "Addendum to Interim Final Guidance
Document,* Statistical Analysis of Ground-Water Monitoring Data at RCRA
Facilities, July, 1992."

SRP-FINAL (2003), "Operations' at 5.7.8.3 (1), pp5-39 - 5-40: 'An outlier is a single
non-repeating value that lies far above or below the rest of the sample values for a
single well. Dealing with outliers In the sample sets should be done using
proper statistical methods. The outlier may represent a sampling, analytical, or
other unknown source of error or an unidentified randomness in the data. Its
inclusion within the sample could significantly change the baseline data, since the
outlier is not typical of the bulk of the samples. All calculations, assumptions, and
conclusions made by the applicant in evaluating outliers should be fully
explained. When an outlier is suspected, perhaps the easiest solution is to take
another sample from the source well; If the repeat sample yields the same
results, then the outlier should not be discarded. If the repeat sample is more
consistent with the statistical population, the outlier can be replaced with the new
sample. Another acceptable method for dealing with potential outliers is to accept
any value within three standard deviations of the mean (the standard deviation
should be calculated without using the suspected outliers). It is often necessary to
perform log transformations on data to better approximate a normal distribution
before calculating sample statistics. Care should be taken not to exclude
suspected outliers that ultimately may represent bimodal distributions."
[Emphasis added.]

65. Abitz (1999) at footnote 1 (p. 12) of my Attachment E: "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)." [Emphasis added.] Even that simple test for outliers is not consistent
with "within three standard deviations" noted in SRP-FINAL (2003) at 5.7.8.3 (1) above.
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66. From Abitz (1999) Tables I, 2, and 4, (my Attachment E) twenty "outliers" were shown as
removed (in notes to those tables) using his "two standard deviations" technique. However, I
know that requests were never made to HRI for information so that "a specific reason for the
abnormal measurement can be determined" (USEPA (1992) at §6.2). Still Abitz unacceptably
excluded the measured values he labeled as "outliers", which contravenes accepted professional
guidance. And in every case, it artificially lowered the "averages" and narrowed the range of
"standard deviation" he calculates. In addition, such poor statistical techniques would increase
the likelihood of "false positive" excursions, flouting another stated goal (noted earlier) of the
professional guidance that Abitz often references. In that he still considers his 1999 analyses
appropriate, such improper use of statistics to make a point is disturbing.

H. Abitz Complaints on Grouping of Wells Has Already Been Covered.

67. Abitz at 123 states: "In analyzing the groundwater quality data contained in its application,
HRI incorrectly grouped all production and monitoring wells together to calculate invalid
statistical parameters."

68. This is much the same claim he made in his affidavit Abitz (1999) ¶14 (reproduced in his
current affidavit as Exhibit B). As summarized in HRI Brief (I 999) at 1 1:

'C. HRI Did Not Misrepresent Baseline Water Quality in the Westwater.

Abitz claims that two separate zones of water quality exist at each mine site but HRI
combined the data from both zones to create a single baseline for water quality: that
is, HRI took data from wells placed directly in the mineralized ore zone and
combined it with data from high quality water outside the mineralized zone. Abitz
Testimony 10, 19-20, at 21.

The effect of such an action, according to Abitz, is that the baseline may 'result in
degradation of the Westwater water quality zone that is currently better than drinking
water standards." Abitz recommends that HRI establish baseline water quality
separately for the non-ore and ore zones. This Is what HRI intends to do. See
COP Rev. 2.0 at 85-86. Abitz complains that HRI has established Inadequate
groundwater baseline information. Abitz at 14. However, HRI has completed
few wells on the property at this time and has not yet established baseline for
excursionlrestoration purposes. See Pelizza Affidavit at 19-21. As discussed infra
at VII, the mineralized ore zone in the Westwater is not of drinking water quality.
See, generally, Pelizza Affidavit at 30-38." [Emphasis added.]

69. In addition, Bloch (1999) at ¶5, page23, found:

"5. HRI misrepresents baseline water quality in the Westwater.

Intervenors (Intervenors' Groundwater Brief at 28 and 29) allege that HRI lumped
chemical data from poor quality water in the ore zone with data from high quality
water outside the ore zone, thus degrading the baseline for the high quality water.
Intervenors are concerned that may also be done when setting restoration goals.
Furthermore, they claim that there is no role for the NRC in establishing baselines.

As pointed out by HRI (Pelizza Affidavit February 19 at 20 and 2 1, Exhibit to HRI
February 19,1999 Response)(hereinafter "Pelizza Affidavit"), 21 baselines have not
been set but will be set according to the protocol in COP Rev. 2.0 §8.6. There
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is no basis In the record for finding that this protocol is unacceptable,
Accordingly, I accept this protocol as adequate, and there has been no
misrepresentation. Staff approved the protocol and there is no reason to
believe that the protocol is Inadequate." [Emphasis added.]

VIII. WALLACE REVIVES HIS "PIPELINE" CHANNEL THEORY FOR SPRINGSTEAD
ESTATES (SEP)

A. "Potential Impacts on the Planned" Springstead Ilousing Development are Speculative.

70. Wallace at ¶¶6, 10, 70-78, 86e discusses the "planned Springstead Estates housing
development" (SEP) south of HRI's Church Rock, section 17 project. That "planned" project
was considered in 2004, when Intervenors filed a motion to supplement the FEIS. Wallace wrote
an affidavit in support of that motion, and his affidavit is referenced here as Wallace (2004) and
included as Attachment F. My affidavit in support of HRI on that issue is referenced here as
Bartels (2004), and included as Attachment G. The final ruling by the NRC on that issue is
noted here as NRC (2004), and included as Attachment H.

71. The "planned" housing development is only conceptual [Bartels (2004) at ¶¶6-8]. Wallace
provides nothing new to argue otherwise.

72. Bartels (2004) at ¶8 raised fundamental questions of timing for the SEP concept:

'Can ENDAUMISRIC speak for the timing of the project? Clearly, timing of
construction will have a major impact on water demand. There are endless
possibilities with respect to number of units and timing of construction. For example,
will the full project be completed 10 years from now, or will only 20% of it be
completed in the next 10 years? Will HRI's Church Rock Project still be active by
the time the proposed SEP even starts? Are the hypothetical wells going to be
located at the proposed SEP site, or some distance away (distance and direction
unknown) where the aquifer deepens, and/or is water to be piped or hauled to the
proposed SEP? Withouf such basic information, and with ENDAUM/SRIC having no
authority to speak for any decision-maker in the proposed SEP, any Investigation
will Involve little more than expensive and time-consuming guess work."
[Emphasis added.]

73. NRC (2004) also discussed the speculative nature of SEP:

NRC (2004) at pp. 10-11: "... Intervenors claim that the HRI operations will have a
significant effect upon the SEP, such that the groundwater and radiological impacts
must be re-examined by the Staff in a supplemented FEIS.

As a general response to these claims, HRI argues that no evidence has been
provided to demonstrate that the SEP has advanced beyond the conceptual
stage and, in addition, that the Intervenors have failed to show that any adverse
impacts from HRI's operations would exist should the development be constructed.
Thus, HRI asserts that the Intervenors have not supported their assertion that the
SEP represents a significant new circumstance warranting a supplemental EIS. For
its part, the Staff argues that the Intervenors have not shown an environmental
effect "significantly different from that already studied," or a change of circumstances
that present a "seriously different picture of the environmental impact of the
proposed project." Further, the Staff opposes the Intervenors' motions on the
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grounds that the environmental assessment for the SEP prepared on behalf of the
Department of Housing and Urban Development does not establish the existence of
any new, significant adverse environmental impacts of the HRI mining operations on
the SEP."

NRC (2004) at pp. 14-15: "At the outset It should be noted that the SEP is, at
best, In a conceptual stage and that It is totally speculative as to which, If any,
aquifer would supply the SEP with water should the housing development
ever be built. Indeed, the Intervenors are not able to Identify which aquifer will
serve this purpose. In addition, I find compelling the analysis by the affiants
for both the Staff and HRI, raising grave doubt as to the viability of the three
aquifers Identified by the Intervenors as potential water source options based
upon the existing conditions of each.

Notwithstanding the speculative nature of the proposed SEP and the
questionable viability of the aquifers as water sources at the location of the
SEP, the existing hydrologic and geological characteristics of the sites make
it highly unlikely that excursions and migrations to combined groundwater
pumping at the SEP and Church Rock sites would occur, even If It Is assumed
that the aquifers are viable water sources for the proposed SEP." [Emphasis
added.]

74. As discussed in Bartels (2004) at 10-12, Wallace (2004) proposed four aquifers as
possible candidates for pumping at Springstead if it is ever developed.

Ill. UNREASONABLE EXPECTATION OF WATER PRODUCTION FROM DAKOTA
AND WESTWATER AQUIFERS

10. At ¶ 15 and 16 of his affidavit, Wallace uses the arithmetic of human
demographics to project a quantity of 400+ gpm drinking water producible
from aquifers at the proposed SEP, rather than the actual geology and
hydrology of the aquifer(s) in that area and their ability to produce the projected
amount of water. At 1[ 9, 10, 11, and 12, he lists five possibilities as sources for
the proposed SEP drinking water: four aquifers [alluvial, Westwater, Dakota,
and Cow Springs], and "hauling water from a remote location". In ¶ 12,
Wallace expresses his "professional opinion" that the Dakota, Westwater, or
Cow Springs aquifers will be used, with the Westwater as the most likely. And
at 1 18, he states: "Springstead Estates could pump much more than 300 [sic]
gpm from either of the Westwater, Dakota or Cowsprings ...". However,
because Wallace ignores existing hydrologic and geological data and has so little
information on this proposed housing project, he speculates as to both achievable
flowrate (derived purely from human demographics), and what source of water the
developers might finally choose.

11. Wallace should have considered available published and public information
(examples below at 1T 12a - 12f) on the geology and hydrology of the aquifers
underlying the proposed SEP site. The proposed SEP Is at or near the outcrop of
the Morrison (containing the Brushy Basin and the Westwater as Its upper
members), which forms the southern "no-flow" boundary for the Westwater In
the San Juan Basin. Wallace falls to even address the outcrop In his affidavit.
Further, he provides no scientific support that the Dakota and Westwater in the
vicinity of the Springstead Estates can produce significant quantities of water at
sustained rates from a near-boundary, water table aquifer, much less his
hypothesized 400 gpm (9 15, 16) or "much more than 300" (1 18).

12. The location of the Morrison outcrop should have been immediately obvious by
locating the proposed SEP site in relation to Gallup and Crownpoint on maps and
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figures included in the numerous references discussing geology, hydrology, and
hydrologic models of the San Juan Basin. For example: ..." [Emphasis added.]

75. As noted above, Wallace (2004) listed five possibilities as sources for the proposed SEP
drinking water: four aquifers [alluvial, Westwater, Dakota, and Cow Springs], and "hauling
waterfrom a remote location". Wallace (2004) at ¶12 expresses his "professional opinion" that
the Dakota, Westwater, or Cow Springs aquifers will be used, with the Westwater as the most
likely. At Wallace (2004) at ¶ 18, he states: "Springstead Estates could pump much more than
300 [sic] gpm from either of the Westvater, Dakota or Cowsprings ...". Yet, as shown in Bartels
(2004) at ¶110-24, Springstead is at the outcrop of the Morrison formation containing both the
Westwater and the Brushy Basin. Since the "alluvial" and "Dakota" are above the Westwater,
they obviously cannot act as a water source, yet he still stated Springstead Estates could pump
much more than 300 [sic] gpm from either ...Dakota".

76. Wallace at ¶72 now asserts:

Water supply wells at the Springstead development will likely be completed in the
lower portion of the Westwater Canyon Aquifer or the upper portion of the
Cow Springs sandstone. I base this conclusion on (1) a review of Dr. Lucas's field
study on the Jurassic rocks in the area of White Rock Mesa to the west of the site,
(2) the surface geology, which is Dakota Sandstone on the north and Westwater on
the south, and (3) a New Mexico State Engineer Office record that shows a 500-foot
deep well at the old Springstead Trading Post on the site. A copy of that well record
in attached hereto as Exhibit D. [Emphasis added.]

77. His contentions in Wallace (2004) regarding the viability of the aquifers at the site were
found to be incorrect, so a person is forced to wonder if these claims are any more credible.

78. For example, Wallace (2004) at ¶20 discussed the "pipeline" fault as if it existed without
noting the evidence to the contrary [Bartels (2004) at ¶25]. To circumvent that problem now,
Wallace at ¶73 switches to a more general description "Moreover, faults oriented in the same
general direction are also well known to exist in the area. The pipeline fault is but one example
(FEIS, Figure 3.8 at 3-20)", invoking "well known to exist in the area" as support for his
assumption, without offering a single citation or reference as solid support for the claim.

79. Then Wallace at i¶74-75 proposes his "pipeline" channel:

0... a series of interconnected, slipped blocks of sedimentary rock and alluvium
which are in some cases confined horizontally from other adjacent blocks through
faulting. Figure 29 in Exhibit B considers a sandstone block sequence (dashed
blue outline) In the WCA that connects the Section 17 mine site to the
proposed Springstead site. In this conception, the faults are not treated as if they
go through the Section 17 site. Rather, they bound it to the west and east."
[Emphasis added.]

80. Some figures from Wallace Exhibit B are included here as Attachment N, including Figure
29 referred above. Wallace at ¶75 further describes his model:

"75. The flow model considered here conceives of buried sedimentary blocks
beneath the alluvium in the valleys. One set of blocks Is postulated to form an
effectively continuous "field" from Section 17 to an anticipated municipal well
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field at the north end of the proposed Springstead community, approximately
18,000 feet away." [Emphasis added.]

81. At 178, he states "Certainly the aquifer blocks I conceptualized would not be entirely
isolated from adjacent and underlying or overlying aquifers." He conveniently bounds his
pipeline channel east and west, but says it leaks from above and below.

82. Wallace at 170 describes his "conceptual" model as simply "conservative" and a "plausible
scenario".

In this section I develop a conceptual model for a conservative consideration of
groundwater flow between Section 17 and the proposed Springstead community.
The model embodies another type of channelized flow, this time expressed
through faulting impacts on blocks of sedimentary rock. The model is simply
intended to develop a plausible scenario ..." [Emphasis added.]

83. We are expected to defend ourselves against the imaginary concept that buried sedimentary
blocks formed and bounded an 18,000 foot "pipeline" that magically, and coincidently, goes
exactly where Wallace wants it, from Section 17 to Springstead municipal wells, even though no
such wells exist, and no one knows if SEP will ever be constructed, or A, or where municipal
wells will ever be drilled. This scenario is neither conservative nor plausible as Wallace claims.
It is complete fantasy, existing nowhere but Wallace's imagination. It is entirely unsupported by
fact or science, and is the most shocking and outrageous of all of his claims. (Refer to Figure 29
in Attachment N.) Yet, we are expected to treat this imaginary "concept" as if it is reasonable
and credible; it is neither.

84. Wallace proposed these "pipeline" channels in Wallace (1999) pp.3 8-3 9 . The effect of
such pipelines on individual well tests and pump tests was discussed in Bartels (1999) at pp. 8,
38-41 [included here as Attachment 1]. As described, the barriers or boundaries of the channel
that Wallace at ¶¶74-75 proposes would be evident from the pump tests of the area, and have
never been observed, not at Church Rock, Unit 1, or Crownpoint. Therefore, it is only logical to
conclude that his model is neither reasonable nor plausible, and that the phantom .Springstead
"pipeline" does not exist.

85. Wallace at ¶177 states "Finally, I assume a hydraulic conductivity value of approximately
10 feet per day. This is well within the bounds for K used in my previous two models for the
WVCA." [Emphasis added.] This hydraulic conductivity of 10 feet/day is equal to a permeability
of 3,645 millidarcies (md) at 1 cp viscosity. The only explanation Wallace provides is that his
choice of permeability is "well within the bounds for K used in my previous two models for the
WCA". However, the Church Rock pump test HRI, (1993) at 111 shows permeability for the
Westwater ranging from 239 to 342, with an average of 298 md, or 12+ times less than what
Wallace uses. Bartels (2004) at 116 noted a transmissivity of 300 ft2/day (437 md for 250 feet
thickness) from modeling done for the area, or 8+ times less. There is no basis for Wallace's
assumption, and it is one more reason to question the credibility of any of his models (this will
be discussed more below). What Wallace achieves by increasing his permeability by 12 times is
to both decrease his calculated pressure drop by 10 times, to 200 feet (¶77) and decrease his
calculated time for solution to transit from one end of his 18,000 foot pipeline to the other (150
years). If the Westwater is not dry at SEP, the actual drawdown needed to achieve the flows that
Wallace claims is 2,000 feet, 8-10 times greater than the thickness of the Westwater
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86. How much water is contained in the Westwater at the proposed SEP site? A review of the
well record for the 500-foot deep well noted in Wallace's Exhibit D does not show any water
level or tested flowrate from the well. Nowhere does Wallace estimate the depth to water for
either the Westwater or the Cow Springs, or acknowledge the estimate made in Bartels (2004) at
¶14:

"...before the New Mexico State Engineer in 1998, found two wells near that
location from public records. Those wells were tabulated in Tables la and lb in
HAI 1997 hydrologic modeling report referenced earlier. Both wells are at the
Morrison outcrop, with the Brushy Basin at the surface and the top of the
Westwater about 30 feet deep (HAI 1997, Table Ib, rows 201 and 202). Both wells
are over 500 feet deep. The water level in one well is estimated at 226 If the
Westwater is 250 feet thick at the outcrop, then the water level would be 27 to 54
feet above the bottom of the Westwater. This would be equivalent to "Outcrop
Well B" in Figure B.1 (attached here as Exhibit B). If the Westwater is less than
195 feet thick, then the water level is actually below the bottom of the Westwater
Into the Cow Springs, equivalent to "Dry-Outcrop Well At in Figure B.1. Thus,
regardless of the thickness of the Westwater, it is essentially dry at that location.
Furthermore, since the Morrison formation outcrops at that location, the overlying
Dakota sandstone is completely absent, and cannot act as a source of water."
[Emphasis added.]

87. Since Wallace at 175 uses 300 feet thick for his pipeline, it is obvious that the 417 gpm
(600,000 gallons / 1440 min/day) he wants to produce will not come from the Westwater since it
is thinner than that in total, and is likely "dry". This means his 417 gpm would have to come
from the Cow Springs (172). Bartels (2004) at ¶9 found:

*... page 40 of Hydrologic Report 6 (1983) states that differences In hydraulic
head between the Morrison and Cow Springs was 200 feet in the Munoz I test
hole north of Gallup (16.18.17.122). This shows that there is little hydraulic
connection between the two aquifers In the area. The Report goes on to say that
the transmissivity of the Cow Springs is "relatively low', about 50 ft2/day in
most of the San Juan Basin, and possibly much lower. This is 6+ times less
transmissivity than the Westwater transmissivity of 300 ft2/day, and requires 6+
times more drawdown from the Cow Springs than for the Westwater to
achieve the same flowrate. Wallace provides nothing to show that Cow
Springs can actually produce 400 gpm in the area of the proposed SEP. In any
event, any potential affect from pumping the Cow Springs at the proposed SEP site
on HRI's Church Rock project would be insignificant." [Emphasis added.]

88. Thus his calculated drawdown is too low by 60 (10 x 6) times; instead of 200 feet
drawdown calculated by Wallace, it should be 12,000 feet of drawdown. Using the stated
assumptions from ¶77, I calculate 240 feet of drawdown, instead of his 200 feet, making the
actual expected drawdown about 14,400 feet. And, now it is obvious why he cut the flowrate in
half (¶77). But either way, unrealistic is unrealistic. Yet, Wallace at 177 simply ignores
scientific evidence that is inconvenient for his argument and blithely claims that his drawdown is
"not an unreasonable value". I disagree completely.

89. Wallace at ¶77 states "Accounting for the possibility that the channel continues south pasI
Springstead, I cut the pumping rate in half for this calculation." Wallace stopped short of
suggesting that the channel itself terminates just at SEP, where it connects into the full, wide
reservoir to the south. However, the Cow Springs outcrops just south of the Westwater outcrop,
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so there is insufficient room for another 18,000 feet of channel. We are left to wonder where that
other 300,000 gallons/day of water will come from.

90. As described in Bartels (2004) at 125, "Wallace's scenario [Wallace 2004] requires piling
one unproven assumption on another". His scenario now is no different; it requires these
unproven assumptions, stacked one upon the other: (1) that the SEP will ever be constructed, or
even started before HRI has finished mining at Churchrock Section 8 and 17, (2) that there is
sufficient transmissivity in Cow Springs to pump 417 gpm, (3) that there is sufficient water in
the area to pump 417 gpm, (4) that a "set of blocks is postulated to form an effectively continuous
'field" from Section 17 to an anticipated municipal well field at the north end of the proposed
Springstead community, approximately 18,000 feet away" leaking from above but not to the
sides, (5) that monitor wells do not exist at Church Rock, or are ignored by NRC or other
regulatory agencies for 150 years, (6) that his model is credible.

91. Claims, conclusions, and calculations of Wallace at ¶¶70-78 are neither reasonable nor
credible.

IX. DISCUSSION OF THE WALLACE "CHANNEL" MODELS AT CROWNPOINT / UNIT 1.

A. Wallace Attempts to Recast His Pipeline Channels from 1999.

92. Reading through Wallace at ¶¶1243, one would think that he has always maintained that
the Westwater is "channelized", and that HRI and the NRC just refuse to recognize it [Wallace at
¶30, and Wallace at Figure 5, his Exhibit B (attached here as Attachment N)]. However, that is
incorrect, and Wallace is attempting to recast his original single pipeline theory (ala SEP) into a
heterogeneous system model shown as his Figure 5 (see Attachment N). Just as he does now for
the SEP, Wallace (1999) proposed single "pipeline" channels containing all of the flow from the
Crownpoint municipal wells. And just as for the SEP above, his "pipelines" were shown to be
nonsensical [Bartels (1999) at §§10.0 - 10.3, pp. 10-30]. In addition, these "pipeline" channels
were discussed, along with homogeneity versus heterogeneity, by Bloch (1999) at pp. 8-15
[attached here as Attachment 0], who concluded:

Bloch (1999) at p. 15: 'In light of all the above, I conclude that the ore zone in the
Church Rock area is homogenous (isotropic) with respect to fluid flow, and that
the ore zone does not contain significant channelways. Staff (Ford May 24,
1999 Affidavit at I to 3)" also persuasively refutes the Channelways
hypothesis, as do Bartels (Bartels Affidavit, Feb. 19, 1999 at 12-30, and Wasiolek
and Spinks (Affidavit, Feb. 16, 199916at 4-5). The statement (Intervenors'
Groundwater Brief at 19) that the sand channels In the Westwater function as
"pipelines" Is without basis. I see no misrepresentation on the part of HRI.
Intervenors have an incorrect understanding of the origin of this type uranium
deposit." [Emphasis added.]

B. Wallace and Abitz Re-Visit: Fluvial, Heterogeneity, Homogeneity.

93. Both Wallace and Abitz accuse HRI and the NRC of misunderstanding fluvial,
heterogeneity, and homogeneity. For example,

31



Wallace at 113: "The model that is HRI's basis for this prediction assumes,
incorrectly, that the aquifer is essentially a giant sandbox, having little or no
channeling features." [Emphasis added.]

Abitz at 159: *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." [Emphasis added.]

94. The affidavits of Wallace and Abitz are comprised in large part of discussions on, or
references to, heterogeneous, fluvial systems versus homogeneous systems. So much so in fact,
that to reference their discussions on those topics would be to reference their entire affidavits.
Yet the fluvial and heterogeneous nature of the sands in New Mexico have been repeatedly, and
extensively discussed7, and the sands in New Mexico are no different from most other ISL
settings. The conclusion was reached in 1999:

Bloch (1999) at p. 15: "I agree with HRI expert Bartels that if lengthy channelways
exist at Church Rock, they should occur in other ISL uranium sites which have a
very similar fluvial environment (Bartels Affidavit at 10-14.). Channelways have not
been reported elsewhere, so far as I am aware, nor do the Intervenors provide
evidence of them."

95. The 39 ISL projects listed in Tables 1 and 2 from Bartels (1999) at pp. 10-13 [Attachment I
here], is a partial list of ISL projects from New Mexico, Wyoming, Nebraska, and Texas, and do
not include the multiple Mine Units, Production Area Authorizations (PAA), or wellfields
associated with each project, nor does it include newly planned ISL projects. Of the 39 listed, 35
are in fluvial systems. New Mexico is not unusual; it is the norm. And most of these aquifers
are used for drinking water supply. Over the last 26 years, every ISL project that HRI/URI has
operated has been in a fluvial system. Outside of Texas, the NRC has had to evaluate and
regulate those same heterogeneous, fluvial systems, with all of their attendant production wells,
injection wells, and monitor wells. As noted earlier with License Condition 27, and with the
requirement of additional pump tests prior to operations, repetition of this does not seem to help.

C. Wallace's Continues to Argue for Contamination of Plugged Wells.

96. The majority of Wallace's discussion centers on flow through heterogeneous, fluvial sands
from HRI's Crownpoint ISL Project contaminating the Crownpoint municipal wells (Wallace at
¶30, 35, 39, 40, 42). However, as discussed earlier, the Intervenors know full well, through
multiple references to Condition 10.27 of License SUA-1508 throughout the record, that those
municipal wells will not be operating when HRI's Crownpoint project starts; they will be
decommissioned and plugged. That license condition was proposed and accepted by HRI before
the FEIS was completed. There seems little reason to include those wells in his analysis of
Crownpoint, except in an attempt to mislead the reader, and calls into question the validity of
other assumptions he might have used in developing his models.

7E.g., see Bloch (1999) at pp. 8-15; Bartels (1999) at §10.0, pp. 10-13, attached here as Exhibit I; Lichnovsky
(1999) and current Lichnovsky; McCam (1999) and current McCam; Pelizza (1999) and current Pelizza.
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D. Wallace Mischaracterizes Models Used by HRI.

97. Wallace at 130 states:

'in addition, HRI's response to RA1#82 (HRI, 1996a, Attachment 82-1) provides
additional, compelling confirmation of this channelization. On page 26 of that
response, the calculated angles of highest transmissivity, which correspond to
the fastest flow path directions, range from -17 degrees to -27 degrees. This is
shown in Exhibit B, Figure 10b of declaration as the two red arrows. Not surprisingly,
they correspond almost exactly to the trough direction that I independently inferred.
These calculations, which were performed by HRI, were not incorporated into any
subsequent modeling. In that RAI #82 response, HRI asserted that the scale of
the pump test was not suitable for Incorporating such effects as heterogeneity
Into the model. That is inaccurate. Hydrologists routinely model systems with
heterogeneity at scales both smaller and larger than the scale of their test. HRI
apparently did not investigate this phenomenon any further, and in spite of this
additional compelling field evidence of channeling - in a critical direction toward the
town of Crownpoint water wells-the NRC staff did not require any further modeling
work or modifications." [Emphasis added.]

98. As noted above, Wallace claims "In that RAI #82 response, HRI asserted that the scale of
the pump test was not suitable for incorporating such effects as heterogeneity into the model."
As a professional, who programs models, sets up, and runs both analytical and numerical models,
and regularly incorporates heterogeneity into those models, I particularly want to examine that
"assertion", since it doesn't ring true in my experience. I have re-read RAI #82 a number of
times, and I find no such statement, and Wallace neglects specifying its location in the text. The
closest match of text that I was able to locate states: "Over the relatively small region that this
Area Pump Test was to encompass, even when including the area of the Crownpoint Town water
wells, the detail is simply not available and the finite difference model would run as a
homogeneous system, just as the Theis solution model." [Emphasis added.] If that is his
"assertion", then it is clearly a mischaracterization of the text, and misleading to the reader. The
statement does not exclude the incorporation of heterogeneity, rather it was the intent of HRI to
include heterogeneity in its model if sufficient detail had been available. The necessary detail
was "simply not available," so the model was run using the facts in hand.

99. Wallace states:

Wallace at 126: "The "variations in permeability' requested by the Staff in RAI #99
most certainly includes exploration of variations In the hydraulic conductivity
throughout the model area. In other words, the comment required the applicant to
address the issue of heterogeneity through an alternative model. Again, Figure 5 in
Exhibit B shows the sort of alternative conceptual model that treats variations in
permeability" as a serious investigation." [Emphasis added.]

Wallace at 132, Table I (column 1 "HRI Transport Model", row 3): OK value not
explicitly provided by HRI but somewhere between 1.3 and 2 ft/day." [Emphasis
added.]

100. The reference Wallace calls RAI #99 is titled "Sensitivity Analysis of Modeled Unit I
Ground-Water Flow", and is included here as Attachment K (RAI Q99). Not only are the
"variations in the hydraulic conductivity throughout the model area" discussed in RAI Q99 at
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pages 8-9 and Table 4 (in context of transmissivity and permeability), but the discussion also
includes porosity (page 7 and Table 3), storativity (page 9 and Table 5), anisotropy (page 10),
"'unsteady" versus "steady" state (page 11), and results of transport flow models showing
variation within the ranges of these parameters (page I 1, Table 6). Wallace at ¶32 has simply
chosen to ignore this broad-based and thorough response as it appears in RAI Q99.

101. In his Table 1 (Wallace at ¶32), Wallace presents what he calls "HRI Transport Model",
and refers to it constantly throughout his discussion on calibration and models. In the effort to
make his case, he again ignores the transport model from RAI Q99 (see Table 6 and Figure 2b),
which shows transport under variable conditions, including anisotropy, preferring instead to
resort to his "conceptual" or "imaginary" model. It is unscientific and inappropriate, to ignore
data in this manner.

E. Wallace Incorrectly Constructs His Drawdown Plots.

102. This is not a discussion about whether anisotropy was calculated for Crownpoint pump
test; it was (Exhibit J at p. 26; RAI Q99 at p. 10), and, contrary to Intervenors assertions, the
effect of that anisotropy was examined in multiple transport models of RAI Q99 (pp. 10-11,
Table 6). And, even if we accept Wallace's contention at 152, that Unit 1 has 20% anisotropy to
the north, additional detailed site-specific pump tests will be conducted prior to operations.

103. One important use of contour maps is to visually determine anisotropy from a pump test as
I noted in RAI Q99 at 10:

"in an aquifer system, the surest way to determine the degree of anisotropy is from
contours of the final, lowered potentiometric surface....

Regional pumping tests, such as conducted at both of HRI's Churchrock and
Crownpolnt project sites, typically have too few observation wells to allow
contouring of the final potentiometric surface in the same detail as was done for
Mobil's Unit 1 ISL welifield. Regional pumping tests are not designed to provide
the same detailed information, as are the pumping tests of ISL wellfields (with
their many observation wells) prior to actual uranium production. Thus,
mathematical methods for estimating the potential for anisotropy are generally
utilized for the regional tests. This was done for the Crownpoint regional pumping
test (HRI, 1992) ...

Note that, as proposed by HRI, the pumping tests for HRI's ISL wellfields prior to
uranium production from those fields will allow characterization of formation
anisotropy, area by area.' [Emphasis added.]

104. So, my discussion about the drawdown contours for the Crownpoint pump test shown in
Wallace at Exhibit B, Figures 10a and 10b, is not about anisotropy, or no anisotropy. (All
figures referenced in this section are included in Attachment 0.) Although, I have to admit, I did
wonder about Wallace's statement at ¶30:

6 RAI #82 (HRI, 1996a, Attachment 82-1) provides additional, compelling
confirmation of this channelization. On page 26 of that response, the calculated
angles of highest transmissivity, which correspond to the fastest flow path directions,
range from -17 degrees to -27 degrees. This is shown in Exhibit B, Figure 10b of
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declaration as the two red arrows. Not surprisingly, they correspond almost exactly
to the trough direction that I independently inferred."

105. Why "independently infer" the anisotropy that was discussed in the Crownpoint pump test
report [HRI (1992a)], in RAI #82, and in RAI Q99? He has cited all three of these as references.

106. I think most technical professionals would agree that an important part of QA/QC is
limiting bias from interpretation. Hence, statistics are an integral component of a technical
professional's skills. I was surprised, then, to see Wallace's Figures 10a and lOb (see
Attachment 0). There is simply not enough information to draw the nice, closed 20-foot and 15-
foot contours which Wallace claims delineate the trough he wanted to show. I question how they
were constructed, for they are not plots using data from the pump test.

107. As we learned in school, one point does not define a line, and two points do not define a
plane. Going to the next level, five points do not define a contour map. Too few points cause
ambiguity, and the contours connecting those points can be drawn in many ways. As quoted
above, "Regional pumping tests... typically have too few observation wells to allow contouring of
the final potentiometric surface" and that is why a contour map was not drawn for the
Crownpoint pump test.

108. Surferm 8 is a commercial PC contouring program, used by many groundwater
professionals. The value of these advanced contour programs is that they provide an unbiased
view, which why so many professionals use them.

109. Column 2 of Table 1 below shows drawdown at the end of the pumping test for the five
Crownpoint observation wells, as calculated by Wallace (¶32, Table 2). Those values were
entered into the Surfer™ contouring program, which resulted in Figure la of Attachment 0.
Note the stark contrast between Figure la and Wallace's Figures lOa and lOb. This is not saying
the Surfer™m version is "correct", but it is unbiased. The most important point, however, is that
there is too little information for a reliable contour map to be drawn. For Wallace's contours to
be drawn as they are, and for anyone to draw conclusions from such a source, is scientifically
unsound.

110. I tried to determine if the contours in Figure lOa were drawn by his model, but the work
from his model is shown in his Figure 14, so it seems that his model is not the source of his
Figure 1Oa. The contours on his map do not match with the data values which are cited as the
source of the map. If there was some other manipulation of the data before mapping, it is not
presented here, leaving no chance for verification of his work processes. The contours on his
Figure lOa appear to have been drawn manually with some drawing or CAD software in order to
make a point. If that is the case, it is another of his "conceptual", or purely imaginative,
concoctions, and should have been presented as such. It is indefensible and unprofessional to
present such a contrived figure as if it were data based. Couple this questionable figure with his
SEP pipeline channel model discussed earlier, and the entirety of his work becomes suspect.

$ Surfer 7, Golden Software, Inc., "Contouring and 3D Surface Mapping for Scientists and Engineers". The
software provides nine options for Gridding, including Kriging, described thus: "Kriging is one of the more flexible
methods and is useful for gridding almost any type of data set. With most data sets, Kriging with the default linear
variogram is quite effective. In general, we would most often recommend this method. Kriging is the default
gridding method because it generates a good map for most data sets."
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Ill. As mentioned previously, the contours on Wallace's Figure 1 Oa do not match with the data
values cited as the source of the map. Again, compare Wallace's Figure l0awith Figure la in
Exhibit 0, both purportedly drawn from the same data points. On his Figure 1Oa, CP-8 is inside
the 15-foot contour (perhaps at about 15 1/2). Yet on Figure Ia, CP-8 is on the outside of the 15-
foot contour. From Table 1 below (and his Table 2), drawdown at CP-8 is -14.21 feet, so Figure
la is correct. The effect of Wallace's inaccurate 15-foot contour line is to artificially enhance
the "trough" that Wallace uses these Figures to present.

112. Wallace uses Figures 10a and 10b in support of his "calibrated" models and the figures
produced by them. But now, both the "calibrated" model and Figures 10a and 10b have had
serious doubts cast about their validity. It appears that each is used in support of the other, but
neither can be used authoritatively until their origins and foundations are proven worthy.

113. There is yet another serious problem with the Wallace Figures 10a and lOb. Wallace at
Table 2 uses the wrong drawdowns for contouring. The Crownpoint municipal wells were
operating during the pump test. Like any pumping wells, they had an effect on the observation
well. In order, to determine the effect of the constant pumping well CP-5, the "measured"
drawdowns had to be "corrected". That is discussed at length in the Crownpoint pump test
report [HRI (1992a), RAI Q1/82].

114. If Wallace is simply using his Table 2 "Post-Pump Test" water level drawdowns for
comparison to his "calibrated" models, it would have been acceptable. However, he used Figure
1Oa to infer anisotropy, and displayed it on Figure lOb. In addition, each of the five observation
wells used to make the contour plot was affected differently by each of the six producing
municipal wells, five of them nearby. Therefore, the plot points should have been corrected for
that portion of observed drawdown attributable to the municipal wells. Wallace failed to make
such a correction before he drew his contour map. Such an omission would have been
indefensible in itself, but the error is compounded when insufficient evidence is used
inaccurately.

115. The drawdowns "corrected" for the production of the municipal wells are shown in the
various figures attached here as Attachment Q [reproduced from the original 1991 Crownpoint
Pump Test report, HRI 1992a]. The figure numbers correspond to the observation well numbers.
The "corrected" drawdowns near the end of the pumping of CP-5 are tabulated in Table 5 of HRI
1992a, and were added to column 3 of Table I below.

Table 1
"Measured" Drawdowns Drawdowns Corrected for

Well Used By Wallace in Pumping of Municipal Wells
"Calibration" P HRI (1992a), Table 5 s

_________________________ Ialculated from his Table 21 [R 19aTbe5
CP-2 -17.93 -14.73
CP-3 -23.49 -20.42
CP-6 -8.17 -6.89
CP-7 -12.3 -9.99
CP-8 -14.13 -11.57
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1 6. Surfer TM can provide an unbiased view of the difference this makes, and the difference can
be seen readily on Figure lb (Attachment 0). The difference between Figure la and lb is
dramatic. By using incorrect values for drawdown, Wallace artificially enhanced his "trough" in
Figures I Oa and lOb. Wallace's use of his Figure I Oa to infer anything is completely wrong for
the reasons discussed above, and it should not have been used as a scientific figure, nor should it
have been presented here. Furthermore, using it to imply a degree of "calibration" is equally
inappropriate and equally unprofessional.

117. In order to provide a comparison to the models that Wallace presented, I ran two analytical
models, one without anisotropy 9 and the other with anisotropy °. The results are shown in
Figures Ic and Id (Attachment 0), respectively. As with Figures la and lb, only wells CP-2,
CP-3, CP-6, CP-7, and CP-8 were used in drawing the contours, so all figures can be directly
compared. When the drawdowns are properly "corrected" for the pumping of the municipal
wells both models give good results. By contrast, compare Wallace's Figure 14 as compared to
his Figure lOa which we have shown to be incorrect.

F. Wallace Incorrectly Uses "Averaged" Flowrates in his "Calibration".

118. Wallace at 16 states:

"The NRC Staff is clearly aware of the importance of calibration, as documented in
HRI's response to the Staffs RAI #84 (HRI, 1996a). There, the NRC required HRI to
provide, among other things, calibration data ("'how good a match was achieved")
and a complete accounting of all the wells that were used in the history
matching for the model that was used to create Figure 3.10 In the FEIS (at 3-
28). That is the figure and model that is used by HRI to justify Its findings of
slow contaminant transport times from the Crownpoint and Unit 1 sites to the
Crownpoint municipal wells." [Emphasis added.]

119. Wallace misleads the reader on a number of points. First, RAI Ql/84 contains the
flowrates for the Crownpoint municipal wells before and during the 1991 Crownpoint pump test
[see Attachment P]. These flowrates were used to calibrate the model before analvzing that
pump test. As explained in the pump test report [Attachment J at pages 19-23], the municipal
wells were not held at constant flowrates, making it critical to include changes in those flowrates
during the test analysis. The procedure used to accomplish that goal was a very well-known and
standard technique called "superposition".

120. The four pages of flowrates in Attachment P cover the time period from November, 1990
through April 30, 1991 - a period of five months, day by day. Phase 1 of the Crownpoint pump
test, pumping of CP-5, was begun April 17, 1991. Each of those flowrates from the Crownpoint
municipal wells, before and during the test across almost five months, was used with
"superposition" to calibrate the HRI model for the Crownpoint pump test analysis.

9 Model for Figure Ic, Attachment Q: No anisotropy. T = 2550 gpd/ft, porosity = 0.25, S = 7.4e-5.
to Model for Figure Id, Attachment Q: Anisotropy at -9 degrees per HRI (1 992a), p. 26. Thickness 209 feet, porosity
= 0.2,S = 8.1e-5.
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121. Wallace has misinterpreted or confused two different processes required to produce two
different models. The forward-looking model that was used for Figure 3.10 of the FEIS, which
Wallace mentions, used average transmissivity and storage coefficients determined from the
pump test analysis, as well as an estimate of future flowrates of the Crownpoint municipal
wells. However, the estimates of future flowrates were not used to calibrate the Crownpoint
pump test. Even if those flowrates had been averaged over the 3-day period of the Crownpoint
pump test to be used as a correction factor to remove the influence of municipal pumping, they
would never be used to calibrate the model. As stated in the previous paragraph, the flowrates
recorded over a five-month period for Crownpoint municipal wells were used, point by point, to
determine the best calibration fit. Experienced professionals would never use a simple average
for model calibration and subsequent test analysis when there is one(or more) highly variable
producing wells nearby. Although Wallace references RAI Q1/84, and its detailed tabulated
flowrates, which HRI used to calibrate its model for the pump test analysis, he then chooses to
ignore those very values. Instead, he uses simple averages, which were intended for the
completely different purpose of a forward-looking model, and which are wholly inappropriate
for the purpose of detailed model calibration, and not consistent with professional standards.

122. In addition, if Wallace wanted an analysis of the Crownpoint municipal wells over an even
longer time, he could have used RAI Q99 [pp. 4-6, Tables 1, 2, and Figures 7-1 lb]. He chose,
instead, to continue to use his simple averages.

123. In a misguided effort to make his models appear "calibrated," Wallace mixes input from
multiple HRI models, designed for different purposes at different times. His failure to
understand the distinctions between different model types and different purposes has led to
erroneous processes and erroneous conclusions. For example, in Table 1, page 18, Wallace uses
some averaged flowrates for the municipal wells to develop what he calls the "HRI Transport
Model." He mistakenly averages these highly variable pumping levels for each well into a single
value for that well, which he then uses as if it were a dependable constant. Such a simplification
is never used for a model tracking past events because it will inevitably produce a model that is
less accurate. It only takes a moment's study of the tabulated values in Attachment P to realize
that there is nothing dependable or constant about them. They cannot be simplified into a
reliable constant by one quick arithmetic calculation. Unfortunately, Wallace does just that, and
then mistakenly uses the unreliable "average" constant flowrate value in his model, which he
repeatedly asserts is now "calibrated" (¶¶36-38). The model is not accurately "calibrated" and is
undependable as a consequence.

G. Proper Calibration of a Model.

124. Wallace at 116 states:

*... (HRI, 1996a), HRI produced a series of simplistic computer runs, wherein each
run was 'calibrated' to a single observation well drawdown history. The five runs
produced five different *calibrated" models, as summarized in the Crownpoint
Project In Situ Mining Technical Report (HRI, 1992bTable 6) and in HRI's response
to RAI #84 (HRI, 1996a). But none of those models were used for the transport
simulation and none of those models were calibrated against the drawdown histories
of all of the test observation wells. It is generally quite easy to match a model to a
single observation well history, so long as you ignore all of the other equally
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important information from the other wells. It is also generally a meaningless
exercise because it does not match a representative sampling of known data."

125. The RAI #84 Wallace refers to is titled "Modeling the Effect of Town Wells on Pump
Test", so his statements refer directly to the analysis of the 1991 Crownpoint Pump Test. In the
paragraph quoted above, he presents another set of amazing statements, and once again he is
incorrect. In pump test analysis, every well is analyzed individually. A fundamental
principle which Wallace should understand, especially since he offers "expert" testimony on the
subject. The test is designed to determine the aquifer characteristics between the pumped well(s)
and each individual observation well. It is from analysis of the shapes of the drawdown and
buildup curves for the individual well that we determine transmissivity, storativity, leakage.
After the analysis is complete on the individual wells, the results can be combined
mathematically to determine anisotropy.

126. As described earlier in the discussion of flowrates of the Crownpoint municipal wells, it is
critical to separate the effects of those producing municipal wells on the observation wells. With
highly variable flowrates such as for the municipal wells, "superposition" is used to properly
account for the pressure effect on the observation wells. Considering the number of producing
wells and flowrates involved [discussed earlier in relation to Attachment P], and that each
flowrate of every municipal well has to be accounted for on every observation well, it would not
be a simple matter to calibrate the model, well by well, at least in 1992. This initial calibration
step must be done properly, and individually, well by well, before using Theis or any other
method to accurately determine the aquifer parameters such as transmissivity, leakage, and
anisotropy. As pointed out earlier when describing the incorrect method used by Wallace as he
prepared his drawdown contour plots, the calibration must be done before contouring drawdowns
for any visual use of those plots. Again, this is a basic principle of pump test analysis, and
Wallace should understand it.

127. Attachment Q has the plots [from HRI (1992a)] showing the simulation or final model
"calibration" curve for each well, using superposition. The drawdown portion of the curve is
most often used in the test analysis, so that was the focus of the calibration. There is an excellent
match for each of the observation wells through the complete drawdown portion of the test.
Although the figures presented in Attachment Q show a scale of about 8000 minutes, the
flowrates, day by day, of the town wells from nearly five months were used to achieve that
calibration. This is not the single drawdown value that Wallace was attempting to "calibrate".
The curves were calibrated across the whole of the drawdown.

128. Table 6 of HRI (1992a) [Attachment J] shows the simulation variables (transmissivity and
storage coefficient) used to achieve that calibration. These values are pertinent to the area
between the town wells and each individual observation well, not just pumping well CP-5. The
values are very uniform, and do not approach the three orders of magnitude difference shown by
Wallace at 132, Table 1 (column 3) for his flow model. This is pump test data that should be
understood and valued by professionals.

129. Wallace has no basis for his models. He somehow feels it is significant that he
"independently inferred" (Wallace at ¶16) the very anisotropy that has been in the record since
the beginning [HRI (1992a)], then RAI Q1/82, then RAI Q99]. Contrary to his claims, his
models are distinctly not "calibrated" to his single drawdown value (by well) from the 1991
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Croxwnpoint Pump Test data, because he uses averaged forward-looking flowrates, not actual
daily flowrates utilizing superposition, and the information to make the proper correction is in
the very references he uses throughout his affidavit. He overlooks the fairly uniform simulation
variables of Table 6 [HRI (1992a)] reflecting the area between the municipal wells and HRI's
Crownpoint site, and which contributed to the excellent calibrations shown in Attachment Q.
Instead he proposes models only partially revealed in his Figures 5 and 17 of Exhibit B [included
here as Attachment N], that, like his SEP pipeline channel model, seem to be built upon
imaginative fantasy. Additionally, he incorrectly prepared his "calibration" models, and
incorrectly characterized what they showed.

II. Wallace's Models are Unverifiable.

130. For his SEP model, Wallace at ¶¶70-78 provides some basic input data. A close
examination of that data, in trying to validate his model, shows some values to be hugely
exaggerated' 1 (despite his claims that the model was "conservative"). Wallace then presents
three additional models for the Crownpoint and Unit 1 areas, which are central to his claims at
¶¶12-43: his "animation" model at ¶21, his "calibration" model at ¶¶35-38, and his "predictive"
model at ¶¶39-43. Although we have shown above that the basic approach of Wallace to
calibration is faulty, and his models cannot be "calibrated" as he claims, Wallace submits only
"results" and provides no means to allow validation and verification of the basic models
themselves, which casts further doubt over his entire modeling process.

131. Wallace at 139 states that MODFLOW and MT3D were used for his models. These are
standard numerical models and are built of individual cells. The cells can be changed
individually to accommodate known variability in the system, cell by cell, and that is their
advantage. I use both often (e.g., in preparation for my 2004 SEP affidavit), and am very
familiar with them.

132. Analytical models, on the other hand, require "homogeneity". This is not the
"homogeneity" that a lay person might assume. Area anisotropy, faults, leaky aquifers are all
analyzed using industry (world) standard, analytical techniques built upon "homogeneity".
Although denigrated by Wallace through out his discussion of ¶¶1243, and in much of his 1999
affidavit, analytical models (techniques) are the basis for all pump test analysis. The very
method (Modified Hantush) that Wallace (1999) proposed for use to determine a leaky aquifer' 2
requires that same homogeneity. This homogeneity was discussed at length in Bartels (1999) at
§11, p. 31-49.

133. Used correctly and prepared properly, numerical models can be excellent predictive tools.
However, they have two requirements: (1) that there be variability in the system, and (2), that the
specifics of that variability be known. If there is no variability, or a general regional variability
such as anisotropy [as found from the Crownpoint pump test, page 26 of Attachment J],
numerical models provide only an approximation to the exact solution of the analytical model.

" Given the detailed discussion of "calibration" by Wallace at 127-38, it is surprising that he did not apply the same
criteria to his SEP pipeline channel model.
12 As was shown in Bartels (1999) at §11.4, pp. 4146, Wallace was incorrect in his "leaky" aquifer analysis. And
once again, he neglected to test for "reasonableness" of his conclusions [Bartels (1999) at pp. 45-46].
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This was noted for some pressure calculations in SEP affidavit of Bartels (2004) at Footnote 2,
p.9:

*When formation values are held constant, a numerical model (such as MODFLOW)
provides only an approximation to the exact solution from the well known
*analytical", non-equilibrium, Exponential Integral (using either the Well Function
IW(u) or the Cooper & Jacob equations]. A numerical model with too coarse a grid
near the pumping well can vary dramatically from the correct value for drawdown.
As a result, the exact analytical W(u) method was used to calculate drawdowns
here."

134. The second requirement is that the variability be known. Wallace at ¶19 states "In support
of this declaration, I developed a contaminant transport model that more closely follows the
procedures adhered to by professional Hydrologists because it is more closely calibrated to
HRI's pump test data than HRI's model." [Emphasis added.] I strongly dispute both portions of
that claim. As discussed earlier, he improperly used averaged flowrates in his model, certainly
not a professional standard. Also, as discussed above there is no justification for suggesting that
detail is known about the Crownpoint site to the extent shown in his Exhibit B at Figures 5 and
17 [attached here as Exhibit N], quite the opposite.

135. Lacking the specific data input for those models, the assumptions of the basic models
themselves can be neither verified nor validated. For example, boundary conditions can
dramatically affect model results. Another example, the single 5-spot well pattern that Wallace
uses to represent the "scores of 5-spot patterns" 13 of an actual ISL wellfield: how accurate is that
representation, and how are they situated in relation to the channels, etc.?

136. Rather than specifics of the models, cell by cell (layers and thickness, size in 3-D,
boundary conditions, K, storage, porosity, well locations, open intervals, flowrates, etc.), which
any professional would need to accurately assess the merits, Wallace provides only generalized
information (Wallace Figures 5, 6, and 23 from Exhibit B, and Table I at ¶32). Since the
Intervenors argue that their models are "calibrated", each of the cells and stem parameters are
important in assessing their claims. Considering their allegations; all such information should
have already been submitted for proper review by all parties, including for the "animation"
model since it was obviously submitted to make an impact. And that is interesting: the
"animation" model, "conceptual in nature" and "superceded" by other work [Wallace at 121] was
submitted, yet the information to properly validate and verify any of their models or claims was
not.

137. Wallace at ¶23 he states:

'As a rule, professional hydrologists use homogeneous cases only in limited
circumstances, most often as scoping calculations, and not for full-fledged,
serious model analyses which are intended to be used as a basis for a regulatory
decision."

138. This statement is erroneous. When professional hydrologists analyze pump tests and
individual well tests, they use analytical techniques based upon "homogeneity" [see Bartels

13 Wallace at ¶32, Table 1. Although, Wallace states "scores of 5-spot patterns, covering over 500 acres", those
''scores" actually cover a much smaller area.

41



(1999) §11, p. 31-49]. Hydrology is bedrocked on those techniques. And those tests, and
analyses, are consistently used in the "regulatory decision".

139. Varying each cell in a numerical model just because it can be done, does not mean that it is
correct, or that it is defensible, and it confers a false sense of worth to the data. All ISL uranium
recovery projects require a "regulatory decision". I know of no other ISL project wherein
Wallace (or Abitz) has participated in that "regulatory decision" [see Tables 1 and 2 from
Bartels (1999) at pp. 10-13 (Attachment I)]. HRI has followed the industry standard.

X. WALLACE'S ADDENDUM MISCHARACTERIZES THE 1991 CROWNPOINT PUMP
TEST.

140. His mischaracterization covers a broad range of topics, and requires a voluminous
discussion in response.

A. Well CP-1 and "barometric response".

141. Wallace at 150 states:

OHRI then claimed that the new Dakota well, CP-1, which was now located
approximately 1,000 feet away from the WCA pumping well, exhibited a "poor"
barometric response. However, as HRI so clearly demonstrates in numerous
figures accompanying its response to NRC RAI #84, changes in water levels caused
by fluctuations in barometric pressure were insignificant (generally under 1 foot),
compared with possible drawdown effects, which in the event of an aquifer
interconnection could be as much as fifteen feet or more. HRI, 1996a (see response
to RAI #84, Figures 1 through 5)." [Emphasis added.]

142. As he did in Wallace (1999) at pp. 46-47, Wallace questions the need to ensure that
monitor wells respond well to barometric pressure and reflect diurnal influences before the pump
test is started. In listing his experience, Wallace does not appear to have ever designed,
conducted, or performed the original analysis of a pump test on the scale of ISL "site
characterization", and most obviously on the scale of an ISL wellfield. There should be no need
to explain the importance of "barometric response" to someone experienced in such matters. I
will simply re-iterate what was stated in Bartels (1999) at § 11.6, pp. 48-49 [attached here as
Attachment I]:

"11.6. IMPORTANCE OF BAROMETRIC PRESSURE

Other statements of Mr. Wallace indicate unfamiliarity with the basic methodology
and interpretation of aquifer tests or were contradictory. Mr. Wallace quoting HRI
stated: "[well] CP-1 was not used as a Dakota observation well because the usual
fluctuations caused by barometric and diurnal influences was considered too poor
for its use as a monitor well." (WWT, p. 47). He goes on to state: "Fluctuations in
barometric pressure are of only second importance and are not crucial to this type of
test. Such fluctuations are likely to cause water level shifts of only a few centimeters,
not meters.! (WWT, p. 47). [WWTrefers to Wallace (1999))

Mr. Wallace's statements call into question his knowledge of design and conduct of
aquifer pump tests. Mr. Wallace questions regarding verification of the "poor'
barometric response of CP-1, raises a separate issue.21 Importantly, he does not
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appear to understand the significance of a well not responding to barometric
and diurnal Influences. Of fundamental Importance In aquifer tests is that the
observation wells actually "observe." Because of the time and cost of conducting
a pump test, it is typically demonstrated before the test that water levels in the
observation wells move as the aquifer is stressed, that is, that the water levels
respond to barometric and diurnal Influences. At the same time, the longer term
Otrend" of the water levels in the aquifer, up or down, is measured to determine if
they are significant enough to require "correction" of the later pump test data. Even
then, the longer term "trend" rarely completely masks the barometric and tidal
affects on the aquifer. So, It Is very significant If any observation well does not
show a response to barometric and diurnal Influences prior to conducting the
pump test. Mr. Wallace is completely wrong when he suggests that typical
response during the pump test is on the order of meters, not centimeters. A
response of just centimeters in wells completed in the overlying zones might be
significant. As reported by Kruseman & de Ridder, 1994 (pp. 44, 45):

Before being used in the analysis, the observed water levels may have to
be corrected for external influences (i.e., those not relating to the pumping).
To find out whether this is necessary, one has to analyze the local trend in
the hydraulic head or watertable. ... Hydrographs of the well and the
piezometers, covering sufficiently long pre-test and post-recovery periods,
will yield the information required to correct the water levels observed
during the test.

Wells in a typical ISL aquifer which did not respond to barometric and diurnal
Influences could not be considered a good observation well for a pump test,
especially for the overlying zone.' [Emphasis added.]

B. Crownpoint well CP-1 and CP-4.

Wallace at 1148-50 and Wallace Addendum at ¶¶6-7 grossly mischaracterize HRI's intent and
conduct of the Crownpoint pump test, especially the fates of wells CP-1 and CP-4..

Wallace Addendum at I¶6-7: "50. HRI offered no explanation for why an
observation well located so far from the pumping well was used for this test.
Several explanations are possible. One possibility is that the well was placed far
enough away from the pumping well to ensure that no drawdown would be
observed. Another is that differential scouring of the Brushy Basin created zones of
interconnection near and to the east of the pumping well, but not to the west. In any
event, the April 1991 pump test at the Crownpoint mining site could not accurately
determine if the Dakota is or is not in hydraulic communication with the WCA in the
region of the WCA pumping well." [Emphasis added.)

Wallace Addendum at %6-7. "In my 2005 Declaration (1T1j44-50), I discuss
deficiencies in a pump test conducted by HRI at the Crownpoint mining site in April
1991. I testified that because of those deficiencies, the test could not have detected
communication between the Westwater Canyon Aquifer and the overlying Dakota
Sandstone Aquifer. The implication of the pump test being designed and
implemented Improperly and the results misinterpreted is that HRI could not
demonstrate that mining fluids would be confined in the Westwater Canyon.

7. In ¶49 of my 2005 Declaration, I state that HRI offered no explanation for why
an observation well had been located so far from the pumping well used for
this test. I stated that several explanations are possible. One possibility is that
the well was placed far enough away from the pumping well to ensure that no
drawdown would be observed. Another is that differential scouring of the Brushy
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Basin created zones of Interconnection near and to the east of the pumping
well, but not to the west. I was interested in the details of the fates of two initial
Dakota monitor wells, CP-4, and CP-I. The record stated that CP4 was abandoned
due to lost drill pipe problems, and that CP-I was abandoned due to poor
barometric efficiencies." [Emphasis added.]

143. In addition, Wallace disagrees with the distance between the Dakota monitor well and
pumping well CP-5 during the regional pumping at Crownpoint. He states:

Wallace at 148: "HRI constructed its first Dakota observation well, CP-4, about 500
feet east by southeast from its Westwater Canyon Aquifer pumping well, CP-5. This
distance is at least an order of magnitude (10 times) greater than what is considered
standard practice in conducting aquifer pump tests. Even the Mobil South Trend
pump test for Unit I had two Dakota wells, both of which were less than 500
feet from the WCA pumping well. The closer the horizontal distance between the
Dakota and WCA wells, the more reliable the result." [Emphasis added.]

Wallace Addendum, ¶9: "CP-1 is located next to a Westwater test well, CP-2. As I
indicated in 1 48 of my 2005 Declaration, CP-1 was Installed to take the place of
CPA, which was a Dakota observation well that had been installed 500 feet east of
the pumping well for the test, CP-5. CPA was abandoned shortly after being drilled
because of a 'lost drill pipe." [Emphasis added.]

144. However, Wallace omits critical data and information in his complaints.

145. First, HRI neither "installed' nor "constructed' any of the CP-1, CP-2, CP-3, CP-4 or CP-
5 wells. HRI attempted to recomplete CP4 and then CP-1, for use as Dakota (first overlying
sand) monitor wells. As explained on pages 4 and 5 of the original pump test report (HRI
(1992a), without Appendices B and C, included here as Attachment J):

"Various completion data are shown in Table 1. The older wells, CP-1 through CP-
5, were drilled in 1980 and the steel casing cemented with cement baskets placed
near the top of the Westwater and uncemented, slotted casing extending into the
Westwater below. Wells CP-1 through CP4 were completed with the larger
diameter 10 3/4" casing since they were Intended as dewatering wells for the
proposed underground mine at Crownpoint (Conoco, 1982). Well CP-5 (also
known as the 'Construction Water Well') was completed with smaller 6 5/8" casing
and equipped with a 30 horsepower submersible pump. This well has provided
water for the existing plant facility since its installation.

An attempt was made to re-complete well CP4, and then CP-I, as a Dakota
monitor well. This was done for two reasons:

(1) These wells were reasonably close to the proposed pump test well, CP-5.
Pumping just this one well (CP-5), then, would serve two purposes of the pump test,
namely, to test the continuity of the Westwater and the integrity of the overlying
aquiclude in the local mine area.

(2) The costs could be minimized, since the re-completion costs were considerably
less than the full drilling and completion costs of a new well.

The recompletion consisted of cementing off the lower section (the Westwater)
of the well and then perforating and developing the overlying Dakota. The risks
associated with the recompletion of these wells were readily understood since
HRI personnel are experienced In drilling and re-completing of wells In both
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ISL and the oil field Industries. Problems did develop as anticipated. Drill pipe
was lost in well CP-4 causing it to be abandoned and the response of the Dakota in
CP-1 to the usual fluctuations caused by barometric and diurnal influences was
considered too poor for its use as a monitor well. As a result, well CP-10 was
drilled as a twin (a nearby well) to the Westwater monitor well CP-8 and completed
into the Dakota with a thirty foot open hole section, see Table 1. Field
representatives from the New Mexico State Engineer's Office were onsite during the
cementing of casing for the five new monitor wells, CP-6 through CP-10.'
[Emphasis added.]

146. Referring to Figure 2, Attachment J, CP-l0 is the Dakota monitor completed into the first
sand overlying the Westwater. It is in the very center of the HRI Crownpoint Project, and was
the most reasonable, logical placement. It was twinned with Westwater well CP-8, 72 feet away.
CP-8 and CP-IO are equidistant from the Phase One pumping well, CP-5. As explained below,
the pumping during the Crownpoint pump test was planned to occur in Phases, with pumping of
well CP-8 as potential Phase 3.

C. "Anticipating" problems in well recompletions.

147. Wallace at ¶49 then goes on to complain about the "anticipated" problems noted in the
quote above:

Shortly after drilling CP-4, HRI abandoned it because of what it called a Olost drill
pipe" (HRI, 1992a at 5). In its response to NRC RAI#82, HRI stated, 'Problems
[with CP-4] did develop as anticipated, (I., and HRI, 1996b, Attachment 82-1)
but it did not explain why those problems were expected with such a typical well
re-completion operation.' [Emphasis added.l

148. Wallace appears to have no actual experience in either drilling or re-completion of wells,
deep or shallow, so lacking such experience, he has no basis to characterize a well re-completion
as either "typical" or otherwise. I tried to convey the difficulty and riskiness of re-completing
wells on page 5 of the original pump test report [HRI (1992a) (Attachment J)], "The risks
associated with the recompletion of these wells were readily understood since HRI personnel are
experienced in drilling and re-completing of wells in both ISL and the oil field industries. I have worked
oil well drilling rigs (as a "roughneck" floor hand and as a derrick hand), and as a "drilling
engineer" in charge of designing wells, drilling and completing wells, and re-completing them. I
have continued that experience in well design, completions, and re-completions during my 27
years in ISL. Throughout my career, 1 have found that it is generally easier, more
straightforward, and less prone to complications to drill and complete a new well, than it is to re-
complete a well (deep or shallow, steel or PVC). I say this from experience; I have done both.
That experience is echoed by Frank Lichnovsky. So, experience had taught us to anticipate
problems when re-completing the wells for the Crownpoint pump test. We did our best to
minimize the likelihood of problems arising, but were not unduly surprised when they occurred.
We took that risk because of considerations "(1)" and "(2)" quoted above.

149. Wallace Addendum at ¶1 0 complains that wells CP-I and CPA were not shown on Figure
2.3-3 in the Crownpoint Project In Situ Mining Technical Report, June 12, 1992. His complaints
regarding minutia such as this wrongfully imply that an error exists, when in truth no error
occurred. Since those wells were not used in either the pump test or its analysis, they were not
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included in the figure. Simple. If the locations of the wells are deemed important in relation to
others, all locations are provided in Table 4, Attachment J.

D. Wallace Mischaracterizes Design of the Crownpoint pump test.

150. Pages 7-8 of the Crownpoint pump test report in Attachment J shows the design criteria
used in the Crownpoint pump test:

"PUMP TEST DESIGN

This Area Pump Test was to be conducted In two, possibly three phases.
Phase One would be the primary Investigation and would involve producing from
Well CP-5 at 100 gpm for 72 hours, followed by a buildup of the same duration,
unless interference from the Crownpoint Town water wells showed that the buildup
(recovery) could be shortened. This would test the continuity between the Mine
Zone monitor wells and, through the level of pressure (water level) response,
determine the quality of the overlying confining clay and the degree of
communication with the underlying M Sand.

The AA Clay thins to the north, as noted above. Wells CP-6 and CP-9 were placed
north of our ore body (see Figure 2) to provide a more general, area wide
assessment of the AA Clay and to enlarge the area investigated by the pump test.

Completion details of wells CP-1 through CP-5, drilled in 1980 as underground mine
dewatering wells (Conoco, 1982), show the AA Sand to be open to some degree in
each (see Table 1). Table 2 also shows this to be true of the Town of Crownpoint
water wells. Consequently, some pressure drawdown was expected in well CP-9
completed in the AA Sand, yet the amount and type of response might indicate
whether the drawdown was caused by a general depressurization through the M
Clay or through wellbores open to the AA Sand. As a result, Phase Two would
involve producing Well CP-6, completed above the AA Clay, and recording the
response of the AA Sand monitored in its twin well, CP-9. As a prelude to Phase
Two, CP-6 would be tested individually to determine the maximum sustainable
flowrate, expected to be about 25 gpm.

Wells CP-8 and CP-10 are also twinned wells (see Figure 2) completed in the
Westwater and Dakota, respectively. If Phase One did not adequately stress the
overlying aquiclude (Brushy Basin) as determined by the differences and the
character of the drawdowns in CP-8 and CP-10, then Phase Three would entail
producing Well CP4 while monitoring the Dakota well, CP-10.l [Emphasis added.]

151. And from pages 13-14 of Attachment J:

'As discussed earlier, the primary objectives of this test were to show the degree of
communication between the Westwater and the First Overlying Zone, the
Dakota Sandstone, and to show continuity In the Westwater Canyon Sandstone
in that monitor wells will communicate easily across our Initial proposed
project area. A secondary objective was to estimate the various formation flow
parameters (transmissivity and storage coefficient)." [Emphasis added.]

152. When considered in its entirety, the test design is sound, resulting in reasonable distances
between pumping and monitoring wells at each phase of the program; the overlying Dakota
monitor well CP-10 (using bottom hole locations from Table 3, Attachment J) is 1,866 feet from
pumping well CP-5 (Phase One), 1,177 feet from pumping well CP-6 (Phase Two), and 72 feet
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from CP-8 (Phase 3). [Distances between other wells are given in Table 4 of Attachment J.] As
is clearly stated in the report (and reproduced above), "Phase One would be the primary
investigation." Subsequent phases would be run or not, based on the results of the first phase.
So the test design was not simply for pumping from CP-5 at a distance of 1,866 feet from the
Dakota monitor well CP-10, as stated by Wallace. As the test progressed, it became clear that
the overlying aquifer was not responding to pumping in the Westwvater aquifer. The test was
concluded, without Phase 3, and data from the test clearly demonstrate that on-the-spot decision
was the correct one.

153. During the actual running of the test, CP-5 (Phase l) and CP-6 (Phase 2) were both
conducted (pages 9-12 of Attachment J). While the analysis of a pump test can take months (and
did in this case because of the variable flowrates of the Crownpoint municipal wells), the
decision to proceed to Phase 3 had to be made within a few days of starting the overall test, due
to manpower constraints. Note the observable response in CP-8 and failure to respond in CP-10
that occurred in Phase One (From page 12 of Attachment J):

*The drop In fluid level at the Westwater monitor well CP-8, due to pumping of CP-
5, was -14.21 feet (As Measured - see Table 5). This compares to a rise In fluid
level over the same period of +0.053 feet (Table 5) in Well CP-10, which monitors
the overlying Dakota Sandstone. The large drawdown In CP-8 coupled with the
actual rise In water level in CP-10 caused HRI to end the test at this point (as
discussed above) and not proceed into Phase Three.. [Emphasis added.]

154. Later in the analysis:

Attachment J [HRI (1992a)] at page 16: uThe wells CP-10 (First Overlying Zone
monitor) and CP-8 (completed in the Westwater) were drilled as twins and are 72
feet apart. The drawdown in Well CP-8 while pumping CP-5 was substantial, at
14.21 feet (see Tables 5 & B.8a and Figures C.8-A & C8-B). A composite plot of
CP-8 and CP-10 is shown in Figure 8 (Appendix A), with fluid levels shown for CP-
10 on the left side and those for CP-8 on the right side of the graph. Thus, the scale
for CP-10 covers 1.0 feet, while that for CP-8 covers 20.0 feet. The large drawdown
In CP-8 coupled with the attendant, overall rise in fluid level and lack of
response in CP-10 and the disparity In beginning fluid levels and the water
qualities of the two wells show that the Dakota Sandstone and the Westwater
Canyon are, for all practical expectations, separated hydrologically.

As an additional comment to the composite graph, Figure 8, note the general rise
in fluid levels in CP-10 beginning about 4-8-91 [CP-5 started pumping 4-17] and
the corresponding decrease in levels in CP-8. The drop In level in CP-8 most
reasonably could be attributed to pumping of the Crownpoint Town water wells,
which would affect a very large region. The coincident and opposite rise in levels
in CP-10 is typical of zones hydraulically disconnected from, but vertically close
to, the pumping aquifer and is called the Noordbergum or Mandel-Cryer effect."
[Emphasis added.]

Attachment J [HRI (1992a)] at page 16: "Fluid levels, calculated to Mean Sea Level
elevation and just prior to starting the pump in CP-5 on 4-17-91, are shown in
Table 5. Typically, when static fluid levels and chemical water quality differ
markedly for different sands or zones, the degree of hydraulic connection
between them Is negligible or nonexistent. As can be seen from Table 5, the
beginning fluid levels in the twin wells CP-6 (Westwater monitor) and CP-9 (AA
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Sand) are very close, 0.28 feet apart, while those in the twin wells CP-8
(Westwater) and CP-10 (Dakota) are very dissimilar, with a 98.87 feet
difference. In addition, the groundwater chemistry (Table 9) from individual well
water samples reveals that the Westwater and the AA Sand differ somewhat in
water quality (compare sodium, sulfate, TDS, conductivity), while there is a marked
contrast in these same parameters for the Westwater and the Dakota. The fluid
levels and water quality strongly indicate that the Dakota and the Westwater
Canyon are Indeed hydraulically Isolated from each other. The results shown
In Figures C.l0-A and C.8-A and In the composite Figure 8 bears this out and is
discussed in more detail below." [Emphasis added.]

155. The composite Figure 8, described above, is included in Attachment J. Recall that the twin
wells, CP-8 and CP-10, are virtually equidistant from the pumping well, CP-5. (CP-10 is
marginally closer to CP-5 at 1,866 feet; CP-8 is 1,930 feet from CP-5.) Yet the two wells had
dramatically different responses to the action of pumping CP-5, as described above. Even a
quick glance at the graph in Figure 8 conveys the strong response of CP-8, and the lack of
response of CP-10. The actual difference in response, however, is 20 times as dramatic, since
the scale used for CP-8 is 20 times that used for CP-10.

156. The differential pressure, which tests the connection between the Dakota and Westwater at
CP-10 during the pumping of CP-5, is not simply the drawdown at CP-8 of 14.21 feet. It is the
difference between the pressures (water levels) in CP-8 and CP-10. Table 8a of Attachment J
shows a measured water level of 6,460.30 feet MSL in CP-8 at the time of maximum drawdown
(4380 minutes into the test). At that same moment in time, CP-10 shows a measured water level
of 6573.437 feet MSL, which is corrected to 6573.520 (Table 1Oa, Attachment J). Thus, there
was in fact a differential pressure of 113+ feet (6460.30 minus 6573.52) between the Dakota and
the Westwater at the time of maximum drawdown, and the Dakota water level was rising (see
Figure 8, Attachment J).

157. To understand just how large this difference is, compare it to some static differential
pressures recorded between overlying and production zone aquifers for other ISL projects in the
United States:

Table 2
Differential Pressures

ISL Project Betwveen Overlying and Production Zone
(fect)

West Cole project in Texas (Catahoula formation) < 1J
Christensen Ranch project in Wyoming 2.9 "

Smith Ranch in Wyoming 22 16
Highland in Wyoming 35"

14 November, 1988 pump test in Wellfield 4, Catahoula formation, at West Cole Project (Total Minerals Corp):
705.640 ft MSL (overlying well SM21) minus 704.758 ft MSL (nearby production zone well PT-14) = 0.88 ft.
15 November, 1992 pump test of southern portion of Mine Unit 2 at Christensen Ranch (Total Minerals Corp):
4571.13 ft MSL (overlying well 72S) minus 4568.26 ft MSL (nearby production zone well 2AE16-1) = 2.87 ft.
16 Nov, 2001 pump test of Wellfield 2 at Smith Ranch Project (PRI) in Wyoming: 277.37 ft depth to water level
(WL) in 1' overlying monitor well MS201 versus 299.34 ft depth to WL in twin production zone well MP202 =
21.97 ft.
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Table 2
Differential Pressures

ISL Project Between Overlying and Production Zone
(feet)

Crow Butte project in Nebraska 59 I

HRI Church Rock Project - Poison Canyon 30.7 19
HRI Church Rock Project - Dakota 58.8 z
Crownpoint project in New Mexico 98.9

158. Considering the strong arguments made by Wallace about both CP-1 and CP-4 (Wallace
Addendum), I assume he would have been satisfied with either. The drawdown in the Westwater
at CP-1 at the end of the 1991 Crownpoint Pump Test would have been very close to the
drawdown measured in CP-2 of 17.9 feet, and for CP4, the drawdown measured at CP-3 of 23.6
feet [HRI (1992a), Table 2]. If you add either of those ending drawdown values to the starting
static differential pressures shown for any of the other ISL sites shown in Table 2 above, the
ending differential pressure at those sites would still have been less than the starting differential
pressure at Crownpoint. This high static differential pressure is significant in showing hydraulic
isolation of the Dakota from the Westwater at HRI's Crownpoint site.

E. Wallace Misinterprets Dakota/Westwater Differential Pressures.

159. Wallace Addendum at Table 3 shows a greater water pressure in the Dakota than the
Westwater by 98.4 feet at the CP-8/CP-10 location (98.87 feet higher pressure in the Dakota
shown in Attachment J, quoted above). This is a considerably larger pressure differential
between adjacent aquifers than I recall for any of the ISL projects in Nebraska, Texas, and
Wyoming, and the difference is significant (see Table 2 for examples). In his Table 3, Wallace
also estimates the pressure differential from the Dakota into the Westwater as 83 feet at CP-
1ICP-2.

160. In his analysis, Wallace Addendum at ¶13 states:

13. Notably, both aquifers are sandstones and show a trend of water-level decline
due to the pumping from both aquifers by the Crownpolnt municipal wells to
the east. The decreasing differential between the two aquifers cannot be
attributed solely to the municipal pumping, which affects both aquifers more
or less equally. Instead, the table shows a more revealing decline -the decline in
the water level difference between the two aquifers over that 2,000-foot distance.
The difference of 15.4 feet is significant. It is strongly suggestive of an increased
hydraulic interconnection between the Dakota and the WCA in the area of the CP-

'1 May, 1998 pump test of H Wellfield at Highland Project (PRI) in Wyoming: 294.06 ft depth to water level (WL)
in I' overlying monitor well HMO-l versus 329.09 ft depth to WL in twin production zone well HMP-1 = 35.03 ft.
Is July, 1987 pump test at Crow Butte Project (Crow Butte Resources): 3808.2 ft MSL (overlying well BMW-I)
minus 3749.5 ft MSL (nearby production zone well COW-1) = 58.7 ft.
'9 HRI (1993) at 110.
2 0 HRI (1993) at 110.
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I/CP-2 well pair. In general, there appears to be a corresponding trend with regard
to potentiometric (water level) differences between the Dakota and the WCA. The
difference is distinct at Unit 1, where the water levels In Dakota wells can be
nearly 200 feet higher than the water levels in the WCA wells. However, that
difference drops to only 100 feet at CP-10, which is roughly 2.5 miles closer to the
town of Crownpoint and its municipal water supply wells. This trend, along with the
other information discussed above, supports the possibility that there is indeed a
degree of hydraulic communication between the Dakota and the WCA somewhere
to the east of well CP-5, in HRI's Crownpoint mining unit. The most logical place,
therefore, to have placed a Dakota monitoring well would be at the east end of HRI's
Crownpoint site." [Emphasis added.]

161. Both Wallace's analysis and the conclusions drawn from that analysis are incorrect. First,
he provides no basis at all for his statements -- no calculations, no data, no evidence, no
consideration of pertinent facts. He draws a conclusion that is convenient for his argument, but
fails to show that his claim has any reasonable support or scientific foundation.

162. Second, published information does not support his claim. The Dakota has significantly
lower transmissivity than the Westwater, which would dramatically effect the amount of water
produced from the Dakota as compared to the Westwater. (Hydrologic Report 6 (1983) is a
reference used in Attachment G [Bartels SEP Affidavit (2004)]. It is the same reference called
"Stone et al." Table 4, Attachment K [RAI 99].) Hydrologic Report 6 (1983) at page 38:

"Very few aquifer tests have been performed on the Dakota Sandstone alone
because most wells also produce from other sandstones above or below the
Dakota. Dames and Moore (1977) reported transmissivities of 44 and 85 ft2/d for
two tests (19.11.31.131) northeast of Crownpoint (Table 5). Results of specific-
capacity tests indicate that transmissivity values are generally less than 50 ft2Id
(Table 5)." [Emphasis added.]

A transmissivity of 50ft2/d is about 375 gpd/ft, and can be directly compared to the average
Westwater transmissivities in the area of Unit 1 and Crownpoint from Table 4 of Attachment K.
Using these values, one can calculate the Dakota transmissivity at 4 - 8 times less than the
Westwater.

163. Third, the Crownpoint municipal wells started producing in different years. Table 1,
Attachment J shows the completion dates for the Crownpoint municipal wells: BIA #3 (1932),
BIA #6 (1961), NTUA #1 (1964), NTUA Conoco (1974), BIA #5 (1974), NTUA Littlewater
(1982). All of the municipal wells have been producing for a different number of years; as of
1991, the range is 9 to 59 years.

164. Fourth, some of the Crownpoint municipal wells produce from both the Dakota and the
Westwater, some only from the Westwater, which immediately invalidates the statement "affects
both aquifers more or less equally." From Table 2, Attachment J: all of the Dakota is open in
BIA #3, only the lower portion in BIA #6, none in NTUA #1 or NUTA Conoco, all open in BIA
#5, and all open in the NTUA Littlewater. The well locations in relation to HRI's Unit 1 and
Crownpoint projects are shown in Figure 2a of Attachment K.

165. Fifth, Flowrates fluctuate dramatically between wells, and even for an individual well,
again refuting the statement "affects both aquifers more or less equally." Figures 3 through 6,
Attachment J show water production from Crownpoint municipal wells for about six months,
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covering the time period of the Crownpoint pump test. Figures 7 through I lb, Attachment K
show production from Crownpoint municipal wells from January 1990 through June 1997. The
flowrates vary dramatically. For example, NTUA 1 (Figure 3 Attachment J) varied from 0 to
100+ gpm at the time of the Crownpoint pump test.

166. Sixth, Consider Figure 5, Wallace Exhibit B. A portion of his Exhibit B is reproduced here
as Attachment N, showing the municipal wells in different channels of differing permeabilities.
If that model is accurate, as Wallace claims, a constant transmissivity value for the Dakota would
cause the transmissivity ratio between Dakota and Westwater to change for each municipal well,
which in turn directly effects the amount of water produced from the Dakota compared to the
Westwater, offering further proof that the statement "affects both aquifers more or less equally"
is invalid. If the overlying Dakota transmissivity value is not constant, the effect will be even
more complicated.

167. Wallace Addendum at 113 points out that the Dakota at Unit 1 is about 200 feet higher
pressure than the Westwater, and that it is "roughly 2.5 miles" farther [west] from the
Crownpoint municipal wells than is the Dakota well, CP-10. Since BIA #3 is known to be open
in the Dakota, and using Table 4, Attachment J, and the Dakota wells and pressure differentials
cited by Wallace Addendum at ¶12, we can construct another table:

I Table3 3
Dakota Distance from Dakota Pressure Difference

Well BIA #3 Over Westwater
(feet) (feet water)

Unit 1 19,200 200
CP-10 6,012 98.4
CP-1 3,319 83

168. This is exactly the type of response to expect if the Crownpoint municipal wells are
affecting both the Dakota and Westwater: as the dually completed wells are approached, the
differential approaches zero. Expected, and not at all surprising. Wallace in his Addendum only
provides information in support of that concept, however inadvertently. His conclusions are
completely wrong, however, since they were based on an erroneous premise.

169. Simply stated, there is no basis for Wallace to claim "The decreasing differential betveen
the two aquifers cannot be attributed solely to the municipal pumping, which affects both
aquifers more or less equally." There are multiple, reasonable contributing factors due to
municipal pumping, all of which Wallace has failed to investigate.

F. Additional Information Showing Hydraulic Isolation of the Dakota.

170. Attachment L contains NRC RAI Q1/81, NRC's additional information request on the
hydraulic isolation of the Dakota, and HRI's response. Attachment 81-1 shows 5+ years of
water levels comparing CP-10 (Dakota) to its twin, CP-8 (Westwater). The Crownpoint
municipal water wells have provided a de facto test, spanning many years, of the hydraulic
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connection (or lack, thereof) between the Dakota and the Westwater. The on-going and ever-
present differential pressure between the Dakota and the Westwater is testing the hydraulic
connection, month after month, year after year.

171. Recall the description of antecedent conditions at Crownpoint (Attachment J):

*... the beginning fluid levels ... in the twin wells CP-8 (Westwater) and CP-10 (Dakota) are
very dissimilar, with a 98.87 feet difference."

These fluid levels provide proof of hydraulic separation even years after the start of the "de facto
municipal well" pump test; the Crownpoint pump test confirmed that result; the "de facto
municipal well" pump test continues, providing still more confirmation.

172. Attachment 81-2 shows Dakota well 16P101 prior to the 1982 Unit 1 pump test at
approximately 192 feet higher pressure than the Westwater. Attachment 81-4 discusses the
Monument pump test in Section 28 (located to the right of wells BIA-3 and BIA-5 in Figure 2a
of Attachment K).

173. As quoted earlier, from Attachment J [HRI (1992a)] at page 16 [emphasis added]:

* "... drawdown in CP-8 coupled with the attendant, overall rise in fluid level and lack of
response in CP-10..." [see Figure 8, Attachment J].

"...composite graph, Figure 8, [Attachment J] note the general rise in fluid levels in CP-10
beginning about 4-8-91 [CP-5 started pumping 4-17] and the corresponding decrease in levels
in CPM. The drop In level In CP-8 most reasonably could be attributed to pumping of the
Crownpoint Town water wells, which would affect a very large region. The coincident and
opposite rise in levels in CP-10 is typical of zones hydraulically disconnected from, but
vertically close to, the pumping aquifer and is called the Noordbergum or Mandel-Cryer effect."

* 'Typically, when static fluid levels and chemical water quality differ markedly for different
sands or zones, the degree of hydraulic connection between them is negligible or
nonexistent. ... Table 5, the beginning fluid levels in the twin wells CP-6 (Westwater
monitor) and CP-9 (AA Sand) are very close, 0.28 feet apart, while those in the twin wells CP-
8 (Westwater) and CP-10 (Dakota) are very dissimilar, with a 98.87 feet difference."

* 'in addition, the groundwater chemistry (Table 9) from individual well water samples reveals that
the Westwater and the AA Sand differ somewhat in water quality (compare sodium, sulfate,
TDS, conductivity), while there is a marked contrast in these same parameters for the
Westwater and the Dakota."

G. Additional, Site-Specific Pump Tests Will Be Conducted

174. As noted many times in the record, additional, site-specific pump tests containing more
detail, will be conducted after wellfields are installed, but prior to operations. For example,
Bartels (1999), footnote 21 at page 48: "MVr. Wallace aggressively suggests a significance to the
regional pump tests (which is the test he is discussing) conducted prior to licensing and with few
wells, beyond the historical standard set by regulatory agencies for uranium ISL. That standard
placed primary importance on the later pump tests, conducted prior to operation of individual
ISL mine units, using many more wells, and demonstrating that EVERY monitor well will
properly observe the ISL operation. HRI did not set this standard."
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H. NRC RAI Q2/81 Wellfield Pump Test Objectives.

175. Attachment M contains NRC RAI Q2/81, in which the NRC asked HRI to provide specific
performance objectives and methodologies for evaluating the vertical confinement by pumping
tests in a well field before lixiviant is introduced. COP 2.0 at §8.0 "Hydrogeological Assessment
of Wellfields", pages 76-95, covers this further.

176. In addition, Bloch (1999) found:

Bloch (1999) at page1l: 'However, HRI's license conditions acknowledge that one
pump test is by no means definitive either in determining the hydrological properties
of the aquifer, including whether or not it is vertically contained. Accordingly,
additional pump tests will be conducted. License conditions 10.23 to 10.26, 10.30 to
10.31 (SUA-1508 at 8-9).'

Bloch (1999) at page 23: "To further reduce this element of uncertainty, pump tests
have been conducted and more will be performed. License conditions 10.23 to
10.26,10.30 to 10.31 (SUA-1508 at 8-9).'

Bloch (1999) at page 24 in discussion on Church Rock, Section 8: "As the FEIS
indicates at 4-18, license conditions require that more pump tests and monitoring be
done before mining commences. The hypothesis that there is hydrologic
communication will be further tested during the additional pump tests required by the
license. License conditions 10.23 to 10.26, 10.30 to 10.31 (SUA-1508 at 8-9). While
I find HRI's model to be correct, I take further comfort because additional testing will
add to the assurance provided by the model.'

177. Considering all the evidence described above, complaints from Wallace [Wallace at ¶148-
50 and Wallace Addendum at 116-7] concerning the Crownpoint pump test are simply
unreasonable, and grossly mischaracterize HRI's intent and conduct of the Crownpoint pump
test. HRI's conduct of the test was completely logical, reasonable, and professional, and it was
accepted by the NRC as appropriate for "Site Characterization". Further, recognizing that other
pump tests will be conducted on future well fields, all the attention paid to this preliminary test
seems superfluous.

XI. ADDITIONAL TECHNICAL REFERENCES.

Appelo & Postma (1993). Appelo, C.A.J. and D. Postma, Geochemistry, Groundwater and
Pollution, A.A. Balkema Publishers, Brookfield, Vermont, 1993.

Dawson & Istok (1991). Dawson, K. J. and J. D. Istok, Aquifer Testing: Design and Analysis
of Pumpingand Slug Tests, Lewis Publishers, 1991.

Deutsch (1997). William J. Deutsch, Groundwater Geochemistry (Fundamentals and
Applications to Contamination), Lewis Publishers, Boca Raton, New York, 1997.
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Drever (1988). James I. Drever, The Geochemistry of Natural Waters, 2" Edition, Prentice-
Hall, Englewood Cliffs, New Jersey, 1988.
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Mexico", New Mexico Bureau of Mines and Mineral Resources, Hydrologic Report 6,
1983.

Kresic (1997). Kresic, N., Quantitative Solutions in HYDROGEOLOGY and
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Kruesman & de Ridder (1994). Kruseman, G.P. and N. A. de Ridder, Analysis and
Evaluation of Pumping Test Data (Second Edition), Publication 47. International
Institute for Land Reclamation and Improvement, The Netherlands, 1994.
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Curriculum Vitae for CRAIG S. BARTELS
President
HRI, Inc.
1380 Rio Rancho Blvd., #297
Rio Rancho, NM 87124

Education:
B.S. Petroleum Engineering, Montana College of Mineral Science and Technology (1972)
LICENSED PROFESSIONAL ENGINEER - Illinois (By EXAMINATION)
LICENSED PROFESSIONAL GEOSCIENTIST - Texas

Continuing Education -

Physical and Contaminant Hydrogeology, Texas A & M University - Kingsville
USGS Course: Principles & Applications of Modeling Chemical Reactions in Ground Water

Professional Societies -
American Geophysical Union
Association of Ground Water Scientists and Engineers
Society of Petroleum Engineers

Recipient - Management Award - Union Carbide Corp. - 1980
Special Recognition of Outstanding Contribution

Work and Technical Experience:

HRI, Inc., Albuquerque, New Mexico
PRESIDENT - 2004 TO Present

Responsible for all aspects of Company's New Mexico ISL projects - corporate, technical
and operational - including design, operation and restoration/reclamation, regulatory
compliance, and employee safety and training.

Flow Systems Engineering Group, Corrales, New Mexico
PRINCIPAL - 2001 TO 2004

Specialize in groundwater hydrology and geochemistry: aquifer testing & analysis, aquifer
hydrologic & geochemical modeling (MODFLOW TM, MODPATH TM, MT3D TM,

PHREEQC TM, MINTEQA2 Tm, other numerical, analytic & analytical models), wellfield
design & operation, hydraulic control of wellfield solutions. Over the past 25 years
developed a commercial groundwater model, and continue to refine and enhance a major
upgrade to that model (PathCAD TM).

Heathgate Resources Pty Ltd, Adelaide, South Australia
Consultant. then VICE-PRESIDEAT- OPERATIONS- 1999 TO 2000

Primary liaison between Company and the engineering design and construction firm
(AMEC) for development of Beverley in situ mining (ISL) project 600 km north of
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Adelaide. Directly responsible for the geologic team, wellfield design & construction, and
well installation & testing.

HRI, Inc., Albuquerque, New Mexico
VICE-PRESIDENT- TECHNOLOGY- 1996 TO 1999

Responsible for all technical and operational aspects of Company's New Mexico ISL
projects, including design, operation and restoration/reclamation, as well as regulatory
compliance, and employee safety and training.

Crow Butte Resources, Inc., Crawford, Nebraska
WYELLFIELD MANAGER - 1995 TO 1996

Responsible for all aspects of wellfield design, operation, and restoration. Directly
responsible for all regulatory compliance, and employee training and safety associated with
wellfield operations.

URI, Inc., 1981 to 1994
SPECIAL PROJECTS

Key investigator in numerous evaluations of ISL properties considered for acquisition.
Troubleshooter for specific wellfield problems. Conducted informal one week seminar on
wellfield design and operations for another ISL company. Designed, supervised and
analyzed pumping tests for mine unit and regional ISL permits, focusing on flow
characteristics and "leakage" potential of the aquifer.

Developed reservoir computer simulation system used in design and operation of wellfields,
combining advective transport (pathlines), unsteady state pressure calculations, ore
configuration, and interactive computer graphics to allow efficient design and operation of
ISL wellfields. The system allows layered sands and incorporates actual, measured well
flowrates.

MANAGER OF WFELLFIELD OPERATIONS 1994
Responsible for all design and wellfield operations, including all geology and reservoir
engineering staff.

PLANT MANAGER. Kingsville Dome Project, 1989 to 1994
Responsible for all operations associated with 5,200 gpm ISL plant and uranium product
dryer, including technical aspects, regulatory compliance and employee relations.

CHIEF RESER VOIR ENGINEER, 1981 to 1989
Responsible for ISL wellfield design, operation and forecasting. Designed, conducted, and
analyzed pumping tests (routinely accepted by state and federal regulatory agencies).
Developed multi-layer computer model for advective transport and pressure simulations in
multi-layer reservoir.

Union Carbide Corporation, Metals Division, Palangana ISL Project, 1978 to 1981
SUPERINTENDENT OF OPERA TIONS 1980 to 1981
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Responsible for all site activities including production, processing, restoration, employee
relations, safety, budget development and review. Coordinator of Division efforts in
developing and implementing new restoration technology.

Received management award in special recognition of outstanding contribution.

TECHNICAL SUPERINTENDENT, 1979 to 1980
Coordinated all technical operations for the plant and wellfield. Developed production
reservoir computer simulation. Responsible for all individual well test and pumping test
design, conduct and analysis.

RESERVOIR ENGINEER, 1978 to 1979
Developed enhanced ISL production techniques, as well as, techniques associated with well
drilling, mud program design, well casing design, zone isolation and logging methods, well
pattern development and flow control, geologic interpretation of roll fronts, and reservoir
computer simulation. Analyzed individual well test and pumping test data.

Natural Gas Pipeline Company of America (NGPL), 1972 to 1978
RESERVOIR ENGINEER, Chicago, IL, 1974 to 1978

Responsibilities included wellfield deliverability estimates, field and well testing and
analysis, water movement calculations, log interpretation, inventory verification, field
monitoring, new well locations, general field development for six gas cycling projects.
Development of computer code for field simulations utilizing gas cycling and water
influx/efflux. Gas storage pumping test analysis (per Witherspoon, Javendel, Neuman, and
Freeze).

DRILLING ENGINEER, Columbus Junction, IA, 1972 to 1974
Experience in drilling, blowout control, lost circulation, fishing operations, casing string
design and installation, cementing, logging and remedial well work. Direct supervision of
field personnel in varied assignments. Field supervision of pumping test for Gas Storage.
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Affected Environment

Figure 3.1 1. Potentiometric surface of the Westwater Canyon Sandstone at the
Church Rock site.
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DISTANCE BETWEEN WELLS
#405 to CR-6: 12,883 feet
#405 to CR-8: 12,589 feet

Abitz scenario: (313/05, p.45)
Requires - 1600 ft/yr groundwater velocity

for water to move from Teton well #405
to CR-6 or CR-8 in 8 years.

/ Line at Left Shows Scale
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oUnlC T :7G n EXFLORR- Icn DRILL1flC, IC.

Subsiosarv of United Nuclear Corporation PO Drawer A-1 Teleonone 307.265-4102DC A unC RESOURCES Company Casper. Wyom:m; 52602

Memorandum

DATE: June 25, 1980

TO: T. G. Melrose

FROM: S. H. Hall

SUBJECT: Push-Pull Summary for Project 713

A push-pull test was conducted at our New Mexico prospect
using an alkaline peroxide lixiviant solution. Well 405,
screened to-40 feet of 0.073% U-,:0, was the test well.

The injected lixiviant was composed of 17,100 liters (4500
gallons) of groundwater, 1.0 gram/liter NaHCO3 , and 0.75
gram/liter H202. The pH was 9.0. Lixiviant residence time
in situ was five days.

The recovered pregnant solution (17,900 liters) was assayed
at S4 mg/liter U3 08 average. Peak value was 261 mg/liter.

Two-stage adsorption using IRA 430 strong-base ion exchange
resin resulted in tails with less than 0.5 mg/liter U308,
for a total "production" of 1.27 kilograms U3 0 8 .

Continued pumping of two additional pore volumes (35,000 liters)
from the test well resulted in the restoration of baseline
major ion concentrations.

SHH/pc
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UNITED STATES OF AMERICA IC

NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD PANEL

Before Administrative Judge Peter B. Bloch

In the Matter of )
)

HYDRO RESOURCES, INC. )
2929 Coors Road Suite 101 )
Albuquerque, NM 87120 )

Docket No. 40-8968-ML

ASLBP No. 95-706-01-ML

WRI¶TEN TESTIMONY OF DR. RICHARD J. ABITZ

On behalf of Eastern Navajo Dine 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



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 thinf sand channels that are stacked on top of each other and commonly

separated by layers of mudstones and siltstones. i_ 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 1

Parameter MCL' Church Rock Crownpoint Teton Pilot
Paramet (mglL) (mggL) (mgl/L) (mg/L)

Primary Standards non-ore ore non-ore ore restoration
zone zone zone zone values

Arsenic 0.05 0.001 0.002 0.001 0.001 0.032
Barium 2 0.08 0.06 0.04 0.06 0.07

Cadmium 0.005 0.0001 0.0002 0.0001 0.0001 <0.01
Chromium 0.1 0.01 0.01 0.01 0.01 <0.05
Fluoride 4 0.39 0.30 0.24 0.33 0.30
Mercury 0.002 0.0001 0.0001 0.0001 0.0001 <0.001

Nitrate (as N) 10 0.01 0.02 0.02 0.04' 1.34
Selenium 0.05 0.001 0.001 0.001 0.001 0.72
'Radium 5 (pCiKL) 0.3 8.6d 0.5 0.7k 8.5

_(pCi/L) KM/) (pCUL) (pCUL) (pUiL)
Uranium 0.044' 0.002' 0.303' 0.001 0.006 2.7

Secondary Standards

Chloride 250 6.1 6.0' 3.5 3.2' 6.0
Iron 0.3 0.03 0.04 0.04 0.05 0.67

Manganese 0.05 0.01 0.01 0.01 0.01 <0.05
Silver 0.1 0.01 0.01 0.01 0.01 not reported

Sulfate 250 24 37" 35 37 37
TDS 500 364 364 314 326 426

'Maximum Contaminant Level
b MCL is for 226Ra + =Ra.
c EPA promulgated UMTRA standard for uranium is 30 pCiIL,

assuming a natural distribution of uranium isotopes.
dOutlierl values of 24 and 26 removed.
I 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.
k Outlier value of 1.8 removed.
I Outlier value of 15 removed.

which is equivalent to 0.044 mgfL when

l 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 pCiIL

(which is normally equivalent to 0.044 mg/L total uranium). 40 C.F.R. Part 192,

Subpart A, Table 1; 60 Fed.Reg. 2854-2867 (January 11, 1995). In 1991, EPA

proposed a drinking water standard for uranium of 0.020 mg/L, 56 Fed.Reg. 33126

(July 18, 1991), and this proposed standard is adopted as the drinking water standard

for the aquifer below the Fernald Superfund Site.

As can be seen in Table 1, monitored water quality parameters have

concentrations well below primary and secondary drinking water standards for all

constituents, except radium-226 and uranium values in the Church Rock ore zone. The

elevated levels of radium and uranium at the Church Rock site are very likely to be

related to previous upgradient underground mining acitivities at this site, as elevated

levels for radium and uranium are not observed in the Crownpoint ore zone. The

drinking water quality of groundwater in the Westwater Canyon Member at Church

Rock and Crownpoint is discussed in more detail below.

Church Rock Water Quality

In the Section 8 ore zone at the Church Rock site, HRI reported quarterly water

quality data from December 1987 through March 1989 for wells CR-3, CR4 (plugged
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after July 1988), CR-5, CR-6, CR-7, and CR-8. Church Rock Project Revised

Environmental Report, March 1993. The analytical data indicate that drinking water

quality in the Westwater Canyon Member at Church Rock is very good (Table 1), with

the exception of radium-226 and uranium values in areas of mineralization. The

average uranium and radium-226 values in groundwater samples from six wells in

Sections 8 and 17 of the Church Rock site are summarized in Table 2. Note that only a

small fraction of the Westwater Canyon Member contains uranium mineralization, yet

all of the wells except CR-7 were placed in mineralized sand channels of the Westwater

Canyon Member.

TABLE 2

CR-3 CR-4 CR-5 CR-6 CR-7 CR-8
Uranium 0.060 0.035 0.013b 0.474 0.002c 6.63
(mgIL). _ _ _____

Radium-226 15.2 3.9 5.3- 5.9 0.3 13.1
(pCi/L)

'Outlier value of 0.104 removed.
° Outlier value of 0.068 removed.
C Outlier value of 0.494 removed.

Well CR-7 is separated from the mineralized sand channels in this area by a clay

bed, and the well is completed in the lowest sand of the Westwater Canyon Member.

Therefore, wells CR-3, 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 (CR-4

and CR-5) also meet the EPA promulgated UMTRA groundwater standard of 30 pCiIL

for uranium-234 plus uranium-238 (which is the equivalent of 0.044 mg/L total

uranium) and 5 pCiIL 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 CPA 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) I III

Radium-226 0.9 391 1.8 0.8 1.0 0.5 0.4 0.8
(pCKL) I

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 mgIL), sulfate (70 mg/L), chloride

(1325 mgIL), and radium-226 (391 pCi/L) distinguish this groundwater composition

from indigenous water of the Westwater Canyon Member (calcium < 5 mg/L,

magnesium < 2 mg/L, potassium < 10 mg/L, and Table 1). In my professional

opinion, this indicates some anthropogenic source for the solute or slotting of the casing

in a zone of poor water quality below or above the Westwiter Canyon Member. HRI

completion records do not indicate slotted casing outside of the Westwater Canyon

Member, which suggests that solute was introduced into this well for some test

purpose, or that drilling brine and mud were not succesfully removed during
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development of the well. If the well was not succesfully developed, remnants of solute

from a chloride brine and elevated radium-226 activity, possibly from a barium-

enriched mud used during drilling, would remain and contaminate groundwater samples

removed from the well. The composition is not indigenous of the Westwater Canyon

Member, and HRI should have omitted samples from well CP-2 when baseline water

quality was established.

A second well, CP-3, does not meet the drinking water standard for TDS (Table

3). Relative to indigenous groundwater in the Westwater Canyon Member (potassium

< 10 mg/L and Table 1), well CP-3 contains elevated levels of potassium (42 mg/L),

sulfate (140 mgIL), and chloride (42 mg/L), causing the TDS of this water to exceed

EPA drinking water standards. CP-3 is proximal to CP-2, and the elevated chloride

and potassium values indicate that the poor CP-2 groundwater chemistry is affecting

CP-3 groundwater quality. This is likely to be the result of dissolved constituents at

CP-2 being pulled into the field of CP-3 during the HRI pump test at CP-5 (see HRI's

Crownpoint Project In Situ Mining Technical Report, June 12, 1992). Elevated levels

of sulfate in CP-3, relative to CP-2, may indicate introduction of a sulfate-rich water,

possibly from the overlying Dakota Formation. HRI also failed to omit groundwater

samples from well CP-3 when they established baseline conditions in the Westwater

Canyon Member.

Well completion records for CP-1 through CP-8 show all wells to be slotted

over multiple intervals in the Westwater Canyon Member, rather than at a specific ore-
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zone horizon. This may account for the lower uranium and radium-226 values relative

to wells at Church Rock (Table 1). All groundwater samples from the ore and non-ore

zones at Crownpoint meet EPA drinking water standards (Table 1), and are well below

the EPA promulgated UMTRA standards of 30 pCi/L for uranium-234 plus uranium-

238 (normally 0.044 mgfL 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 1 and 1982 groundwater

analyses obtained from Mobil Oil Corporation, the owner of the site in 1982. Several

of the groundwater analyses could not be identified with a production well or
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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 18ih letter.

The groundwater at Unit 1 is similar in composition to indigenous water found

in the Westwater Canyon Member near Crownpoint and Church Rock, and the same

very good drinking water quality is demonstrated by analyses that show all primary and

secondary drinking water standards are met in most locations. Exceptions are

groundwater from several of the production wells within the ore zone that exceed the

uranium-234 plus uranium-238 and radium-226 plus radium-228 EPA promulgated

UMTRA standards (5 pCi/L radium) and from two monitoring wells that exceed the

radium-226 UMTRA standard. A summary of the average uranium and radium-226

values for the production and monitoring wells is given in Table 4.

TABLE 4

Production Wells Monitoring Wells
Uranium 0.015 0.001a
(mg/L) _

Radium-226 19.6 1.9b
(pCiIL)

'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 pCiIL 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.S. 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. Se License SUA-1508 Condition 10.21. Therefore,

HRI is presumably responsible for determining restoration goals. To assess HRI's

methods for determining pre-mining water quality, I reviewed the summary data in the

FEIS on groundwater quality at the Crownpoint mine site (Table 3.13 at 3-27) and the

raw data from which Table 3.13 was derived (HRI Crownpoint Technical Report, June

12, 1992, at 34-43). Based on this initial review, I suspected that HRI had combined

water quality data from monitoring wells that had poor (denoted by HRI as CP-2) and

suspect (denoted by HRI as CP-3 and CP-9) water quality (see my response to Question

4) with data from several monitoring wells (CP-5, CP-6, and CP-7) that had good to

very good water quality. As I stated in my response to Question 4, baseline should be

determined for groundwater in the ore zone and groundwater outside the ore zone

(Table 1). Groundwater analyses in the non-ore zone (Table 1) represent groundwater

as good as that reflected in the Town of Crownpoint water wells (FEIS, Table 3.12 at

3-26). Baseline values in Table 1 are in stark contrast to HRI's baseline water quality

for Crownpoint as reported in Table 3.13 of the FEIS, where HRI combines poor water

quality from wells that contain an anthropogenic component or nonindigenous

Westwater Canyon Member groundwater with indigenous water from several wells that

reflect the high quality drinking water found in non-ore zones. In doing so, HRI

inflated average baseline values for potassium, chloride, TDS and, most notably,

radium-226. The baseline values must more closely reflect the existing quality of non-

ore-zone groundwater that will be impacted by the project.
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To illustrate the bias introduced by HRI's improper statistical approach, I used

HRI's raw data to calculate mean (i.e., average) concentrations and standard deviations

for several selected chemical and radiological constituents. I have duplicated a small

portion of that exercise in Table 5 for the constituents TDS, uranium and radium-226.

Table 5 shows a clear contrast in water quality (1) between well CP-2 and the seven

other monitoring wells that, like well CP-2, were completed in the Westwater Canyon

Member, and (2) between wells CP-2 and CP-3 (TDS only) and the Town of

Crownpoint wells that also tap the Westwater Canyon Member. The contrast is

particularly apparent for radium-226; the average concentration of four samples from

CP-2 was 391.1 pCi/L, or about 400 times the average concentration in 19 samples

from the other six monitoring wells and nearly 800 times the average concentration of

four samples from the town wells.

TABLE 5

ell(s) consttun 1Unit n Minimum Mzximum Aybns SStndard
age Dexiat'n

CP-2 TDS mg/L 4 2730 3190 2887.5 206
Uranium mg/L 4 0.008 0.021 0.014 0.005
Radium-226 pCOIL 4 128 806 391.3 324.1

CP-3 TDS mgAL 5 308 666 567 150
Uranium mg/L S <0.001 0.013 0.004 0.006
radiium-226 pCiIL 5 0.8 2.5 1.8 0.6

CP-1,-4,-5, TDS mglL 19 281 380 323 25
-6. -7 & -8 Uranium mg/L 19 0.001 0.013 0.007 0.006

Radium-226 pCi/L 19 0.1 1.8 1.0 1.5

Crownpoint TDS mgIL 4 325 406 371 39.6
town wells Uranium mgIL 4 <0.001 0.007 0.003 0.003

Radium-226 pCiIL 4 0.3 0.6 0.5 0.2
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I then combined the data for well CP-2 with the data for wells CP-3, CP-5, CP-

6, CP-7 and CP-9 to duplicate the summary data in Table 3.13 of the FEIS. The

resulting average radium-226 concentration was 58.7 pCi/L,2 or nearly 59 times greater

than the average concentration of radium-226 in all other CP monitoring wells and 120

times the average concentration in the town wells.

I concluded from this exercise that HRI had artificially inflated "average"

baseline concentrations by combining data from two monitoring wells (CP-2 and CP-3)

having poor water quality with data from four other 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 CP4 in calculations presented in Tables 1, 3 and 5. In response to

question 4, I have given an explanation for the probable difference in water quality in

monitoring wells CP-2 and CP-3 relative to the others and noted that baseline must be

determined for groundwater outside the ore zone. My recommendation is in contrast to

HRI's method for determining average baseline by combining differing water qualities,

but is wholly consistent with recommended approaches in the Groundwater Monitoring

STP and the NRC's Draft Standard Review Plan. The Groundwater Monitoring STP

recommends that "[a]verage water quality in each [aquifer] zone and range of each

indicator in the zone should be tabulated and evaluated." Groundwater Monitoring STP

2 The average radium-226 concentration of 65.86 pCi/L in Table 3.13 of the FEIS was
in error. The correct value of 58.7 pCi/L was reflected in NRC's November 1997
errata sheets.
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at 16. In the context of hydrologic "acceptance criteria," the Draft Standard Review

Plan states that uranium in situ leach mine applications should include [reasonably

comprehensive chemical and radiological analyses of water samples, obtained within

the ore body and at locations away from the ore body." Draft Standard Review Plan at

2-23 (emphasis added).

In the documents I have reviewed, I find no evidence that HRI has tabulated,

evaluated or mapped water qualities from the different ore and non-ore zones present in

the Westwater Canyon Member at any of the three proposed mine sites, nor has HRI

described changes in water quality at the redox boundary between the ore and non-ore

zones. As demonstrated in my response to Question 4, the analytical data are available

to establish baseline in ore and non-ore zones, yet HRI has neglected to do so. On the

contrary, HRI uses an inappropriate method by 'combining" groundwater analyses

from ore and non-ore zones to establish 'average' pre-mining water quality conditions

at Church Rock, Crownpoint, and the Unit 1 sites (FEIS, Table 3.16 at 3-32).

Therefore, the HRI results presented in the FEIS are not representative of the

indigenous groundwater in the Westwater Canyon Member and baseline must be re-

established based on the approach presented in Table 1.
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AFFIDAVIT OF MICHKEL G. WALLA(CE IN SUPPORT OF EASTERN
NAVAJO DINt AGAINST URANIUJM MTNING AND SOUTIEMEST RESEARCH

AND INFORMATION CEANfil'S mOTION r SUlPLEMENT THE FINAL
ENVIROMNENTAL IMACT STA1.iMEŽ-M' FOR THE CROWNPOINT

'URANIUM PROJI3ICT

On behalf of Eastern Navajo Dind Against Uranium Minhng ('ENDAUM") and

Southwest Research and Informatioa Center ("SRIC t), Michael G. 'Vallace submits the

following affidavit regarding the nced to supplemsnum t'e Final Environmental IMpact

Statement ("E;IS") for Hydro Rcsourczs, Inc.'s ("HE'O") proposed C rownpoint Uranium

Project ("CUP') in order to assess environmental ,:Ixcts on the prcposed Springstead

Estates Project ("Springstead Estates").

1. 1 am comnetent to make this a:.fidalit, end the factua. statements herein

are true and correct to thc best of mv klnowWeclge, afr:rmation and bc1ief. The opinions

expressed herein are based on my best profesW.ionaljaoegment and extensive experience in

hydrological analyses ani groundwater transport nodeling

2. I am making this affidavit on behall' cf l3NDAUM and SRIC to provide

analysis, within my areas of expertise, of the potenthL. e!ffects of HIX's proposed in situ

EXIG-UIT

It -_

bass _ I



- - 'I * I'. £. V *1 7r I . J l *I|- *-_ - *V *

leach ('ISL") uranium-mining o nrations of the p'rcposed Crownpcint Uranium PToject

in Church Rock, Navajo Nation, New Mexico.

3. My education anc. expedence as a prc-essional hydrologist ate described

in my vitae, attached to this testiaony as Exhibit .A-:[. rbave a mamter's degree in

Hydrology from the University of Ari2ona and I bave extensive kncwledge and

experience in the movement of cD~tatinants in ground water systems, as a consultant to

industry and government agencies.

4. As a consultant, I help to define a gi0inm problem by evaluating existing

hlowledge and data and develop.ng additionwl important data and knowledgz through

hydrologic techniques. This is biown as developing a hydrogeologc conceptual model.

My experience includes development cf such motels ;tnd the applying them to the valid

prcdiction of contaminant transport through riumicd9 modeling.

5. For much of the p ist fifteen years, I hwre provided nm.y expertise in support

of the development of conceptua] and numexical niodC'Ss towards the pfoxmance

assessment of several proposed a&d active nadonal uid international radioactive waste

geologic repositories.

6. 1 reviewed the folloving matcials :in preparation for this affidavit:

* The 1997 CUP FEIS. prepared. by the Vuclear Regulatory Commission in

cooperation with the Bureau of adtma Affairs, and the Bureau of Land

Management;

* TbeJune2033 Environrnenta] Asse:s;iment ("EA") preparedbyHoward

Bitsui on behalf of the Ft. Defiance Housing Corporation.

2
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7. After evaluating :he two afor:mer-ticred document;, it is my profeisioual

opinion that the CUP FEIS should be supplemented to analyze the impact that the CUP

on Sections 8 and 17 in Church Rock will have on rLhc proposed Springstead Estates

development.

8. Specifically, I am concerned aboul bow Springstead Estates' water usek.4

will affect HRI's ability to contain groundWrater corlamirnation during its production

operations and during restoration of the aquiFer after production has, ceased at both

Section 8 and Section 17.

9. l ai EA cites the 'Vesnwatcr Canyon Aquifer and the

Dakot Aquifer the poss Vd:rground sources; of drikng wa.ter for the Springstead

Estates. EA at S.

10. The EA also mendions other potenhial water sources, such as from alluvial

aquifers. I4. However, alluvial aquifers arc an iunlikely source fox a domestic water

supply because they are usually shallow, do not can!zd~n a large volume of water, and the

groundwater in these aquifers is ustially of poor qual:ity.

11. It is my cpinion that dri-oking wate: could also be supplied to Springstead

Estates by hauling water from a remote location. :tt .i; unlikely thlat the Navajo Tnbal

Utility Authority would choose this option bIxcaus: of its high ccst, when drilling wells

on-site iato the Westwater, Dakota or Cowsprings aiulfers is an available, lower-cost,

and possibly better quality option. '9 ?j q

12. In my professional oqinion, thB most likely choice: for.a domestic water

supply for the Sprlngstead Estate; development w~uld be the Westwater, the Dakota, or

3
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the Cowsprings aquifer. Of these three iq ifers, t.e Westwater i' the most likely aquifer

to be used as a water supplybeiause of its iqualiy axuthvhydrauli~c Froperties.

13. However. HRI's Chur;h Ro:k opedtons could aflect the Westwater,

Dakota, or Cowsprings aquifers to varying deges. N er whdch aquifer Springstead

Estates eventually uses as its drinking water sourc, the effects of RIPJ's Church Rock

operations should be evaluated. 6)O

14. The effect of HRI's Church Rock operations on the Springstead Estates'

drinking water supply could be -dgaificant.

15. In calculating water us - by Siringst:ad Estates, I assumed that each house

in the development will house four people, tmd tlxa; each person uses an average of 150

gallons of water per day. Under these conservathre a.;sumptions, the development could

pump 600,000 gallons of groundwater per day fo:. domestic use.

16. This pumping rat: is ecuivalent to a "ell pumping 21 over 400 gSallons per.

uinutc gPn"). - J I 4 Qt

17. By comparison, the mualcipal wellls in :C'pump at under 300 A

gpm. The Crownpoint wells puzaping at this con:bim.d rate alter the geaera] ground

water flow direction in areas as far away as tfe Uiit 1 site (more: thin two and a half

miles to the west), as showby Fizure $^.10 of the l:EM.S. The o 1 I sl flow directions at

Unit 1 were to the north by northeast, but were altere d. to almost du,: east due to the

influence of the water supply we. Is.

18. Springstead Bstatem could punmp much .more than 300 gpm from either of

the Westwater, D4gota, or Cowsprings aqifitrs, a:d i!; closer to the nng zones at

Section 8 and Section 17 (under Iwo miles away). Ar.3' resulting chsngcs to flow

I4 -
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magnitude and direction due to the combined puriping of HRI's operations on either

Section 8 or Section 17 and the that of tbe housing development need to be accounted for,

and are cot addressed it the most recent models used in support of NtREG-1508.

Change mi reponal flow directio:s woild render (=:cunt monitoring, development, and

remediation plans more indefensible and uw.iab:.e than they alreac-y are,

19. Furthermore, the groundwater pumpirig from either Section S or Sectiozi

17; combined with that of Springstead Estates, conld result in vertical excursions.

20. The FEIS notes a -:otenhial faxlJt, czllci the "Pipeline fault", trending

souhwest through Section 17.. F:IS at 3 18, 3-20 Fig. 3.8. The Pieline fault continues

southwest through Section 17 in Sections 19 anclt(. Fig. 3.8. Sewtion 19 is diretly

north of Section 30, where the S~rirnptead EDtates are to be located, and Section 20 is

directly northeast.

21. Groundwater punmpng from either S :ction 8 or Sect.on 17 of HER s

Church Rock operations, combintd with Spriagste ad ELstates ground water pumping,

could affect groundwater flow so that pregnant l.ixvirwtt would flow toward the fault,

ultimately causing contamination of overlying or undwlying aquife.;. This is particularl

inportant becausc all the aquifers in the Church Rock .rea are of goxd quality, suitable

for drinkdng water supplies, FEIS at 3-35.

22 Additionally, the N[RC Staff should anlyze how grousndwater pumpingl g

from Springstead Estates affects IIRI's ability to contx.l excursions :nd restore

groundwater in the context of the mine workings twar. exist on Section 17.

23. The FEIS acknowledges that :R~r 3 groundwater pumping could change

the pressure in underground mine workings that exist on Section 17. FMIS at 4-55 - 4-66.

A
*bp&
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This change in pressure could c2usa tCe rnin- worbk-,n to collapse, in turn causing

vertical pathways for groundwater flow. FEIS at 4-';i.-

24. The additional groundvwater pumping from Springstead Estates, in Q 0

conjunction with HRI's groundwater pumping on eilber Section 8 or Section 17, could

further complicate ERI's ability to mitigate undeigxoutd mine worlings collapse.

25. The mine workinjs also have implic.ations for groundwater restoration.

FEIS at 4-57 - 4-58. Dewatering effects of zine iworlings on Section 17 could have

signsificantly diished or clihated reducing condidions in the aquifer. FES at 4-58. IL
.' Thus, uranium may move further than would nomiallybe predicted before it encounten

: reducing conditions in the aquifer. a This i.s sig aiiicant because the FEIS evaluated

natural attenuation as a means of assurng thit groundw ater contaminated by MU's

operations does not spread throug;hout the enlre aquifr. FEIS at 4-39.

26. Groundwater pumping from Springste ad Estates cou.d further exaggerate

this movement of uranium prior to encountering rod-cing coadition:5, raking HRI's

restoration efforts much more complicated. Should Exound'A'ater remcb Springstead

Estates' drinking water wells before encountering reeh:.cing conditioas, the development's

* drinldng water source could be jeopardized.

27. In sum, because of the potentiglly slgni:.icant effect that ERI's operations

could have on Spnngstend Estatc.; domestiC watea sc;ply, in my professional opinion the

NRC Staff should supplement the FMIS.
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I declare on this 13' day of May, 2(04 at *OJbuqurue, Ncw Meiwco, under

penalty of pejmy ftt the foteoing is true and coivct to the best of mykr nwledge, and

tha the opirions expressed hete'm are based on my bast zprufssional judgaent.

Nkhchul G. WaLlace

Swarn and zsbciitbedlt me, the undesqpwd, a Notuy Public im and for the

Sute ofNcew Meoco, on ttis 1 3d.day of May, 2'0). 3t Albuquerqt, New Mexico.

W . .

*.
:* .9

Door5 A. Stoil



Attachment G

Bartels (2005)

Attachment G



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD

Before Administrative Judges:
Thomas Moore, Presiding Officer

In the Matter of: )
)

Hydro Resources, Inc. ) Docket No.: 40-8968-ML
P.O. Box 777 )
Crownpoint, NM 87313 ) Date: June 21, 2004

)

HYDRO RESOURCES, INC.'S RESPONSE TO INTERVENORS' MOTIONS TO RE-
OPEN AND SUPPLEMENT THE RECORD AND TO SUPPLEMENT THE FINAL

ENVIRONMENTAL IMPACT STATEMENT FOR SECTION 8 AND 17

AFFIDAVIT OF CRAIG S. BARTELS

On behalf of Hydro Resources, Inc. (HRI), Craig S. Bartels submits the following

affidavit in response to the May 14, 2004 affidavit of Michael G. Wallace titled "AFFIDAVIT

OF MICHAEL G. WALLACE IN SUPPORT OF EASTERN NAVAJO DINE AGAINST

URANIUM MINING AND SOUTHWEST RESEARCH AND INFORMAATION CENTER'S

MOTION TO SUPPLEMENT THE FINAL ENVIRONMENTAL IMPACT STATEMENT FOR

THE CROT0 NPOINT URANIUM PROJECT'.

1. My name is Craig S. Bartels. The statements herein are true and correct to the best of

my knowledge, and the opinions expressed herein are based on my best professional judgment.

2. My education and experience are described in my curriculum vitae, attached to this

affidavit as Exhibit C. To summarize, I have a Bachelor of Science degree from Montana

College of Mineral Science and Technology in Petroleum Engineering. I am a Licensed

Professional Engineer in the State of Illinois, and am also a Licensed Professional Geoscientist in

the State of Texas. I am currently a principal in a consulting company specializing in hydrology,

geochemistry, aquifer test design and analysis, and groundwater modeling. Over the course of

the last 25 years, I have developed a commercial groundwater model, and am now authoring a

revision to that groundwater model, significantly expanding its capabilities. Prior to consulting, I
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worked in the in-situ leach (ISL) uranium recovery industry for over twenty years and am

familiar with all aspects of the ISL mining process, including pumping test design and analysis,

well test analysis, hydrologic computer modeling, well pattern design and development, well

design and construction, wellfield and plant operations, and wellfield restoration. During that

time I have run literally thousands of computer models analyzing lixiviant control for the initial

wellfield design, active wellfield operations, and wellfield restoration. I have supervised and

trained others in the design and operation of ISL projects. I have evaluated numerous ISL

properties and operations of other ISL uranium recovery companies, and, as such, am familiar

with their operations and procedures.

3. My testimony concerns the groundwater and hydrologic conditions relative to HRI's

Nuclear Regulatory Commission (NRC)-licensed ISL uranium recovery operation at Church

Rock, Sections 8 and 17, New Mexico. Throughout my Testimony I refer to the statements of

Mr. Michael G. Wallace (Wallace Affidavit, May 14, 2004).

4. For the purposes of this affidavit, I referenced the following documents:

a. Michael G. Wallace affidavit of May 14, 2004 titled "Affidavit of Michael G.

Mallace in Support of Eastern Navajo Dine Against Uranium Mining and

Southnwest Research and Information Center's Motion to Supplement the Final

Environmental Impact Statement for the Crownpoint Uranium Project".

b. The 1997 Crownpoint Uranium Project Final Environmental Impact Statement

(CUP FEIS) prepared by NRC (NUREG-1508), in cooperation with the Bureau of

Land Management (BLM) (BLM NM-010-93-02), and Bureau of Indian Affairs

(BIA) (EUS-92-001).

c. The June 2003 Environment Assessment ("EA") for the Springfield Estates

Housing Project prepared by Howard Bitsui for the Navajo Housing Authority.

d. Hydrologic Report 6 (1983). "Hydrogeologj and uvater resources of San Juan

Basin News Mexico", New Mexico Bureau of Mines and Mineral Resources,

Hydrologic Report 6, 1983.

e. Various public and published documents as noted throughout this affidavit.
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5. The following acronyms are also used: ENDAUM (Eastern Navajo Dine Against

Uranium Mining), SRIC (Southwest Research and Information Center), SEP (Springstead

Estates Project).

I. NO FACTUAL WATER USE INFORMATION AVAILABLE FOR THE PROPOSED

SPRINGSTEAD ESTATES PROJECT ("SEP")

6. Based on the information presented by Wallace and the proposed SEP EA, it is

obvious that proposed SEP is in the very early stages of planning. There is no source of water

defined. There is no quantity defined. There is no timetable of water needs defined. There is no

water rights authorization cited. Wallace merely provides personal opinions unrestrained by any

factual or scientific support. He relies on his own suppositions and inferences to estimate

eventual water requirements (400 gpm, Wallace at ¶ 15-16), the final source of that water

(Wallace ¶ 9, 10, 11, and 12), and a general distance ("under tvo miles", ¶ 18), presumably

between the locations of water wells for the proposed SEP and HRI's Church Rock project. In

the absence of the necessary specifics, it is futile to speculate about the proposed SEP affects.

Therefore, on that basis alone, the request for a Supplemental EIS is groundless, and should be

rejected.

7. No potential, high-volume water user in New Mexico is allowed to arbitrarily

produce groundwater without considering impacts to others. A comprehensive impact study of

water use at the proposed SEP is required by the agencies that regulate water use in New Mexico

and in the Navajo Nation, but apparently no such study has been completed and, possibly, not

even begun since Wallace fails to mention any. As part of such an impact study, and in

preparation for securing the proper permits and licenses, project developers must conduct a

comprehensive water resources investigation including: water quantity required; a timetable of

demand; primary water source; if drawn from an aquifer, which aquifer(s); number and location

of wells (if any); impacts on other water users; and so on. [Such an administrative review has

been conducted for HRI's Church Rock project by the New Mexico State Engineer. As a result,

water right G-1 I for the Westwater Canyon aquifer has been issued to HRI.] The proposed SEP

EA discusses area geology and groundwater only very generally (EA, ¶ C and D, pages 7-8, and

Appendix C.4: Sole Source Aquifers), and obviously was not intended to be a comprehensive

groundwater use impact study. Although critical to the success of the proposed SEP, none of
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these decisions are under the control of the NRC, HRI, or ENDAUM/SRIC. Without a

comprehensive water resources investigation and impact study by the proposed SEP developers,

there is no supplemental information to address in an EIS; any investigation by the NRC and

HRI would be merely an academic review of unbridled conjecture. On this additional basis, the

request for a Supplemental EIS is groundless, and should be rejected.

8. Regarding the proposed SEP, additional questions should be raised. Does

ENDAUM/SRIC represent any affected party? Are all of the parties involved in the proposed

SEP aware that a study detailing the impact of their proposed project is being requested? Are

they prepared now to share the timing and details of that project so the investigation can be

carried out at a Federal level? Does ENDAUM/SRIC speak for the Navajo Nation, for HUD, for

the BIA, for the NM State Engineer's Office, or for any major entity officially involved with the

proposed SEP? Can ENDAUM/SRIC speak for the timing of the project? Clearly, timing of

construction will have a major impact on water demand. There are endless possibilities with

respect to number of units and timing of construction. For example, will the full project be

completed 10 years from now, or will only 20% of it be completed in the next 10 years? Will

HRI's Church Rock Project still be active by the time the proposed SEP even starts? Are the

hypothetical wells going to be located at the proposed SEP site, or some distance away (distance

and direction unknown) where the aquifer deepens, and/or is water to be piped or hauled to the

proposed SEP? Without such basic information, and with ENDAUM/SRIC having no authority

to speak for any decision-maker in the proposed SEP, any investigation will involve little more

than expensive and time-consuming guess work.

II. PRODUCTION FROM THE COW SPRINGS AQUIFER WILL HAVE NO AFFECT ON

CHURCH ROCK

9. Wallace suggests the possibility of pumping at the proposed SEP from the Cow

Springs (¶ 11 13, 18) aquifer underlying the Westwater ("Westwater Canyon" aquifer is

abbreviated to just "Westwater" here). The FEIS at 4-56: "The Cowsprings aquifer is separated

from the Wf'esnt'ater Canyon aquifer at each of the three sites [Church Rock, Crownpoint, Unit I]

by the Recapture Shale, which is estimated to be about 55 m (180 ft) thick at the Church Rock

Site. Because of the thickness of the Recapture Shale and the lowv potential that drill holes in the

site boundary have penetrated the Recapture Shale, there should be little risk of a vertical
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excursion into the Cowv Springs aquifer." In addition, page 40 of Hydrologic Report 6 (1983)

states that differences in hydraulic head between the Morrison and Cow Springs was 200 feet in

the Munoz I test hole north of Gallup (16.18.17.122). This shows that there is little hydraulic

connection between the two aquifers in the area. The Report goes on to say that the

transmissivity of the Cow Springs is "relatively low,", about 50 ft2/day in most of the San Juan

Basin, and possibly much lower. This is 6+ times less transmissivity than the Westwater

transmissivity of 300 ft2/day, and requires 6+ times more drawdown from the Cow Springs than

for the Westwater to achieve the same flowrate. Wallace provides nothing to show that Cow

Springs can actually produce 400 gpm in the area of the proposed SEP. In any event, any

potential affect from pumping the Cow Springs at the proposed SEP site on HRI's Church Rock

project would be insignificant.

III. UNREASONABLE EXPECTATION OF WATER PRODUCTION FROM DAKOTA AND

WESTWATER AQUIFERS

10. At 1 15 and 16 of his affidavit, Wallace uses the arithmetic of human demographics to

project a quantity of 400+ gpm drinking water producible from aquifers at the proposed SEP,

rather than the actual geology and hydrology of the aquifer(s) in that area and their ability to

produce the projected amount of water. At ¶1 9, 10, 11, and 12, he lists five possibilities as

sources for the proposed SEP drinking water: four aquifers [alluvial, Westwater, Dakota, and

Cow Springs], and "hauling water from a remote location". In ¶ 12, Wallace expresses his

"professional opinion" that the Dakota, Westivater, or CowV Springs aquifers will be used, with

the Westwater as the most likely. And at ¶ 18, he states: "Springstead Estates could pump much

more than 300 [sic] gpm fromn either of the W~estwater, Dakota or Couwsprings ". However,

because Wallace ignores existing hydrologic and geological data and has so little information on

this proposed housing project, he speculates as to both achievable flowrate (derived purely from

human demographics), and what source of water the developers might finally choose.

11. Wallace should have considered available published and public information

(examples below at ¶ 12a - 120 on the geology and hydrology of the aquifers underlying the

proposed SEP site. The proposed SEP is at or near the outcrop of the Morrison (containing the

Brushy Basin and the Westwater as its upper members), which forms the southern "no-flow"

boundary for the Westwater in the San Juan Basin. Wallace fails to even address the outcrop in
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his affidavit. Further, he provides no scientific support that the Dakota and Westwater in the

vicinity of the Springstead Estates can produce significant quantities of water at sustained rates

from a near-boundary, water table aquifer, much less his hypothesized 400 gpm (¶ 15, 16) or

"much more than 300" (¶ 18).

12. The location of the Morrison outcrop should have been immediately obvious by

locating the proposed SEP site in relation to Gallup and Crownpoint on maps and figures

included in the numerous references discussing geology, hydrology, and hydrologic models of

the San Juan Basin. For example:

a. FEIS at 7-9: Lyford, F.P., P.F. Frenzel, and W.J. Stone 1980. "Preliminary

Estimates of Effects of Uranium-Mine Dewatering on Water Levels, San Juan

Basin." In Geology and Mineral Technology Uranium Region 1979. Edited by

C.A. Rautman. New Mexico Bureau of Mines and Mineral Resources, Memoir

38, pp 320-333. Especially Figures 14.

b. FEIS at 7-12: Peterson, R.J. 1980. "Geology of Pre-Dakota Uranium

Geochemical Cell, Section 13, T16N, R17W, Church Rock Area, McKinley

County." In Geology and Mineral Technology Uranium Region 1979. Edited by

C.A. Rautman. New Mexico Bureau of Mines and Mineral Resources, Memoir

38, ppl31-138. Especially Figures 1 & 2.

c. FEIS at 7-14. U.S. Department of the Interior 1980. Uranium Development in

the San Juan Basin Region, Final Report. Bureau of Indian Affairs.

Albuquerque, New Mexico. Especially Map III-3, page 111-8.

d. HRI Response to NRC "Q-99, Figure 4. Figure 4 is a reproduction of Figure 74

from Hydrologic Report 6 (1983).

e. USGS Report 95-4187, "Hydrology and Steady-State Simulation of Ground-

TWater Floit' in the San Juan Basin, New, Mexico, Colorado, Arizona, and Utah".

Especially Figure 26.

f. HAI 1997. Hydroscience Associates, Inc. (HAI), "Modeled Effects on Water-

Levels and Surface Water Flowvs Dute to Ground Water W~ithdrat'als by HRI

Under Application G-J 1-A for Operation of an In-Situ Uranium Leach Operation,
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McKinley County, Ness Mexico, December 26, 1997'. Report on modeling the

Dakota and Westwater aquifers in the San Juan Basin for a 1998 hearing before

the New Mexico State Engineer's Office on water use and its impact at HRI's

Church Rock Project. Especially Figures 6-9. The cover sheet for that report is

attached to this affidavit as Exhibit A.

13. All of these show the proposed Springstead Estates Project at or very near the outcrop

for the Morrison (Brushy Basin + Westwater). This is important for a number of reasons:

a. First, since the Dakota is above the Westwater in the geologic column, it is

completely absent anywhere the Morrison outcrops, and obviously cannot act as

an aquifer at those places, yet Wallace speculates that the Dakota might serve as a

significant water resource in that area (¶ 18) for the proposed SEP. Wallace

should know that it can not. In addition, from the FEIS at 3-22: "The Dakota

Sandstone is mostly unused as a water supply in McKinley County because of its

generally poorer water quality."

b. Second, the edge of the outcrop at the proposed SEP site will be a no-flow

boundary. This is shown schematically in Figure B.1, attached as Exhibit B, as

"Southern No-Flow Boundary". Figure B. 1 is an un-scaled cross-section

comparing wells completed in an unconfined, "water table" aquifer at/near the

outcrop (proposed SEP) to wells completed in a confined aquifer (HRI's Church

Rock and Crownpoint projects). It shows three wells completed at or near an

aquifer outcrop: two of which can produce some water ("Outcrop Well B" and

"Near-Outcrop Well C"), and one that will produce no water ("Dry-Outcrop Well

A"). For the same pressure drawdown, wells near a noflow-boundary (such as

"Outcrop Well B" and "Near-Outcrop Well C") will produce far less water than

wells far away from that boundary, such as HRI's Church Rock and Crownpoint.

c. Third, at the outcrop, there is much less drawdown of pressure available to

produce the existing, limited water than further downdip into the aquifer. The

Dakota, Westwater and Cow Springs aquifers dip to the northeast (get deeper) at

about 200-300 feet/mile. In the case under discussion here, the available

drawdown will vary from zero feet (where water contacts the bottom of the
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Westwater at the southern noflow-boundary near the proposed SEP site - see

Figure B.1) to 300-450 feet in the Westwater at HRI's Church Rock site, and

about 1400 feet at Crownpoint.

d. Fourth, it will be physically impossible for water from HRI's Church Rock site to

reach many, or all, of the wells at the outcrop in the vicinity of proposed SEP.

Aquifer static water levels (WL) directly indicate pressures. In this case, those

pressures get louver to the northeast, away from the proposed SEP and toward

Church Rock, forming an inclined potentiometric surface. This northerly pressure

gradient causes natural groundwater movement cnawy from the proposed SEP site

and dowvndip toward HRI's Church Rock at 8.7 feet/year (FEIS at 3-35, and

Figure 3.11, FEIS at 3-37). Figure B.1 (Exhibit B), shows the static water level at

Church Rock at about 6590 feet Mean Sea Level elevation (MSL), and for

Crownpoint about 6480 feet MSL. The static water level elevation estimated for

proposed SEP site in ¶14 below is 6624-6657 feet MSL (also see Figure B.1),

higher than both Church Rock and Crownpoint.1 A horizontal dashed line, going

left toward proposed SEP from the Church Rock static water level, is shown on

Figure B.l. Water from Church Rock cannot reach anywhere above that line

within the Westwater - it would be a physical impossibility requiring that water

naturally flow uphill.

14. The "Location/Vicinity" map presented in the proposed SEP EA shows the location

of "Phase I Project Site" on a USGS topographic map to be very close to "Springstead Trading

Post Well" in the southwest portion of Section 30. HRI, in preparation for its water rights

hearing before the New Mexico State Engineer in 1998, found two wells near that location from

public records. Those wells were tabulated in Tables la and lb in HAI 1997 hydrologic

modeling report referenced earlier. Both wells are at the Morrison outcrop, with the Brushy

Basin at the surface and the top of the Westwater about 30 feet deep (HAI 1997, Table I b, rows

201 and 202). Both wells are over 500 feet deep. The water level in one well is estimated at 226

1 As explained in 1 14, it is unknown whether the estimated water levels at the proposed SEP site are for the
Westwater or the underlying Cow Springs aquifer. If the water levels are for the deeper Cow Springs aquifer, then
the Westwater is completely dry at those locations. This is something that the SEP developer(s) must determine
through well drilling, flow testing, etc., as part of their water resources investigation. This is not a matter for either
HRI or the NRC.
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feet deep [6624 feet MSL], and in the other wvell at 253 feet (6657 MSL). If the Westwater is

250 feet thick at the outcrop, then the water level would be 27 to 54 feet above the bottom of the

Westwater. This would be equivalent to "Outcrop Well B" in Figure B.1 (attached here as

Exhibit B). If the Westwater is less than 195 feet thick, then the water level is actually below the

bottom of the Westwater into the Cow Springs, equivalent to "Dry-Outcrop Well A" in Figure

B.I. Thus, regardless of the thickness of the Westwater, it is essentially dry at that location.

Furthermore, since the Morrison formation outcrops at that location, the overlying Dakota

sandstone is completely absent, and cannot act as a source of water. Considering the available

public/published information, Wallace's contention, based solely on his personal opinion, that

the Westwater and Dakota sandstones can individually produce much more than 300 gpm

(Wallace, ¶17) in that region, is completely unsupported and, therefore, unreasonable.

15. Obviously, there is much more hydrologic investigation required of the developer of

the proposed SEP to understand how much water is available at that site and how best to access

it. However, it is not the responsibility of the NRC or HRI to investigate the water resources

available for a housing development.

16. Now consider the actual drawdown that would be required to produce 400 gpm from

the Westwater. In the area around HRI's Church Rock project, the 1997 HAI model uses a

transmissivity of 300 ft2 /day (HAI 1997, Figure 6), and a specific storage of le-6 feet -' (HAI

1997 at 38). These are the same values used in the USGS hydrologic model by Lyford, Frenzel

and Stone, referenced in Memoir 38 above (¶12a; also FEIS at 7-9). As used by HAI 1997

(¶12f), a Westwater aquifer thickness of 250 feet (HAI 1997 at 38) results in a storage coefficient

equal to 2.5e-4 (HAI 1997 at 39). A model run using these values shows that a single well (12

diameter) producing at 400 gpm, and located miles from a boundary, will have a drawdown of

about 500 feet after 10 years.2 With a line of five wells (12 diameter each) at 80 gpm each, and

spaced at 14 mile, the drawdown at 400 gpm after 10 years equals 215-230 feet at each well.

These drawdowns (and, consequently, the resulting flowrates) are achievable at Church Rock

and Crownpoint, but not in the vicinity of the proposed SEP. By not considering

2 When formation values are held constant, a numerical model (such as MODFLOW) provides only an
approximation to the exact solution from the well known "analytical", non-equilibrium, Exponential Integral (using
either the Well Function [WV(u) or the Cooper & Jacob equations]. A numerical model with too coarse a grid near
the pumping well can vary dramatically from the correct value for drawdown. As a result, the exact analytical W(u)
method was used to calculate drawdowns here.
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public/published geologic and hydrologic information, Wallace is incorrect to state at ¶ 18,

"Springstead Estates could putmp much more than 300 gpm from either of the JWestrater, Dakota

or Cowsprings aquifers." If he is aware of geologic or hydrologic data contradicting the mass of

public/published material available, that information should have been provided now in support

of his statements. Since he has failed to do so, this leads to the conclusion that such contrary

information does not exist.

17. If the argument is made later that the wells will be located away from the proposed

SEP and water piped or hauled to the development, then those wells could be located anywhere.

The possible scenarios are infinite, and once again too little information is available to even

begin to speculate. Only the developers can make such decisions.

IV. ANALYSIS OF UNPROVEN WALLACE HYPOTHESIS

18. In his 1 17 and 18, Wallace asks what effect pumping from aquifer(s) at the proposed

SEP will have on the groundwater movement at HRI's Church Rock project. As pointed out

above, the first questions that must be answered are what aquifers will be produced (if any), at

what well locations, at what flowrates, and on what timetable. These are questions that can only

be answered by the project developers and proper regulatory authorities, not by HRI, NRC, or

ENDAUM/SRIC.

19. Although Wallace's speculation about a 400 gpm flowvrate from the Westwater or

Dakota at the proposed SEP site has been shown to be unreasonable considering published

information readily available to the public, some further calculations can be performed to verify

the safety of HRI's Church Rock operations. For the moment, let's assume arguendo that the

Westwater outcrop and noflow-boundary are far south of the proposed SEP project, and that

there is adequate drawdown available to actually achieve 400 gpm at such a location. It is a

simple matter then to set up particle tracking in a hydrologic model to test the affects of that

pumping. (Whether called particle tracking, transport, streamline, or pathline, such hydrologic

models abound, so the results presented here can be easily verified by a qualified professional).

In this instance, an analytical model was set up using the same reservoir parameters described

above (¶16) to calculate drawdowns (transmissivity = 300 ft2/day, storage coefficient = 2.5e-4, a

straight line of five wells, each 12 diameter and pumping at 80 gpm, spaced at 1/4 mile

intervals). A "particle" representing the southern edge of HRI's Church Rock ISL facility was
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placed two miles (Wallace at ¶ 18) from the pumping wells on a line perpendicular to the row of

wells. Ignoring for the moment that Church Rock is down gradient of Springstead, and that the

groundwater naturally moves from Springstead to Church Rock, the natural groundwater

movement in the model was set to zero. This particle took 869 years to travel the simulated

distance from Church Rock to the pumping wells.

20. The natural regional movement of groundwater at Church Rock is 8.7 feet/year north-

northeastward (FEIS at 3-35). This is also shown graphically in Figure 3.11 (FEIS at 3-37).3

When the northeastward regional groundwater movement of 8.7 feet/year is entered into the

model, the particle never reaches the pumping wells. It moves northeasterly away from the five

wells, not toward them, and the waters from Church Rock are never "captured" by the pumping

wells. Because the natural groundwater movement never reverses, the particle just moves more

slowly to the northeast away from the proposed SEP wells pumping at 400 gpm. Therefore, if

the proposed SEP were able to pump 400 gpm, then the only reasonable conclusion is that it

would help HRI in its wellfield operations at Church Rock because water would continue to

move to the northeast away from proposed SEP, only more slowly.

21. At 1 17, Wallace states that the municipal wells at Crownpoint have changed the

original direction of natural groundwater flow: "The original flowP directions at Unit I were to

the north by northeast, bult wvere altered to almost date east due to the influence of the wvater

supply ut'ells". Then in Wallace at ¶ 18, he states unequivocally that "Change in regional flow

direction would render current monitoring, development, and remediation plans more

indefensible and unreliable than they already are. " This is a gross exaggeration that is entirely

unsupported by any scientific evidence. Beyond personal opinion, Wallace presents nothing to

support his statement. As shown above (here at ¶19), if the proposed SEP was actually able to

produce 400 gpm out of the Westwater, and ignoring any actual north-northeasterly groundwater

movement away from the proposed SEP, as well as the groundwater monitoring system at HRI's

Church Rock (FEIS at 3-37, 4-16 to 4-22, 4-56), it would still take 800+ years for the waters at

Church Rock to travel to the pumping wells.

3 The mine-zone monitor wells surrounding the Church Rock project are also shown on Figure 3.11 (FEIS at 3-37).
A Generalized schematic of overlying and surrounding mine-zone monitor wells is shown in Figure 2.3 (FEIS at 2-
3).
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22. Additionally, Wallace's speculation completely disregards monitor wells (required by

HRI's NRC license) surrounding the wellfields and mine workings in the Westwater, and

overlying them in the Brushy Basin "B" sand and Dakota. The monitor well system and

groundwater monitoring procedures (FEIS: Figure 2.3 at 2-3, Figure 3.11 at 3-37, 4-16 to 4-26,

4-43 to 4-44, 4-52 to 4-53, 4-55 to 4-56, A-33, A-34) are specifically designed to detect leach

solutions moving beyond the production wellfields (an "excursion"). As stated in the FEIS at 4-

16: "ISL Monitoring programs are designed to ensure that any excursion is detected long before

mining solutions can seriously degrade groundwvater quality outside the weilfield area." Thus,

Wallace's scenario requires piling one unproven assumption on top of another: first, that the

proposed SEP can pump 400 gpm from either the Dakota or Westwater; second, that natural

groundwater movement away from proposed SEP magically disappears; third, that monitor wells

do not exist, or are ignored by NRC or other regulatory agencies for 869 years. Wallace presents

no credible basis for this could occur because there are none.

23. In his ¶ 17 and 18, Wallace first presumes that pumping will occur at the proposed

SEP site, and further that some harm will result from changes in groundwater flow direction. In

attempting to make his case, Wallace references Figure 3.10 of the FEIS (his ¶ 17), noting how

pumping the Town of Crownpoint water wells has changed the direction of water flow in the

area. Although Wallace stresses that the flowrate from the Town of Crownpoint wells (¶j 17)

causes a redirection of groundwater movement, he neglects to address the magnitude (or lack

thereof) of that change. Shown on the same Figure 3.10 he referenced: it takes 1,657 years for

water from Unit I to move to the Town wells. The 1,657 years at Unit 1, and the 869 years of

travel time calculated above (here at 119) for Church Rock and the proposed SEP, demonstrate

that water movement resulting from drawdown by pumping wells at any distance is extremely

slow, and changes to water movement are extremely small. Neither constitutes any imminent

hazard. Additionally, these travel times are calculated assuming that HRI is not in operation at

Church Rock, Unit I or Crownpoint. Once HRI begins operations, the many safety measures

detailed in the FEIS will be initiated and would prevent any such migration. These issues have

been addressed in great detail by NRC, and cannot be disregarded. Beyond personal opinion,

Wallace provides no evidence that with HRI operating at Church Rock or Unit I his concerns

regarding "flowv magnitude and direction" are legitimate.
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24. ENDAUM/SRIC has devised a scenario without any scientific basis that is not

achievable in light of readily available geologic and hydrologic information. Even so, a test of

their hypothesis finds any potential impacts to be at worst ephemeral and, at best,

inconsequential. They should have tested the reasonableness of their conclusions themselves, yet

they left it to the NRC and HRI. An infinite number of other scenarios could also be imagined -

and tested - but to no practical purpose without knowing what the developers plan.

Nevertheless, the current scenario and its attendant concerns of Wallace at 1 18-22 have been

shown to be groundless, as is the request for a Supplemental EIS based upon them.

V. ADDITIONAL CLAIMS SHOWN AS UNREASONABLE

25. At 1 20 and 21, Wallace discusses the affects of the hypothetical Pipeline Fault on

HRI's operations. Specifically at ¶ 21, he states: "Grouindwtater pumpingfrom either Section 8

or Section 17 of HRIs Church Rock operations combined with the Springstead Estates

groundwater pumping, could affect groundwater flowt so that pregnant iLViviant would flowr

toward the fault, ultimately causing contamination of overlying or underlying aquifers." Yet

again, he provides only speculation that such a scenario is possible, and supports it with no

scientific information. Wallace has chosen to ignore the FEIS at 3-21: "A more recent detailed

geologic map (Kirk and Zech 1987) indicates that the fault does not occur at all. This geologic

map indicates no offset structural contours in the area. This interpretation is repeated by

several geological studies including Sears and others (1936), 0 'Sullivan and Beaumont (1957),

and Cooley and others (1969). No evidence for the fatlt is foutn in any of the site drilling data,

and HRI indicates that if it exists, it is probablyfound some distance to the east." Also, see FEIS

at 4-55. As before, Wallace's scenario requires piling one unproven assumption on another:

first, that the proposed SEP is able to pump 400 gpm; second, that the Pipeline Fault exists; third,

that it is near enough to HRI's operations to have some influence; fourth, that the fault will

actually allow fluids to migrate through it; fifth, that monitor wvells around HRI's wellfields do

not exist to identify excursions, or will be ignored in the event thereof (FEIS at 4-18 to 4-22);

and sixth, that NRC, or other regulatory agencies, will ignore an uncontrolled flow out of HRI's

wellfields. Wallace presents no defensible case for his suppositions.

26. At his ¶1 22-24, Wallace conjectures that pumping at proposed SEP site might prompt

collapse of the existing underground mine workings in Section 17 of the HRI's Church Rock

13



project, and cause vertical pathways for excursions. NRC specifically and extensively addresses

this concern in the FEIS (FEIS at 3-31 - 3-40, 4-54 - 4-58, A-33 - A34, and 4-16 - 4-22).

Indeed, the FEIS is unequivocal that it is probable that many of the mine workings already have

collapsed: FEIS at 3-40 "However, it is likely that many of the workings have collapsed because

the type of underground mining employed at the site would have caused some of the workings to

collapse while the mine was still in operation (HRI 1996a).", and FEIS at 4-54 "NRC staff

consider it likely that many of the workings have collapsed." Even so, a pumping test of the area

showed no evidence of the vertical pathway that Wallace postulates: FEIS 3-35 "No aquifer

interconnection was detected by the test (i.e., no draw down was detected by the Dakota

Sandstone or Brushy Basin "B" Sand monitor wells)." But NRC does not rely only on such tests

to ensure the safety of the HRI project, because monitoring of the overlying Brushy Basin and

Dakota sands is required to prove it: FEIS at 4-56 "Upper monitor 'wells completed in the

Brushy Basin "B" sand would be located with, at a minimum, one ivell per 1.6 ha (4 acres) of

production area (HRI 1993a). In addition, monitor wells would be placed within 14 in (40ft) of

any likely openings of the existing mine workings into either the overlying Dakota sand or the

Brushy Basin "B" Sand. These uwsells would be placed downgradient from the suspected open

section in the direction of grounchdater movement to ensure that any excursion would be detected

('HRI 1996k). HRI would develop a standard operating procedure to address monitoring at the

Church Rock in the vicinity of the existing mine workings (HRI 1996k). Upper monitor Vells

completed in the Dakota sandstone aquifer would be located with, at a minimum, one Lwell per

3.2 ha (8 acres) of production area (HRI 1993a)." Further, NRC concludes: FEIS at 4-54

"Nevertheless, as discussed under Groundwater Monitoring, HRI's commitment to perform

monitoring near the old mine workings should provide adequate detection of potential

excursions associated with the old mine shafts.", and lower on FEIS 4-54 "This monitoring plan

shouldprovide adequate detection of potential vertical excursions." Wallace completely ignores

the fact that NRC requires monitoring and provides only conjecture and personal opinion in

implying any potential adverse impact from collapse of mine workings, without offering any

scientific support for his position. The collapse of mine workings is simply irrelevant in lieu of

the detailed investigation and findings already concluded by NRC, and the monitoring program

required during HRI's operations. A request for a Supplemental EIS based on possible collapse

of mine workings should be rejected.

14



27. At his ¶ 25, Wallace states that "Dewvater effects of mine workings on Section 17

could hace significantly diminished or eliminated reducing conditions in the aquifer". This is

certainly true, and has been recognized by HRI and the NRC as pointed out in FEIS at 4-58 (in

fact, with much of the same wording). The NRC has already dealt with the issue of old mine

workings in detail (p4-54 through 4-66, FEIS), and Wallace presents no new information in this

regard. But then Wallace states that "This is significant because the FEIS evaluated natural

attenuation as a means of assuring that groundwvater contaminated by HRI 's operation does not

spread throughout the entire aquifer." Wallace's statement ignores the thousands of pounds of

oxidized uranium now in the Church Rock mine workings. Uranium ISL mining works because

uranium oxidizes first, before almost any other part of the rock. The mine workings which were

dewatered at Church Rock still contain thousands and thousands of pounds of uranium in the

pillars and walls of the workings. If the rock is currently oxidized in and around the workings,

then the uranium that it contains is oxidized also. As pointed out in HRI's response to "Q1-29

to the NRC: "The OCR mine workings were subject to years of ventilation, which resulted in a

highly-oxidized ore zone, and water quality which would resemble oxidized leach water." That

condition exists now, and has nothing at all to do with HRI. If ENDAUM/SRIC sincerely

believes there is a danger to area water users from oxidized leach water, than that danger is

present now, without HRI ever operating. And it is the same at all previously dewatered uranium

mines. However, if they consider the danger arises only if HRI operates, their concern is hollow,

unsupported by science, and obviously targeted at HRI. A Supplemental EIS of HRI's project

will not fix the existing problem for the proposed SEP or any other potential water user. In fact,

since those Church Rock mine workings will be within HRI's monitor well ring (FEIS at 4-56),

HRI operations will be committed to keeping any solution from the mine workings within the

site boundaries.

28. Wallace at ¶ 21 states "This is particularly important because all the aquifers in the

Church Rock area are of good quality, suitable for drinking woater supplies. " The implication is,

of course, that the water is safe to drink now everywhere in the Church Rock area, and will not

be if HRI is allowed to operate. This is categorically incorrect, and conveniently ignores that the

water in the uranium ore bodies and mine workings does not currently meet drinking water

standards (FEIS at 4-37, 4-47, 4-57). First, as just described in ¶j 27 above, Wallace makes the

case for an oxidized aquifer in the area of the existing mine workings, but completely disregards

15



the affects on the uranium ore in such workings. In addition, FEIS at 4-37: "HRI anticipates that

the restored value for radium at the Church Rock, Crowsnpoint, and Unit I sites would be

baseline valies (HRI 1996a). This is because HRI believes that average pre-Inining wifellfield

radium concentrations ivould exceed the U.S. EPA and State of Neit' Mexico drinking water

standardfor radium (HRI 1996a). HRI's beliefs are supported by radium concentration values

gathered from sampling groundwvater in the Westwater Canyon aquifer at the Unit I and

Crouwnpoint sites." And FEIS at 4-57: "HRI has presented data on TDS to support its opinion

that water quality in the existing mine workings has been previously contaminated by

conventional underground mining and, unlike native groundwtater, does not meet primary

drinking water standardsfor TDS (HRI 1996b)."

VI. ATTEMPT TO DISCREDIT CUP FEIS WITHOUT FOUNDATION

29. Wallace's statement at ¶ 18 (" would render current monitoring, development, and

remediation plans more indefensible and unreliable than they already are.') attempts to

discredit the findings and conclusions of the CUP FEIS. Beyond personal opinions, Wallace

presents no science to support this indictment, and dismisses the conclusions of the CUP FEIS

arbitrarily.

VII. CONCLUSIONS

30. Throughout his affidavit, Wallace suggests that serious consequences may result

from scenarios he devises. Yet in every instance he fails to test his suppositions, leaving that

work to the NRC and/or HRI. And in every case, the scenario using his hypothetical conditions

is shown to be unrealistic or inconsequential. If he has evidence to support any consequence he

postulates, it should have been presented here as proof of his argument. In every instance, he

fails to do so. Failing to prove even a single conjecture on scientific grounds with standard

hydrologic techniques, his request for a Supplemental EIS should be rejected.

31. Moreover, requests for a Supplemental EIS should be required to demonstrate

hydrologic feasibility of suppositions, and be based on more than personal opinion or

speculation. HRI and the NRC should not be required to provide the basic water resources

investigations necessary for all proposed water use throughout the San Juan Basin.
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Exhibit B

Un-scaled schematic of a cross-section comparing wells completed in an unconfined, "water

table" aquifer at/near the outcrop (proposed SEP) to wells completed in a confined aquifer

(HRI's Church Rock and Crownpoint projects)
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Figure B.1

Un-scaled schematic of a cross-section comparing wells completed in an unconfined, "water

table" aquifer at/near the outcrop (proposed SEP) to wells completed in a confined aquifer

(HRI's Church Rock and Crownpoint projects)
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LBP-04-23
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 Docket No. 40-8968-ML

HYDRO RESOURCES, INC. ASLBP No. 95-706-01-ML
PO Box 777
Crownpoint, New Mexico 87313 October 22, 2004

MEMORANDUM AND ORDER
(Ruling on Intervenors' Motions to Supplement the FEIS)

Before me are two motions of Intervenors Eastern Navajo Din6 Against Uranium Mining

(ENDAUM) and Southwest Research and Information Center (SRIC) (Intervenors) to

supplement the Final Environmental Impact Statement' with respect to Church Rock Sections 8

and 17, which are two of the four site covered by the materials license authorizing Hydro

Resources, Inc. (HRI) to conduct in situ leach (ISL) uranium mining in McKinley County, New

Mexico.2 Both HRI and the NRC Staff oppose the motions.3 For the reasons set forth below, I

See NUREG-1508, 'Final Environmental Impact Statement to Construct and Operate
the Crownpoint Uranium Solution Mining Project, Crownpoint, New Mexico," 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 (Feb. 1997) [hereinafter FEIS].

2 See Intervenors' Motion to Supplement the Final Environmental Impact Statement for
the Crownpoint Uranium Project Church Rock Section 8 (May 14, 2004) [hereinafter Intervenors'
Section 8 Motion]; Intervenors' Motion to Supplement the Final Environmental Impact Statement
for the Crownpoint Uranium Project Church Rock Section 17 (May 14, 2004) [hereinafter
Intervenors' Section 17 Motion].

3 See Hydro Resources, Inc.'s Response to Intervenors' Motions to Supplement the
Final Environmental Impact Statement for Sections 8 and 17 and to Re-Open and Supplement
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2

find, with the concurrence of Judge Cole and Judge Brett who have been appointed as Special

Assistants, that the Intervenors have not met the applicable regulatory standard for requiring the

FEIS to be supplemented. Accordingly, the Intervenors' supplementation motions are denied.4

I. BACKGROUND

A. Procedural History

On January 5,1998, the Staff issued HRI a materials license authorizing it to mine

uranium ore at four different sites in New Mexico - Church Rock Sections 8 and 17 that are

contiguous, Crownpoint Unit 1, and Crownpoint - collectively known as the Crownpoint Uranium

Project (CUP). 5 After the license was approved, several parties, including the Intervenors, were

allowed to intervene to challenge the license. Because HRI planned to mine only Section 8

initially,6 the Presiding Officer at the time, Judge Bloch, bifurcated the proceeding and limited

the adjudication to issues related to Section 8 and those issues challenging the overall validity

the Record for Section 8 (June 21, 2004) [hereinafter HRI Response]; NRC Staffs Answer to
Intervenors' Motions to Supplement FEIS (June 25, 2004) [hereinafter Staff Response].

4 The Intervenors also filed a motion to reopen and supplement the record with respect
to Section 8. See Intervenors' Motion to Reopen and Supplement the Record (June 2, 2004).
According to the Intervenors, the reopening motion was filed out of "an abundance of caution"
and in response to a footnote in an earlier filed NRC Staff pleading before the Commission. Id.
at 6. In addition to addressing the requirements for reopening the record in 10 C.F.R. § 2.734,
the Intervenors present five reasons why such a motion is unnecessary in the context of
supplementing a final EIS. See id. at 6 n.1. Because of the denial of the Intervenors' two
motions to supplement the final EIS, it is unnecessary to reach the question of whether, in the
circumstances presented, a motion to reopen is required or whether the Intervenors have met
their burden pursuant to section 2.734.

5 See Letter from Joseph J. Holonich to Richard F. Clement (Jan. 5, 1998) (regarding
issuance of source material license SUA-1 508, for the in situ leach uranium mining project at
Crownpoint, New Mexico).

6 See HRI's Request for Clarification or Reconsideration of Presiding Officer's
Memorandum and Order of May 13, 1998; and Request for Bifurcation of the Proceeding (June
4, 1998) at 2-3.
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of the license. Following the conclusion of this first phase, Judge Bloch ordered that the

remainder of the proceeding be placed in abeyance, believing it would be wasteful to litigate

issues related to the remaining sites if HRI had no present intention actively to mine those

locations.8 On appeal, the Commission overturned this ruling, and ordered that the hearing

should resume on the remaining issues, if HRI did not voluntarily limit its license to the Section 8

site.9 At the request of the parties, the proceeding was again held in abeyance so that the

parties could attempt to reach a settlement on the remaining issues.'0 The settlement

negotiations ultimately failed.

On February 27, 2004, 1 ruled on the last outstanding issue concerning the Church Rock

Section 8 site pertaining to the decommissioning financial assurance plan, and prohibited HRI

from using its license until it had corrected three specific deficiencies in the Restoration Action

Plan (RAP) for that Section." That decision closed the administrative record with respect to the

Church Rock Section 8 site."2

While the above Section 8 RAP issues were under consideration, Intervenors filed a

request with the Staff to have the FEIS supplemented based on the Springstead Estates Project

(SEP), a proposed housing development to be built in Fort Defiance, New Mexico,

approximately two miles from the southern restricted site boundary of Church Rock Section

7 See Memorandum and Order (Scheduling and Partial Grant of Motion for Bifurcation)
(Sept. 22, 1998) at 2-3 (unpublished).

8 See LBP-99-40, 50 NRC 273 (1999).

9 See CLI-01-4, 53 NRC 31, 38 (2001).

'° See Order (Nov. 19, 2001) (unpublished).

" See LBP-04-3, 59 NRC 84, 108-09 (2004), petitions for review granted, CLI-04-14, 59
NRC 250 (2004).
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12 See id. at 109.



-5-

1317. In a joint status report, and later during a telephone conference call, the Staff indicated

that it had determined that no supplementation was required.'4 After indicating they planned to

file a motion seeking supplementation of the FEIS, I directed the Intervenors to file any such

motion with respect to Section 17 with me and any motion regarding Section 8 with the

Commission because jurisdiction over Section 8 matters had passed to the Commission with

the filing of petitions to review LBP-04-3.'5

As instructed, on May 14, 2004, the Intervenors filed separate motions requesting that

the Staff be directed to supplement the FEIS for Sections 17 and 8.16 Subsequently, due to

their nearly identical nature, the Commission referred the Section 8 motion to me to be

considered in conjunction with that for Section 17.17 The Intervenors then filed an additional

motion to reopen and supplement the record relating to Section 8.18 Both HRI and the Staff

oppose the Intervenors' motions."9

B. Factual Background

1. HRI's Proposed Uranium Mining Facilities

HRI's proposed operations for the four sites will consist of three separate facilities

13 See Letter from Eric D. Jantz to Mitzi A. Young and John T. Hull (July 31, 2003)
[hereinafter Jantz 07/31/03 Letter].

14 See Joint Status Report (Mar. 26, 2004) at 6-7; Tr. (Apr. 14, 2004) at 54.

15 See Tr. at 66-67.

'6 See supra note 2.

17 See Commission Order (May 26, 2004) at 2 (unpublished). The Commission's Order
resolved the jurisdictional issue relative to Section 8 that I raised with the parties. See Tr. at 43-
47.

18 See suPra note 4.

'9 See supra note 3.
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including the Crownpoint Central Plant (CCP) and two satellite plants - Churchrock and

Crownpoint Unit 1. Each of the three plants will contain production and restoration equipment,

and the CCP will also contain a dryer and a drum storage area. At a minimum, two retention

ponds will be constructed at each site.20

The mining process to be employed by HRI utilizes a leaching solution (lixiviant) to

extract uranium from the geologic formation in which it is found. To begin the process, lixiviant

is injected into the zone of interest via injection wells, then recovered by pumping production

wells. The pregnant lixiviant is then piped to an ion exchange facility where the uranium is

removed by passing the lixiviant through ion exchange resin. The yellowcake slurry produced

by this process is then transported to the central Crownpoint processing plant to be dried using

a batch-type rotary vacuum dryer system.21

Mining at Churchrock will commence first at Section 8 and, including time for restoration,

is expected to last approximately 5.5 years. HRI plans to shut down individual wells within the

wellfield when they are depleted of uranium. When an entire segment of a wellfield is no longer

economically productive, restoration efforts will begin, including ground water sweep, reverse

osmosis treatment, and brine concentration. Mining of Section 17 will follow that of Section 8

and is expected to last 4.5 years, including final decommissioning. 22

In its FEIS, the NRC Staff concluded that the potential significant impacts from HRI's

proposed facilities could be mitigated and that the license should be granted with the condition

20 See Crownpoint Uranium Project Consolidated Operations Plan, Rev. 2.0 (Aug. 15,
1997) at 25, 28-29 [hereinafter COP]. The COP was submitted by HRI in an effort to organize
filings it had made over a period of more than ten years.

21 See id. at 10, 37.

22 See id. at 17.
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that HRI be bound by both the commitments made in its application and the requirements and

recommendations set out by the Staff.23

2. The Proposed Springstead Estates Project

The SEP is a proposed housing development that, if constructed, would be situated on

640 acres of largely undeveloped land on Section 30 of Township 16 North, Range 16 West of

the New Mexico Principal Meridian in McKinley County, New Mexico, southwest of the HRI

mining operations in Churchrock Sections 8 and 17. The development, which would be

constructed in phases over a number of years, would be comprised of up to 1,000 residential

single-family, apartment, and townhouse units that would provide housing for Native American

families in the area.24

11. ANALYSIS

A. Standards for Supplementing an FEIS

The National Environmental Policy Act of 1969 (NEPA) requires that federal agencies

prepare an environmental impact statement (EIS) as part of all 'major Federal actions

significantly affecting the quality of the human environment." 25 The statute imposes procedural

constraints upon an agency's decision-making process, requiring an agency to assess the

environmental impacts of its actions without mandating any particular result related to that

action.26 This requisite 'hard look" at the environmental consequences mandated by NEPA 27 is

23 See FEIS at xxi.

24 See Jantz 07/31/03 Letter, Attach. 1, Environmental Assessment Prepared by Howard
Bitsui for the Springstead Estates Project (June 1, 2003) at 4-5, ADAMS Accession Number
ML032810448 [hereinafter EA].

25 42 U.S.C. § 4332(2)(C)(2000).

26 See Robertson v. Methow Valley Citizens Council, 490 U.S. 332, 350 (1989);
Northeast Nuclear Enerny Company (Millstone Nuclear Power Station, Unit 3), CLI-01-3, 53
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subject to a 'rule of reason," meaning that the assessment need not include every

environmental effect that could potentially result from the action, but rather 'may be limited to

effects which are shown to have some likelihood of occurring."28 Thus, the proper inquiry under

this standard is not whether an effect is 'theoretically possible," but rather whether it is

"reasonably probable that the situation will obtain."29

The NRC's obligation under the statute does not end following initial approval of an

action. Even beyond that stage, NEPA requires that the agency take a 'hard look' at the

environmental effects of the proposal.30 The Commission's regulations require that a final

environmental impact statement must be supplemented if there exists "significant new

circumstances or information relevant to environmental concerns and bearing on the proposed

action or its impacts." 3' Similar to the determination to prepare an EIS in the first place, agency

decisions regarding whether to supplement an FEIS are also governed by the rule of reason.32

A supplement to the FEIS is not required "every time new information comes to light."33

Rather, it is compelled by "only those changes that cause effects which are significantly different

NRC 22, 44 (2001).

27 See Louisiana Energy Services. L.P. (Claiborne Enrichment Center), CLI-98-3, 47
NRC 77, 87 (1998).

28 Northern States Power Co. (Prairie Island Nuclear Generating Plant, Units 1 and 2),
ALAB-455, 7 NRC 41, 48 (1978).

29 Id. at 49.

30 See Marsh v. Oregon Natural Res. Council, 490 U.S. 360, 374 (1989).

31 10 C.F.R. § 51.92(a)(2) (2004); see also Yankee Atomic Electric Co. (Yankee Nuclear
Power Station), CLI-96-7, 43 NRC 235, 269 (1996). This language also mirrors that found in the
Council on Environmental Quality (CEQ) regulations. See 40 C.F.R. § 1502.9(c)(1)(ii) (2004).

32 See Marsh, 490 U.S. at 373-74.

33 CLI-99-22, 50 NRC 3,14 (1999) (citing Marsh, 490 U.S. at 373).
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from those already studied."34 That is to say, the new circumstance must present a

"seriously different picture of the environmental impact of the proposed project," 35 affecting "the

quality of the human environment in a significant manner or to a significant extent not already

considered." 36 The question whether the new information or circumstance is significant

ordinarily raises a factual dispute.37

B. Application of Standards to Intervenors' Motions

Based upon the principles discussed above, my determination necessarily turns upon

two related questions: (1) whether there has already been a "hard look" taken at the potential

environmental consequences of HRI's mining operations affecting the proposed SEP as

required by NEPA; and (2) whether the new circumstance, in this case the SEP, presents a

"seriously different picture of the environmental impact of the proposed project."3 8 In short, will

the SEP be affected by HRI's uranium mining "in a significant manner or to a significant extent

not already considered." 39 Following an examination of all the filings on this matter, including

affidavits of proffered experts, I find that the requirements of NEPA have been satisfied, and that

the Intervenors have not presented a prima facie case that the SEP represents a "significant

new circumstance" such that a supplement to the existing FEIS is warranted.

34 CLI-01-4, 53 NRC 31, 52 (2001) (citing Davis v. Latschar, 202 F.3d 359, 369 (D.C. Cir.
2000)).

35 CLI-99-22, 50 NRC at 14 (citing Sierra Club v. Froehlke, 816 F.2d 205, 210 (5th Cir.
1987)).

36 Marsh, 490 U.S. at 374.

37 See id. at 376-77; Friends of the Bow v. Thompson, 124 F.3d 1210, 1218 (10th Cir.
1997).

38 CLI-99-22, 50 NRC at 14.

39 Marsh, 490 U.S. at 374.
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In their motion, the Intervenors assert that the Staffs refusal to supplement the FEIS is a

violation of NEPA, as well as the regulations of both the Council on Environmental Quality and

the NRC, because the proposed SEP represents a significant new circumstance warranting a

supplementation to the FEIS.40 Based upon the affidavits of two individuals, Michael G. Wallace

and Alan C. Eggleston,41 the Intervenors claim that the HRI operations will have a significant

effect upon the SEP, such that the groundwater and radiological impacts must be re-examined

by the Staff in a supplemented FEIS.

As a general response to these claims, HRI argues that no evidence has been provided

to demonstrate that the SEP has advanced beyond the conceptual stage and, in addition, that

the Intervenors have failed to show that any adverse impacts from HRI's operations would exist

should the development be constructed. 42 Thus, HRI asserts that the Intervenors have not

40 See Intervenors' Section 8 Motion at 5. For the sake of simplicity, I refer only to
Intervenors' Section 8 motion because Intervenors' Section 17 motion is essentially identical.

4' See Intervenors' Section 8 Motion, Exh. A, Affidavit of Michael G. Wallace in Support
of [Intervenors'] Motion to Supplement the [FEIS] for the Crownpoint Uranium Project (May 14,
2004) [hereinafter Wallace Affidavit]; Exh. B, Affidavit of Alan Eggleston in Support of
[Intervenors'] Motion to Supplement the [FEIS] for the Crownpoint Uranium Project (May 14,
2004) [hereinafter Eggleston Affidavit].

Mr. Wallace, who earned an M.S. degree in Hydrology and a B.A. degree in Plant and
Soil Science, is a hydrogeologist with over twenty years of experience in the field. Dr.
Eggleston, who holds a Ph.D. with an emphasis on neuro- and cellular physiology and behavior,
and a B.A. degree in Biology, has over thirty years experience in the area of neurophysiology.
Since 1982, he has served as a consulting scientist in environmental impacts of hazardous and
radioactive materials projects.

42 See HRI Response at 7. In support of its response, HRI filed the affidavits of Mark S.
Pelizza and Craig S. Bartels. See id., Exh. A, Affidavit of Mark S. Pelizza (June 21, 2004)
[hereinafter Pelizza Affidavit]; Exh. B, Affidavit of Craig S. Bartels (June 21, 2004) [hereinafter
Bartels Affidavit].

Mr. Pelizza, who holds an M.S. degree in Geological Engineering and a B.S. degree in
Geology, is a licensed professional geoscientist with over 26 years of experience in the ISL
mineral recovery industry. Mr. Bartels, who earned a B.S. degree in Petroleum Engineering, is
a professional engineer and geoscientist and is a principal in a consulting company that
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supported their assertion that the SEP represents a significant new circumstance warranting a

supplemental EIS.43 For its part, the Staff argues that the Intervenors have not shown an

environmental effect 'significantly different from that already studied," or a change of

circumstances that present a "seriously different picture of the environmental impact of the

proposed project."44 Further, the Staff opposes the Intervenors' motions on the grounds that the

environmental assessment for the SEP prepared on behalf of the Department of Housing and

Urban Development does not establish the existence of any new, significant adverse

environmental impacts of the HRI mining operations on the SEP.45

1. Groundwater Issues

a. Horizontal Excursions

The Intervenors first argue that groundwater pumping by HRI for its operations at Church

Rock Sections 8 and 17, when performed along with pumping for drinking water for the SEP,

likely will affect the groundwater gradient, which potentially could hinder HRI's ability to balance

specializes in hydrology, geochemistry, aquifer test design and analysis, and groundwater
modeling.

43 See HRI Response at 7.

44 See Staff Answer at 5 (citing CLI-01-4, 53 NRC at 52). In support of its response, the
Staff filed the affidavits of Ron C. Linton and Richard A. Weller. See id., Staff Exh. 1, Affidavit of
Ron C. Linton (June 25, 2004) [hereinafter Linton Affidavit]; Staff Exh. 2, Affidavit of Richard A.
Weller (June 25, 2004) [hereinafter Weller Affidavit].

Mr. Linton, who holds M.S. and B.S. degrees in Geology, is a hydrogeologist employed
by the NRC and the former Project Manager for the HRI license. Dr. Weller, who earned Ph.D.
and M.S. degrees in Nuclear Engineering, and his B.A. degree in Distributed Sciences, is a
nuclear engineer and is the current Project Manager for the HRI license.

45 The Staff also argues that 10 C.F.R. § 51.92(a) bars formal supplementation by the
Staff because the Staff has already issued HRI a materials license. See Staff Response at 9-
10. Contrary to the Staffs argument, the supplementation requirement of NEPA and the
agency's environmental regulations is not abrogated by the Commission's practice rule
authorizing the Staff to issue a license before the adjudication is commenced or completed.
See 10 C.F.R. § 2.1205(m)(2004).
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its wellfield and control horizontal excursions.46 Because of the close proximity of the proposed

housing development and the Church Rock sites, the Intervenors claim that any potential

excursions - mining solution seepages usually caused by an imbalance of injection rates and

pumping rates - could create serious issues with the drinking water of the SEP. 47 Specifically,

their affiant, Mr. Wallace, asserts that the SEP could conceivably pump water at a rate of more

than 300 gallons per minute from any one of the Westwater, Dakota, or Cow Springs aquifers,

which, when combined with the HRI operations, potentially could result in changes to the

groundwater flow "magnitude and direction" of either Section 8 or 17.48 Mr. Wallace states that

any change of this nature 'would render current monitoring, development, and remediation

plans more indefensible and unreliable than they already are."49

In response, HRI argues that this allegation is without merit because the NRC has

already determined in the FEIS that these mining activities pose no significant threat to nearby

water sources or neighboring communities, and the SEP is located two miles upgradient from

the southern restricted site boundary of Section 17 and even further from that of Section 8.50

Further, HRI asserts that Intervenors' affiant, Mr. Wallace, ignores existing site geological and

hydrological data showing that the Dakota and Westwater aquifers could not provide the

postulated amount of water needed for use by the SEP.51 With respect to the Cow Springs

46 See Intervenors' Section 8 Motion at 7-8.

4 7 See id.

48 Wallace Affidavit ¶118.

49 Id.

so See HRI Response at 8.

51 See id. at 9. The Westwater is the aquifer for which HRI claims water rights and in
which the HRI mining operations will take place. See id. at 10 n.10.
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aquifer, HRI points to findings in the FEIS that indicate the existence of an estimated 55-meter-

thick layer of Recapture Shale, an aquiclude between the Cow Springs and the Westwater

aquifers at the Church Rock site, the existence of which, the NRC concluded, greatly minimizes

the risk that an excursion into the Cow Springs aquifer could occur.52 Because there is little

hydraulic connection between these two aquifers, HRI's affiant, Mr. Bartels, states that "any

potential affect [sic] from pumping the Cow Springs at the SEP site on HRI's Church Rock

project would be insignificant."53

Further, even if it accepts the assumptions of the Intervenors' affiant regarding the

viability of the Westwater aquifer as a water source for the SEP, HRI contends that its modeling

shows that these concerns are without merit. Putting aside the fact that the Church Rock sites

are downgradient of the SEP and the groundwater flows in a north-northeasterly direction, Mr.

Bartels asserts that his groundwater model indicates that a particle starting within the Section 17

site two miles from the SEP pumping wells would take 869 years to travel the simulated

distance to the pumping wells.54 He states that if the hydraulic gradient and directional flow

factors are taken into account during the modeling, the particle never reaches the pumping

wells.55

In support of its position, the Staff identifies the failure of the EA on the proposed

development to establish which aquifer would supply water to the SEP, but focuses on the

distance between the HRI mining project and the proposed housing project even without the EA

52 See id. at 9-10.

53 Bartels Affidavit ¶ 9.

54 See id. ¶19.

55 See id.¶ 20.
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locating any specific wells for the SEP.56 Relying on the FEIS, the Staff notes that the tilt (i.e.

dip) of the rock formations underlying Church Rock Sections 8 and 17 causes the groundwater

in that area to flow to the north-northeast, which is directly away from the SEP.57 This being the

case, the Staffs affiant, Mr. Linton, states that the assumed groundwater usage of the SEP

would have to reverse the potentiometric surface and groundwater flow direction at the Church

Rock sites by some 180 degrees, a 'highly unlikely" occurrence.58 Additionally, the Staff asserts

that for any contamination to occur at the SEP as a result of a lixiviant excursion,

the groundwater would have to flow upgradient towards the proposed housing site, also an

unlikely event.59

At the outset it should be noted that the SEP is, at best, in a conceptual stage and that it

is totally speculative as to which, if any, aquifer would supply the SEP with water should the

housing development ever be built. Indeed, the Intervenors are not able to identify which

aquifer will serve this purpose.60 In addition, I find compelling the analysis by the affiants for

both the Staff and HRI, raising grave doubt as to the viability of the three aquifers identified by

the Intervenors as potential water source options based upon the existing conditions of each.61

Notwithstanding the speculative nature of the proposed SEP and the questionable

viability of the aquifers as water sources at the location of the SEP, the existing hydrologic and

geological characteristics of the sites make it highly unlikely that excursions and migrations due

56 See Staff Answer at 5-6.

57 See id. at 7; FEIS Fig. 3.1 1.

58 Linton Affidavit ¶11 0.

59 See id.; Staff Answer at 7-8.

60 See Tr. at 53.
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to combined groundwater pumping at the SEP and Church Rock sites would occur, even if it is

assumed that the aquifers are viable water sources for the proposed SEP. First, as the FEIS

indicates, the three aquifers identified by the Intervenors, the Dakota, the Westwater and the

Cow Springs, have no hydraulic connection because of the rock formations between each of the

aquifers.62 Second, Church Rock Sections 8 and 17 lie to the north-northeast of the proposed

location of the SEP, and the FEIS shows that the potentiometric surface and approximate

groundwater flow direction at these HRI mining sites is also north-northeast, meaning that this

flow moves in a direction away from the SEP.63 To have an effect on any future SEP wells, as

Staff affiant Mr. Linton notes, this flow would have to be reversed by nearly 180 degrees, a

'highly unlikely" event, as any such SEP wells would be both upgradient from Sections 8 and 17

and, if drilled in the location closest to the Section 17 site, no less than 1.5 miles away.64

Indeed, a modeling of the potential impacts of the HRI mining on the SEP site from the

Westwater aquifer performed by Mr. Bartels, taking into account the direction of the

groundwater flow in the area, shows that a particle starting at the southern edge of Church Rock

Section 17 two miles from the SEP never reaches the housing development's pumping wells.65

To further mitigate this concern, HRI's license requires vertical and horizontal excursion

monitoring wells, as well as mechanical integrity tests on injection wells at HRI's Church Rock

61 See Bartels Affidavit m 11, 13-17; Linton Affidavit m¶ 6-8.

62 See FEIS at 3-31, 3-35. As the Staff points out, the lack of any connection must be
demonstrated by HRI prior to any uranium mining as part of license conditions 1 0.32b and
10.25, further mitigating Intervenors' concern in this regard. See also Linton Affidavit ¶J4;
Bartels Affidavit ¶ 26.

63 See FEIS Fig. 3.11 at 3-37.

64 See Linton Affidavit % 10.

65 See Bartels Affidavit %1 20.
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operations.66

In light of the above discussion, I find that no supplementation of the FEIS is required

regarding the horizontal excursion issue raised by the Intervenors. The FEIS already has

analyzed (i.e. taken a uhard look" at) each of the environmental consequences related to the

groundwater gradient from the HRI uranium mining operations. Additionally, the Intervenors

have not brought forth any additional plausible concerns related to the groundwater gradient

that present a seriously different picture of the environmental impact of solution mining of

Church Rock Sections 8 and 17.

b. Vertical Excursions/Pipeline Fault

The Intervenors also claim that an additional adverse consequence of the combined

groundwater pumping could be vertical excursions67 through a purported nearby fault coinciding

with the Pipeline Canyon.68 In this regard, the Intervenors' affiant, Mr. Wallace, is concerned

that any change to the groundwater flow due to combined groundwater pumping could

potentially cause lixiviant containing uranium to flow toward the postulated Pipeline fault, which

allegedly trends southwest through Section 17.69 According to Mr. Wallace, if water flows

toward the fault, vertical excursions could result, causing contamination to the overlying and

66 See Linton Affidavit % 11 (citing License Conditions 10.12, 10.17, 10.20, and 10.24).

67 Vertical excursions occur when existing vertical pathways allow mining solutions to
migrate up or down into neighboring aquifers. These pathways can result from thin or missing
confining units (geologic material with low permeability), open faults and fractures, broken
mining well casing, and injection wells operating at excessive pressures. See FEIS at 4-17.

68 See Intervenors' Section 8 Motion at 8.

69 See Wallace Affidavit ¶¶ 20-21.
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underlying aquifers.70

In addition to evidence indicating a lack of hydraulic connection between the three

aquifers, the affiants for both HRI and the Staff respond by pointing to the fact that the FEIS has

called into question the very existence of the alleged Pipeline fault.71 In this regard, the FEIS

states:

70 Seeid.1121.

71 See Bartels Affidavit 1 25; Linton Affidavit ¶% 12.
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A more recent detailed geologic map (Kirk and Zech 1987)
indicates that the fault does not occur at all. This geologic map
indicates no offset structural contours in the area. This
interpretation is repeated by several regional geological studies
including Sears and others (1936), O'Sullivan and Beaumont
(1957), and Cooley and others (1969). No evidence for the fault is
found in any of the site drilling data, and HRI indicates that if it
exists, it is probably found some distance to the east.72

HRI and the Staff argue that Mr. Wallace offers no geologic evidence, only

speculation, to refute this finding and lend support to these concerns.73 Further,

the Staffs affiant, Mr. Linton, notes that the "subject of vertical lixiviant migration

due to structural shears, fractures, and joints, has previously been raised in this

proceeding,' where such vertical excursions were said to be unlikely 'due to the

projected thickness and rock type of the overlying confining units."74

The supposed Pipeline fault has been analyzed and addressed by the

FEIS. Indeed, the findings of the FEIS, based upon extensive resources

including site drilling data, a detailed geological map and several geological

studies, dispute the very existence of this fault.75 Moreover, Judge Bloch, the

former Presiding Officer in this proceeding, previously held that the Staff had

dealt uadequately with the question of vertical excursions through faults,

72 FEIS at 3-21.

73 See Bartels Affidavit ¶J 25; Linton Affidavit 1 12.

74 Linton Affidavit ¶ 12 (citing NRC Staff Response to Questions Posed in

April 21 Order (May 11, 1999), Staff Exh. 1, Affidavit of William H. Ford (May 11,

1999) at m% 27-36).

75 See FEIS at 3-21.
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fractures, shears, joints, etc.," and determined that the "danger of lasting damage [from such

excursions] is very small." 76 The Intervenors' affiant offers no technical data to counter the

findings in the FEIS. Absent a showing by the Intervenors of significant new circumstances or

information related to the purported Pipeline fault and its relation to potential vertical excursions,

I find that no supplementation of the FEIS on this matter is required.

c. Vertical Excursions/Mine Workings

The Intervenors next allege that additional vertical pathways for excursions could be

caused from the collapse of underground mine workings located on the HRI site.77 The

Intervenors' affiant, Mr. Wallace, notes that the FEIS indicates that groundwater pumping by

HRI's solution mining could change the pressure within the abandoned underground mine

workings found on Section 17, causing their collapse and creating vertical pathways for

groundwater flow.78 Mr. Wallace argues that simultaneous pumping on the part of the SEP

could 'further complicate HRI's ability to mitigate underground mine workings collapse."79

Further, he asserts that past dewatering of the old mine workings may have retarded the natural

reducing conditions of the aquifer so that natural attenuation may not prevent uranium from

moving farther than projected by the FEIS. According to Mr. Wallace, groundwater pumping by

the SEP could increase the distance uranium travels before encountering reducing conditions,

76 LBP-99-30, 50 NRC 77, 93 (1999).

77 See Intervenors' Section 8 Motion at 8.

78 See Wallace Affidavit % 23 (citing FEIS at 4-55 to 4-56).

79 Id. % 24.



-20-

thereby making more difficult the restoration efforts of HRI and potentially jeopardizing the

SEP's drinking water source.80

In response, HRI and the Staff argue that the FEIS has addressed extensively the old

uranium mine workings in Section 17 and HRI's proposed operations.8' Additionally, both state

that the Intervenors' concerns are mitigated by the fact that HRI is required by their license to

place excursion monitoring wells near the old mine workings for detection purposes, and that

the FEIS concluded that such monitoring would provide adequate protection against the

possibility of vertical excursions.82 With regard to Intervenors' claims that past dewatering of the

abandoned mine workings may have diminished the reducing conditions in the aquifer, HRI's

affiant, Mr. Bartels, agrees and points to extensive discussion of the subject within the FEIS.83

He asserts, however, that this condition exists currently, will continue to exist without regard to

HRI's operations, exists at all previously dewatered uranium mines, and that the Intervenors

have presented no new information in this regard.84 The Staffs affiant, Mr. Linton, concurs,

asserting that no well in the SEP would be threatened by any Section 17 groundwater because,

as found in the FEIS, uranium is quickly absorbed and removed from local groundwater due to

80 See id m 25-26.

81 See Bartels Affidavit 1 26; Linton Affidavit 113.

82 See Bartels Affidavit ¶1 26; Linton Affidavit ¶1 13.

83 See Bartels Affidavit ¶ 27.

84 See id.



-21-

the reducing conditions in the rock commonly surrounding uranium ore bodies.85 Mr. Linton

asserts that the Intervenors have provided no evidence showing that such reducing conditions

do not exist in relation to the uranium body located on the HRI site.86

Both concerns related to the old mine workings located at Church Rock Section 17 have

been adequately addressed in the FEIS, and absent any new circumstances, do not warrant a

supplement to the current environmental evaluation. Clearly, the FEIS already has taken a

'hard look" at the environmental impacts of the old mine workings and uranium mining at

Church Rock. The FEIS specifically discusses these concerns, noting that it is probable that a

number of the mine workings have already collapsed because of the type of mining utilized at

the site previously.87 In light of this situation, pumping tests were conducted in the area and

detected no aquifer interconnection.88 Moreover, HRI has committed to conducting monitoring

near the old mine workings to detect any potential excursions. And, as stated in the FEIS, such

monitoring "should provide adequate detection of potential vertical excursions." 89 The

Intervenors have presented no factual basis or other credible evidence supporting their claim

that the potential construction of the SEP renders the above-analysis inadequate. This being

the case, I find that a supplement to the FEIS on this score is unnecessary.

85 See Linton Affidavit ¶ 14 (citinQ FEIS at 4-57).

86 See id. 11 14.

87 See FEIS at 3-40, 4-54.

88 See id. at 3-35, 4-54.

89 Id. at 4-56.
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Similarly, with regard to the Intervenors' specific claim regarding reducing conditions in

the aquifer, I am satisfied that the FEIS also has taken the requisite 'hard look" at this issue and

that no new circumstances have been presented justifying an update to the environmental

study. First, it is clear that the FEIS recognizes the possible existence of the very issue raised

by the Intervenors.90 As the FEIS indicates, however, research shows that reducing conditions

in rock formations commonly surrounding bodies of uranium ore quickly absorb and remove

uranium from local groundwater. 91 Absent any evidence from the Intervenors to the contrary, or

that these conditions are not present at the Church Rock site, the existing FEIS is adequate.

Further, as is the case with other previously dewatered uranium mines, the same condition

would exist whether or not HRI mines Section 17. Again, the Intervenors provide no data or

credible support for the claim that this is not the case or that the problem would be exacerbated

by the HRI operations. Finally, I note that this perceived problem could, in fact, be improved by

HRI's presence at Church Rock, as it will conduct monitoring to prevent any mining solution

from escaping site boundaries. Accordingly, I find that the FEIS need not be supplemented in

this regard.

2. Radiological Issues

a. Airborne Emissions

The Intervenors argue that because the SEP was not considered as part of the original

receptor inventory when the radiological effects of Church Rock Sections 8 and 17 were

examined, the FEIS must be supplemented to include such a study.92 They assert that airborne

90 See id. at 4-58.

9' See id. at 4-57.

92 See Intervenors' Section 8 Motion at 8.
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particulate emissions from each emission point should be modeled for the SEP because of the

locations of the proposed housing development in relation to the Church Rock sites.93

In response, HRI and the Staff state that the FEIS evaluated the radiological dose

estimates for Church Rock's restricted site boundaries as well as the nearest downwind

residence, and found them to be well-within regulatory limits. For this reason, coupled with the

fact that the SEP is located approximately two miles upwind from these boundaries, both assert

that supplementation to the FEIS in this regard is not necessary.'

The Intervenors' argument with respect to the airborne emissions of the HRI uranium

mining operations is without merit. The FEIS modeled 17 airborne receptors near the Church

Rock sites, including the nearest downwind residence, and found that the exposures with

emission controls are a 'small fraction of the regulatory limits.w95 Further, as HRI and the Staff

point out, the proposed location of the SEP is approximately two miles southwest of the Section

93 See id.

94 See HRI Response at 12-14; Staff Response at 6-7.

95 FEIS at 4-83 to 4-85.
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17 restricted site boundary, and generally upwind of both Church Rock sections.96 As Mr.

Pelizza, HRI's affiant, states, u[b]ecause the FEIS analysis shows no adverse radiological

impact at boundaries and residences that are far more susceptible to potential exposure, it is

unreasonable ... that more distant receptors upwind would be impacted by radiation to a larger

96 See id. at 3-3, Fig. 3.1 at 3-4, Fig. 4.5 at 4-84.
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degree." 97 I find, therefore, that this concern fails to meet the standards necessary to warrant

supplementation of the FEIS.

b. Emissions Due to Facility Type

The Intervenors also claim that the current radiological assessment is inadequate

because it is based upon an untested type of commercial processing facility, rather than one

based on an "industry standard processing plant." 98 According to the Intervenors' affiant, Dr.

Eggleston, the utilization of this 'unproven technology," would be 'particularly important in terms

of airborne emissions during groundwater restoration" for the two Church Rock Sections.99

Should the HRI processing plant have no emissions during production as claimed by the

licensee, Dr. Eggleston states that gases such as radon and other re-circulated particulates will

be then released during the restoration phase.100

These claims are rejected by the affiants for both HRI and the Staff. As pointed out by

Mr. Pelizza, the pressurized downflow ion exchange system that will be used by HRI is not

experimental and, in fact, is employed at other ISL sites in Wyoming licensed by the NRC.'0 '

Further, according to both these parties' affiants, the process to be employed by HRI will serve

97 Pelizza Affidavit ¶ 28.

98 Intervenors' Section 8 Motion at 9; see Eggleston Affidavit ¶1 11.

9 Eggleston Affidavit ¶112.

100 See Intervenors' Section 8 Motion at 9; Eggleston Affidavit 1 12.

lo' See Pelizza Affidavit %1 22.
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to reduce significantly radon release during the production phase of the facility.102 As stated by

Mr. Linton, HRI plans to use a vacuum pump to remove and compress the radon in intermediate

holding tanks, dissolve it in the lixiviant injection system, and then recirculate it back into the

well field.'03 He states that the primary emissions of radon will occur when excess vapor

pressure is vented by relief valves at outdoor locations, when ion exchange columns are

opened for resin transfer and elution, and when waste water is treated, and each of these

scenarios has been sufficiently modeled in the FEIS.104 The Staff also declares that particulate

emissions are of no concern. In this regard, Mr. Linton states:

102 See Pelizza Affidavit %1 22; Linton Affidavit ¶ 18.

103 See Linton Affidavit 1 18.

104 See id. %1 19 (citing FEIS at 2-15,4-82 to 4-85).
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[A]ny particulate matter generated by HRI's operations would be
trapped by a bag filter - - with a 99 percent efficiency - - and would
be returned to the uranium production circuit in the processing
plant. The remaining one percent would be trapped by condensing
and cooling all water vapor from the drying chamber. The vapor
would be drawn through a water jacket and condensed, thereby
capturing virtually all of the particulate matter escaping the bag
filter. The condensate would then be returned to the uranium
precipitation circuit in the processing plant.'05

The Intervenors' position with respect to the type of processing facility to be used by HRI

is without merit. First, the Intervenors present no evidentiary support for their claims. Second,

the FEIS adequately evaluates the processes to be utilized by HRI to minimize the emission of

airborne effluents. Finally, as discussed in section lI.B.2.a., above, the FEIS also examines the

radiological levels of airborne emissions at various, higher-risk locations and finds them to be

within regulatory limits. Thus, because the FEIS has taken the requisite 'hard look' at the

possible effects of airborne effluents from the Church Rock operations and HRI's actions to

mitigate them, I find that no further supplementation of the FEIS is necessary.

3. Other Issues

a. Traffic Patterns/Accident Rates

105 Id. 1 18 (citing FEIS at 2-15).
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The Intervenors maintain that the existing FEIS takes neither the new traffic patterns, nor

the resulting accident rates related to the SEP into account, requiring further

supplementation.' 06 The additional 4,400 individuals in the area due to the SEP,' 07 the

Intervenors claim, would cause significant changes to the traffic load on the roads that provide

access to the housing development, increasing the likelihood of accidents involving HRI's

transport of hazardous materials.108

I am satisfied that the issue of traffic patterns and accident rates has been adequately

addressed by the FEIS. As pointed out by HRI's affiant, Mr. Pelizza, the FEIS in its current form

evaluates the transportation route from the Church Rock facility northwards, as well as the risks

for communities located along this route, including Crownpoint because that is the

transportation route for the Church Rock product (i.e. yellowcake slurry).109 Additionally, the

FEIS indicates that the HRI mining operations at Church Rock will not significantly increase the

transportation risk to the regional population that exists currently.11 Further, as the Staff

106 See Intervenors' Section 8 Motion at 9.

107 The Intervenors arrive at their estimated population figure by multiplying the proposed

size of the SEP (1,000 single-family units) and the average size of a Navajo family as

determined by the 2000 Census (4.36 persons). See Eggleston Affidavit 1 9.

108 See Intervenors' Section 8 Motion at 9.

109 See Pelizza Affidavit ¶I¶ 43-45; see also FEIS Fig. 2.6 at 2-13; 3-45 to 3-46; 4-69 to 4-

70.

110 See FEIS at 4-124.
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indicates, there will be relatively infrequent shipments of radioactive wastes from the HRI

facilities."1

Absent any contrary evidence to support the Intervenors' claims, it is reasonable to

conclude that the alleged risks to the SEP, which lies south of the Church Rock site and thus

not along the transportation route of the Church Rock product, will not exceed those already

contemplated in the FEIS. I find, therefore, that supplementation of the FEIS in this regard is

not necessary.

b. Environmental Justice

" ' See Weller Affidavit % 8.
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In addition to the traffic pattern and accident concerns, the Intervenors believe that the

SEP raises new environmental justice concerns not previously addressed that require further

supplementation of the FEIS.'12 The basis for the Intervenors' claim is the fact that the SEP will

be constructed in an area largely populated by Native Americans and will provide housing for

low-income families.'13

The Intervenors' claim with regard to environmental justice is also without merit. As

noted by HRI, the FEIS addresses in substantial detail the minority and low-income population

located in the same area as the Church Rock sites.'1 4 Indeed, the FEIS evaluates the impact of

the HRI operations within an 80 kilometer radius of the site - an area predominately inhabited

by Native Americans.115 This being so, the SEP presents no additional environmental justice

concerns not already addressed by the FEIS in its current form and the Intervenors have

presented no evidence to the contrary. Accordingly, I find that there is no need to supplement

the FEIS concerning environmental justice.

112 See Intervenors' Section 8 Motion at 9-10.

113 See id.

114 See Pelizza Affidavit 11 51.

115 See FEIS at 3-78 to 3-79.
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III. CONCLUSION

For the foregoing reasons, the Intervenors' motions to supplement the FEIS with respect

to Church Rock Sections 8 and 17 are denied, and their motion to re-open the record pertaining

to Section 8 is dismissed.

It is so ORDERED.

BY THE PRESIDING OFFICER' 16

[Original Signed By]

Thomas S. Moore
ADMINISTRATIVE JUDGE

Rockville, Maryland
October 22, 2004

116 Copies of this Memorandum and Order were sent this date by Internet e-mail or

facsimile transmission to all participants or counsel for participants.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD PANEL

Before Administrative Judges:
Peter B. Bloch, Presiding Officer

Thomas D. Murphy, Special Agent

)
In the Matter of: )

HYDRO RESOURCES, INC. ) Docket No. 40-8968-ML
2929 Coors Road, Suite 101 ) ASLBP No. 95-706-01-ML
Albuquerque, NM 87120 )

CORRECTED FOR ERRATA

AFFIDAVIT OF CRAIG S. BARTELS

1. My name is Craig S. Bartels. The statements herein are true and correct to the

best of my knowledge, and the opinions expressed herein are based on my best professional

judgment.

2. My education and experience are described in my vita, attached to this affidavit as

Exhibit A. To summarize, I have a Bachelor of Science degree from Montana College of Mineral

Science and Technology in Petroleum Engineering. I received my registration as a Professional

Engineer through testing in the State of Illinois. I have worked in the in-situ leach (ISL) uranium

recovery industry for over twenty years and am familiar with all aspects of the ISL process,

including well design and construction, well pattern design and development, well test analysis,

pump test design and analysis, computer modeling of flow processes, and wellfield and plant

operations. I have supervised and trained others in the design and operation of ISL projects. I



have evaluated numerous ISL properties and operations of other companies, and, as such, am

familiar with their operations and procedures.

My testimony concerns the groundwater and hydrologic conditions at HRI's licensed ISL

uranium recovery operation at Churchrock Section 8, New Mexico. Throughout my Testimony I

refer to the statements Mr. Wallace (Wallace Written Testimony, January 8, 1999), Dr. Abitz

("Abitz Written Testimony", January 8, 1999), and Dr. Staub ("Staub Written Testimony,"

January 8, 1999). Because Mr. Wallace's Written Testimony is noted so often here, its reference

is shortened to "WWT."

3. For the purposes of this affidavit, I referenced the following documents:

Dawson, K. J. and J. D. Istok, 1991. Aquifer Testing: Design and Analysis of Pumping and Slug
Tests, Lewis Publishers, Inc.

Dempster, Practical Engineering. "Dempster Basic Pump Principles, Section 500, Practical
Engineering Information". Dempster Industries, Inc. Beatrice, NE, Date Unknown.

Earlougher, Jr., R. C., 1977. Advances in Well Test Analysis. Monograph Volume 5 of the
Henry L. Doherty Series, Society of Petroleum Engineers (SPE), Dallas, TX.

Freeze, A. and J. Cherry, 1979, GROUNDWATER Prentice Hall, Inc., Englewood Cliffs, NJ

G&M, 1993. Analysis of Hydrodynamic Control, HRI, Inc., Crowvnpoint and Churchrock Newl,
Mexico Uranium Mines, Geraghty & Miller, Inc. (G&M), Corpus Christi, TX, October 7,
1993.

HRI 1992a. Pump Test Analysis, Crowvnpoint Project, April, 1991. Contained in the
"Crownpoint Project, In-Situ Mining Technical Report. HRI, Inc. June, 1992.
[Referenced by Mr. Wallace as "Crownpoint Technical Report, 1992 ]

HRI, 1993. HRI, Inc., Churchrock Project Revised Environmental Report, March, 1993.

HRI, #50. HRI, Inc. response to NRC AIR #50, "Degradation of Crouwnpoint Water Supply
Wells By Restored Solution Mine Ground Water", April 1, 1996.

HRI, #99. HRI, Inc. response to NRC AIR #99, Sensitivity Analysis of Modeled Unit I Ground-
Water Flow. Letter from C. S. Bartels, HRI, to W. H. Ford, U.S. NRC. August 18, 1997.
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Kresic, N., 1997, Quantitative Solutions in HYDROGEOLOGY and GROUNDWATER
MODELING. CRC Lewis Publishers, New York, NY.

Kruseman, G.P. and N. A. de Ridder, 1994. Analysis and Evaluation of Pumping Test Data
(Second Edition). Publication 47. International Institute for Land Reclamation and
Improvement, The Netherlands, 1994.

4. LITTLE OF INTERVENORS' EXPERT TESTIMONY PERTAINS TO
CHURCH ROCK SECTION 8

I understand that the focus of this hearing is limited to Churchrock Section 8. 1 note,

however, that the overwhelming majority of the issues discussed in the testimony of Messrs.

Wallace, Abitz and Staub do not relate to Section 8, but rather addressed the specifics of the

Crownpoint and Unit I locations. However, some of their claims about the hydrologic conditions

beyond the Churchrock Section 8 project area, yet within the Westwater Canyon aquifer as host

of the Churchrock Section 8 ISL operation will be discussed by me to help in gauging the

credibility of the overall conclusions argued by Mr. Wallace and Dr. Abitz.

Much of Wallace's testimony is given over to such vague generalizations and

unsupported conclusions. For example, his condemnation of ISL operations in fluvial sands is

lengthy and dramatic, and certainly leaves the impression that mine solutions in fluvial systems

cannot be contained or adequately monitored. He bases most of his discussion on the

Crownpoint area with the erroneous assumption that the existing town wells will be operating

concurrent with HRI's ISL operations, and seems to only incidentally include Churchrock

Section 8. After more than eleven years of analysis of the Churchrock Section 8 ISL site, which

was under intense scrutiny through both the Draft EIS and FEIS processes, the general

conclusion by Mr. Wallace is that he needs more data (WWT, p. 21).

Wallace's long criticism of the hydrologic modeling performed by consultants Geraghty

and Miller for HRI, does not make a single reference to Churchrock Section 8, other than what
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might be inferred from the general denunciation of Geraghty and Miller's abilities and their

computer model (WWT, pp. 31 - 37). His general conclusion is:

Further, a groundwater divide line depicted on a drawdown diagram for an initial
wellfield located in the northeastern quarter of Section 17 is inaccurately drawn
(Geraghty and Miller, 1993, Figure 22); thus, I question the overall accuracy and
reliability of previous aquifer testing done at the Church Rock site. As a result of
these problems, I believe that excursions will occur, thereby creating a potential
long-term harm to the environment.

(WWT, p. 37).

This is a ridiculous conclusion to draw about Section 8, or any other part of the CUP,

including Section 17, from one allegedly inaccurately drawn groundwater divide. To that point

in his testimony, Mr. Wallace had not even discussed the aquifer testing at Churchrock Section 8.

In addition, earlier in his testimony Mr. Wallace had stated: .. . this model [Geraghty & Miller]

is not suitable for evaluating lixiviant containment." (WWT, 31).

Yet, because he disagrees with the interpretation of results from a model that he stated

was "unsuitable," he declared that he "believes excursions will occur" (assuming he means

Section 8 as the focus of this hearing). That is a nonsensical justification for such a conclusion.

In his section titled "ground water travel times misrepresented as conservative" (WWT,

pp. 3842), Wallace discusses the movement of lixiviant from Unit I (approximately 19 MILES

from Churchrock Section 8) to the Town of Crownpoint water wells (approximately 22 MILES

from Churchrock Section 8). He condemns "HRI's and NRC's assertions that the travel-time

estimates in the Unit I Sensitivity Analysis (at 3) and SER (at 1) are indeed 'conservative,' . .

The only mention of Churchrock (and not even Section 8) in that entire segment, was the last

words of the very last sentence in his conclusions:
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Accordingly, in my professional judgement, the particle travel times estimated in
the FEIS, in HRI's Unit I Sensitivity Analysis, and in the SER are not
scientifically supportable as conservative, and therefore do not demonstrate that
the drinking water supply of the Town of Crownpoint will be protected, nor that
lixiviant will be controlled with the Church Rock mining zone.

The Crownpoint water wells are 22 miles from Churchrock Section 8; Mr. Wallace does

not explain how mining at Section 8 threatens the Crownpoint wells. How could anybody

consider this a reasonable technical or scientific conclusion about Churchrock?

Out of 79 pages of dialogue, Wallace provides just three pieces of specific data, beyond

mere speculation and nothing associated with Churchrock or Churchrock Section 8 that could

actually be evaluated:

re-interpretation of the Geraghty and Miller's Piezometric Surface map for

Crownpoint representing conditions after all production and restoration has

been completed at Crownpoint; yet, he completely ignored the NRC

requirement that the Town wells will be moved prior to ISL being allowed to

start at the Crownpoint site (pp. 30-37, and Exhibits J, K).

* travel time from Unit 1 to Crownpoint Town water wells (pp. 40-41);

* reinterpretation of the Crownpoint pump test in his attempt to show "leakage"

(pp. 52-53, Exhibit M).

5. INTERVENOR'S EXPERTS QUALIFICATIONS

Although both Mr. Wallace and Dr. Abitz go to great lengths discussing a "conceptual"

or theoretical geologic model of the Westwater Canyon aquifer, it is not apparent from their

resumes or their Testimony that either has actually conducted, analyzed, or interpreted real world

hydrologic tests that have withstood technical or scientific scrutiny.
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This is especially true of Dr. Abitz, who does not appear to claim expertise, or even

familiarity, with the analysis and interpretation of hydrologic tests (Abitz Written Testimony,

Exhibit A). His unfamiliarity with basic hydrologic principles is first suggested in that he was

retained "as a technical expert in the field of geology and geochemistry." (Abitz Written

Testimony, p. 3), not in hydrology. Further, in his own description of his expertise (Abitz

Written Testimony, p. 3), there is nothing at all to suggest he is qualified to comment on the

hydrology of any aquifer, much less the Westwater Canyon aquifer. His apparent ignorance of

the methodology, interpretation, and critical assumptions associated with groundwater hydrology

and hydrologic analysis reflected in the fact that his Written Testimony, contains not a single

reference to the analysis and/or interpretation of any hydrologic test, and its relevance to the

Westwater aquifer in general, much less to Churchrock Section 8. In fact, Dr. Abitz technical

opinion concerning the hydrology of the Westwater Canyon aquifer appears to rest solely on a

"conceptual" geologic model of the depositional system (Abitz Written Testimony, pp. 3, 27-30).

Dr. Abitz makes statements such as:

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 . Hence, lixiviant control and containment are likely to be significantly
more difficult than HRI predicts . In my professional judgement, because
contaminated groundwater will flow through very narrow sand channels,....

(Abitz Written Testimony, p. 30) [emphasis added]. Given his stated credentials, Dr. Abitz is

simply not qualified to make judgements on issues associated with groundwater hydrology.

6. GEOLOGIC AND HYDROLOGY SETTINGS OF OTHER ISL MINES WAS
NOT REVIEWED

Perhaps more important than the materials that Mr. Wallace indicated to have reviewed

(WWT, pp. 3-9) are those that he did not review. Not a single document, report, paper,
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application, EA, EIS, or license/permit referring to the geologic and hydrologic settings of other

uranium ISL mines in the U.S. was noted as reviewed. The single exception might be the Staub

et al. report (1986), and Mr. Wallace's inspection of that can only be characterized as a review of

a review. This is rather remarkable given that he shows no prior technical or regulatory

experience with ISL, and given his rather broad denunciation ofjust about all of the hydrologic

technical work, submittals, and conclusions drawn by HRI, HRI's consultants, and the NRC.

7. "CONCEPTUAL" GEOLOGIC MODEL VERSUS MONITORING ISL
PROJECTS

Wallace and Abitz's "conceptual" geologic model does not reflect conditions in the

Westwater and is irrelevant in describing the dominant flow characteristics of the Westwater

Canyon aquifer. Such "conceptual" cannot be employed, in lieu of flow tests to determine actual

aquifer flow characteristics and rigorous monitoring requirements during operations [monitor

wells around, above and below (as needed) the mine zone]. Otherwise ISL applications would

simply involve development of a, theoretical model of the geologic system, completely negating

the need and use of empirical aquifer flow tests and monitor wells

The hydrologic (groundwater) focus of the ISL application and the regulating agencies is

to ensure that the monitoring practices and monitoring well system used during actual operations

are effective. As a result, pumping tests have become the standard for uranium ISL sites as

described in the Crownpoint Operating Plan (COP, Rev 2.0), and accepted by the NRC (as

reiterated in License Condition 10.23:

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.
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What HRI has proposed in its application is already the standard adhered to by the NRC

and other regulating agencies for uranium ISL: a regional pump test prior to licensing, followed

after licensing by a more detailed pump tests for each individual mine area ("mine unit") prior to

its production as described in COP Rev. 2.0 Section 8.5.

In a mine unit, monitor wells will encircle the mine zone, overlie the mine zone, and

underlie the mine zone [if a vertical connection (which will be tested) exists to the underlying

zone per License Condition 10.25]. Thus, many more wells, than in a area pump test that have

already been described in the applications, will be involved in determining the reservoir (aquifer)

flow characteristics (leakage, horizontal anisotropy, "channel" flow, etc.) of the site specific

mine unit. This ensures that the site specific reservoir characteristics are accounted for, rather

than relying on results from the more general regional pumping tests.' Knowledgeable analysts

of aquifer (reservoir) flow tests, know that flow boundaries that must exist in connection with the

"pipelines" opined by Wallace & Abitz, would be instantly recognized in single well or multiple

well aquifer tests. The investigation of the aquifer does not end with the area and subsequent

mine unit aquifer pump tests, since those "mine unit" monitor wells will continue to be observed

throughout the ISL production and restoration operations. These additional pump tests and

monitoring requirements, critical to Intervenor's concerns, afe have been [erratum] reiterated over

and over, yet [erratum] the Intervenor's largely ignores them.

8. THE WESTWATER CANYON AQUIFER IS FLUVIAL

Mr. Wallace goes through a lengthy dissertation contending that HRI does not recognize

the geology of the Westwater Canyon aquifer as a fluvial system (WWT, pp. 10 - 14). Yet, he

The general regional pump tests submitted as part of uranium ISL applications were never meant to provide the
detail (using many more monitor and observation wells) of the more site specific "mine unit" reservoir tests.
That standard was set by the regulatory agencies over more than two decades, not by 1-1RI.
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indicates that he has reviewed HRI's Churchrock ISL application to the NRC, which he

references as "Church Rock Revised Environmental Report" (WWT, p. 9), and noted here as

(HRI, 1993). From page 72 of that application:

The Churchrock project contains mineralization in the Westwater Canyon
member of the Jurassic Morrison formation. This section of the Westwater has
arbitrarily [been] designated the "A" sand in the project area. As described
previously, the Westwater was deposited as a broad alluvial fan sequence with a
preponderance of thick arkosic sandstone on the west side of the San Juan Basin
shaling out to the east and northeast at the distal edge of the fan. At Churchrock,
the "A" sand consists of a medium to coarse-grained, moderately sorted
conglomeratic sandstone with numerous clay clasts intermixed throughout the
section.

That description of the Westwater was also submitted with the original ISL application to

the NRC for Churchrock in 1988. In other HRI applications for ISL to the NRC, the Westwater

aquifer was described as: "Westwater Canyon Member - The Westwater Canyon Member

consists of interbedded fluvial red, tan, and light gray arkosic sandstone, claystone, and

mudstone."

That is also the wording used in the FEIS (page 3-8) to describe the Westwater aquifer.

Mr. Frank Lichnovsky, Chief Geologist with HRI, describes the fluvial nature of the Westwater

Canyon aquifer in more detail in his affidavit. With such clear documentation, by both HRI and

the NRC, of the Westwater aquifer as a fluvial system, Mr. Wallace's lengthy argument in this

regard is pointless.

9. MOST URANIUM ISL OPERATIONS IN U.S. IN FLUVIAL GEOLOGY

The overwhelming majority of uranium ISL projects in the U.S. operate in fluvial

aquifers. A partial list of U.S. uranium ISL projects is shown in Tables I and 2. This list is not

exhaustive, but is an indication of the information available in the public record. As shown,
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most of those ISL mines operate in fluvial systems, many in drinking water aquifers, with nearby

active domestic and municipal water wells. The geologic and hydrologic settings of these fluvial

aquifers are practically identical to the proposed Churchrock Section 8 ISL operation in New

Mexico and the environmental problems promised by Mr. Wallace, caused by his conceptual

"pipelines", "scour zones", have not materialized in over two decades of uranium ISL operations.

10. THE "PIPELINE" CONCEPTUAL THEORY IS MISTAKEN

Both Mr. Wallace and Dr. Abitz characterize fluvial aquifers, such as the Westwater

Canyon aquifer, as made up of thin, very permeable channels, analogous to "pipelines" (WWT,

pp. 9-14, 18, 38-42; Abitz Written Testimony, and p. 27-31). For simplicity, I have called it their

"pipeline" theory as referenced by Mr. Wallace: "Using the pipeline analogy, .. .." (WWT,

p. 39). What is most extraordinary is that Mr. Wallace and Dr. Abitz develop their "pipelines"

theory based in incorrect speculation and supposition about a "conceptual" geologic model:-"It

is my view that NRC's and HRI's conceptual model of the hydrology of the Westwater is

seriously flawed . . ." (WWT, p. 3).

In my professional opinion, the HRI proposal is grossly inadequate with respect to
the hydrological and geological conceptual design, " (Abitz Written Testimony,
p. 3). "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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Table I

Uranium ISL Mining Operations in Texas

. - Domestic / Municipal

ISL Mine Regional Aquifer . e Water Wells Completed in
Company Name Status2  USDW3  Geology E Mine Aquifer WVithin

Type cMILES' __

__ _ 0.6 1 1 1 2 5
Caithness Mining McBride Restored Oakville Fluvial = =6 = =

Conoco Trevino Restored Oakville Fluvial
Everest Minerals Hobson Restored Jackson Marginal

_____ _____ ____ _____ ____ _____ ____M arine_ _ _ _

Everest Minerals Las Palmas Restored Oakville Fluvial

Everest Minerals Mt Lucas Restored Goliad Fluvial
Everest Minerals Tex- I Restored Jackson Marginal
EC_ Pawnee Restored Oakville FuMarine = = = = =

IEC Pawnee Restored Oakville Fluvial

IEC Zamzow Restored Oakville Fluvial

Mobil / Cogema Holiday RP Catahoula Fluvial

Mobil / Cogema El Mesquite RP Catahoula Fluvial

Mobil / Cogema O'Hern Restored Catahoula Fluvial
Tenneco / Cogema West Cole RP Catahoula Fluvial 2 M. D_=_=

URI Alta Mesa ND Goliad Fluvial = =

URI Benavides Restored Catahoula Fluvial

URI Doingsvim e Operating Goliad Fluvial D, R 9 D 25 D 10 M

URI Longoria Restored Catahoula Fluvial

URI Rosita Operating Goliad Fluvial D, R 40 D

URI Vasquez ND Oakville Fluvial

U.S.Steel Boots Restored Oakville Fluvial

U.S.Steel Burns RP Oakville Fluvial

U.S.Steel Clay West Restored Oakville Fluvial

U.S.Steel Mosier RP Oakville Fluvial

U.S.Steel Pawlik Restored Oakville Fluvial

Union Carbide/Chevron Palangana Restored Goliad Fluvial

Westinghouse Bruni Restored Catahoula Fluvial

Westinghouse Lamprecht Restored Oakville Fluvial

2 RP = Commercial production finished; Restoration is in progress. Restored = Groundwater restoration has been
approved by the State of Texas. ND = Property has been permitted but is not developed.

3 USDW = Underground Source of Drinking Water
4 D = restoration demonstration conducted; R = Groundwater restoration approved by the State of Texas.
5 D = Domestic drinking water well. M = Municipal drinking water well.
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Table 2

Uranium ISL Mining Operations in Colorado, Nebraska, New Mexico & Wyoming

[Partial List]

e TDS Restoration

c ISL Mine 6  Regional Aquirer ° e Demonstration
Company NacStatus WS~7 Geology2cX<100>00Com anyNam e Type < 0 0

. _ mg/l mg/I

Crow Butte Resources NE Crow Butte Operating Chadron Fluvial D, R 1187

Mobil NM Section 9 Rest Demo WVestwater Fluvial D, R 264

Nuclear Dynamics WY Sundance Rest Demo Fox Hills Marginal D, R_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _M a r in c _ _ _ _

Pathfinder/ Cogema WY North Butte ND Wasatch Fluvial

PRI / Cameco WY Highland Operating Ft. Union Fluvial D, R 366

Rio Algom WY Bill Smith Operating Ft. Union Fluvial D, R 388

Rocky Mtn Energy / IUC WY Reno Creek Rest Demo Wasatch Fluvial D, R 1460

Teton WY Leuenberger Rest Demo Ft. Union Fluvial D, R 513

Uranerz USA WY Ruth Rest Demo Wasatch Fluvial D, R 345

URI WY North Platte Rest Demo Ft. Union Fluvial D, R 324

Westinghouse / Cogema WY Irigaray RP Wasatch Fluvial D, R 374

Westinghouse / Cogema WY Christensen Ranch Operating Wasatch Fluvial D, R 425

Wyoming Minerals CO Glover Rest Demo Fox Hills Marginae___ __ _ M ine__ __ __ ___s ___C O_ __Glover_ __ __ __Rest_ __ ____carne D , R

Wallace and Abitz base their conclusions on the definitions of "massive," "fluvial,"

"heterogeneous," etc. (WWT, 9-15; Abitz Written Testimony, pp. 28-29). Incredibly, they claim

environmental problems solely from these geologic definitions and a "conceptual" depositional

model, without relying on or referring to actual hydrologic test data for the Westwater Canyon

aquifer, either HRI's data or others,9 during the construction of their hypothesis. Remarkably,

6 RP = Commercial production finished; Restoration is in progress. Restored = Commercial groundwater
restoration has been approved by the State and NRC. ND = Property has been permitted but is not developed.
Rest Demo = restoration approved from demonstration area.

7 USDW = Underground Source of Drinking Water
D = Restoration demonstration conducted; R = Groundwater restoration approved by NRC.

9 Numerous aquifer flow tests of the Westwater Canyon aquifer have been conducted over decades (Stone et al.,
1983, Table 5; Mr. Wallace references this publication in his Written Testimony, p. 4; more telling, possibly, is
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neither Wallace nor Abitz refer to a single hard fact, test, actual measurement, or other real data

showing evidence of their "pipelines." Rather, both Wallace and Abitz state a hypothesis and

then, without any evidence conclude that it is true. Their testimony should be regarded as

irrelevant to Churchrock Section 8.

10.1. URANIUM ROLL FRONTS DO NOT SHOW CHANNELS

Mr. Wallace and Dr. Abitz misunderstand and misuse uranium roll-front maps in support

of their "pipeline" scenario. Mr. Wallace describes, his selecting 100 feet for the width of his

"pipeline" from Unit I to the Crownpoint Town water wells as ". . .1 selected a value of 100 feet,

based on HRI's own diagram of the LB Sand of the WCM (Pelizza, 1996a, Response to RAI

#50, Figure 50-3)." (WWT, p. 41). I note that figure shows a uranium roll-front at Crownpoint

and does not relate to Churchrock Section 8. Thus, this is irrelevant to the issues currently

before the court. However, to generally address this mischaracterization of a uranium roll front

as a "channel," Figure 50-3 is again shown in Exhibit A for further discussion.

In his testimony, Mr. Wallace had stated: "The ore bodies reside within sand channels,

and reflect that condition in several maps of the very orebodies that HRI proposes to mine."

(WWT, p. 14), and "In that section, it was clarified that the ore bodies reside in long, narrow

buried sand channels." (WWT, p. 38).

that Dr. Abitz does not). The Westwater Canyon aquifer has been intensively tested and studied over decades
by the New Mexico State Engineer's Office (which administers water rights), the U.S. Geological Survey
(USGS), U.S. NRC, and private industry. As noted in Stone et al.(l983, page 48): "In 1980, 45 mines and 5
mills produced 7,407 tons [14.8 million pounds] ofyellowcake [uranium oxide] in New Mexico, mostlyfrom the
Morrison Formation [mostly the Westwater Canyon aquifer] in the San Juan Basin.". Each of these
underground mines would require dewatering of the aquifer, typically involving testing and analysis of the
aquifer's flow characteristics. Approximately thirty of these "drawdown" and "recovery" aquifer tests are noted
in Table 5 of Stone et al. (1983), and more have been conducted since then.
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No such "clarification" exists; Wallace either misreads the maps (though he doesn't say

which) or he is misleading the reader. Apparently Dr. Abitz also has a basic misunderstanding of

uranium geology and hydrology because he states: "Each of the many stream channels that host

these [uranium] ore pods has unique hydrogeologic characteristics." (Abitz Written Testimony,

p. 29).

However, rather than a channel, Figure 50-3 of Exhibit A shows the accumulation of

uranium in the sedimentary rock along an "oxidation/reduction" interface, which originated in

the sedimentary rock as follows (Exhibit B shows a general schematic to help in visualizing the

process). As all are aware by now, chemically "oxidized" uranium, which is dissolved in

groundwater, will precipitate when it comes into contact with a "reductant" (pyrite, carbon, oil,

gas, coal, etc). Over geologic time, huge amounts of groundwater, with its dissolved oxidized

uranium, slowly moves (e.g., 5-10 feet per year) from "recharge" areas at the edges of an aquifer,

down deeper into the aquifer through the pore spaces of the sedimentary rock (see Exhibit B).

When that groundwater comes into contact with a "reductant" in the rock, the uranium will "drop

out," or precipitate, while the groundwater continues to slowly move past and downward through

the rock. The uranium drops out at the "oxidation / reduction interface," or more commonly, the

"redox" front. As time passes more and more groundwater with its dissolved uranium passes this

"redox" front and finally enough uranium has precipitated and accumulated in the rock to mine

commercially.

Contrary to speculation by the Intervenors, Figure 50-3 of Exhibit A does not show that

groundwater moved in the Westwater Canyon aquifer from upper left to lower right (of that

figure) through a channel or one of their postulated "pipelines." Instead, it shows that the
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groundwater moved generally perpendicular to the uranium deposit, from lower left to upper

right, passing the "redox" interface and precipitating uranium (see Exhibit B). Groundwater

flow perpendicular to the "redox" interface is the most basic principal of uranium "roll-front"

geology, and has been universally accepted for decades by professional exploration geologists

and uranium producers. To theorize now that it signifies a meandering riverbed or channel

shows an ignorance of the most basic principles of uranium geology and hydrology. Intervenors

use their new "channel" theory of uranium roll-front evolution as a rationale for their

"pipelines," without any support.

If Figure 50-3 of Exhibit A, or other uranium roll-front maps, really did indicate a

channel, so completely bounded that it confined all of the uranium in the groundwater to the

channel itself, such that there was no '"dispersion,"10 and so restricted that the channel could

actually be characterized as a "pipeline"" (WWT, pp. 38-42), then HRI could safely produce the

uranium and monitor the operation in a much different and cheaper manner than what is

proposed by installing the production (injection and extraction) wells down the center of the

"bounded channel," and monitor wells only at the ends of the channel. However, if HRI, or any

other ISL operator, suggested such a notion or meaning of uranium roll-front maps to any ISL

regulatory agency, contrary to the most basic uranium geology and hydrology, they would be

sharply rebuked.

As noted earlier, there is nothing in the resumes, stated credentials, or testimony of

Mr. Wallace or Dr. Abitz to suggest that either had ever considered the geology and hydrology of

uranium and uranium ISL prior to their current roles, much less have an "expert's"

'° As described in Wallace Written Testimony, p. 31.
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understanding of any of the technical aspects of uranium emplacement and ISL. Reviewing a

few articles should not qualify one as "expert" competent to pass technical judgement on the

merits if ISL mining at Churchrock or Anywhere else. To be so unfamiliar with such

fundamentals as to mischaracterize uranium roll-front maps (Exhibit A) as indicating channels in

support of their cornerstone "pipeline" theory, hardly qualifies either Mr. Wallace or Dr. Abitz to

pass technical judgement on the work of HRI, HRI's consultants, and the NRC.

10.2. DARCY'S LAW SHOWS THAT INTERVENORS "PIPELINE" THEORY IS
MISTAKEN

10.2.1 OVERVIEW OF INTERVENOR'S ANALYSIS

A more rigorous, technical examination of Intervenor's contentions against Darcy's Law

that groundwater flow in the Westwater Canyon aquifer is dominated by small flow channels

(e.g., to the Crownpoint town water wells), shows that the conceptual model is mistaken. As

noted above, Mr. Wallace theorizes water flow in the Westwater aquifer as dominated by

"pipelines," and uses channels 100 feet wide by 200 feet thick, 30 feet wide by 200 feet thick,

8 feet in diameter, and one INCH in diameter as examples (WWT, pp. 39-42).

First, Mr. Wallace states that: "My assumption that the channels are separated, and

therefore bounded, was based on HRI's own pump test data . . ." (WWT, p. 39).

I find no example in their testimony where Messrs. Wallace or Abitz discuss any aquifer

test, much less HRI's or Mobil Oil Corporation's Southtrend (for Unit 1), as indicating there

were bounded channels in the Westwater. HRI was unable to find any references that either

person made to real aquifer test data in support of their "conceptual" geologic model. To borrow

" A leaky sieve can not be characterized as a "pipeline".
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some wording from Mr. Wallace: "this was a gross and profound misrepresentation." (WWT,

p. 21).

HRI has modeled the time it would take restored water to move from the proposed Unit 1

ISL site to the Town of Crownpoint water wells in response to NRC staff's RAI 1/50. HRI used

a "radial" hydrologic computer model, which tracked "particles" of solution along their path to

the Town wells. This particle tracking resulted in "pathlines" (a hydrologic entity, not to be

confused with Mr. Wallace's "pipelines"), and total travel times of the restored waters to the

Town wells. (See Exhibit C; Figure 50-2 was reproduced in the FEIS as Figure 3.10). The NRC

staff required a sensitivity analysis of those total travel times for the Unit I project (but not for

the proposed Crownpoint ISL project since a prerequisite of that project was for the Town wells

to first be moved12 ). That sensitivity analysis for Unit I was submitted as response to the NRC's

Question 99 (see reference RAI 3/99), which Mr. Wallace references as "Unit I Sensitivity

Analysis." Mr. Wallace harshly criticized HRI for its sensitivity analyses and the NRC for not

rejecting them (WWT, p. 39-42). Mr. Wallace presented his interpretation of the travel times

using his "real world valuefor ["pipeline"] width" (WWT, p. 42) as an "expert" in hydrology

(WWT, pp. 1-3, 29, 32, 34, 35, 67, 77).

Mr. Wallace used the following parameters for his "pipeline" calculation: 100 feet wide

200 feet thick, 13200 feet long, 21% porosity and "one-half of the combined pumping rate from

the town wsells of372 gpm" of 186 gpm. He also stated: "If I had chosen a smaller value for the

wvidth, say 30 feet, my estimated travel times would be even shorter ... (WWT, p. 42).

12 Not an issue for the purpose of this hearing.
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Locations of five of the six Town water wells are shown on Figure 50-1 in Exhibit C.

Note that the grid on that figure is a 1/2 mile square (2640 feet to the side). Therefore, there is

about 8500 feet between wells BIA-5 and NTUA-2. Note also that a line drawn between those

two wvells generally includes 5 of the 6 Town wells, and is about perpendicular to the "pipeline"

that Mr. Wallace guesses is between Unit 1, to the west, and the Town wells (also see Figure 50-

2 in Exhibit C). Consequently, the 30-100 foot wide channel postulated by Messrs. Wallace and

Abitz must wind its way not only west to east, but also north and south across miles, catching

every water well in its path. It appears that no matter where a well is drilled, it hits their 30-100

foot wide channel. Because each water well supposedly [erratum] hit the meandering channel,

Mr. Wallace, used 100% of the combined pumping rate of the town wells in his [1/2 as coming

from the west through his "pipeline," and 1/2 from the east (WWT, p. 41, Footnote 9).

Note on the table "Withdrawals by Crownpoint Water Wells", located on both

Figures 50-1 and 50-2 of Exhibit C, that the sixth Town well, known as NTUA Littlewater Well,

that is about 7 miles to southeast of the other Town wells is included by Mr. Wallace with a

flowrate of 100.3 gpm, or about 27% of the overall flowrate used. The NTUA Littlewater Well

is not shown on both Figures 50-1 and 50-2 of Exhibit C because the) are too far It is so far

removed from the other wells [erratum]. It was shown on Figure 2a, drawn to scale, in the Unit I

Sensitivity Analysis, as repeatedly referenced by Mr. Wallace in his testimony (Figure 2a is

included in Exhibit C here). Mr. Wallace relies upon his 30-100 foot wide underground pipeline,

weinding across miles between these six wells to Unit I so he can conclude that HRI's

characterization of the geologic and hydrogeologic characteristics of the Westwater is inaccurate.

(WWT, p. 42).
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Interestingly, the "pipeline", described by Mr. Wallace in his Written Testimony (p. 41)

as extending from Unit 1 to the town of Crownpoint water wells, would pass through HRI's

proposed Crownpoint ISL site (see Figure 50-2, Exhibit C). If we accept his musings, his

"pipeline" would presumably make the Crownpoint ISL project safe for the existing Crownpoint

Town water wells, since he calculates that it holds all waters traveling to the Town wells. It

would then be a relatively simple matter of avoiding such a narrow "pipeline" of 30 to 100 feet

wide (as he suggested). Unfortunately those "pipelines" do not exist.

Mr. Wallace stated that he used the same hydrologic transmissivity value of 2550 gpd/ft

(gallons per day per foot) in his calculations that HRI did in their modeling (WWT, p. 40). This

implies that Mr. Wallace actually used hydrologic principles to determine the velocity of water

through his "pipeline". However, examination shows that Mr. Wallace simply used the total

flowrate from the town wells (1/2 of the flow to either side of the wells in his "pipeline"), along

with rudimentary pipeline fluid mechanics to determine his velocity of 8.5 feet per day (WWT,

p. 41).

flowrate = velocity X crossectional area => Q V x A => V= [1]
A

(1 86 gl ) min
A min day [2]

(1OOfiX200ftXO.21porosity 7.48 gal day

crosstional an of pipeline ft3

Contrary to his implication, transmissivity and other hydrologic principles relating

pressures to flowrates were not used. Mr. Wallace's failure to use these fundamentals results in
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an absurd estimate for water moving through an aquifer. Water simply does not move through

solid rock with the low resistance that is encountered with a garden hose.

10.2.2 ANALYSIS USING DARCY'S LAW

The foundation theorem, for both hydrology and petroleum reservoir engineering,

describing movement of fluids in the subsurface is the Darcy (1856) equation, commonly known

as Darcy's law. It relates the flowrate to pressure drop and hydraulic conductivity

("permeability" is part of this) of a inear. porous system (see Exhibit D)."3

crossionalarA dh[3]
Q=- K A -[

flowrale hdrraulic A|

change in pressure
acrossa distance

This states that the flowrate (volume of water over time) through the rock of a "linear" aquifer

equals the hydraulic conductivity' 4 (analogous to "resistance" in an electrical circuit) times

cross-sectional area of the aquifer (does not include the aquifer porosity used in the "fluid

mechanics" Equations [1] & [2] above) times the pressure change measured over the length of

the aquifer that is considered. Noting that the hydraulic conductivity (K) equals transmissivity

divided by thickness of the reservoir, the thickness of the aquifer or reservoir cancels completely

if we substitute transmissivity into Equation [3] (and simply ignoring the negative sign):

l The "permeability," so often referred to in petroleum reservoir test analysis and reservoir or aquifer modeling,
makes up the major portion of "hydraulic conductivity." In fact, if the density and viscosity of the water in
question equals 1, then hydraulic conductivity = permeability.
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(Q g )(dl, feet length)
(dh, fit)= gal y[4]

day - ft (channel wvidth, ftXchannel thickness, fl)
(channel thickness, fit)

For a well producing water, the "pressure change" is commonly called "drawdown" of

the well. Water levels in the aquifer actually indicate "pressure," so "drawdown" in a water well

is the distance, or depth, between the water level in the aquifer before pumping starts and the

water level while pumping. This "pressure change" allows the well to produce water from the

aquifer. If an electric submersible pump is used in a water well (as for the Town of Crownpoint

water wells), then the maximum drawdown, or pressure change available to produce water,

would be the distance (typically measured in feet here) between the starting water level

downward to the top of the pump. Obviously, we can calculate that distance, or drawdown, from

Equation [3] (equal to "dA").

First, consider some of the water levels in the area, and basic well completion

information for the Town wells. Water levels in the area of Unit 1 and Crownpoint were

addressed in HRI's response to NRC's Question 81 concerning the proposed ISL projects

[Mr. Wallace indicated he had reviewed these questions and responses (WWT, p. 6)]. In HRI

#81, the water levels, as shown measured by Mobil before they conducted the pump test in 1982

at their proposed Unit 1 ISL project, were about +6450 feet MSL (mean sea level elevation).

HRI #81 also show water levels in the HRI's Crownpoint project area of about +6480 feet MSL

in 1992.
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Exhibit E is general completion information about the Town water wvells, as copied from

HRI's ISL application to the NRC (HRI 1992a). Typically, a submersible pump would not be set

into the "liner," and certainly not below the open interval (shown as "slotted" in Exhibit E) for

wells completed such as the Town wells. Ignoring the NTUA Littlewater well about 7 miles to

the southeast of the others, the average surface elevation of the other five Town wells is +6952

feet MSL, the average depth to the "liner" is 1,721 feet (+5231 feet MSL), and the average depth

to the open interval is 1,762 feet (+5190 feet MSL). From this information, the maximum

achievable drawdown of a pump set to the top of the open interval, would average less than

1,290 feet (6480 feet MSL - 5190 feet MSL). Now what about actual setting depths of pumps

for the Town of Crownpoint wells? Exhibit F is typical of the public record for the Town wells.

Shown are setting depths for four wells, ranging from 677 feet to 820 feet, and averaging 738

feet (or +6237 feet MSL using the appropriate surface elevations). Notice also, on the

information dated November 28, 1984 for NTUA-I in Exhibit F that the "pumping level" is

shown as 538 feet (+6412 feet MSL), with the "pump setting" at 677 feet (+6273 feet MSL).

From this information the average maximum achievable drawdown to the TOP of the

submersible pumps would be 207 feet (6480 feet MSL - 6273 feet MSL). If we used the

"pumping level" of 538 feet for NTUA-I, then the approximate drawdown actually observed for

that well was 68 feet (6480 feet MSL - 6412 feet MSL).

Now let us use Darcy's law (equation [4]) and the parameters as Mr. Wallace suggested

(100 and 30 feet "pipeline" or channel widths, 200 feet thickness, 13,200 feet length, 2,550

gpd/ft transmissivity, and 186 gpm flowrate). Then the drawdown in a water well required to

produce 186 gpm through the length and configuration of Mr. Wallace's "pipeline" is:
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( g 440')l ()3,200ftlength)

dh= min) day = 13,865ft drawsdowvn [5]
250gal (I 00f ude)

(2~s~o day-ftj(i )

This means that the existing Town water wells would have to have been drilled,

completed, and their pumps set a minimum of 13,865 feet below the "static" water level in the

aquifer to achieve the flows that Mr. Wallace stridently argued for in his channels. Since

submersible pumps are set above the water producing horizon, the top of the Westwater would

need to be deeper than 13,865 feet in the existing Town water wells, a physical impossibility

with the bottom of the Westwater at about 2,300 feet in the area (see Table 2, Exhibit E). Also,

the 13,865 feet equates to a reservoir water pressure of 6,004 psig in the Westwater aquifer. This

simply cannot be. Any hydrology "expert" using the most basic hydrology equation of all, the

Darcy equation would immediately recognize this. Of course the Town of Crownpoint water

wells is producing water, and has been for decades (see Table 2 of Exhibit E) with an average

setting depth for at least four of the pumps at about 740 feet, as discussed earlier.

Even then, after his analysis of a "pipeline" at 100 feet wide, Mr. Wallace went on to

suggest that a 30 foot channel width might even be appropriate (WWT, p. 42). Substituting 30

feet width for 100 feet in Equation [5], a drawdown 46.216 feet would be required to flow the

186 gpm through his 30 foot wide "pipeline.
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Using Wallace's suggested 8 foot diameter' 5 and one inch diameter "pipelines" (WWT,

p. 39) produces results so ludicrous the calculations are unnecessary.

Now let us consider this "pipeline" with the transmissivities used by Mr. Wallace from

his "leaky" aquifer analysis, and shown in his Exhibit M (a copy is attached here as Exhibit G)

and use this information to calculate drawdown by equation [5]. Note on the "type curve match"

he presented in his "leaky" aquifer analysis (see Exhibit G here), Mr. Wallace calculated a

transmissivity of 269 gpd/ft, which he argued stridently was the "proper" analysis (see "Proper

Analysis Indicates Leakage", WWT, pp. 51-56).

First, a simple comparison of results from the many hydrologic pump tests already

conducted in the area should have suggested caution on Mr. Wallace's part in making such a

claim. Mr. Wallace referenced at least two papers, which are part of a larger compilation,

generically called Memoir 38 (Memoir 38, 1980). In that compilation was another article

(Lyford et al., 1980) by authors from the U.S. Geological Survey (USGS) and the New Mexico

Bureau of Mines & Mineral Resources, who described computer modeling of the Westwater

aquifer. Two figures from that paper are attached hereto as Exhibit H. Figure 1 of Exhibit H

shows the areal extent of the Westwater Canyon aquifer, approximately 130 miles by 150 miles.

The area of Churchrock and Crownpoint, to the lower left in Figure 1, were located as part of the

original map. The second figure in Exhibit H (Figure 3) shows the numerical grid used for the

Lyford hydrologic computer model, and represents the transmissivity of the Westwater in units

of m2/d. On Figure 3, I have written the conversion factor of 80.5 gpd/ft per m2fd. Note that

Churchrock Section 8 would be located in the transmissivity grid of 27.9 m2/d (2246 gpd/ft) on

5 In this case the "channel thickness" will NOT cancel in Equation [4]. Divide T by 200 feet, and make both
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Figure 3 (Exhibit H), while Crownpoint would be in the 18.6 m2/d (1497 gpd/ft) zone. Compare

this to the 269 gpd/ft of Mr. Wallace, and 2,550 gpd/ft from HRI (WWT, p. 40). Mr. Wallace's

"leaky" transmissivity estimate for the Westwater is low by about a factor of six.

A few years later, these same authors, plus others, published another report on

hydrogeology of the San Juan basin (Stone et al., 1983), which was reviewed by Mr. Wallace

(WWT, p. 4) and also referenced by him as "(Stone et al., 1983)". In addition, Figure 74 of

Stone et al., 1983, was included as Figure 4 in HRI's Unit I Sensitivity Analysis (also referenced

by Mr. Wallace in his "pipeline" discussion, WWT, p. 40). That same figure is attached here as

Exhibit I, with yet another set of units for transmissivity (ft2/d). I noted the transmissivity

conversion factor on Exhibit I as 7.48 gpd/ft per ft2/d. Except for arrows and text denoting the

location of Churchrock and Crownpoint, the map portion of the Exhibit I is as copied from Stone

et al., 1983 (Figure 74). Note that both Churchrock and Crownpoint are located in the area of

250-400 ft2 /d (1870-2990 gpd/ft). Again, compare this to the 269 gpd/ft of Mr. Wallace, and

2,550 gpd/ft from HRI. This time Mr. Wallace's "leaky" transmissivity estimate for the

Westwater shows to be low by about a factor of ten. This should have caused Mr. Wallace to

immediately question and review the results from his attempt at "leaky" aquifer analysis.

(Exhibit G).

Rather than noting such a conflict, Mr. Wallace sharply chastised HRI in its pump test

analysis, Mobil Oil Corporation for its analysis (by Pricket & Associates) of their Unit I pump

test (WWT, p. 45), and by implication, the NRC staff (as the lead agency for the FEIS) in its

channel width & the 2nd "channel thickness" 8 feet.

25



review and acceptance of HRI's analyses (WWT, 43-56). And he even reprimanded HRI for

what he termed" fail[ure] to provide potentially detrimnental information "(WWT, p. 56).

We can now calculate the drawdowns, and therefore the minimum setting depths required

for the submersible pumps in the existing Town water wvells, using the various estimates we have

for transmissivities in the area, and Mr. Wallace's channel widths (with 186 gpm and 13,200 feet

length as set by Mr. Wallace). These are shown in Table 3 below.

Table 3

Minimum Required Setting Depth of Pumps

In Existing Crownpoint Town Water Wells

Required for "Channels"

Required Setting Required Setting

Width of Depth of Pumps Depth of Pumps
lusing HRI's using Wallace's

Transmissivity of Transmissivity of

2,550 gpd/ft 269 gpd/ft

100 feet wide 13,865 feet 131,400 feet

30 feet wide 46,216 feet 438,100 feet

This notion of "pipelines" or channels, as suggested and supported by "technical experts"

for the Intervenors, can not exist in the real world.

10.3. HYDROLOGIC "STORAGE" THEORY SHOWS PIPELINE
CONCEPT IS MISTAKEN

There is also another basic hydrologic principle, which contradicts Mr. Wallace's and

Dr. Abitz's "channels" and that should have been considered. Aquifer storage or storativity, as a
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hydrologic fundamental, has been long understood and is universally accepted in aquifer testing

and modeling.

Since their 30-100 foot wide "pipeline" or channel, incorporating all of the Town water

wells (but see Figure 50-2 in Exhibit C), and extending through HRI's Crownpoint ISL project to

Unit 1, was constructed using only their "conceptual" geologic model (WWT, pp. 10-14; Abitz

Written Testimony, pp. 3, 27-30), and with no aquifer tests or other real data, we can only

assume that they will extend their "pipeline" wherever it is needed in the future. The channel

will not simply end at Unit 1. But assuming their channel continues at the same width, we can

determine the length required for the water already produced for the Town of Crownpoint water

wells (narrower -vill make the required channel length even longer) (if we had honored their

'conceptual' geologic model and allowed the channels to 'narrow" going upstream, the required channel

length would be even longerferratumi). Also, just as they did, we must assume that very little

leakage occurs across the boundaries of of pipelines or channels, for how can "leaky sieves" afe

be considered "pipelines" or- channels? [erratum].

Surprising to most laypersons is that water and rock are slightly compressible. Water

compresses about 3 millionths in volume for each pound per square inch (psi) of pressure, and

rock is generally even more compressible. But it is this compressibility of water and rock which

ultimately determines the quantity of water available for production from a "confined" aquifer,

one in which the water level (indicating aquifer pressure) extends above the upper confining

clay. The method of calculating the maximum quantity of water available for production from a

confined aquifer is demonstrated in many references on hydrology, including Lohman, U.S.

Geological Survey Report 708 (pages 8 - 9), which Mr. Wallace (WWT, p. 3) referred to as

Lohman, 1979. From this and the widths of the "channels" claimed by Mr. Wallace (WWT,

pp. 39-42) and Dr. Abitz (Abitz Written Testimony, pp. 27-30), it is rather simple to determine
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the length of the confined channel or "pipeline" (aquifer) required for extended water production

from "storage":

1440 minutes 365 (earsof Flo)(Totallater lsel Flowrrate, gaday yearmin late
Channel Length. Itliles = [6]

(280 feet 7.4805 gallns)(SlorageXAvailable Drmadown, Feez)(Channel WJ'idth, Feet)

The completion dates of the Crownpoint Town water wells (excluding NTUA Littlewater

about 7 miles east of Crownpoint) are given in Table 2 of the Crownpoint pump test analysis

(HRI, 1992a; indicated as reviewed by both Messrs. Wallace and Abitz). From Table 2, attached

here as part of Exhibit E, the well completion dates are BIA #3 (1932), BIA #6 (1961), NTUA

#1 (1964), NTUA Conoco (1974), and BIA #5 (1974). If the water vells have been producing

since their completion dates, through 1998, the longest production has been about 66 years, the

shortest about 24 years, with the average about 36 years. Mr. Wallace used 372 gallons per

minute (gpm) (WWT, p. 41) total flowrate from the Town water wells for the basis of his

calculations, one-half from each side of his theoretical "pipeline." To find the total volume of

water coming from the "storage" of the "pipelines," required for the numerator of equation [6],

and to remain consistent with Mr. Wallace, the water wells were assumed to be producing at an

average of 74 gpm each (= 372 gpm divided by 5 wells) over the life of their production.'16 Thus,

the total volume of water produced over 66 years, using 370 gpm as a base, is:

Volurmegallons = 1440 m ties .365d(2?s66yearsX74gpm) + (37X74) + (34X74) + (24X74) + (24X74)} [7]
da,. A Year)

16 If one would argue with past production being calculated in this manner, we must at least consider it for future
production just to ensure that the "pipeline" will not dry up and leave the people in the Crownpoint area without
water.
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As noted in the discussion above about the Darcy equation relative to channel flow, an

earlier observed drawdown at NTUA-1 was about 68 feet, with the average maximum achievable

drawdown to the TOP of the submersible pumps in four of the wells at 207 feet (but let's use 300

feet here). The maximum drawdown would occur only at the water wells, and there would be

less drawdown elsewhere in the narrow "linear" channels away from the water wells. However,

we will assume that all of the channel is depressurized by 300 feet (which will decrease the

required length), and, for now, just ignore the other hydrologic principle discussed earlier,

Darcy's Law. Table 4 below shows the length of the narrow sand channels or "pipelines" of

Mr. Wallace and Dr. Abitz that would be required to have produced the amount of water

produced by for the Crownpoint Town water wells to date. To show the effects of a smaller

flowrate (by 50%), Table 1 also include the required length of sand channels for an average

production flowrate from the Town water wells of 37 gpm per well instead of 74 gpm. Also,

Mr. Wallace estimated a storage coefficient of 3.3e-7 in his "leaky" aquifer analysis, attached

here as Exhibit G, and its affect is shown in Table 4.

Table 4

REQUIRED Length of "Pipeline" or Narrow Sand Channel (MILES)
Per "Pipeline" Theory of Wallace & Abitz

To Produce Water for Town of Crownpoint Water Wells

Required Channel Length (MILES)
To Produce-

Channel "Pipeline" or Storage Flowrate from Flowrate from
Width Channel Thickness Coefficient Town Wells of Town Wells of
(feet) (feet) 74 gpm per vell 37 gnm per well

1,000 200 9.44e-5 (1) 6,400 miles 3,200 miles
400 200 9.44e-5 (1) 16,100 miles 8,050 miles
200 200 9.44e-5 (1) 32,200 miles 16,100 miles
100 200 9.44e-5 (1) 64,300 miles 32,200 miles
30 200 9.44e-5 (1) 214,300 miles 107,200 miles

I
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8 8 3.8e-6 (2) 20.0 MILLION 10.0 MILLION

1,000 200 3.3e-7 (3) 1.8 MILLION 900,000 miles
400 200 3.3e-7 (3) 4.6 MILLION 2.3 MILLION
200 200 3.3e-7 (3) 9.2 MILLION 4.6 MILLION
100 200 3.3e-7 (3) 18.4 MILLION 9.2 MILLION
30 200 3.3e-7 (3) 61.3 MILLION 30.7 MILLION
8 8 1.3e-8 (3) BILLIONS of Miles BILLIONS of Miles

(I) Average storage coefficient of 9.44e-5 (dimensionless) from Table 8 of the Crownpoint pump test
(HRI, 1992a).

(2) The storage coefficient from (I) includes the total thickness tested of the Westwater Canyon aquifer.
Since Mr. Wallace assumed that thickness was 200 feet (WWt, p. 40), the storage coefficient for
a "pipeline" 8 feet thick (WWT, p. 39), would be 3.8e-6.

(3) The storage coefficient from Mr. Wallace "leaky" aquifer analysis = 3.3e-7 (Exhibit G here).
Assuming the thickness at 200 feet (WWT, p. 40), the storage coefficient for a "pipeline" 8 feet
thick would be 1.3e-8.

Note that even 400 and 1000 foot wide channels were considered in Table 4.

Approximating the water produced to date from the Town wells with half the flowrate used by

Mr. Wallace, and using a 1000 foot wide channel, that channel would have to extend across the

U. S. This obviously assumes that none of the other water wells in the Westwater aquifer

withdraw from the same "channel" as the Town wells. Also, considering the arid conditions, and

location and amount of "recharge" actually taking place at the edge of the Westwater aquifer, it

would be unreasonable to argue that their 100 foot "channel" was one of the few to be perfectly

placed at the outcrop to receive "recharge."

Wallace's and Abitz "pipeline" theory is outlandish, and should have been recognized as

such immediately.
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11. AQUIFER FLOW TEST ANALYSIS

11.1. INTERVENOR'S ANALYSIS IS CONTRADICTORY

Messrs. Wallace and Abitz generally show a complete misunderstanding and disregard of

the methodology for the conduct, analysis, and interpretation of aquifer pumping tests.

Mr. Wallace's affidavit in particular is filled with contradictions.

Mr. Wallace flatly states that assumptions of homogeneity, vast areal extent, and "radial"

flow, as used for the "Theis" method of aquifer test analysis are incorrect relative to the

hydrogeology of the Westwater Canyon aquifer. "The hydrogeology of the WYestlitater Canyon

Member is exactly opposite of these characteristics." (WWT, p. 11). Some of those statements

are shown in Table 5. Dr. Abitz (Abitz Written Testimony, p. 27-31) also states: "HRI's

hydrogeological model is grossly oversimplified and inconsistent with the published depositional

models on the geology and uranium ore deposits in the Grants/Gallup uranium district" (Abitz

Written Testimony, p. 28).

Mr. Wallace, then makes a number of statements in support of pump tests in general (if

properly conducted), and chooses the "Modified Hantush" method as the proper technique to

analyze a "leaky" aquifer (see Table 6). Wallace actually describes how the pump test should be

designed (WWT, pp. 45-46).

Table 5
Various Statements by Mr. Wallace Concerning
Hydrogeology of the Westwater Canyon Aquifer

5.1: "HRI and its consultants also make inaccurate assumptions about the hydrology of the
IVCM [Westwater aquifer). For instance, they assume that the formation is of uniform thickness
and infinite width across the proposed mining areas (Unit 1 Sensitivity Analysis at 3-4), and use
aquifer models to predict groundwater flow in the mining zones that are appropriate only for
aquifers that are homogeneous, isotropic and of vast areal extent. The hydrogeology of the
Westwvater Canyon Member is exactly opposite of these characteristics." (WWT, p. 10, 1 1)
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5.2: "In summary, the JVestwater is not a homogeneous isotropic uniform aquifer of constant
thickness and infinite areal extent. Rather it is a heterogeneous, anisotropic, non-uniform
formation comprised of buried sand channels and the finer graned material that surrounds
them." (WWT, p. 14).

5.3: "The model [Geraghty and Miller AQUASIM] used was analytic, which dictated
assumptions that the aquifer was homogeneous, isotropic, and of infinite lateral extent. Initially
it can be said that, due to the well-established fact that the WYestvater is heterogeneous, this
model is not suitable." (WWT, p. 31).

5.4: "WYhen that same volume of water [100 gpm] is forced through a I inch diameter pipe, the
velocity increases to an astounding 612 feet per minute. This same concept applies to a wesell
pumping wvaterfromn buried sand channels: the narrower the channel in it 's lateral dimension (or
the thinner in the vertical dimension, or both), the faster the groundwvater ivill move within it and
toward the well. As I will soon demonstrate, how fast the groundwtater will move when
modeling aquiferflows." (WWT, p. 39)

5.5: "Under HRI's model, groundwaterflowts toward the wells, with the "channel" from all
points of the compass, and is constrained only by the thickness of the "channel". This radial
flow condition causes groundwsater velocities to decrease nearly exponentially with increasing
distance from the pumping well. HRI's model was, therefore, guaranteed to generate the very
slow travel times calculated " (WWT, p. 40)

5.6: "In summary, HRI's inaccurate characterization of the geological and hydrogeological
characteristics of the WEestvater Canyon Member allowed for a nonconservative [radial] flow
model, which predicted unrealistically slow travel times." (WWT, p. 42; Original Affidavit
(January 13, 1998, ¶ 15, p. 13).

Table 6

Various Statements by Mr. Wallace Concerning
Pump Tests and

"Theis" and "modified Hantush"
Methods for Pump Test Analysis

6.1: "Punip tests, ifproperly implemented, are an excellent toolfor the identification of breaches
ofconfining units, ." (WWT, p. 19).

6.2: "Inappropriate Model Used by HRI. To compound the problem, HRI used the "Theis
Method" to analyze the drawdown data ( ). The basic assumptions of the Theis Method are
that the aquifer being tested is of constant thickness and is filly confined above and below by
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impermeable boundaries so that there is no "leakage " of wlater from overlying aquifers - that is,
that water "enters" the aquifer horizontally." (WWT, p. 48).

63: "Theis results cannot be interpreted to infer that a lower aquifer is hydraulically connected
to an overlying aquifer because the model itseylis not designedfor that purpose." (WWT, p. 48).

6.4: "The best analytical method for determining xlwhether or not hydraulic connections exist
betireen two aquifers ( ) is the ModifiedHantush Method." (WWT, p. 48)

6.5: "The Theis Method is virtually useless for testing whether or not a unit is leaking." (WWT,
p. 49).

6.6: "HRI 's draw-dowsn curves show a poor fit to the Theis-type, zero-leakage curve. HRI did
not explain these deviations, ". "My use of the Modified Hantush Method provides that
explanation." (WWT, p. 51).

6.7: "Employing the prescribed methodology, and starting wt'ith the Theis-type curme, "(WWT,
p. 52).

6.8: "Hence, my Modified Hantush-derived drawvdowvn "type curves" , using HRI's test data,
shouwed leakage ""I then examined HRI's "Theis Curve Fit" plots ." "HRI's curves showed
a poor 'fit", or match, for drawtdowvn points early in the pump test for both monitoring iwells.
This poor match was particularly evident for the first three data points for wtell CP-2, andfor the
first data point for tell CP-3. This is an important point because early-time data are an
important feature to match, particularly when investigating leakage." (WWT, p. 53).

6.9: "Pump tests and pump-test data are the best tools for determining aquifer interconnections
(i.e., if done properly, they can detect the existence of an interconnection, whether it is due to
faulting, leaking boreholes, or any of a host of other reasons). Evaluation of historic water-level
data is useful to complement analysis of pump test results, but never to supplant it." (WWT, p.
58)

These statements and characterizations by Messrs. Wallace and Abitz suggest a poor

understanding of aquifer testing, analysis and interpretation. The second reference [AQUIFER

TESTING Design and Analysis of Pumping and Slug Tests. Dawson & Istok, 1991] of Exhibit J

provides information on the underlying assumptions for many of the common aquifer test

methods, including the Theis and "leaky" analytical techniques.' 7 Page "J:B.2 (page 2 of the

17 There are two references in Exhibit J. Since they are only a portion of the complete reference, they are re-
numbered as follows. The I' reference is noted as "A", the 2nd as "B". The I' page of the I"s reference is
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2nd reference in Exhibit J) shows how different aquifer characteristics affect the shapes of the

"drawdown" curves developed in aquifer and well testing.

Typically such aquifer or well tests consist of pumping water from the aquifer and

observing the change in water levels over time in the pumping well and/or monitor wells located

at some distance from the pumping well. Since water level in a well is a direct indicator of

aquifer pressure, the water level will drop, in both the pumped well and any surrounding wells

completed in the same aquifer, as water is withdrawn. Conversely, the water level will rise if

water is injected. This change in water level from its starting point ("static") is called drawdown,

typically designated with the letter "s" by hydrologists. The characteristic way in which water

level changes over time provides information about the aquifer (transmissivity, storage, barriers,

recharge, and degree of leakage, etc.). This pressure change in the aquifer, or drawdown ('s' on

J:B.2), is typically plotted against time in various ways (log-log, semi-log, cartesian,

"dimensionless," ratios, etc.), with the shape of the resulting curves and lines (such as shown in

J:B.2) allowing the knowledgeable analyst to distinguish various aquifer characteristics.' 8

Pages J:B.3 & J:B.4of Exhibit J give the various simplifying assumptions for the

"Transient, Confined" or "Theis" case, referred to by Mr. Wallace. Sure enough, page J:B.4

shows that homogeneity, isotropy, infinite radial extent, radial and horizontal flow in the aquifer

are all assumptions of the "Theis" method. However, Page J:B.7 shows the "conceptual" model

for the Modified Hantush "leaky" method which Mr. Wallace also discussed at length (see

marked in the LOWER RIGHT corner as "J:A.1". The 4t" page of reference B would be marked as "J:B.4 at
the LOWER RIGHT. And so on.

Is Numerical modeling typically uses the results of these flow tests. However, proficiency at numerical modeling
does not itself equate to proficiency or experience at the analysis and interpretation of flow tests. This is
analogous to the many tests performed by specialists in the medical industry: many medical doctors can use the
INTERPRETED RESULTS from an EEG, EKG or MRI, but have little proficiency themselves in the analysis
and interpretation of those tests.
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Table 6), which considers the aquifer as transient, confined, leaky, and with aquitard storage.

What is important is to compare its simplifying assumptions (pages J:B.8 and J:B9) to those of

the Theis (J:B.4). For the Modified Hantush method (page J:B.8 and J:B.9): all layers are

horizontal and extend infinitely in the radial direction; the aquifer and aquitard (confining layer)

are homogeneous and isotropic (constant in all directions); flow in the aquitard is vertical; flow

in the aquifer is horizontal and directed radially toward the well; the aquifer and aquitard(s) are

compressible and completely elastic, etc. That is, the Hantush method has the very same

simplifying assumptions as the Theis method of analysis, and a few more thrown in. In fact, not

only does the Modified Hantush method require that the aquifer is homogeneous, isotropic, and

radially infinite, but it also requires the same for the aquitard, or confining unit. Like the "Theis"

method of analysis, the Modified Hantush requires "radial" flow. Reference B in Exhibit J,

shows seven analytical methods, and their simplifying assumptions, used in modem aquifer test

analysis. Perusing the information in reference B of Exhibit J, shows that all "require" the same

general ideal conditions. Even the "anisotropy" of pages J:B.10 through J:B.13, requires that the

aquifer is "homogeneous." Anisotropy is not heterogeneous as implied by 5.1 and 5.2 of Table 5

above. And, importantly, radial flow is a requirement for anisotropic aquifers analyzed with

these modem well test techniques.

These tests, and variations, are routinely conducted in both the hydrology and petroleum

industries, using common analytical techniques that have been widely accepted for decades.

Hundreds, if not thousands, of books and articles have been published on the methodology of

such well test analyses, including discussions of these simplifying assumptions.
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Thus Mr. Wallace's statements are difficult to understand (see Tables 5 and 6). Each of

the standard techniques (e.g., Theis, modified Hantush, Neuman & Witherspoon) assume

homogeneity, infinite areal extent, radial flow, etc. So if 6.1, 6.4, 6.6 and 6.9 from Table 6 above

are correct, how can any statement be correct in Table 5 above, or vice versa. Because pump

tests, as well as the Modified Hantush analytical technique, require radial flow, statements 5.5

and 5.6 above cannot be correct. If 6.4 and 6i8 6.9 [erratumJ above are true, then conclusion of

5.3 above cannot be correct, and the assumptions of the Geraghty & Miller model must be valid.

As shown in Table 5 above, Mr. Wallace questions and denigrates the very assumptions that

form the basis for the method (Modified Hantush) he later aggressively argues shows "leakage"

(6.4, 6.8 above).

The vast majority of water wells are completed in fluvial and alluvial sediments. The

techniques of Reference B, Exhibit J, are universally accepted and applied in well test analysis of

such aquifers. Many waste disposal wells, with which Mr. Wallace noted some experience, are

completed in fluvial sands. The tests (with which I have considerable experience in design,

analysis, and interpretation) commonly conducted for those wells are typically based completely

on the Theis late time approximation, and require the simplifying assumptions of Reference B,

Exhibit J.

These simplifying assumptions are actually strengths of flow testing techniques, and are

applied universally, since they provide a base with which to make comparisons to actual data,

and any deviations from these assumptions are then easily recognized. "Ideal" standards, or

"type curves," in hydrology and petroleum reservoir engineering, all use the same base

assumptions, then slightly vary one or more of those base conditions in an "ideal" fashion. This
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allows the effect of that "deviation" to be determined, e.g. leaky versus non-leaky, confined

versus non-confined, wellbore storage versus none, aquitard storage versus incompressible, etc.

It is the form of the "deviation" from the ideal "type curve" (and all "type curves" are ideal,

including the Modified Hantush curves, see page K:D.2), which provides insight to the

knowledgeable analyst. The amount, direction, and appearance of the deviation from the Theis

type curve allows us to assess amount and direction of anisotropy, to determine degree of

"leak-age" of confining units, to distinguish fault or other flow barrier from a leaky confining

unit, etc. So data from typical pump tests are always compared first to the Theis or base curve.

Any deviations from this base case leads to analysis with other methods, also "ideal," until the

cause for the "deviation" from the Theis (or "exponential integral solution" per reservoir

engineering) is found. And contrary to Mr. Wallace's contention, HRI did conduct a "leaky"

aquifer analysis for all of its pump tests (as did Mobil Oil Corporation for its Unit I test) with the

Theis. HRI did not see deviation from this base, non-leaky case. This will be discussed in

considerably more detail below.

Exhibit K provides some examples of type curves, from a number of references, and the

related reservoir characteristics. Consider Page K:D.2 (2nd page of Reference D in Exhibit K)

which is "Plate 4 that Mr. Wallace used for his Modified Hantush "leaky" aquifer analysis. As

that figure shows, the limiting curve is the "Theis," as "leakage" decreases.

Because of this, I disagree emphatically with Mr. Wallace statements 6.2, 6.3, ferratum]

and 6.5 (Table 6 above): "The Theis Method is virtually useless for testing whether or not a unit

is leaking". The Theis is the base from which we measure deviation for all of the other standard aquifer

test methods, including the Modified Hantush. Mr. Wallace's reasoning seemed to be based on his
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perception of different underlying base assumptions for the Theis method, compared to the

Modified Hantush; which, as discussed earlier, this is just not so. This misapprehension reflects

Wallace's naivete with the analytical methods of well test analysis, which is what this discussion

is concerned. The real issue is not about using Theis versus Modified Hantush or any other

standard method. Mr. Wallace's attempt to discredit one analytical method (Theis) because of its

underlying assumptions, in favor of another (Hantush) that relies on the same underlying

assumptions reflects his poor understanding of hydrology and invalidates his "leaky" aquifer

analysis.

11.2. INFINITE ANALYSIS IS STANDARD TO ALL
ANALYTICAL MODELS

Suprisingly, Mr. Wallace considered the "infinite radial extent" of the hydrologic models

as a "limiting" assumption (5.1, 5.2, 5.3 of Table 5). As noted above and in Reference B in

Exhibit J, the assumption of an "infinite" aquifer is basic to all standard well test analytical

methods. But as stated in Earlougher, 1975 (page 4; included in Exhibit J as Reference A):

Most transient-test analysis techniques assume a single well operating at a
constant flow rate in an infinite reservoir. That boundary condition is useful
because every well transient is like that of a single well in and infinite reservoir -
at earlv time. At later times the effects of other wells, of reservoir boundaries, and
aquifers influence well behavior and cause it to deviate from the 'infinite-acting'
behavior.

[emphasis added].

What this is saying, is that it takes time for the pressure affects of a "barrier" (fault,

stratigraphic pinchout, aquifer terminus) to be felt throughout the reservoir when pumping or

injection takes place. Therefore, during testing, all wells behave as if they are in an "infinite"

reservoir until the pressure changes caused by a flow barrier, or other affects, are sufficient to
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influence the observation point. This time interval that a well acts as if it is in an "infinite"

reservoir is called the "early" time. This is also one of the most basic of all aquifer and well test

fundamentals. Because barriers to horizontal flow in aquifers or reservoirs cause a larger

pressure effect than if the barriers were not there, nearby boundaries will be detected through

aquifer or well testing after the "infinite" or "early" time portion of the test. This is one of the

primary reasons for conducting pump tests. Exhibit XX M [eratum] provides a number of

references showing that effect. Exhibit XYXX N [erratum] show methods of calculating the

distance to such a flow barrier.

11.3. RECOGNIZING FLOW BARRIERS IN AQUIFER TESTS

Persons knowledgeable and skilled in aquifer test analysis should know that flow

boundaries (both total and partial) encapsulating the "pipelines," such as theorized by

Mr. Wallace and Dr. Abitz to so completely dominate water movement in the region, and to

extend through the whole thickness of the Westwater aquifer,' 9 would be easily and instantly

recognized in either single well or multiple well aquifer tests, as discussed below. Such aquifer

(reservoir) tests demonstrate which reservoir characteristics dominate in controlling direction and

speed of fluid movement (e.g., flow boundaries, fractures, anisotropy) and distinguish between

the "conceptual" aquifer and the "actual." None of the tests that have been submitted with CUP

Application documents have shown any boundary conditions.

The Westwater Canyon aquifer, as part of the San Juan Basin, is a "confined" aquifer.

Simply, this means that it is confined above and below by clays, and that measured water levels

(indicating pressure) for the aquifer extend above the upper confining clay. It does not mean that

the aquifer is confined to the sides. In groundwater terminology, such lateral confinement is

called a "flow boundary," and easily recognized in either individual well or multiple well aquifer

19 Wallace Written Testimony, p. 40, 41: "a 200foot channel thickness"; "The assumptions I used in my travel-
time calculations Were based on real-world data ".
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flow tests. Typically such tests consist of pumping water from the aquifer and observing the change in

water levels over time in the pumping well and/or monitor wells located at some distance from the

pumping well. The general methodology of these tests was discussed earlier. Exhibit M20 contains

examples of "barrier" recognition. Determining distances to such boundaries or barriers is shown in

Exhibit N. Determining the size of the area tested ("radius of investigation, drainage or influence," from

both the hydrology and petroleum industries, is shown in Exhibit P. Note that the references show

techniques for single well and multiple well tests. As described more fully below, many single well tests

have been conducted in the Westwater aquifer across the decades. For example, pages M:C.IO and

M414-I.A M:H.4 [erratum] show how easy it is to recognize flow boundaries in even single and multiple well

tests. These tests indicate, not only the distance to a flow boundary if one exists, but also whether that

boundary is "partial," through which some flow might cross, or "total," as for the postulated "channels"

and "pipelines" of Mr. Wallace and Dr. Abitz. Moreover, these flow boundaries are not subtle variations

within the test data, but are easily recognized through analysis of the data. The hypothetical "pipelines"

as described by Mr. Wallace and Dr. Abitz would consist of two, approximately parallel, "total"

boundaries, since all water is theorized to pass through a single channel as argued by Mr. Wallace.

Exhibit 0 shows no such flow barriers at Crownpoint, the very area that Mr. Wallace theorized his

Pipeline" to Unit 1. If the 'stacked ore front of Figure 8 (Exhibit A) really showed bounded channels as

suggested by Messrs. Wallace and Abitz, a flow barrier would extend vertically through the Westwater

aquifer and would have been easily and quickly recognized in the multiple pump tests already conducted

in this uranium redox trend throughout the region. [erratumj.

As explained above, the area of the aquifer examined during a pumping test increases

outward from the pumping well as time of the test increases. This allows the "radius of

investigation" (described above) and determination of the distance to flow boundaries, if they

20 There are nine references (M:A through M:H) in Exhibit A, but obviously only a portion of each complete
reference is reproduced here. Each page was renumbered in the LOWER RIGHT corner to make referral to the
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exist. (See Exhibit P). In terms common to flow test analysis both in hydrology and petroleum

industries, an aquifer is "infinite acting" or "infinite" to the distance and time at which a flow

boundary is detected. It is the deviation from this "infinite acting" which allows barriers to be

recognized. This is a very basic premise of aquifer flow test analysis. The "radius of

investigation" for the pumping tests conducted at the CUP are:

HRI's regional Crownpoint test (1991) --- 5,900 feet radius = 11,800 feet diameter

Mobil's Unit 1 (1982) --- 2,800 feet radius = 5,600 feet diameter

HRI's regional Churchrock test (1988) --- 2,350 feet radius = 4,700 feet diameter.

At these distance, no flow boundaries, and certainly not the dominating "pipelines" of

Mr. Wallace and Dr. Abitz, were observed in the pumping tests within thousands of feet of the

pumping wells.

11.4. THE "LEAKY" WELL TEST ANALYSIS IS NOT CORRECT

Mr. Wallace argues that the Westwater Canyon aquifer is composed of channels that are

essentially are non leaky ["My assumption that the channels are separated, and therefore

bounded. . ." (WWT, p. 39)], through which groundwater flows at hundreds of gallons per

minute over many miles, while reaching astounding groundwater velocities. Yet, he generally

characterizes the confining layer to this same aquifer to be so leaky that it is not even worthwhile

to continue, or run additional pump tests: "The new groundwater pump tests required by LC

10.23 [additional pump tests] are unlikely to change any of the aquifer parameters or yield new

information verifying geologic confinement,. . ." and "Thus, the requirements of License

Condition 10.23 will only provide additional information, not reduce the potential for vertical

excursions." (WWT, p. 54).

information easier. For example, the I' page of the I" reference would be noted as M:A-1; the 3rd page of the
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Mr. Wallace's attempt to prove excessive leakage by well test analysis with the Modified

Hantush method fails on several points: (1) the figure which he claims shows a "curve match" to

the Modified Hantush leakage curve is a very poor match, even with the most casual observation,

(2) he misuses the concept of "early" time, (3) Finally, he fails to test for reasonableness.

One. Mr. Wallace touts his analysis of HRI's Crownpoint pumping test (HRI, 1992a)

with the Modified Hantush method as "showing" leakage in the Westwater Canyon aquifer while

completely discounting the analysis HRI obtained using the "Theis" method. However, both

techniques are graphical, and rely on a visual match of standardized "type" curves to plots of the

actual data. Notably, Mr. Wallace only offered his opinion of HRI's "poor match" of pump test

data points, and did not allow a direct visual comparison with his figures, which he lauded as

"much better matches". To allow an actual comparison, Mr. Wallace's Figure 2 is reproduced

here for monitor well CP-2, also as Figure 2 in Exhibit L. HRI's data analysis plot for that same

observation well (CP-2) is also reproduced in Exhibit L as Figure C.2-E. Checking his Figure 2,

the "type" curve is shown as a solid line, while the data observed for monitor well CP-2 during

the pumping test are shown as dots or points. This cannot be characterized as a "good match,"

with the "type" curve; first it is considerably above, then below, and then once again above the

monitor well data it was intending to "match." Possibly two data points actually fell on the

"type" curve, and that was purely a consequence of simple geometry, which describes the

intersection of two curves. With such a loose definition, ANY curve drawn on Figure 2 could be

claimed a "good match." It is for this very reason that "pressure derivatives" are used in modem

well test analysis (as HRI did for its analysis of the test data; HRI, 1 992a) to provide unique

1' reference would be M:A-3; the 5th page of the 2nd reference would be M:B-5; and so on.
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"curve matches" free of bias. From Spane & Wurstner (1993) on the use of "pressure

derivative" in modemr well test analysis:

The improvement in test analysis is attributed to the sensitivity of the derivative to
small variations in the analysis. The sensitivity of the pressure derivative to
pressure change facilitates its use in identifying the effects of wellbore storage,
boundaries, and establishment of radial flow conditions on the test. They go on to
say: The vigorous response in the use and application of pressure derivatives for
hydraulic test analvsis in the petroleum industrv has not been matched within the
hydrological sciences.

Two. Mr. Wallace speaks to the importance of the first two to three data points when

analyzing aquifer leakage by "type" curve matching and states of HRI's "type" curve match that

"this poor match was evident for the first three data points for well CP-2. . ." This is wrong and

misleading. Mr. Wallace makes an unconditional statement about the importance of the first two

or three data points (water level measurements) of a pumping test, without the slightest

consideration of the time and water level drawdowns those data points represent, the method of

water level measurement used in the test, the effect of "wellbore storage" on very early water

level measurements in pumping and monitor wells, or the use of "pressure derivatives" in finding

a singular and unique curve match. As noted earlier, HRI's "type" curve match for monitor well

CP-2, which Mr. Wallace discussed specifically, is attached here as Figure C.2-E. Note from

Figure C.2-E that the first three data points were taken at seven minutes, twenty minutes, and

thirty-one minutes into the test. The water level drawdowns (the downward change from its

starting level caused by pumping) associated with those three early points were 0.01, 0.08 and

0.14 feet, respectively (HRI, 1992a, page 2 of Table B.2a), and were all taken with an e-line unit

(electric wire manually placed into and pulled out of a monitor well for each water level

measurement; HRI, I 992a, page 48) at depths about 400 feet from surface (HRI, I 992a, page 2

of Table B.2a). The 0.01 to 0.14 feet compares to 17.9 feet of overall drawdown for well CP-2
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during the test. It is extraordinary that Mr. Wallace would claim that the critical data points for

determining if the Westwater Canyon aquifer is "leaking," for a well about 950 feet away from

the pumping well, occur less than about thirty minutes into a test lasting 4,320 minutes

(72 hours) overall, with drawdowns measured at those initial times of less than fifteen

hundredths of a foot out of almost eighteen feet of eventual drawdown and while using an e-line

for water level measurements taken from about 400 foot depth. His claim that those are the most

critical data points for analysis is indefensible, and suggest very limited experience in both the

conduct and analysis of pumping tests, especially using modem analytical techniques. Is

apparent that Mr. Wallace did not consider the effect of "wellbore storage" [i.e., the volume of

the monitor well casing itself in relation to the size of water level movement occurring in the

casing] while making such inaccurate claims. In addition, it is surprising that Mr. Wallace would

consider the third data point, at 31 minutes into the test, as a "poor match" considering his match

of the data shown in his Figure 2 (reproduced here and placed above Figure C.2-E in Exhibit L).

Mr. Wallace appears to misunderstand the meaning of "early-time data." Quite often

such confusion stems from the analytical procedures being used as "recipes," rather than

understanding the basic underlying concepts of those procedures. Perhaps that is what

Mr. Wallace meant when he stated "Employing the prescribed methodology . . ." As discussed

earlier, a number of standardized "type" curves have been developed to mimic the water level

changes in an aquifer due to pumping. The shape and use of these "type" curves vary according

to basic assumptions used in their development. Generally, "early" indicates that portion of the

data which has not deviated significantly from a standardized "type" curve developed

specifically to analyze the initial portion of a pumping test, while "late" would indicate the data

which has deviated considerably, and "intermediate" is in between. Most analytical techniques
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deal with the initial data, rather than late, so it is not surprising that emphasis is placed on "early"

time data. Yet that early time data is defined for most analytical methods, as is the case for the

Modified Hantush method from Dawson & Istok, 1991 (page 133) under their heading "Early-

Time Solution" where they state: "This solution applies to all three cases for early times or for

relatively thick impermeable aquitards, defined as when t < m'S' / 10 K' . . ." (the underline

emphasis is mine). This means that "early time" is defined as those times LESS than that

calculated from multiplying the thickness of the aquitard (confining clay) by the storage of the

aquitard divided by ten times the hydraulic conductivity of the aquitard., where m' in this case is

the thickness of the aquitard or confining clay unit. This same definition can be found in

Kruseman & de Ridder, 1994 (page 91). "Early" does not mean the first two or three data points.

Three. Certainly any credible investigation into possible adverse environmental

consequences of a proposed project should include a test of "reasonableness" for any

conclusions, to ensure that a perceived peril is substantive, and more than simple musings or

bias. It appears that Mr. Wallace did not consider the reasonableness of inferences drawn from

his speculations. Two examples are presented below.

Mr. Wallace calculated the aquifer transmiissivity and storage coefficient from his

"leakage type curve" fit shown in his Figure 2 (and attached here as discussed above). The

higher the transmissivity for the same thickness, the higher the permeability of the rock and the

"easier" water flows. Mr. Wallace calculated transmissivity as 269 gallons per day per foot

(gpd/ft). As discussed earlier in the section on Darcy's Law, this transmissivity is too low by

about seven ten [erratum] times.
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Mr. Wallace's very low estimate of transmissivity is unreasonable and should have been

recognized immediately as such by any test analyst familiar with the Westwater Canyon aquifer

and the San Juan Basin.

Also the storage coefficient of 3.3e-7 (dimensionless) shown on Figure 2 in Exhibit L is

physically impossible and should have been immediately recognized as such. As discussed

elsewhere in this affidavit, water and rock are actually slightly compressible and this

compressibility is included in the "storage coefficient." The compressibility of water is about

3e-6 psi" (the higher the value the greater the compressibility) and ranges very little from this

value. Rock, however, is actually even more compressible than water, with values 2 - 100 times

higher than that of water. Using a porosity of 25% (HRI, RAI 3/99) and an aquifer thickness of

200 feet favored by Mr. Wallace, the storage coefficient of 3.3e-7 reported by Mr. Wallace

would require a total compressibility (water + rock) 1.5e-8 psi", 20 times too low even for water,

much less if the compressibility of rock is included. If 250 feet thickness had been used, the

required total compressibility would have been even lower. Such a contradiction should have

been noted immediately by any proficient in flow test analysis.

11.5. CONCLUSIONS FOR UNIT I AND CHURCHROCK PUMP TESTS
INAPPROPRIATE

Mr. Wallace's conclusions concerning the pump tests at Unit I and Churchrock Section 8

are unsupported:

I reviewed the pump test data for the Crownpoint site and HRI's summary of the
results of Mobil's 1982 test at the Unit I site and Churchrock. Based on this,
review I believe that the tests themselves were inappropriately designed and
implemented in the field, and that the resulting data were analyzed using the
wrong hydrological model. The effect of the poorly designed and analyzed pump
tests was ....

(WWT, p. 45).
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First, Mr. Wallace's "HRI's summary" of the Unit I pump test was actually the analysis

performed on the Southtrend (Unit 1) pump test for Mobil Oil Corporation by Prickett &

Associates (nationally known in both aquifer test analysis and aquifer modeling). To suggest

that it is "HRI's summary" of Unit I is misleading. Wallace offered nothing to support his

claim that the Unit 1 pump test was "inappropriately designed and implemented in the field, and

that the resulting data ivere analyzed using the wrong hydrological model."

As for Churchrock Section 8, the only reference by Mr. Wallace that I noted, to any

specific data concerned with that test, was in a footnote:

In comparison, I later evaluated a Church Rock pump test, using the Hantush
Method, and found for a single well that it matched the limiting Hantush case,
which was equivalent to Theis. This shows that the Hantush is not biased and can
recognize confinement if it exists.

(WWT, p. 55, Footnote #14).

Thus, the only specific information Mr. Wallace provided for Churchrock Section 8 was

for a "single" well, and then, he stated that the Westwater showed confinement. Again, no new

analysis or re-interpretation of the pump test data was provided, and certainly nothing supporting

his claim that the Churchrock Section 8 pump test was "inappropriately designed and

implemented in the field, and that the resulting data were analyzed using the wrong hydrological

model." Mr. Wallace unsupported opinion lacks credibility.

The only re-interpretation of pump test data was for the Crownpoint pump test, and that

was an attempt at "leaky" aquifer analysis by Mr. Wallace. Even then, nothing was provided, or

even suggested, that any of the pump tests indicated flow "barriers" which would support their

claims of "channels."

47



11.6. IMPORTANCE OF BAROMETRIC PRESSURE

Other statements of Mr. Wallace indicate unfamiliarity with the basic methodology and

interpretation of aquifer tests or were contradictory. Mr. Wallace quoting HRI stated: "[well]

CP-I was not used as a Dakota observation well because the usual fluctuations caused by

barometric and diurnal influences was considered too poor for its use as a monitor well."

(WWT, p. 47). He goes on to state: "Fluctuations in barometric pressure are of only second

importance and are not crucial to this type of test. Such fluctuations are likely to cause water

level shifts of only a few centimeters, not meters." (WWT, p. 47).

Mr. Wallace's statements call into question his knowledge of design and conduct of

aquifer pump tests. Mr. Wallace questions regarding verification of the "poor" barometric

response of CP-1, raises a separate issue.21 Importantly, he does not appear to understand the

significance of a well not responding to barometric and diurnal influences. Of fundamental

importance in aquifer tests is that the observation wells actually "observe." Because of the time

and cost of conducting a pump test, it is typically demonstrated before the test that water levels

in the observation wells move as the aquifer is stressed, that is, that the water levels respond to

barometric afid diurnal influences. At the same time, the longer term "trend" of the water levels

in the aquifer, up or down, is measured to determine if they are significant enough to require

"correction" of the later pump test data. Even then, the longer term "trend" rarely completely

masks the barometric and tidal affects on the aquifer. So, it is very significant if any observation

well does not show a response to barometric and diurnal influences prior to conducting the pump

test. Mr. Wallace is completely wrong when he suggests that typical response during the pump

21 Mr. Wallace aggressively suggests a significance to the regional pump tests (%which is the test he is
discussing)conducted prior to licensing and with few wells, beyond the historical standard set by regulatory
agencies for uranium ISL. That standard placed primary importance on the later pump tests, conducted prior to
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test is on the order of meters, not centimeters. A response ofjust centimeters in wells completed

in the overlying zones might be significant. As reported by Kruseman & de Ridder, 1994 (pp. 44,

45):

Before being used in the analysis, the observed water levels may have to be
corrected for external influences (i.e., those not relating to the pumping). To find
out whether this is necessary, one has to analyze the local trend in the hydraulic
head or watertable. Hydrographs of the well and the piezometers, covering
sufficiently long pre-test and post-recovery periods, will yield the information
required to correct the water levels observed during the test.

Wells in a typical ISL aquifer which did not respond to barometric and diurnal influences

could not be considered a good observation well for a pump test, especially for the

overlying zone.

12. REINJECTION OF BLEED AT CHURCHROCK SECTION 8

Bleed is the amount of water withdrawn, but not reinjected back into an ISL wellfield.

The purpose of the bleed is to cause a lower water pressure ("cone of depression") in the area of

the ISL wellfields and help contain the ISL lixiviant. A "rule of thumb" for the uranium ISL

industry has been 1% bleed (1% less volume injected than withdrawn; but this varies, e.g., 0.5%

was used for the Crow Butte ISL project). HRI used 1% bleed, with a preliminary wellfield

design (well arrangement based on current knowledge of ore placement), in its hydrologic

computer model for Churchrock Section 8 to demonstrate that lixiviant can be controlled and

horizontal excursions prevented. As with all ISL projects at this stage, only a preliminary

wellfield design is available, since the final well pattern relies on the actual uranium ore

configuration at the Churchrock Section 8 ISL site, and that will be determined later with

additional exploration drilling, wellfield by wellfield, as the project progresses.

operation of individual ISL mine units, using many more wells, and demonstrating that EVERY monitor well
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Intervenor's mistakenly assume that bleed by itself is the most effective means of

excursion control (WWT, pp. 27-30; Staub Written Testimony, pp. 34-35). This is not so. I

have been involved in the design, operation, restoration, and management of ISL wellfields for

over 20 years. During that time I have run literally thousands of computer models analyzing

lixiviant control for the both initial wellfield design, and real wellfield operations. It is the well

pattern design and operation, which allows control of the lixiviant, with bleed simply one tool

used in that control. ISL regulators recognize this also. They ensure that each ISL project has

the capacity to properly manage and dispose of any wellfield bleed that might be required. Yet,

licenses/permits do not require that a certain bleed rate be used or maintained in real, ongoing

operations.

As stated earlier, the well configuration (well pattern) used in a wellfield is determined

by the final shape of the uranium ore, often with multiple well patterns (2-spot, 5-spot, 7-spot,

staggered line drive, etc.) used in one wellfield. The location and amount of the bleed during

actual operations is changed according to this well configuration, as wells are turned on and off

day to day. This is fundamental to ISL operations. I do not know of any ISL project that

operates differently from this. Ongoing operation of commercial ISL projects evidences that

lixiviant are controlled using varied bleed rates.

Although it incorporates a relatively expensive distillation cleaning process, the program

of bleed reinjection was developed as a means of conserving groundwater in the Westwater

aquifer to meet conservation goals of the NM State Engineer's Office. Under that program,

rather than "disposing" of the bleed waters, most of that water is cleaned and returned back to the

wl properly observe the ISL operation. HRI did not set this standard.
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aquifer, outside or beyond the monitor wells. Relative to this reinjection, Dr. Staub suggests that

additional modeling is needed because: "Depending on where this fluid is reinjected, it could

interfere with nearby monitoring wells or have a synergistic effect on operations as a whole"

(Staub Written Testimony, p. 35).

Mr. Wallace makes much stronger statements (WWT, pp. 29-30):

Failure to put this critical feature [bleed reinjection] into the models is sufficient
in its own right to invalidate all model results and conclusions.

As an expert with nearly two decades of experience in hydraulic analysis, and
numerous publications in this particular specialty, I can explain what the results
would show if they had put the reinjection in. Since the bleed is only an overall
effect, averaged out over a large area, it is rendered useless if the fluid removed
is reinjected in the same general area.

There is no way to quantitatively evaluate such an activity without knowing
exactly where the reinjection is to occur. Even then, modeling or other formal
analysis is essential.

HRI plans to reinject most of the 1% production bleed, in relatively close
proximity to the mining zone, in the same aquifer, thereby defeating the purpose
of the bleed (to contain lixiviant and prevent excursions).

Common hydrologic sense would dictate that the fluid must be transported to
another place completely outside the zone of influence.

Again, Mr. Wallace's comments are simply wrong. Movement of fluid in the subsurface is

controlled mostly by the location and distance between wells, and the relative amounts of flow in

and out of the wells. Closely spaced wells (as in an ISL wellfield) have a much greater affect on

the movement of nearby water, than wells at a greater distance, say beyond the monitor well

ring. The typical distance in ISL wellfields from the nearest ISL well to the nearest monitor well

is about 400 feet. Even if we were to place the reinjection well(s) as close to the monitor wells

as 100 feet beyond that, there would be a minimum of 500 feet to the nearest ISL well. It is not

unusual for any ISL operation to have a few hundred wells operating at any one time in the
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wellfield pattern. As will be explained below, the suggestion that one more well, set at 500 or

more feet from the ISL wellfield, out of a hundred or more already operating, will cause an

uncontrolled excursion, is illogical. Such reinjection wells, called "barrier" wells, have been

proposed in the past as a means to confine and control the ISL operations.

The affect of reinjection on the operation of an ISL wellfield could easily have been

determined by the Intervenor's; apparently they did not attempt to find out. Dr. Staub suggests

the reinjected bleed "could interfere" with nearby monitor wells. Mr. Wallace implies dire

consequences, and invokes his "experience" and "common hydrologic sense" as support. The

two important considerations concerning questions of "excursion" control and magnitude and

affect of wellfield bleed or of the affects of distant water wells, are the speed and direction of

water movement at any particular location in the aquifer. It is a rather uncomplicated matter to

determine the overall affect of reinjection of clean water on "control" of lixiviant in the wellfield,

using hydrology or reservoir engineering fundamentals. The "Principle of Superposition" in well

hydraulics states that the affect of any injection or extraction is additive at any place in the

reservoir. In other words, for any particular point in the aquifer, simply add up the affects of all

of the injections and withdrawals from the reservoir on that point. Another hydrologic

fundamental is that the change in pressure caused by injection or extraction of water decreases

exponentially with increasing distance. That is, injection or extraction of water creates a much

smaller pressure change in the aquifer at a distance than close to the well. Table 7 shows the

change in groundwater velocities ferratum] caused by reinjection of bleed at various distances from

an ISL wellfield. The velocities were calculated at steady-state, which means that they would be the

maximum velocities achieved with increasing time. I used the minimum distance from the ISL wellfield

to one or more reinjection wells as 500 feet as discussed earlier. The values of 21% porosity and 200 feet
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thickness were used as conservative (increasing the velocity). Also included are velocities at

25% porosity and 250 feet thickness, as more likely averages at Churchrock Section 8

(Lichnovsky Written Testimony). Velocities moving away from the well were made negative,

while those moving toward a well were made positive.

Table 7

Maximum Water Velocities

Due to Reinjection at 40 gpm

And Domestic Water Well Producing at 5 gpm

Reinjection Reinjection Water Well Water Well
40 gpm 40 gpm 5 gpm 5 gpm

Distance from 200 ft thick 200 ft thick 200 ft thick 200 ft thick
Injection or 21% porosity 25% porosity 21% porosity 25% porosity
Extraction Steady-State Steady-State Steady-State Steady-State

Well Water Velocity Water Velocity Water Velocity Water Velocity

Feet per YEAR Feet per YEAR Feet per YEAR Feet per YEAR
500 feet -21.3 -14.3 2.7 1.8
750 feet -14.2 -9.5 1.8 1.2
1000 feet -10.7 -7.2 1.3 0.9
V/4 mile -8.1 -5.4 1 0.7
1/2 mile -4 -2.7 0.5 0.34
1 mile -2 -1.4 0.25 0.17

1 12 miles -1.3 -0.9 0.17 0.11
2 miles -1 -0.68 0.13 0.08

Note that these velocities are in feet per year. They would then be added to the water

velocities at any point in the aquifer, located at the distance from the well specified in the table.

From Table 4 7 ferratum], the maximum change in velocity, would be 21.3 feet per year for the

distance of 500 feet from the reinjection well, and that would be directed into the interior of the

ISL wellfield because water moves away from the reinjection well. In other words, if the direction of

the water movement at 500 feet from the reinjection was not moving at all prior to starting the

reinjection, it would start moving at 21.3 feet per year away from the reinjection well. If the
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water was already moving away from that well, the reinjection would cause it to move 21.3 feet

in one year more than it would have moved anyway. IF the water velocity at 500 feet was

already directed toward the reinjection well, then the velocity of that water would slow by 21.3

feet per year. Far from the "critical feature" suggested by Mr. Wallace, this shows that

reinjection of bleed is an insignificant feature, and his remarks lack any credibility. Reinjection

will be insignificant in control of lixiviant at Churchrock Section 8.

Mr. Wallace and Dr. Staub also ignore the monitor wells, which will encircle the

%vellfield during operations. Monitor wells are the actual demonstration of day to day, real-world

lixiviant control.

13. ISL INJECTION OCCURS SIMULTANEOUSLY WITH EXTRACTION

Mr. Wallace states:

If a mild [pumping] test shows leakage, then a larger operational scale test will
show leakage as well, only more so. To argue otherwise, as HRI and NRC have
done, is equivalent to saying that, because a balloon burst when being filled from
a tap, it would not burst if filled from a firehose at higher pressure.

(WWT, p. 44).

Obviously, it is unreasonable to equate a uranium ISL mine with an exploding "balloon." Yet, at

HRI's proposed ISL project, all water to be injected must first be extracted from the same area.

With "bleed" (i.e., the amount of water NOT re-injected), injection is always less than extraction.

Even without bleed, injection could only equal extraction, but never be higher. In addition, the

flowrate is not all injected or extracted from one well. At Churchrock Section 8, using the

design flowrate of 30 gpm for individual wells, about 100 wells each for injection and extraction

scattered about the area, will be used at any one time. Perhaps Mr. Wallace's use of this analogy

is based on his experience with waste disposal wells. In disposal wells, there is only injection,
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and pressure builds up in the disposal zone because the water and rock in that zone must

compress to make room for the waste fluids being injected. This is just not the case for a

uranium ISL project.

14. AFFECTS ON WATER WELL NEAR CHURCHROCK

Page 9 of Intervenor's Legal Brief states: "Within approximately 1.5 miles of the Church

Rock site, there is a domestic water supply well. . ." To show the affect of a domestic water well

on groundwater velocities at various distances from the well, Table 4 7 [erratum) includes water

velocity changes caused by a domestic water well operating continuously at 5 gpm. As in the

discussion above, the Principle of Superposition applies and the velocities in that table are

"added" to existing groundwater movement. Using Dempster, Practical Engineering, p. 5 as a

guide, and assuming 6 people and numerous livestock using the well daily, domestic water

requirements were estimated for the well totaling 702 gallons per day (0.5 gpm). To be ultra

conservative in analysis, this was than arbitrarily increased by ten times to 5 gpm on a

continuous flow basis. Table 4 7 [erratum] shows that under these conditions the affect of

producing such a water well would be to increase water velocity at the ISL site toward that well

by less than 0.2 feet per year. Consequently, a domestic well 1.5 miles away would have almost

no affect.

15. FLOW IN THE CHURCHROCK MINE WORKINGS

Mr. Wallace writes of Darcy's law and the mine workings at Churchrock Section 17:

HRI claims that the mine workings are essentially zones of infinite
permeability and a porosity of 1. But, in fact, the concept of permeability has
no role in describing flow within these zones [mine workings], so the whole
argument is absurd, and both parties [HRI & NRC] are wrong.
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(WWT, p. 71).

Mr. Wallace later wrote: "In such a model, the mine workings would be treated similarly

to the wav HRI described them above; as high permeability zones with a porosity of 1." (WWT,

p. 71) [emphasis added].

In addition, Mr. Wallace may want to reconsider his arguments that "turbulence" and

"turbulent phenomena" will occur in the mine workings during restoration of Churchrock

Section 17 (requiring a "turbulentflow, type of model') (WWT, p. 72, 73).

16. COMMENT ON TESTIMONY OF DR. STAUB EXCURSION REPORT

Concerning "Inadequacies of Groundwater Flow Modeling in HRI's Application,"

Dr. Staub quoted his Staub et al. (1986) report and stated that horizontal excursions can be

expected to occur and the reasons for that. However, what was also written in the Staub et al.

(1986) report:

3.3 SUMMARY OF EXCURSIONS, THEIR CONSEQUENCES, CAUSES
AND CONTROL

Horizontal excursions are not of serious concern in in-situ uranium mining. First,
the manipulation of injection and production rates is adequate for controlling
horizontal excursions. Second, eventual restoration of an ore zone aquifer is an
extension of horizontal excursion control.- During aquifer restoration the bleed
rate would be increased and natural or treated (rather than lixiviant rich) ground
water would be injected. Natural ground water would also be swept through the
ring of monitor wells and toward producing field wells. Thus aquifer restoration
methodology is similar to, but more intensive than, horizontal excursion control.
Any areas remaining on excursion status at the end of mining would automatically
be brought under control during the restoration process.

(Staub et al., 1986, p. 29 31 ferratum]).
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INTRODUCTION

A hydrologic test was conducted in April, 1991 at Hydro

Resources, Inc.'s (HRI) Crownpoint in situ uranium project in

McKinley County, New Mexico. This test was designed to provide

the hydrologic parameters which, coupled with core and other

geological information, will allow a characterization of our

proposed production horizon in terms of continuity and leakage

potential. Continuity is demonstrated to ensure that future

wells drilled at the perimeter of the in situ leaching (ISL)

project and completed into the Mine Zone will actually monitor

the ISL mining. Although regional pump tests are of limited

value to an operator for wellfield design purposes, flow tests on

individual wells can be devised to provide such design

information.

GEOLOGY

The various tables and figures for this report are organized

in the following fashion. Tables which provide general

information about the test and the wells are immediately after

the text, in Appendix A. Following the general tables, and also

in Appendix A, are the figures general to the overall test. Data

specific to the individual wells are contained in tables in

Appendix B and the figures and plots for those same wells are in

Appendix C. The well number provides the location of the data

and figures within Appendices B and C. For instance, data for

well CP-2 is designated as B.2 and C.2 in the respective

appendices, and for well CP-8, as B.8 and C.8.

The geology in this area has been described in detail in

other reports (HRI, 1988; HRI, 1989) and will be summarized here

only briefly. A stratigraphic column for the Crownpoint area is

presented in Appendix A as Figure 1 (USGS, 1977). HRI's proposed
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production horizon is the Westwater Canyon Sandstone, which is

the middle Member of the Morrison Formation (Jurassic age). Note

that the term "Westwater Canyon Sandstone Member" is used

interchangeably in this report with "Westwater" and "Mine Zone".

The Westwater Sandstone is a poorly sorted sandstone of about 320

feet thick in the area, which hosts considerable quantities of

commercially producible uranium and related minerals and still

acts as the major aquifer for the region.

The Brushy Basin Shale is the upper Member of the Morrison

Formation and immediately overlies the Westwater. This shale is

continuous across the area and acts as the upper aquiclude

(preventing vertical fluid movement) for the Westwater. It is

noted as 115 feet thick in the region (see Figure 1), but the

dense clay, as determined from geophysical logs, averages about

80 feet locally. Demonstrating its suitability as a barrier to

vertical migration of in situ leach fluids was a primary goal of

this pump test.

The Dakota Formation is directly above the Brushy Basin

Shale and is predominantly sandstone with some interbedded shale

and siltstone. It is the first zone above the proposed

production horizon with any significant permeability.

Regionally, it is 160 feet thick (Figure 1), but averages about

170 feet locally. The Dakota was monitored during the pump test

to ensure that it is hydraulically disconnected from the

Westwater and may be designated during ISL mining as the "First

Overlying Zone".

Continuing upward, the Mancos Shale Formation is immediately

above the Dakota Formation and, except for the Two Wells

Sandstone Member, is 700+ feet of massive shale and siltstone.

The Mancos is of such thickness and extent that wells were not

completed above it for monitoring during this pump test.
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The aquiclude below the Westwater is the Recapture Shale,

the lower Member of the Morrison Formation, and composed of about

255 feet of silt and mudstone. Like the Mancos Shale above the

Westwater, the Recapture is of such thickness that wells were not

drilled and completed below it. In addition, this protects the

integrity of the Recapture as a barrier to downward flow of

fluids in that multiple penetrations through the aquiclude are

not made arbitrarily.

A clay was identified about 120 feet from the bottom of the

Westwater and arbitrarily called the 'AA Clay'. The thickness

and areal extent of this clay'was investigated geologically to

determine whether it might provide, locally, a hydraulic barrier

between the upper and lower sections of the Westwater (although

there is uranium mineralization in both portions). The thickness

of the clay in the area averages about ten feet but thins to just

a few feet in the north. The portion of the Westwater below this

clay has been designated the 'AA Sand'.

MONITOR WELL PREPARATION

A plan view of the area with locations of the pump test

wells is shown as Figure 2. The locations of the wells completed

into the Westwater Canyon aquifer were chosen for three reasons:

(1) to allow characterization of the aquifer over a large region,

(2) to confirm the thicknesses estimated for the upper aquiclude,

especially to the north, and (3) to provide additional geologic

data on the ore and individual roll fronts. Multiple observation

wells, at various distances and directions from the pumped well,

are required to determine the homogeneity of an aquifer through

the symmetry of the pressure response and the variability of the

calculated formation parameters. Figure 2 shows the locations of

the older observation wells (CP-2, CP-3) and the newer monitor
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wells (CP-6 through CP-10) in relation to the primary pumping

well, CP-5.

Various completion data are shown in Table 1. The older

wells, CP-1 through CP-5, were drilled in 1980 and the steel

casing cemented with cement baskets placed near the top of the

Westwater and uncemented, slotted casing extending into the

Westwater below. Wells CP-1 through CP-4 were completed with the

larger diameter 10 3/4" casing since they were intended as

dewatering wells for the proposed underground mine at Crownpoint

(Conoco, 1982). Well CP-5 (also known as the 'Construction Water

Well') was completed with smaller 6 5/8" casing and equipped with

a 30 horsepower submersible pump. This well has provided water

for the existing plant facility since its installation.

The newer monitor wells (CP-6 through CP-9) were drilled in

1990 and completed with 5 1/2", 14 lb/foot steel casing which was

cemented from the bottom to the surface and then perforated with

oil field shaped charges, as shown on Table 1. Wells CP-6, CP-7

and CP-8 were opened with ten feet of perforations in each of the

top, middle and bottom (but above the AA Clay) portions of the

Westwater, for a total of thirty feet. Perforations in Well CP-9

were confined to a single ten foot section in the AA Sand.

An attempt was made to re-complete well CP-4, and then CP-1,

as a Dakota monitor well. This was done for two reasons:

(1) These wells were reasonably close to the proposed pump

test well, CP-5. Pumping just this one well (CP-5),

then, would serve two purposes of the pump test,

namely, to test the continuity of the Westwater and

the integrity of the overlying aguiclude in the

local mine area.
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(2) The costs could be minimized, since the re-completion

costs were considerably less than the full drilling

and completion costs of a new well.

The recompletion consisted of cementing off the lower section

(the Westwater) of the well and then perforating and developing

the overlying Dakota. The risks associated with the recompletion

of these wells were readily understood since HRI personnel are

experienced in drilling and re-completing of wells in both ISL

and the oil field industries. Problems did develop as

anticipated. Drill pipe was lost in well CP-4 causing it to be

abandoned and the response of the Dakota in CP-1 to the usual

fluctuations caused by barometric and diurnal influences was

considered too poor for its use as a monitor well. As a result,

well CP-10 was drilled as a twin (a nearby well) to the Westwater

monitor well CP-8 and completed into the Dakota with a thirty

foot open hole section, see Table 1. Field representatives from

the New Mexico State Engineer's Office were onsite during the

cementing of casing for the five new monitor wells, CP-6 through

CP-10.

Each monitor well to be used in the pump test (CP-2, CP-3,

and CP-6 through CP-10) was developed using a combination of air

compressors (for air jetting) and submersible pumps. Fluid

levels in the wells were then monitored with Electric Handlines

(also called 'E-lines', 'Well Sounders' and 'M Scopes') and/or

Steven's Chart Recorders to ensure that they responded to the

ordinary barometric and diurnal fluctuations.

TOWN of CROWNPOINT WATER SUPPLY WELLS

The Town of Crownpoint has six water supply wells, any of

which may be on or off at any particular time. These water

supply wells are close enough to HRI's Crownpoint Project that

this on/off operation might interfere with the detailed fluid
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level measurements in a pump test (see Table 4). As a result and

in preparation for our Area Pump Test, Mr. Salvador Chavez,

Environmental Coordinator at HRI's Crownpoint Project, contacted

the Navajo Tribal Utility Authority (NTUA) and the U.S.

Department of Interior's Bureau of Indian Affairs (BIA) in

September, 1990 to ask if they would share the details of the

completions and production histories for the Town water supply

wells. They graciously provided us with the information they had

at hand. Although this did not include geophysical logs, it was

enough to allow a general determination of the open zones (see

Table 2). In addition, they allowed HRI continuous access to

their metering facilities so that we could compile detailed

flowrate data and judge the interference to our Area Pump Test.

HRI gratefully acknowledges their cooperation.

HRI began reading the flow meters from the individual

Crownpoint Town water wells in late October, 1990. Initially

these meters were read twice daily, in the early morning and late

afternoon, except weekends. These readings were rescheduled in

mid-January, 1991 (partly because of weather) to just mornings.

The flowrates (in gallons per minute or 'gpm') from November,

1990 through April, 1991 are shown for the NTUA wells in Figure 3

and for the BIA wells in Figure 4. Note that during this time,

each well produced over 80 gpm intermittently and four of the

wells produced over 110 gpm. These flowrates were calculated as

an average over the period between a particular meter's totalizer

readings.

Transmissivity and Storage Coefficient are two aquifer

parameters normally calculated from a pump test. This is usually

done most easily and accurately with a single well pumping at a

constant flowrate. However, several pump tests (USGS, 1977;

Mobil, 1980) have already been conducted in the area of our

proposed Crownpoint ISL site and the transmissivity and storage

coefficient of the Westwater evaluated. As a result, HRI felt it

-6-



was not reasonable to interfere with the normal operation of the

Town of Crownpoint water wells during our pump test, but to

concentrate instead on demonstrating the integrity of the Brushy

Basin Shale and on showing the continuity between our monitor

wells.

PUMP TEST DESIGN

This Area Pump Test was to be conducted in two, possibly

three phases. Phase One would be the primary investigation and

would involve producing from Well CP-5 at 100+ gpm for 72 hours,

followed by a buildup of the same duration, unless interference

from the Crownpoint Town water wells showed that the buildup

(recovery) could be shortened. This would test the continuity

between the Mine Zone monitor wells and, through the level of

pressure (water level) response, determine the quality of the

overlying confining clay and the degree of communication with the

underlying AA Sand.

The AA Clay thins to the north, as noted above. Wells CP-6

and CP-9 were placed north of our ore body (see Figure 2) to

provide a more general, area wide assessment of the AA Clay and

to enlarge the area investigated by the pump test.

Completion details of wells CP-1 through CP-5, drilled in

1980 as underground mine dewatering wells (Conoco, 1982), show

the AA Sand to be open to some degree in each (see Table 1).

Table 2 also shows this to be true of the Town of Crownpoint

water wells. Consequently, some pressure drawdown was expected

in well CP-9 completed in the AA Sand, yet the amount and type of

response might indicate whether the drawdown was caused by a

general depressurization through the AA Clay or through wellbores

open to the AA Sand. As a result, Phase Two would involve

producing Well CP-6, completed above the AA Clay, and recording
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the response of the AA Sand monitored in its twin well, CP-9. As

a prelude to Phase Two, CP-6 would be tested individually to

determine the maximum sustainable flowrate, expected to be about

25 gpm.

Wells CP-8 and CP-10 are also twinned wells (see Figure 2)

completed in the Westwater and Dakota, respectively. If Phase

One did not adequately stress the overlying aquiclude (Brushy

Basin) as determined by the differences and the character of the

drawdowns in CP-8 and CP-10, then Phase Three would entail

producing Well CP-8 while monitoring the Dakota well, CP-10.

A number of factors can substantially influence the results

from a pump test. Among these are:

-interference from other producing wells (mentioned above);

-antecedent conditions (i.e., significant trends noted

before and continuing through the test);

-barometric and diurnal (tidal) effects;

-quality of the data recorded.

Fluid level measurements in the monitor wells typically

begin two to three days prior to the pumping phase in order to

determine antecedent conditions. If considerable and

predictable, these trends are then 'corrected' out of the

subsequent test results. Because of possible and significant

interference from the Town of Crownpoint water wells, HRI planned

to begin monitoring for antecedent conditions at least six days

prior to pumping.

The strength of barometric and diurnal effects can also be

noted from the antecedent measurements. If these effects are

large in relation to the resultant drawdowns, they too should be

corrected out.
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PUMP TEST DETAILS

Steven's Chart Recorders had been installed on a number of

the monitor wells weeks prior to the actual pumping in

preparation for the test. During that time, Mr. Chavez had

excellent results in operating the Steven's Recorders at the 400+

feet water levels typical for the monitor wells in the area.

Therefore, recorders were installed on the Mine Zone wells (CP-6,

CP-7 & CP-8), the Dakota well (CP-10) and the AA Sand well

(CP-9). All of the recorders were converted from 8-day clocks to

24 hour. In addition, the recorders on the Mine Zone wells were

geared at 1:5 (i.e., one revolution of the drum to five feet of

fluid level movement) and the other two wells at the more

sensitive 1:1 ratio.

Mine Zone monitor wells CP-2 and CP-3 were expected to have

considerable drawdown while producing CP-5, so the fluid levels

in those wells were measured manually during Phase One. During

Phase Two (pumping of Well CP-6), the Steven's Recorder from CP-6

was installed on CP-3 and CP-2 was again measured manually.

Manual fluid level measurements were taken from specific

points marked at the top of the well casing. The same E-line was

used for all readings on a particular well in order to remain

consistent and minimize error. Manual readings were taken prior

to installing a recorder on a well and at other times during the

test when a check of the recorder seemed appropriate.

Antecedent data collection began on Thursday, April 4, 1991.

Barometric pressures were measured on a recording barometer which

was maintained at the existing Crownpoint facility throughout the

test. The weather was poor (snow, wind) during much of the test,

which was not unexpected, and various precautions had been taken,
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such as the construction of small sheds over some of the Steven's

Recorders which were in locations unprotected from the wind.

The pump in Well CP-5 and Phase One were started at 1100

hours, April 17, 1991. The existing 30 horsepower, 18 stage,

REDA submersible pump in Well CP-5 draws power from the local

electric utility, providing a reliable power source and making

interruption of pumping much less likely than with a portable

electrical generator. Twenty four hour coverage was provided to

continuously monitor and maintain a constant pumping flowrate, to

ensure that the Steven's Recorders were tracking properly in the

wells and on the charts, and to take the various manual fluid

levels required.

A single, three inch McCrometer flow meter (Model MW 503),

with a totalizer and gpm indicator (0 to 250 gpm), was used to

measure the flowrates on Well CP-5. Typically, HRI uses a double

meter system which allows the test to continue if meter problems

develop. However, this meter was newly purchased a few months

earlier and the existing meter run was left intact rather than

modifying it for a backup meter. The initial target flowrate for

CP-5 was 110 gallons per minute (gpm), but the pump was not able

to maintain that rate and it was lowered to 105 gpm, and finally

to 101 gpm over the first three hours. The flowrates averaged

101.1 gpm over the entire 72 hour drawdown period and 100.7 gpm

over the last 24 hours. These rates are tabulated in Table B.5a

and shown graphically in Figure C.5-A.

Phase One proceeded as scheduled until a "power bump" at

0545 hours, 4-18-91 caused the pump to stop. It was off for less

than two minutes before being restarted at the 100-101 gpm

flowrate. This was the only interruption during the 72 hour

pumping period. The pump was shutoff manually at 1100 hours,

4-20-91 (after 4320 minutes of drawdown) and the recovery portion

of Phase One begun. Two representatives from the New Mexico
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Environmental Department (ED) visited the site during the

drawdown of CP-5 to observe the monitor wells, equipment,

personnel, and test procedures.

The Steven's Recorder was removed from Well CP-6 on 4-23-91

and setup on Well CP-3. A five horsepower, 3 phase, 440 volt,

Grundfos pump (SP4-36) was installed in CP-6 that same date.

Again, portable electrical generators are not as generally

reliable as power drawn from a local power grid and approximately

1/4 mile of power cable was laid to accommodate Well CP-6. A one

hour drawdown test was conducted in the afternoon of the

Twenty-third to determine the highest, sustainable pumping rate

for Phase Two of the Area Pump Test. The flowrate for that one

hour test averaged 18.7 gpm and 17 gpm was chosen as the target

rate for the second part of the pump test.

Phase Two of the Area Pump Test was begun at 1100 hours on

4-25-91 by pumping from Well CP-6 and observing the fluid level

response in the AA Sand Well CP-9, twin to CP-6. Two

representatives of the NTUA from the Crownpoint office visited

and observed the test during this time. Twenty-four hour

surveillance was again maintained through the drawdown and

initial days of the recovery. A double flowrate meter system was

used with two 1 inch C-14 Rockwell meters placed in parallel.

The flowrates averaged 16.9 gpm over the length of the drawdown

period and 17.0 gpm during the last 24 hours. The rates

throughout the drawdown of Well CP-6 are shown in Table B.6b and

Figure C.6-I.

An instantaneous power outage (or "power bump" as it is

called locally) occurred about 14 hours into the test and caused

the pump to stop. The pump was restarted after about 12-13

minutes. This happened again at about 50 1/2 hours into the

test, but the test duration was judged sufficient and fluid level

measurements for the recovery or buildup began immediately. The
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drawdown test had lasted until 1331 hours, 4-27-91 or 3031

minutes.

The drop in fluid level at the Westwater monitor well CP-8,

due to pumping of CP-5, was -14.21 feet (As Measured --- see

Table 5). This compares to a rise in fluid level over the same

period of +0.053 feet (Table 5) in Well CP-10, which monitors the

overlying Dakota Sandstone. The large drawdown in CP-8 coupled

with the actual rise in water level in CP-10 caused HRI to end

the test at this point (as discussed above) and not proceed into

Phase Three.

As noted above, monitoring of the various wells began 4-4-91

and continued throughout the two drawdown and recovery periods

and beyond. Fluid level measurements ended on wells with

recorders (CP-3, CP-7 through CP-10) at 0800 hours, 4-30-91 and

on wells which required manual readings (CP-2 and CP-6), at 1700

hours, 4-28-91.

Analysis and Results

All Steven's Recorders had twenty-four clocks installed for

this pump test, which means that twenty-four hours is required to

completely track across the time scale of the chart. All charts

were manually digitized into two hour increments and input into

computer files. Files were also built for the manual fluid level

and flowrate readings. This data was then plotted versus time

and scrutinized for obvious errors and those errors corrected or

that information deleted.

Well locations were corrected for drill hole deviation to

the mid-point of the Westwater Canyon Sandstone and are shown for

wells CP-1 through CP-9 in Table 3. Since Well CP-10 is

shallower than the Westwater and extends to just above the top of
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the Brushy Basin, the correction for deviation was made to the

bottom (TD) of the well. The elevations to the top of the

casings for those same wells are also shown in Table 3. Surface

locations and elevations for the Crownpoint Town water wells were

estimated from USGS Topographic maps and are also noted in that

table. Distances between various wells, using the locations of

Table 3, were calculated and are tabulated in Table 4.

The following are some abbreviations used in the various

tables and plots for this report:

antec = antecedent;

baro = barometric;

corr = correction;

feet H20 = feet of water;

F.L. = fluid levels;

gpm = flowrate in gallons per minute;

MSL = feet above Mean Sea Level Elevation;

regress = linear regression;

S = storage coefficient (dimensionless);

T = transmissivity (gpd/ft).

A note on the precision of the various estimates of

transmissivity and storage coefficient in this analysis. The

transmissivity is typically carried to four digits and the

storage coefficient to three digits here. This was not intended

to imply that all of those digits are significant. Although an

error analysis was not undertaken, the range of the numbers

themselves indicates that at most two digits would be

significant, and in some cases, possibly just one digit. In

general, the numbers were reported in this form as a matter of

convenience in transferring them from the various computer

programs to this report.

As discussed earlier, the primary objectives of this test

were to show the degree of communication between the Westwater
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and the First Overlying Zone, the Dakota Sandstone, and to show

continuity in the Westwater Canyon Sandstone in that monitor

wells will communicate easily across our initial proposed project

area. A secondary objective was to estimate the various

formation flow parameters (transmissivity and storage

coefficient).

Pumping from Well CP-5 (at 101.1 gpm average) in Phase One

of the test produced water level drawdowns considerably larger

than those while producing from Well CP-6 (at 16.9 gpm average)

in Phase Two, as expected from the large difference in pumping

flowrates. As a consequence, most of the following discussion

concerning beginning fluid levels, resultant drawdowns and

recoveries, and formation flow parameters will consider the

pumping of Well CP-5, rather than CP-6.

Fluid levels, calculated to Mean Sea Level elevation and

just prior to starting the pump in CP-5 on 4-17-91, are shown in

Table 5. Typically, when static fluid levels and chemical water

quality differ markedly for different sands or zones, the degree

of hydraulic connection between them is negligible or

nonexistent. As can be seen from Table 5, the beginning fluid

levels in the twin wells CP-6 (Westwater monitor) and CP-9 (AA

Sand) are very close, 0.28 feet apart, while those in the twin

wells CP-8 (Westwater) and CP-10 (Dakota) are very dissimilar,

with a 98.87 feet difference. In addition, the groundwater

chemistry (Table 9) from individual well water samples reveals

that the Westwater and the AA Sand differ somewhat in water

quality (compare sodium, sulfate, TDS, conductivity), while there

is a marked contrast in these same parameters for the Westwater

and the Dakota. The fluid levels and water quality strongly

indicate that the Dakota and the Westwater Canyon are indeed

hydraulically isolated from each other. The results shown in

Figures C.10-A and C.8-A and in the composite Figure 8 bears this

out and is discussed in more detail below.
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Barometric readings taken at the project site during the

pump test were converted from "inches of mercury" to "feet of

water" and plotted in Figure 7. As atmospheric pressure changes

and is charted by the barograph, the water level in a well

typically goes up or down by some fraction of the change in

barometer. This fraction is known as "barometric efficiency".

The wellbore fluid level moves in reverse to the atmospheric

pressure. As the atmospheric pressure goes up (an increasing

barometer), the wellbore fluid level will go down and vice versa.

Note the large changes in the barometer reading in Figure 7

during the pumping of CP-5 and CP-6.

Figure C.10-A shows that the fluid levels in Well CP-10

(Dakota) are affected considerably by the barometric, diurnal,

and antecedent conditions. The measured fluid levels were

adjusted and re-plotted with various fractions (barometric

efficiency) times the inverse of the barometric readings and a

barometric efficiency of 0.35 settled upon. This is plotted in

Figure C.10-A as the curve "Corrected for Baro.". The importance

of accounting for changes in barometric pressure is especially

evident when considering the trend of the measured fluid levels

while pumping Well CP-5, as compared to the corrected levels (see

Figure C.10-A).

The recurring daily fluctuations in CP-10 demonstrate the

diurnal or tidal influences on the water levels. As can be seen

from Figure C.10-A, these cyclic changes do not take away from

the overall, upward trend of the fluid levels corrected for

barometric pressure and as a result no diurnal corrections were

made.

The general upward trending slope in Figure C.10-A is

indicative of antecedent conditions, in other words, the

continuing and outside influence on the pressure response of a

well. A "best" line fit was developed using linear regression
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through the curve corrected for barometric changes. This "best"

line fit to the antecedent rise in fluid level gave a slope of

+0.022 feet/day and is plotted in Figure C.10-A as "Antec. by

Regress.".

The wells CP-10 (First Overlying Zone monitor) and CP-8

(completed in the Westwater) were drilled as twins and are 72

feet apart. The drawdown in Well CP-8 while pumping CP-5 was

substantial, at 14.21 feet (see Tables 5 & B.8a and Figures C.8-A

& C.8-B). A composite plot of CP-8 and CP-10 is shown in Figure

8 (Appendix A), with fluid levels shown for CP-10 on the left

side and those for CP-8 on the right side of the graph. Thus,

the scale for CP-10 covers 1.0 feet, while that for CP-8 covers

20.0 feet. The large drawdown in CP-8 coupled with the

attendant, overall rise in fluid level and lack of response in

CP-10 and the disparity in beginning fluid levels and the water

qualities of the two wells show that the Dakota Sandstone and the

Westwater Canyon are, for all practical expectations, separated

hydrologically.

As an additional comment to the composite graph, Figure 8,

note the general rise in fluid levels in CP-10 beginning about

4-8-91 and the corresponding decrease in levels in CP-8. The

drop in level in CP-8 most reasonably could be attributed to

pumping of the Crownpoint Town water wells, which would affect a

very large region. The coincident and opposite rise in levels in

CP-10 is typical of zones hydraulically disconnected from, but

vertically close to, the pumping aquifer and is called the

Noordbergum or Mandel-Cryer effect.

Typically, a well not affected by pumping and which reacts

strongly to barometric and diurnal fluctuations is used to

develop corrections for other wells which do respond to the

pumping. In this case, with no response in CP-10 from pumping of

CP-5, corrections for the various cyclic and random changes in
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.......

fluid levels could be made to other wells from CP-10. This was

done in the first part of the analysis for this Area Pump Test.

The fluid levels of Well CP-9 (AA Sand) and its twin CP-6

(Westwater) are shown in a composite plot, Figure 9.

Individually, they are shown in Figures C.9-A and C.6-A and, with

expanded scales, in their respective figures lettered B and C.

Although Well CP-9 dropped during periods of production from CP-5

and CP-6, this decrease in fluid level was typical of declines

associated with the Town of Crownpoint water wells as modeled

with computer simulations for the other observation wells (to be

discussed later). Well CP-5 and the Town wells are all producing

to some degree from the AA Sand (as noted above), which may

account for some or all of the response in CP-9.

However, there are some curious features in the fluid level

curve from CP-9. First, there is considerable lag time before

any response to the pumping of wells CP-5 (in particular) and

CP-6. In addition, there is no obvious recovery after cessation

of pumping in CP-5, but some recovery is noted after production

from CP-6. Some computer simulations were run in an attempt to

history-match the pressure curve of CP-9. Although the resulting

matches were reasonable, all lacked the extended response (lag

time) shown in the actual data.

As part of the Westwater, the AA Sand contains uranium

mineralization and was monitored during this Area Pump Test to

assess the degree of isolation between the upper and lower

portions of the Westwater as a matter of general information for

the ISL operator. As a result, analysis was stopped at this

point.

The pump test analysis proceeded in two parts. The first

portion involved an examination of the data and calculation of

the various formation flow parameters (transmissivity and storage
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coefficient) using data corrected for barometric, diurnal and

antecedent conditions, but not modified for the interference

caused by other flowing wells. The second phase included

corrections made for the concomitant production from the Town of

Crownpoint water wells. Except for Well CP-10, the barometric

and diurnal corrections turned out to be negligible as compared

to the larger corrections made for the production from the Town

of Crownpoint water wells. As a result, only the second portion

of the analysis is presented here and "uncorrected" in the

various tables and figures of this report refers to the fluid

levels "as measured", while "corrected" refers to those

corrections for the Town water wells determined from computer

simulation.

As noted above, the various flow characteristics for the

Westwater had been estimated in other studies and was not a

primary objective here. However, by investigating the influence

of the producing Town water wells on the HRI observation wells,

the degree or scale of those effects could be determined.

Obviously, this would involve computer simulation, and selection

of the best computer model for this effort had to be considered.

Models were available and on hand utilizing either the Theis

solution or numerical techniques (specifically finite difference)

to solve the radial diffusivity equation. The single, most

important difference between the solution methods for these

models is that the Theis model assumes homogeneity in the system,

whereas the numerical models allow the formation characteristics

(transmissivity, thickness, etc.) to vary.

The Theis solution model was ultimately selected for use for

the following reasons. In order to take advantage of the

non-homogeneity aspect of the finite difference model, data as to

the variability of the system must already be available, and then

the model setup and calibrated. Over the relatively small region

that this Area Pump Test was to encompass, even when including

-18-



the area of the Crownpoint Town water wells, the detail is simply

not available and the finite difference model would run as a

homogeneous system, just as the Theis solution model.

The changing flowrates of the Town water wells have to be

included in any analysis. As it happens, any change in rate

lingers for some time and is usually accounted for mathematically

using a special technique called superposition. Thus, any model

chosen would have to handle the many changes in flowrates

represented by the Town water wells. The available Theis model

does so and provides an immediate graphic comparison of measured

versus estimated drawdowns for any combination of the producing

wells. The finite difference model accounts for changing

flowrates, but in a manner more unwieldy for the user.

Two other considerations led to choosing the Theis model for

this study. Generally, the Theis models are much easier to setup

and very fast to run and re-run. Secondly, most analyses of pump

tests involve using the Theis solution and various semi-log

techniques, which were developed as extensions of that theory, to

solve for the formation flow parameters, and are all based on the

same limiting assumptions. Even with these restrictions, these

analytical methods have proven to give excellent results as to

general formation flow characteristics and are used extensively,

even to providing the input data for finite difference/finite

element models.

All analyses for the Westwater observation wells were made

in the same general manner. Consequently, that method will be

described in detail for one well, arbitrarily CP-7, with the

similarities to other wells understood. The fluid levels for

Well CP-7 from early to late April, 1991 are tabulated in Table

B.7a and plotted in Figure C.7-A.
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All flowrates for the Town of Crownpoint water wells from

November, 1990 through April, 1991 (see Tables 3 & 4 and Figures

5 & 6) and varying on a daily basis were included in the computer

simulation using superposition. Also included in this model were

the flowrates from Well CP-5 (Table B.5a) and Well CP-6 (Table

B.6b). In addition, for the sake of completeness, the following

were included: the 124 minute flow of Well CP-5 for 103.3 gpm on

2-19-91 and again for 79 minutes at 107.6 gpm on 4-1-91, as well

as the 60 minute flow of CP-6 at 18.7 gpm on 4-23-91. The

individual start and stop times for flowrates in the model can be

set to the second.

The most prominent feature of Figure C.7-A, as well as the

region of most interest, is the drawdown and recovery caused by

producing Well CP-5. As a result, this was the feature chosen to

be history-matched and the area most closely observed during the

ensuing trial and error pressure matches with the simulator. All

production wells were included from November, 1990, and

transmissivity and storage coefficient were varied until the best

match, of the CP-5 drawdown and the other fluid level changes,

occurred. A transmissivity of 2556 gpd/ft and'a storage

coefficient of 1.39e-4 (dimensionless) achieved the best results

here and was plotted as the "simulation" curve in Figures C.7-A

and C.7-B. The simulation was then run with only the Town of

Crownpoint water wells and the resulting estimated drawdown noted

as "Town Wells" on the various figures (again, Figures C.7-A &

C.7-B). The estimated effect of the Town wells was then

subtracted from the measured fluid levels and the "corrected"

curve plotted (Figure C.7-B). Table 6 contains a summary of the

transmissivities and storage coefficients used to history-match

fluid levels for the various Westwater monitor wells.

The uncorrected, or "as measured", fluid levels during the

drawdown of Well CP-6 are shown in Figure C.7-C. The computer

history-match during this time can be seen in Figure C.7-A as

itsimulation". Corrections specific to this period were not
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determined for three reasons. The much smaller flowrate of CP-6

caused considerably less drawdown than from CP-5, which would

allow other influences (barometric, diurnal, antecedent) to be

more prominent and cause the simulated solution to have more

"noise" or be more erratic. Secondly, the time involved to make

these calculations and corrections is excessive. And finally,

the results, although somewhat different, would generally be

redundant.

Figure C.7-D is the log-log Theis type curve match for the

uncorrected drawdowns in Well CP-7 during the water production

from CP-5. Also shown in that plot is the match of the pressure

derivatives, that is, the first derivatives of both the Theis

curve and the uncorrected, measured fluid levels. As can be seen

from Figure C.7-D, the first derivative has a more pronounced

curvature than its parent (the Theis solution) and actually

reverses slope on the log-log plot. When both the Theis and its

derivative curve are moved at the same time, a more firm match

will usually result than with the Theis curve alone since there

is normally a much smaller area in which a fit is good for both

curves, especially if the match depends on data at the later

times. This technique has gained considerable popularity since

1979 and is used extensively in the petroleum industry since it

provides a more certain diagnostic tool for many of the complex

geologic systems normally encountered, such as double porosity,

fractured, leakage dominated, and bounded (Tiab and Kumar, 1980;

Bourdet et al., 1983; Bourdet et al., 1989; Ehlig-Economides et

al., 1990). There are many additional publications, and some

describe extending the technique to using the pressure integral

and the second derivative.

The transmissivity calculated from the curve match in Figure

C.7-D is 1734 gpd/ft and the storage coefficient is 1.37e-4

(dimensionless). It should be noted that, although a computer

was used to facilitate the curve matches presented in this

report, the selection of each match was done manually. Figure
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C.7-E presents the log-log match to the "corrected" drawdown data

for the Theis curve and its derivative over the same time period

as Figure C.7-D. The transmissivity in this case is 2198 gpd/ft

and the storage coefficient, 1.54e-4.

A straight line at the later times in a semi-log plot of

drawdown versus log of time determines the transmissivity and

storage coefficient. This provides estimates of those parameters

which are preferable as compared to the log-log plots discussed

earlier. This is so because the number of reasonable straight

lines through the later times is usually much smaller than the

possible curve matches in a log-log plot and this results in a

smaller range of possible transmissivities and storage

coefficients from semi-log plots.

However, the proper straight line forms in a semi-log plot

only after a specific, minimum time has passed, which itself is

dependent on the flow characteristics of the formation. In

groundwater terms, the time must be such that u <= .025 and in

petroleum terms, dimensionless time (tD) >= 10. This minimum

time was estimated from the log-log Theis curve matches and then

shown on the semi-log plots. Linear regression was used to

determine the "best" straight line fit for points with times

greater than the calculated minimum time. The transmissivity was

then calculated from the slope of that straight line and the

storage coefficient from the X-intercept. Figure C.7-F shows the

results for the uncorrected fluid levels and Figure C.7-G for the

"corrected" data (corrected for the concurrent water production

from the Town of Crownpoint water wells).

Semi-log analysis of the recovery or buildup data (after

drawdown has ended) is favored over that of the drawdown analysis

because the recovery data is less affected by changes in flowrate

of the pumping well, which might have occurred earlier, than is

the drawdown data. The time on the abscissa or X-axis is

replaced by a ratio of the production time to shut-in time, t/t'.
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Proceeding to an even more important buildup plotting technique,

the Residual Drawdown curve simply takes the difference between

the initial and the shut-in fluid levels and plots this on the

ordinate or Y-axis. The transmissivities are then calculated

from the slopes of the "best" straight lines beyond a certain

minimum time, as explained earlier. This is shown for both the

uncorrected and corrected fluid levels in Figure C.7-H and the

resulting transmissivities noted.

The analysis as described above was identical for all of the

Westwater observation wells (CP-2, CP-3, CP-6, CP-7 and CP-8).

The transmissivities calculated from the various plots for those

wells are summarized in Table 7 (Appendix A) and the storage

coefficients in Table 8.

The semi-log Residual Drawdown curve was chosen for the

pressure buildup plot because it has the significant advantage of

resulting in straight lines which pass through the X-axis at the

origin (zero) if there are no unusual effects, either within the

zone being tested or from outside influences. A number of

influences might cause displacement from the zero point, but in

particular, the continued depressurization from other production

wells will cause a shift to the left. This provides one means of

validating the corrections made earlier for the Town of

Crownpoint water wells: the lines through the corrected points

should fall closer to the zero point than those for the

uncorrected points.

This does happen for wells CP-2, CP-6 and CP-7 (Figures

C.2-H, C.6-H & C.7-H, respectively). Figure C.3-H shows the

lines to be about equidistant on either side of the zero point,

but both are fairly close to zero. The difference is considered

to be negligible when considering the proximal locations of CP-3

and CP-2 and that CP-2 showed an X-intercept of the corrected

data very close to zero.
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Well CP-8 (Figure C.8-H), on the other hand, also has

straight lines on both sides of the zero point but both are

further from zero than for CP-3. As can be seen from Table 8,

the wells with the lowest storage coefficients are wells CP-3 and

CP-8, with Well CP-8 about half of CP-3 and about 2 1/2 times

less than the average of CP-2, CP-6 and CP-7. Considering that a

line drawn from CP-5 to CP-6 (Figure 2) is between wells CP-3 and

CP-8 and that Well CP-6 has an estimated storage coefficient

close to 1.Oe-4, it appears that the lower storage coefficient at

CP-8 is a local phenomenon. Whether it extends further to the

west from CP-8 is unknown.

This lower storage coefficient at CP-8 was also reflected in

the computer simulations described earlier (Table 6). The

simulations matched the most dominant feature of the fluid level

curves, the drawdown caused by CP-5, and by their very nature,

would most closely reflect the conditions between CP-5 and the

individual observation well. If the storage coefficient used in

the simulation was lower than the regional average, then the

drawdown attributed to the Town wells would be too large, as

would be the resulting correction, and the line in the plots,

such as Figure C.8-H, would be shifted to the right. If the

formation parameters (transmissivity and storage coefficient)

local to the monitor wells were near the regional average, then

the correction determined by the simulation would place the

X-intercept on the semi-log residual drawdown plots very near to

zero, as for CP-2, CP-6 and CP-7. This indicates that

regionally, between wells CP-2, CP-6, CP-7 and the Town water

wells, the storage coefficient is about 1.Oe-4.

As a note, another simulation was run for Well CP-8 with the

storage coefficient doubled to 9e-5. In that case, the effects

of the Town wells were decreased by just over 40%, which would
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shift the "corrected" line in Figure C.8-H to the left and closer

to the zero point.

One final set of figures was constructed for the drawdowns

associated with the production from Well CP-5 and are called

semi-log distance drawdown plots. The drawdown for a particular

time and monitor well is plotted against the inverse of the

distance squared from the pumping well. The greater the

homogeneity (the less the anisotropy) of a formation, the closer

the points will fall to a straight line. The lines determined

from linear regression on the semi-log drawdown plots were used

to compute the drawdowns at 2880 and 4200 minutes into the

pumping of CP-5. This "uncorrected" and "corrected" data were

then plotted as Figures 10 and 11.

Two times (2880 and 4200 minutes) were used to ensure that

time would not drastically affect the pressure relationship of

the Mine Zone monitor wells one to another, which in turn would

cause Figures 10 and 11 to differ markedly from each other in

overall appearance. Both figures are reasonably the same. Note

that the points for CP-2, CP-3, CP-6 and CP-7 lie, generally, in

a straight line, indicating homogeneity between those wells.

Linear regression was used to determine the "best" line fit using

the points from those four wells (excluding CP-8) and the

resulting transmissivities and storage coefficients are shown in

Figures 10 and 11 and in Tables 7 and 8. Not surprisingly, CP-8

lies off the line represented by the other wells.

If it is assumed that the points in Figures 10 and 11 are

not adequately represented by straight lines, then the system is

non-homogeneous. One common method of depicting such a system is

with variable transmissivities that can be separated by direction

to obtain maximum and minimum values which are mutually

perpendicular (an anisotropic system). Such an analysis was

conducted here to allow comparison of the various estimated
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parameters for the different systems. This method assumes

constant transmissivity and variable storage coefficients as

determined from well test analyses of the individual wells.

Since points for Well CP-8 were so far removed from the

regression lines drawn in Figures 10 and 11, the values for

anisotropy shown below are averages with and without Well CP-8

included. The angle (in degrees) of the average major

transmissivity is measured such that zero is to the east and

increases counter-clockwise (e.g., an angle of -45 degrees would

be to the southeast and +45 degrees, to the northeast).

Using the uncorrected data ----

Storage Coefficient

Major Transmissivity

Minor Transmissivity

Angle of Major Trans.

Excluding

Well CP-8
_________

9. IOe-S

2,453

1,749

-27

Including

Well CP-8

7.93e-S

4,039

1,184

-27

Using the data corrected for the Town water wells ----

Storage Coefficient

Major Transmissivity

Minor Transmissivity

Angle of Major Trans.

Excluding

Well CP-8

8.48e-5

4,303

1, 959

-9

Including

Well CP-8
_________

7.42e-S

5,772

1,526

-17
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CONCLUSIONS

1. The Dakota Sandstone Formation is hydrologically separate

from the Westwater Canyon Sandstone. This is borne out by the

water quality and fluid levels of the two sands, as well as, by

the negative response of the Dakota during this Area Pump Test.

2. The continuity of the Westwater is excellent across the

area of the projected ISL mine. Production Zone Monitor wells

will respond readily to changes within the Mine Area.

3. Transmissivity for the Westwater Canyon Sandstone,

corrected for the coincident production from the Town of

Crownpoint water wells, averages about 2600 gpd/ft through the

area and the storage coefficient, about 9e-5 (dimensionless).
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Table I

M1onitor UQ11 Descriptions

Hydro Resources, Inc.
Crounpoint Project

Crounpoint, Neu Mexico

aonitor
Uel 1

CP- I

Target
Formation

Uestuater

Completion
Date

Sep-80

Hole Size
of

Completed
Interval
(inches)

13 3/4'

Total
Depth
(feet)

2139

Depth
to

Bottom
of

Cement
(feet)

1768

Casing and
Open Interval Data

__________________________

Top
Dakota
_____9

1569

Top
Brush
Basin
Shale

__7___
1738

Top
Uest-
uater

181__
1816

Top
* AA'
Clay

2024

Top
Qecap-

ture
Shale
2140__

2140

Depth to Formations (feet)
________________________________________

10 3/4' csq
Cmt bkts at
Slotted csg

to 2071
1776 a above
1828 to 2071

CP-2 Uestuater Apr-80 13 3,4' 2193 10 3/4' csg to 2109
Slotted csg 1848 to 2098

1576 1747 1831 2036 2155

CP-3 Uestuater

CP-4 Uestuater

Oct-80 13 3/4'

Sep-80 13 3/4'

2121

2114

1755 10 3,4' csg
Cnt bkts at
Slotted csq

1805 10 3/4' csg
Cmt bkts at
Slotted csg

to 2064
1755 S above
1805 to 2048

to 2112
1805 a above
1854 to 2094

1562 1736 1806 2027 2145

1562 1732 1809 2022 .2140

CP-5 Uestuater

CP-6 Uestuater

Apr-80 8 3/4'

Jul-90 7 7/8'

2103

2092

6 5/8" csg to 2129
Slotted csg 1800 to 2052

2068 5 1/2" csq to 2068
Perf 4 sh/ft 1825 to 1835
Perf 4 sh/ft 1915 to 1925
Penr 4 sh/ft 2015 to 2025

1546 1724 1800 2012 2130

1567 1744 1822 - 2020 2140



Table I (continued)

11onitor UQll Descriptions

Hydro Posources, Inc.
Crounpoint Project

Crounpoint, Neu 11exico

tonx tor
UQ11

CP-7

Target
Formation

Uestuater

Completion
Date

JU1-90

Ho1 Size
of

Completed
Interval
(inches)

7 7/8'

Total
Depth
(feet)

2162

Depth
to

Bottom
of

Cement
(feet )

2140

Casing and
Open Interval Data

______________________-

Top
Dakota

1665

Top
Brushtj
Basin
Shale

___42_

1842

Top
Uest-
uater

1924

Depth to Formations (feet)
____________________________________ -- __

Top
' AA'
Clay

2135

Top
Recap-
ture

Shale
225___

22555 1/2"
Porf 4
Perf 4
Perf 4

csg to 2140
shift 1925 to
shift 2035 to
shift 2120 to

1935
2045
2130

CP_8 Uostuator Jul-90 7 7/8' 2038 2007 5 1,2"
Porf 4
Perf 4
Perf 4

csq to 2007
sh/ft 1795 to 1805
shift 1870 to 1880
sh/ft 1970 to 1980

1526 1683 1777 1982 2100

CP-9 AA Sand Jul-90 7 718" 2121 2095 5 1/2" csq to 2095
Perf 4 shlft 2070 to 2080

1569 1744 1823 2021 2140

CP-10 Dakota Dec-90 4 3/4' 1685 1650 5 1/2" csg to 1650 .
Underdrilled uith 4 3,4"

from 1650 to 1680.
Set 3" screen in Open Hole

1530



Table 2

Toun of Crounpoint
Uater Ull Descriptions

Hydro Resources, Inc.
Crounpoint Project

Crounpoint, Neu Mexico

Toun of
Crounpoint
Uater Uells

Hole Size
of

Completod
Interval
(inches )
________

Depth
to

Bottom
of

Cement
(feet)

Target
Formation

Uestuater

Completion
Date

Jan-64

Depth to Formations (feet)
______--____________________________

Total
Depth
(feet)

2345

Casing and
Dpen Interval Data

Top
Brushy

Top Basin
Dakota Shale

Top
Uest-
uater

Top
lAA$

Cl ay

Top
Recap-
ture

Shale

NTUA #1
(UU #68)

10 3/4' csg to 1868
8 5,8' linr 1836 to 2345
9 5,8' slotted 1940 to 1990
8 5,8' SlOtted 1994 to 2008
8 5,8' slotted 2024 to 2280

- …- -- …-

1679 1842 1927 2157 2272

NTUA Conoco
(UU #69)

Uestuater 1974 2377 10 3/4" csg to 2377
8 5/8' slotted 2145 to 2341

1740 1900 2020 2220 2370

NTUA Littleuater Uestuater DOc-92 9 718" 2605 1246 10 3,4" csg to 1246
8 5/8' liner 1187 to 2605
8 5'S1 slotted 1520 to 1580
a 5,98 slotted 1600 to 1660
8 5/8' slotted 1840 to 2040
8 5,8' slotted 2060 to 2140

BIA #3
(WU #176)

Uestuator Jun-32 2496 10 3,41 csq to 1220
8 5,9' liner 1200 to 2496
8 5/8' slotted 1291 to 1499
8 5/8' slotted 1505 to 1652
8 5/8' slotted 1728 to 1900
8 5,8' slotted 1977 to 2143
8 5,8' slotted 2224 to 2380

1691 1861 1944 2155 2294



Table 2 (continued)

Toun of Crounpoint
Uater Uell Descriptions

Hydro Resources, Inc.
Crounpoint Project

Crounpoint, Neu Mexico

Toun of
Crounpoint
Uater Uells

________________

BIA #5
tUU #177)

Hole Size
of

Completed
Interval
(inches)
_________

Tarqet
Formation
__________

Uestuater

Completion
Date

Oct-74

Total
Depth
(fet )

2700

Depth
to

Bottom
of

Cement
(feet )

______

Casing and
Open Interval Data

__________________________

8" csg to 2544
396' of perforations in

1600 to 2544 interval.

Top
Dakota
1691__

1681

Top
Brushy
Basin
Shale
1851__

1851I

Top
Uest-
uater

1934

Depth to Formations (feet)
______________________________________

Top
. AA'
Clay

2145

Top
Recap-
ture

Shale
22___4

2284

SIA #6
(UIU 70)

Uestuater Sep-61 2500 10 3/4" csq to 1822
8 598' liner 1822 to 2500
8 598' slotted 1844 to 1857
8 5/8' slotted 1925 to 1989
8 5/8' slotted 2019 to 2111
8 5/8' slotted 2175 to 2228
8 5/8' slotted 2242 to 2363

1698 1I49 1940 2175 2290

Note 1: hany of the depths for casings and slotted pipe for the
Toun of Crounpoint Uater Uells uere estimated from
various sources and therefore are approximate.



Table 3

Well Locations
and Elevations

Hydro Resources, Inc.
Crownpoint Project

Crownpoint, New Mexico

Casing
Elevation

(feet
above
MSL)

Deviation from
Surface to
Midpoint of

Westwater Canyon
________________
X Dev Y Dev

Location at
Midpoint of

Westwater Canyon
________________________

Well

CP -1
CP-2
CP-3
CP-4
CP-5
CP-6
CP-7
CP-8
CP -9

CP-10

6,867.27
6,869 .05
6,866.97
6,865.54
6,840.37
6,816.20
6,905.80
6,807.14
6,814.58
6,808.27

3.70
-3.65
18.60
8.10
-8.00

-17.50
-23.45
-4.45

-20.25
-10.60

0. 40
-17.25
-8.60
2.25
-7.55

-18.75
-21.90
-3.60

-21.50
-12.80

X loc

402,093.71
402,117.60
401,715.54
401,627.81
401,172.98
399,962.18
401,982.61
399,423.90
399,934.46
399,469.03

Y loc

1,703,705.40
1,704,002.60
1,704,001.71
1,703,777.86
1,703,945.34
1,705,707.91
1,705,084.09
1,704,762.30
1,705,796.40
1,704,706.10'

NTUA #1
NTUA Conoco

NTUA Littlewater
BIA #3
BIA #5
BIA #6

6,950
6,860
6,795
6,995
7,005'
6,950

405,175
408,225
440,650
404,510
404, 115
407,710

1,704,520
1,708,510
1,692,350
1,701,430
1,701,075
1,704,285

Note 1: Deviation for CP-10 is at the top of the Brushy Basin Shale.
Note 2: Elevations for Town of Crownpoint Water Wells were estimated

from USGS Topographic Maps.
Note 3: Locations for Town of Crownpoint Water Wells are surface

locations and were estimated from USGS Topographic Maps.



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

Table 4

Distances to Monitor Wells

Hydro Resources, Inc.
Crounpoint Project

Crounpoint, Neu Mexico

Distances to the Crounpoint Monitor Wells (feet)

Toun of Crounpoint Water Wells

Pumping Wells
Monitor

Well
NTUfA

CP-6 NTUA #1 Conoco

NTUA
Little-
uaterCP-5 BIA #3 BIA #5 BIA #6

CP-1
CP-2
CP-3
CP-4
CP-5
CP-6
CP-7
CP-8
CP-9

CP- 10

951
946
545
485

0
2, 138
1,397
1,930
2,227
1,866

2,925
2,748
2, 447
2,549
2,138

0
2, 115
1,088
92.7

1,117

3, 187
3, 201
3,498
3,624
4,043
5,346'
3,242
5,756
5,394
5,709

7,790
7,591
7,918
8, 119
8, 400

' 8,725
7,121
9,566
8,723
9,547

4O, 194
40,256
40,641
40,661
41,145
42,824
40,710
43,054
42,878
42,995

3,319
3,513
3,798
3,717
4,179
6,244
4,443
6,081
6,325
6,012

3,317
3,544
3,785
3,673
4,110
6,222
4,541
5,967
6,306
5,89?

5,646
5,600
6,001
6, 103
6,546
7,877
5,783
8,300
7,921
8,252

Note 1: Locations for the Crounpoint monitor uells ('CP') include
deviations to the midpoint of the Westuater Canyon Sandstone
(except for CP-10, uhich is to the top of the Brushy Basin Shale).

Note 2: Locations for Toun of Crounpoint Water Wells are surface
locations and uere estimated from USGS Topographic Maps.



Table 5

Beginning Fluid Levels
and Maximum Drawdowns

Hydro Resources, Inc.
Crownpoint Project

Crownpoint, New Mexico

Drawdowns Near End
of Pumping Well CP-5

Fluid Levels
Immediately
Prior to
Pumping CP-5

(MSL)

Time
into

Drawdown
(minutes)

Drawdown
As

Measured
(feet H20)

Corrected
Drawdown

(1)
(feet H20)

Monitor
Well

________

CP-1
CP-2
CP-3
CP-4
CP-5
CP-6
CP-7
CP-8
CP-9
CP-10

6468.93
6471.85

6473.60
6469.05
6474.57
6473.32
6573.437

Not Used
4,310
4,313

Not Used
Pumping Well

4,260
4,140
4,260
4,140
4,260

-17.88
-23.59

Only
-8.25

-12.19
-14.21
-2.418
+0.053 (2)

-14.75
-20.50

-6 . 85
-9.93

-11.60
_ __

(1) Corrected for concurrent water production from the Town
of Crownpoint Water Wells. Corrections determined
through computer simulations.

(2) Corrected for Barometric Pressure Changes



Table 6

Variables Used In Computer Simulations
To Calculate Fluid Level Corrections

Hydro Resources, Inc.
Crownpoint Project

Crownpoint, New Mexico

Monitor
Well

________

CP-2

CP-3

CP-6

CP-7

CP-8

Transmissivity
(gpd/ft)

______________

2,641

2,556

2,953

2,556

2,698

Storage
Coefficient

(Dimensionless)
_______________

9.00e-5

7.80e-5

1.13e-4

l.39e-4

4.50e-5

CP -9



Table 7

Calculated Transmiss~ivties

Hydro Resources, Inc.
Crounpoint Project

Crounpoint, Neu Mexico

Calculated Transmissivities (gpd/ft)
(Pumping Uell: CP-5)

Fluid Levels: As feasured
_ _________ ___ _ -______

Calculated Transmissivities (qpd/ft)
(Pumping Uoll: CP-5)

Fluid Levels: Corrected (1)

Monitor

CP-2
CP-3
CP-6
CP-7
CP-8

Average

Log-Log
Draudoun
(Theis)

2,082
2,249
1,942
1,734
1,s92

1,978

Seat-Log
Oraudoun

1,993
1,960
2,325
1,951
2,127

2,071

Semi-Log
Recoveryj

2,778
2,509
4,288
3,414
2,896

3,177

Loq-Log
Oraudoun
(Theis)

2,641
2,660
2,781
2, 198
2,539

2,564

Seti-Log
Draudoun

2,847
2,757
3,185
2,717
3,037

2,909

Semi-Log
Recovery

2,737
2,479
2,892
2,600
2,213

2,584

Distance Draudoun (2) -
At 2,990 linutes
At 4,200 Minutes

2,011
1,974

2,273
2,246

(1) Corrected for concurrent uater production from the Toun of Crounpoint Uater Uolls.
Corrections determined through computer simulation;.

(2) Slopes calculated using linear regression (excluding Uell CP-8).



Table 8

Calculated Storage Coefficients

Hydro Pesources, Inc.
Crounpoint Project

Crounpoint, Neu Mexico

Calculated Storage Coefficients
(Pumping Ull: CP-5)

Fluid Levels: As Measured

Calculated Storage Coefficients
(Pumping Uell: CP-5)

Fluid Levels: Corrected (1)
_______ ______ _______ ______ ______

Ioni tor
UQ11

CP-2
CP-3
CP-6
CP-7
CP-8

Average

Log-Log
Draudoun
(Theis)

9.97E-05
7.29E-05
1.13E-04
1.37E-04
4.70E-05

9.19E-05

Semi-Log
Oraudoun

8.55E-05
1.02E-04
8.60£-05
1.O9E-04
3.74E-05

8.40E-05

Semi-Log
Pecoveryj
________

___

Log-Log
Draudoun
(Theis)

8.97E-05
C.IIE-05
I.l9E-04
1.54E-04
4. 82E-05

Semi-Log
Draudoun
________

7.35E-05
5.98E-05
9.38E-05
1.16E-04
3.57E-05

Semi-Log
Recovenr
______-

9.44E-05 7.58E-05

Distance Draudoun (2)
At 2,880 linutes
At 4,200 Minutes 9. 68E-05 1. 26E-04

(1) Corrected for concurrent uater production from the Toun of Crounpoint Uater Ualls.
Corrections determined through computer simulations.

(2) Slopes calculated using linear regression (excluding U11 CP-8).



Table 9

Groundwater Chemistry
Selected Monitor Wells

Hydro Resources, Inc.
Crownpoint Project

Crownpoint, New Mexico

Water Samples Taken 22-Oct-91

Chemical
Parameter

Calcium
Magnesium
Sodium
Potassium
Carbonate
Bicarbonate
Sulfate
Chloride
Nitrate
Fluoride
Silica
TDS
Conductivity
Alkalinity
pH
Arsenic
Barium
Cadmium
Chromium
Copper
Iron
Lead
Manganese
Mercury
Molybdenum
Nickel
Selenium
Silver
Uranium
Vanadium
Zinc
Boron
Ammonia
Radium 226

Units
_____

mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/i
mg/l
mg/l
mg/l
mg/l
mg/l
umhos
Std. Unit
Std. Unit
mg/i
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/i
mg/l
mg/i
mg/l
mg/l
mg/l
mg/i
mg/l
pCi/i

CP-6
(West-
water)

1.3
0.09
109
2.4

26
195

34
3

<.01
0.23

18
316
471
204

9.19
0.001
0.04

<.0001
<.01
<.01
0.03

<.001
<.01

<.0001
<.01
<.01

<.001
<.01

0.001
<.01
0.01
0.04
0.04

0.7

CP-9
(AA Sand)

________

1.3
0.04
147
2.7

30
216

61
20

0.12
0.31

20
421
627
227

9.23
0.002

0.06
<.0001

<.01
<.01
0.03

0.002
<.01

<.0001
0.01
<.01

<.001
<.01

0.002
<.01
0.03
0.07
0.01

0.6

CP-8
(West-
water)

2
0.18

107
2.3

18
214
34

3.5
<.01
0.25

18
313
463
205

8.97
<.001
0.07

<.0001
<.01
<.01
0.05

0.001
0.01

<.0001
<.01
<.01

<.001
<.01

0.002
<.01
<.01
0.05
<.01

0.9

CP-10
(Dakota)

1.9
0.17

231
1.5
34

210
251
5.3

0.04
0.55

17
688
988
228

9.07
<.001
0.05

<.0001
<.01
<.01
0.06

0.004
0.01

<.0001
<.01
<.01

<.001
<.01

<.001
<.01
<.01

0.2
0.03
0.4
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Figure 3
HRI's Crownpoint Project
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HRI's Crownpoint Project
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HRl's Crownpoint Project
Crownpoint Town Water Wells
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Crownpoint, NM Pump Test 4/91
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Figurt9

HRI's Crownpoint, NM Pump Test 4191
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Figure 10
HRI's Crownpoint, NM Pump Test 4/91
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Table B.8a (Continued)

Hydro Resources, Inc. Crownpoint Project
Area Pump Test --- April, 1991

Monitor Well CP-8
(Westwater Canyon Sandstone)

Time from
Start

of First
Drawdown

(min)
________

Time
(hh:mm:ss)

Meas.
Pluid
Level

(ft H20)
_ _ _ _ _ _

Corr.
F.L.

(ft H20)
_ _ _ _ _ _

Mean Sea Level
Elevation

at Top of Water
____a__________rr___

Meas. Corr.
________ --- -- -- -

Date
_________

16-Apr-91
16-Apr-91
16-Apr-91
17-Apr-91
17 -Apr-91
17-Apr-91
17-Apr-91
17-Apr-91
17-Apr-91
17-Apr-91
17-Apr-91
17-Apr-91
¶7-Apr-91
17-Apr-91
17-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
20-Apr-91

18:00
20:00
22:00
00:00
02:00
04:00
06:00
08:00
10:00
12:00
14:00
16:00
18:00
20:00
22:00
00:00
02:00
04:00
06:00
08:00
10:00
12:00
14:00
16:00
18:00
20:00
22:00
00:00
02:00
04:00
06:00
08:00
10:00
12:00
14:00
16:00
18:00
20:00
22:00
00:00

-1020
-900
-780
-660
-540
-420
-300
-180
-60
60

180
300
420
540
660
780
900

1020
1140
1260
1380
1500
1620
1740
1860
1980
2100
2220
2340
2460
2580
2700
2820
2940
3060
3180
3300
3420
3540
3660

-332.61
-332.58
-332.58
-332.59
-332.60
-332.60
-332.58
-332.57
-332.57
-332.68
-333.53
-334.62
-335.51
-336.39
-337.14
-337.89
-338.50
-339.15
-339.69
-340.15
-340.65
-341.02
-341.46
-341.84
-342.15
-342.50
-342.84
-343.14
-343.45
-343.75
-344.02
-344.30
-344.55
-344.75
-344.97
-345.19
-345.36
-345.55
-345.77
-345.96

-332.61
-332.58
-332.58
-332.59
-332.60
-332.60
-332.58
-332.57
-332.57
-332.68
-333.53
-334.62
-335.51
-336.39
-337.14
-337.89
-338.50
-339.15
-339.69
-340.15
-340.65
-341.02
-341.46
-341.84
-342.15
-342.50
-342.84
-343.14
-343.45
-343.75
-344.02
-344.30
-344.55
-344.75
-344.97
-345.19
-345.36
-345.55
-345.77
-345.96

6474.53
6474.56
6474.56
6474.55
6474.54
6474.54
6474.56
6474.57
6474.57
6474.46
6473.61
6472.52
6471.63
6470.75
6470.00
6469.25
6468.64
6467.99
6467.45
6466.99
6466.49
6466.12
6465.68
6465.30
6464.99
6464.64
6464.30
6464.00
6463.69
6463.39
6463.12
6462.84
6462.59
6462.39
6462.17
6461.95
6461.78
6461.59
6461.37
6461.18

6474.53
6474.56
6474.56
6474.55
6474.54
6474.54
6474.56
6474.57
6474.57
6474.46
6473.61
6472.52
6471.63
6470.75
6470.00
6469.25
6468.64
6467.99
6467.45
6466.99
6466.49
6466.12
6465.68
6465.30
6464.99
6464.64
6464.30
6464. 00
6463.69
6463.39
6463.12
6462.84
6462.59
6462.39
6462.17
6461.95
6461.78
6461.59
6461.37
6461.18
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Table 8.10a (Continued)

Hydro Resources, Inc. Crownpoint Project
Area Pump Test --- April, 1991

Monitor Well CP-10
(Dakota Formation)

Time from
Start

of First
Drawdown

(min)

Meas.
Fluid
I A A

Baro.
Corr.

Mean Sea Level
Elevation

at Top of Water
Time

Date (hh:mm:ss)
LUVtL r.L. - -------- ----------

(ft H20) (ft H20) Meas. Corr.
_ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - -

16-Apr-91
16-Apr-91
16-Apr-91
17-Apr-91
17-Apr-91
17-Apr-91
17-Apr-91
17-Apr-91
17-Apr-91
17-Apr-91
17-Apr-91
17-Apr-91
17-Apr-91
17-Apr-91
17-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
18-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
19-Apr-91
20-Apr-91

18:00
20:00
22:00
00:00
02:00
04:00
06:00
08:00
10:00
12:00
14:00
16:00
18:00
20:00
22:00
00:00
02:00
04:00
06:00
08:00
10:00
12:00
14:00
16:00
18:00
20:00
22:00
00:00
02:00
04:00
06:00
08:00
10:00
12:00
14:00
16:00
18:00
20:00
22:00
00:00

-1020
-900
-780
-660
-540
-420
-300
-180
-60
60
180
300
420
540
660
780
900
1020
1 1 40
1260
1380
1500
1620
1740
1860
1980
2100
2220
2340
2460
2580
2700
2820
2940
3060
3180
3300
3420
3540
3660

-234.903
-234.860
-234.848
-234.848
-234.848
-234.848
-234.848
-234.845
-234.841
-234.868
-234.901
-234.917
-234.888
-234.840
-234.818
-234.800
-234.790
-234.786
-234.779
-234.772
-234.773
-234.801
-234.821
-234.837
-234.840
-234.826
-234.814
-234.811
-234.807
-234.808
-234.810
-234.810
-234.818
-234.820
-234.833
-234.840
-234.850
-234.856
-234.854
-234.840

-234.867
-234.816
-234.789
-234.773
-234.773
-234.773
-234.777
-234.770
-234.774
-234.809
-234.857
-234.885
-234.872
-234.860
-234.790
-234.764
-234.754
-234.746
-234.739
-234.724
-234.717
-234.742
-234.785
-234.813
-234.820
-234.794
-234.762
-234.744
-234.728
-234.729
-234.727
-234.719
-234.719
-234.725
-234.754
-234.773
-234.798
-234.793
-234.775
-234.753

6573.367
6573.410
6573.422
6573.422
6573.422
6573.422
6573.422
6573.425
6573.429
6573.402
6573.369
6573.353
6573.382
6573.430
6573.452
6573.470
6573.480
6573.484
6573.491
6573.498
6573.497
6573.469
6573.449
6573.433
6573.430
6573.444
6573.456
6573.459
6573.463
6573.462
6573.460
6573.460
6573.452
6573.450
6573.437
6573.430
6573.420
6573.414
6573.416
6573.430

6573.403
6573.454
6573.481
6573.497
6573.497
6573.497
6573.493
6573.500
6573.496
6573.461
6573.413
6573.385
6573.398
6573.410
6573.480
6573.506
6573.516
6573.524
6573.531
6573.546
6573.553
6573.528
6573.485
6573.457
6573.450
6573.476
6573.508
6573.526
6573.542
6573.541
6573.543
6573.551
6573.551
6573.545
6573.516
6573.497
6573.472
6573.477
6573.495
6573.517
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ADDITIONAL INFORMATION REQUEST
BY THE

U.S. NUCLEAR REGULATORY COMMISSION
CONCERNING

HRI, INC.'s IN-SITU LEACH URANIUM MINE
UNIT 1 SITE, NEAR CROWNPOINT.NEW MEXICO

99. COMMENT: Sensitivity Analysis of Modeled Unit 1 Site Ground-Water Flow

ACTION NEEDED:

The applicant must provide a sensitivity analysis of the Unit I site, and flow times from the Unit
I site to the Town of Crownpoint wells as a function of variations in permeability, storage
coefficient, aquifer thickness, and porosity.

RESPONSE:

Figure 1 (attached) is a reproduction of a figure submitted earlier by HRI to the NRC in Q1/50
and also printed in the Final EIS (NRC, 1997) on page 3-28 as Figure 3.10. Conservative
assumptions were made in developing Figure 1:

(1) A minimum thickness of 200 feet for the Westwater Canyon aquifer was used for
Figure 1, compared to a more realistic average of 250 feet.

(2) The flowrates of the Town water wells used for Figure 1 totaled 372 gpm, about 112
gpm higher than the average of 260 gpm (based on 12-month running averages)
observed over the past three years. The MAXIMUM flowrate during that same
time period was about 267 gpm (also a 12 month running average), 105 gpm less
than used for Figure 1.

(3) Fluid velocities were calculated as steady state, rather than unsteady state.

The locations of the Unit I and Crownpoint projects in relation to the Crownpoint Town water
wells are shown in Figure 2a. This figure includes the NTUA Littlewater well, about 7-8 miles
southeast of the Town of Crownpoint. Figure 2b is a closer view of the permit boundaries for the
same HRI projects, and does not show the NTUA Littlewater well. Figure 2b also shows points
of interest at the edges of the various permit boundaries, which were used as starting
points in the particle tracking computer simulations for determining transit time to the Town
wells. The numbers for these points or "particles" shown on Figure 2b correspond to particle
numbers discussed below.



AQUIFER THICKNESS.

Fluid velocities are affected inversely by formation thickness, i.e., as thickness increases,
velocities decrease, and vice versa. Thus, it is important to identify the minimum reasonable
thickness ACROSS THE AREA (not just the minimum observed thickness of small extent).

In 1989, the U.S. Geological Survey (USGS) published various geologic maps (USGS 1989a,
USGS 1989b) for the Westwater Canyon member of the Morrison formation as situated in the
southern portion of the San Juan Basin, New Mexico. The southern part of the basin includes all
of HRI's proposed ISL projects: Churchrock, Unit I and Crownpoint. These geologic maps
included an isopach for the TOTAL interval of the Westwater Canyon member ("Sheet I of 3
from USGS 1989a), which is attached here as Figure 3a (Figures 3a and 3b are large maps and
are attached here in protective sleeves). The isopach of the NET SAND of the Westvater
Canyon ("Sheet 2 of 3 from USGS 1989b) is included here as Figure 3b. Both maps have the
locations of HRI's proposed projects noted.

Note that the five Town of Crownpoint water wells (NTUA-1, NTUA-2, BIA-3, BIA-5 and BIA-
6, excluding NTUA-Littlewater) nearest to HRI's proposed projects (see Figure 2b), are all
located within the "redox interface" fairway as determined by the USGS and shown on Figures
3a and 3b.

In Figure 3b (the NET sand isopach), the area nearest the Town is shown to range in sand
thickness from 200 - 240 feet. However, HRI's proposed projects to the west of the Town range
in thickness from 240 feet to about 300 feet. Considering the whole of the area, 250 feet seems a
reasonable average sand thickness, maybe slightly low. Figure 3a shows the total Westwater
Canyon thickness in this same area to be greater than 300 feet.

The zone of thinner sand in Figure 3b trends from the southwest to the northeast. This zone will
have the higher water velocities, while the thicker sands associated with HRI's projects to the
west will have lower fluid velocities.

The zone initially completed for the Crownpoint pumping test of April, 1991 (HRI, 1992) was
the uppermost portion (200+ feet) of the Westwater Canyon which contains the target uranium
mineral. However, the transmissivity of about 2,600 gpd/ft (HRI, 1992) indicates that the whole
of the aquifer was tested, as expected from the effect on observation well CP-9 of pumping well
CP-6 during that test (also, see Table 4 below and its discussion). Although the Town water
wells are generally completed through the Westwater Canyon (Table 2 of HRI, 1992), the
thickness of 200 feet was used in the pathline simulations for Figure I to provide a very
conservative estimate of water transit times (i.e., fast). In addition, some of the Town wells are
opened into the Dakota sand. That water, which is drawn from the Dakota sand, proportionally
decreases the affect of the Town wells upon HRI's proposed ISL projects in the Westwater
Canyon. However, this was ignored in order to provide even more conservative estimates of
transit times in the original calculations for Figure 1.
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As described above, the use of 200 feet as aquifer thickness in the development of Figure 1 was
unrealistically low, since we are looking for a minimum thickness which could reasonably be
expected TO EXTEND ACROSS THE ENTIRE AREA of interest. Figure 3b shows that the
thinner sands which have any areal extent have a thickness greater than 200 feet. Even so, 200
feet was also used in this study as a minimum areal thickness in order to remain very
conservative in estimation of water transit times.

FLOWRATES FOR TOWN OF CROWNPOINT XVATER WELLS.

The magnitude of flowrates for the Town of Crownpoint water wells directly influence the water
velocities, and, thus, transit times. The greater the flowrates, the greater the effect. The transit
times shown in Figure I for the Unit 1 site are greater than 1000 years. As a result, the flowrates
of interest are those which could reasonably be expected to be maintained for hundreds, maybe
even thousands, of years, making the day to day fluctuations in flowrates insignificant. To
minimize the "noise' of short-term flowTate fluctuations, a twelve-month running average of
flowrates for the Town water wvells was used in developing the long-term flowrates to be used in
the particle tracking calculations. In the following discussion, all references to flowrates will be
to the 12-month running average unless otherwise noted.

HRI has attempted to tabulate average monthly flowrates from the six Town water wells since
January, 1990. Although complete for the NTUA wells, this effort has met with only limited
success for the BIA wells. Figure 7 shows the 12-month running averages of flowrates for
combinations of the six Town water wells from January, 1990 through June, 1997. The 12-
month running averages were developed only for those periods in which flowrates were
available from ALL of the six Town wells.

As shown in Figure 7, the total water use for the past three years (the period with the most
complete flowrate information) averaged 260 gpm, with a maximum of 267 gpm. Although
flowrates from the NTUA wells were gradually increasing during that time, those from the BIA
wells were decreasing, and the TOTAL water use at the beginning and end of that period was
about the same.

As described earlier, the flowrates of the Town water wells used for Figure 1 (and in the
hydrodynamic study for the area, G&M, 1993) totaled 372 gpm, about 112 gpm higher than the
average of 260 gpm actually observed over the past three years. Also, the MAXIMUM flowrate
during the last three years was about 267 gpm, 105 gpm less than used for Figure 1. The 372
gpm flowrate was developed from a very few, preliminary monthly rates.

Figure 8 shows the 12-month running averages of flowrates, from January, 1990 through June,
1997, for combinations of the FIVE water wells nearest to the Town of Crownpoint, as
compared to the SIX wells shown in Figure 7. The NTUA Littlewater well, about 7 miles
southeast of Crownpoint and 9-10 miles southeast of HRI's Unit 1 project, was excluded. Note
from Figure 8 that the TOTAL flowrate of those five wells generally decreased over the past
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three years, while Figure 7 shows a more level rate for the sum of the six wells. This indicates
that the farthest well from HRI's proposed ISL projects (NTUA Littlewater) is providing an ever
greater percentage of the TOTAL requirement for Crownpoint.

Figures 9a and 9b show the 12-month running averages of flowrates for the individual wells,
from January, 1990 through June, 1997. Not surprisingly, as noted from the rather constant
cumulative flowrate from Figure 7, while flowrates for some of the wells increase, others
decrease, maintaining a fairly constant total. Thus, the cumulative or total flowrate requirement
must be considered while identifying the individual well flowrates, which are likely to be
sustained over the very long term.

Figure 1 Oa shows the percent of water production (also as 12-month running averages) that each
of the six wells contributes to the overall total. Figure lOb does the same for the five wells
nearest to Crownpoint and HRI's Unit 1 project, but excluding the NTUA Littlewater well
because of its distance, as discussed earlier.

Figures I1 a and I lb are the same as the respective Figures 1 Oa and I Ob, except percentages are
shown for MONTHLY average flowrates, rather than 12-month running averages. This
counterpoints the running average and shows it value in minimizing "noise".

Table 1 shows various statistics of the flowrates for each of the six individual wells. From this
table, and Figures 7 through 10, Table 2 was developed.
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Table 2

Flowrates for Town of Crownpoint Water Wells

12-Month Running Averages
8 /93 -6 197

Flsed for Average Maximum Ratio: Flowrates for Ratio:

Ud1993 Flowrates Flowrates Maximum / Transit Time High /
Wiel Ml (gpm) (gpm) Average Calculations Average& Figure 1 __ _ _ __ _11 g m

NTUA-1 27.7 33.3 46.8 1.405 50 1.50
NTUA-2 (Conoco) 58.7 67.6 90.8 1.343 102 1.50

BIA-3 79.4 47.4 65.1 1.373 72 1.50
BIA-5 6.2 1.4 6.7 4.786 -

BIA-6 100 58 69.7 1.202 87 1.50

Sub-totals 272 207.7 279.1 1.344 311 1.497

NTUA Littlewater 100.3 52.5 85.9 1.636 86 1.636

Totals 372.3 260.2 365 1.403 397 1.53

Computer simulations were made using both the "average" and "high" flowrate values from
Table 2.
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POROSITY. Various core analyses for HRI's proposed ISL projects are shown in Table 1.

Table 3

Porosity Values
Westwater Canyon Member
HRI's Proposed ISL Projects

WVell Date of Sample Porosity
Project | Number | Analysis I Number | (%) I Averages

Churchrock CR-3 5-Nov-87 1 24.3
Churchrock CR-3 5-Nov-87 2 25.5

Churchrock CR-7 8-Aug-88 1 27.1
Churchrock CR-7 8-Aug-88 2 28.2

Churchrock-> 26.3

Crownpoint #4.71 / 99.79 25-Jul-90 1 26.2
Crownpoint #4.71 / 99.79 25-Jul-90 2 24.1
Crownpoint #4.71 / 99.79 25-Jul-90 3 23.6
Crownpoint #4.71 / 99.79 25-Jul-90 4 22.8

Crownpoint #4.71 / 99.45 25-Jul-90 1 28
Crownpoint #4.71 / 99.45 25-Jul-90 2 25.9
Crownpoint #4.71 / 99.45 25-Jul-90 3 25.1

Crownpoint - 25.1
All-> 25.5

A porosity of 25% was chosen as a reasonable average across the area. A porosity of 21% was
used as minimum, although there is nothing at all to indicate it could actually AVERAGE SUCH
A LOW VALUE OVER THE ENTIRE AREA.
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TRANSMISSIVITY, PERMEABILITY, AND STORAGE COEFFICIENT.

Transmissivities were gathered from a number of sources as shown in Table 4.

Figure 4 is a contour map of transmissivities for the Westwater Canyon Member of the Morrison
Formation through the San Juan Basin, and was developed by researchers from both the USGS
and New Mexico Bureau of Mines and Mineral Resources (Stone et al., 1983). Arrows were
added to Figure 4 to locate HRI's proposed ISL projects of Churchrock, Unit I and Crownpoint.
It shows these areas all within the same general transmissivity contour of 250 - 400 ft2 /day
(1,870 - 2,992 gpd/ft). Figure 4 also shows Unit I and Crownpoint as bracketed by
transmissivity points of 200 and 290 ft2 /day (1,496 and 2,169 gpd/ft, respectively).

Table 4

Transmissivity in the Region of
HRI's Unit 1 and Crownpoint Projects

Transmissivity

Source of Transmissivity Average Minimum u Maximum Reference

Transmissivity from Crownpoint pumping test April, 1991-

Transmissivity used to correct for Town water wells 2,681 2,556 2,953 1IRI. 1992: Table 6

Transmissivity from LOG-LOG drawdown plots & Theis curve 2,564 2,198 2,781 HRI, 1992: Table 7

Transmissivity from semi-log recovery curves 2,584 2.213 2,892 IIRI, 1992: Table 7

Transmissivity used in G&M hydrodynamic study, 1993 2,550 2,409 2,686 Figures tO. I1. 12

Transmissivity used in developing Figure I of this report 2,550 --- Figure I

Transmissivity from Figure 4 of this report (see discussion)

Transmissivity range of 250 & 400 fl2/day --- 1,870 2,992 Stone et. al., Figure 74

Transmissivity points of 200 & 290 ft2/day --- 1,496 2,169 Stone et. al., Figure 74

Transmissivity is simply permeability times thickness divided by fluid viscosity. For a given
water production or injection, the magnitude of permeability (essentially, the resistance to fluid
movement) has no impact on the fluid velocity for a system in steady state, only on the pressure
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differential between specific points. That is, since the quantity of water production is known,
the fluid velocities in a steady state system depend only on the aquifer thickness (in the context
transmissivity considerations), which allows that given amount of water production, regardless
of the magnitude of the permeability.

All fluid velocities in this study, and those used in development of Figure 1, were calculated for
a system in steady state, since that would cause the velocities to immediately be at the maximum
for a specific location, and provide the most conservative estimate of fluid transit times.

The average value of transmissivity used here was calculated with the average thickness of 250
feet, as discussed above. The minimum transmissivity was determined with the minimum
thickness of 200 feet, also discussed earlier.

Storage coefficient is the thickness times the porosity times the total system compressibility. At
steady state, both maximum pressure drawdown and maximum fluid velocities are achieved, and
system compressibility is no longer involved. As with transmissivity, the average sand thickness
of 250 feet was used for "average" or "expected" storativity to determine the most realistic water
transit times, while the minimum sand thickness of 200 feet was used for calculating the fastest
travel times between Unit 1 and the Town water wells. The average porosity value of 25% and
the minimum of 21% were used in the same way.

Table 5

Storativity in the Region of
HRI's Unit 1 and Crownpoint Projects

Storage Coefficient
(dimensionless)

Source of Storativity Average I Minimum I Maximum Reference

Storativity from Crownpoint pumping test April, 1991
Storativity used to correct for Town water wells 9.3e-5 4.5e-5 1.39e-4 IIRI, 1992: Table 6

Storativity from LOG-LOG drawdown plots & Theis curve 9.44e-5 4.82e-5 1.54e-4 IIRI, 1992: Table 8

Storativity used in G&M hydrodynamic study, 1993 8.6e-5 8.5e-5 8.8e-5 G&M. 1993:Figures 10. 11. 12

Storativity used in developing Figure I of this report 8.81 e-5 --- --- Figure 1
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ANISOTROPY.

Although the magnitude of permeability will not determine fluid velocity in a steady system (as
discussed above), ratios of permeability in an anisotropic system will affect the fluid velocities
from area to area. However, the overall velocities will average the same as for an isotropic
system, such that a mass balance in the system will be achieved.

Anisotropy calculations, using results from a pumping test, typically involve data from
observation wells taken three at a time, and using the Papadopulos or Hantush transformations.
It is not unusual to have conflicting results with these mathematical methods, showing multiple
and differing amounts of anisotropy, when many observation or monitor wells are involved. Yet
there may be little or no actual anisotropy.

In an aquifer system, the surest way to determine the degree of anisotropy is from contours of the
final, lowered potentiometric surface. In the early 1980 s, Mobil drilled and completed a full
ISL wellfield at Unit 1. The wellfield has since been plugged and abandoned, and the uranium
mineral acquired by HRI. However, prior to abandonment, Mobil conducted a pumping test on
their Unit I wellfield. The beginning and ending potentiometric plots for that pumping test are
included here as Figures 5 and 6. Figure 5 shows a general pre-pumping water level gradient to
the north. Figure 6 shows the post-pumping water level contours as very nearly circular,
exhibiting very little if any anisotropy.

Regional pumping tests, such as conducted at both of HRI's Churchrock and Crownpoint project
sites, typically have too few observation wells to allow contouring of the final potentiometric
surface in the same detail as was done for Mobil's Unit I ISL wellfield. Regional pumping tests
are not designed to provide the same detailed information, as are the pumping tests of ISL
wellfields (with their many observation wells) prior to actual uranium production. Thus,
mathematical methods for estimating the potential for anisotropy are generally utilized for the
regional tests. This was done for the Crownpoint regional pumping test (HRI, 1992), which
showed a major to minor transmissivity ratio of 2.2 on a line 9 degrees north of west to south of
east. Certainly, in the vicinity of Unit 1 for which Mobil conducted its detailed wellfield test and
for which this sensitivity analysis is being directed, an anisotropy ratio of 2.2 is much too high.
However, transit time calculations were made with this ratio to show its affect. Note that, as
proposed by HRI, the pumping tests for HRI's ISL wellfields prior to uranium production from
those fields will allow characterization of formation anisotropy, area by area.

In addition, Figure 4, discussed earlier, does not show any general indication of anisotropy in the
southern portion of the San Juan Basin which would cause fluid to move faster between HRI's
Unit I and the Town water wells. Also, as described earlier, the USGS map (Figure 3b),
showing the NET sand contained within the Westwater Canyon, indicates just the opposite, i.e.,
water will very likely move faster in areas AWAY from HRI's ISL properties (west of the Town
of Crownpoint).
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UNSTEADY STATE FLUID FLOW vs. STEADY STATE.

As described above, all fluid velocities in this study, and those used in development of Figure 1,
were calculated for a system in steady state, since that would cause the velocities to be
immediately at the maximum for a specific location, and provide the most conservative estimate
of fluid transit times.

RESULTS.

Table 6

Times (years) for Transport of Particles
To Town of Crownpoint Water Wells

Simulation Particle Particle Particle Particle Particle Particle Particle Particle
1 I 2 3 4 5 6 7 8

Average 4,765.6 4,420.2 4,182.4 4,055.9 4,054.3 2,371.4 2,205.8 2,103.0
Average, Unss 4,766.4 4,420.9 4,183.0 4,056.5 4,055.0 2,371.8 2,206.2 2,103.4

Average, 200'thick 3,812.5 3,536.2 3,345.9 3,244.7 3,243.5 1,897.1 1,764.7 1,682.4
Average, 21% porosity 4,003.1 3,713.0 3,513.2 3,406.9 3,405.7 1,992.0 1,852.9 1,766.6

Average, 1 md perm, SS 4,765.6 4,420.2 4,182.4 4,055.9 4,054.3 2,371.4 2,205.8 2,103.0
Average, 1 md perm, UNss 4,940.8 4,584.4 4,338.5 4,206.9 4,203.0 2,458.8 2,288.1 2,181.6

Average. anisotropy 3,702.6 3,276.0 3,028.3 2,955.9 3,082.9 1,879.3 1,667.5 1,564.4
Average, 200' thick, anisotropy 2,962.1 2,620.8 2,422.7 2,364.7 2,466.3 1,503.4 1,334.0 1,251.5

397 gpm, 200,.21 porosity 2,126.5 1,972.5 1,866.5 1,810.1 1,808.9 1,059.4 985.3 939.3
397 gpm, 200',.21 porosity, anisotropy 1,652.9 1,461.5 1,350.9 1,318.6 1,374.5 839.7 744.6 698.2

Definitions -
Average: average flowrates, 250 feet aquifer thickness, 25% porosity, 2550 gpd/ft ( 370.6 md), steady state.
UNss: unsteady state calculations.
200 thick: 200 feet of aquifer thickness.
1 md perm: 1 millidarcy permeability.
Anisotropy: anisotropy ratio of 2.2 at 9 degrees south of east.
397 gpm: the total of the HIGH flowrates for the Town of Crownpoint water wells.
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Table I

Frequencies of Flowrates (GPM) for 12 Month Running Averages
for Crownpoint Town Water Wells
August, 1993 through June, 1997

Range Upper Limit Percent Cumulative
(GPM) of Range Frequency Frequency Percent Well Percent Frequency Chart

x <= 10 10 0 0.0% 0.0% NTUA-1 NTUA-1
10<X<=20 20 10 21.3% 21.3% NTUA-1 45%
20<X<=30 30 9 19.1% 40.4% NTUA-1 40%
30< X <= 40 40 8 17.0% 57.4% NTUA-1

C35%
40 cX <=50 50 20 42.6% 100.0% NTUA-1 30%

50<x 0 0.0% 100.0% NTUA-1 T 25%
Number of Values -> 47 20%

a) 15%-
Maximum GPM across interval -> 46.8 ; 10%
Minimum GPM across interval-> 16.6 0..% -

0%
Average GPM across interval-> 33.3 20 30 40 50

Standard deviation -> 10.7 Upper Urnit of GPM Range

x <= 40 40 0 0.0% 0.0% NTUA-2 Conoco
40<X-<=50 50 2 4.3% 4.3% NTUA-2 Conoco NTUA-2 Conoco
50< x <=60 60 14 29.8% 34.0% NTUA-2 Conoco 35% -
60 < X <= 70 70 14 29.8% 63.8% NTUA-2 Conoco 30%
70<X<=80 80 7 14.9% 78.7% NTUA-2 Conoco 8 30%
80 < X <= 90 90 9 19.1% 97.9% NTUA-2 Conoco , 25% -
90< X=- t0 100 1 2.1% 100.0% NTUA-2Conoco @ 20% -

100<X 0 0.0% 100.0% NTUA-2 Conoco _ -R

NumberofValues | 47 10% -

210% --

Maximum GPM across interval -> 90.8 a. 5% -

Minimum GPM across interval-> 48.3 II

Average GPM across interval-> 67.6 Up 70 o n
Standard deviation -> 12.2 Upper_______ ofGPMRang

x <= 20 20 0 0.0% 0.0% NTUA-Littlewater
20 < X <= 30 30 7 14.9% 14.9% NTUA-Littlewater NTUA Littlewater
30 < X <= 40 40 6 12.8% 27.7% NTUA-Littlewater 30% -…

40 < X <= 50 50 12 25.5% 53.2% NTUA-Littlewater
50< X <=60 60 2 4.3% 57.4% NTUA-Littlewater 2 25%
60< X <= 70 70 10 21.3% 78.7% NTUA-Littlewater | 20%
70 < X = 80 80 6 12.8% 91.5% NTUA-Littlewater |t
80< X <= 90 90 4 8.5% 100.0% NTUA-Littlewater |LL 15%

90<X 0 0.0% 100.0% NTUA-Littlewater |n
Numberof Values | 47 10% -

Maximum GPM across interval -> 85.9 5
Minimum GPM across interval-> 21.0 0% 3

130 40 so 60 70 80 90
Average GPM across interval-> 52.5 Upper Umit of GPM Range

Standard deviation P> 19.4

File: CPTOWN3a.wb2 Page 1 of 2



Table 1

Frequencies of Flowrates (GPM) for 12 Month Running Averages
for Crownpoint Town Water Wells
August, 1993 through June, 1997

Range Upper Limit Percent Cumulative
(GPM) of Range Frequency Frequency Percent Well Percent Frequency Chart

x <= 30 30 0 0.0% 0.0% BIA-3
30<X<=40 40 6 12.8% 12.8% BIA-3 BIA-3
40 < X <= 50 50 25 53.2% 66.0% BIA-3 60%
50<X<=60 60 13 27.7% 93.6% BIA-3
60 < X <= 70 70 3 6.4% 100.0% BIA-3

70<X 0 0.0% 100.0% BIA-3 40%
Number of Values-> 47 | 30%

2 20%
Maximum GPM across interval -> 65.1 20%
Minimum GPM across interval-> 34.4 10%

0%
Average GPM across interval-> 47.4 40 50 60 70

Standard deviation -> 7.1 Upper Limit of GPM Range

x <= 1 0.5 33 70.2% 70.2% BIA-5 BIA-5
1 <- 10 10 14 29.8% 100.0% BIA-5 80% -

10<X 0 0.0% 100.0% BIA-5 6 70% -
NumberofValues> 47 l 50%

it 40%
Maximum GPM across interval -> 6.7 Z 30% -
Minimum GPM across interval-> 0.0 G 20%

a.. 110%/

Average GPM across interval-> 1.4 0%
Standard deviation > 2.3 upper Umit of GPM Range

x <= 40 40 0 0.0% 0.0% BIA-6
40<X =50 50 8 17.0% 17.0% BIA-6 45 BIA-6
50< X < 60 60 20 42.6% 59.6% BIA-6 | 40%|
60<X<=70 70 19 40.4% 100.0% BIA-6 | 35%

70<X 0 0.0% 100.0% BIA-6 30%
Number of Values> 47 | 25% 1

20%
cQ 15% --Maximum GPM across interval -> 69.7 10%

Minimum GPM across interval-> 44.8 5%.
0%

Average GPM across interval-> 58.0 50 60 70
Standard deviation -> 7.1 Upper Limit of GPM Range

File: CPTOWN3a.wb2 Page 2 of 2
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Figure 1

[included In Sensitivity Analysis of Water Transit Times for HRI's Unit 1]
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Figure 4

[Included in Sensitivity Analysis of Water Transit Times for HRl's Unit 1]
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Arrows show location of HR's proposed ISL projects.

Figurc 74-TANSMISSIVITY ANDSPECIFICCAPACITY OFWELLS IN MORXISON FORMATION.

From
HYDROLOGIC REPORT 6; 1983

Hydrogeology and water resources of San Juan Basin, Now Mexico
Now Mexico Bureau of Mines and Mineral Resources

W. J. Stone, F. P. Lyford, P. F. Frmnzel, N. H. Mizell, and E. T. Padgett



Figure 5

[ncluded in Sensitivity Analysis of Water Transit Times for HRI's Unit 1]
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Ref: Figure A-1 of Camp Dresser & McKee, Inc. (CDM) report to Mobil Oil Corp. for 24 hour
pumping test conducted 8116182 on Unit 1: "Data Summary Report Crownpoint-South
Trend Pumping Test, McKinley County, New Mexico".



rivuIty v

[Included in Sensitivity Analysis of Water Transit Times for HRI's Unit 1]
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Figure 7

Town of Crownpoint Water Wells
12 Month Running Average of Flowrate
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Figure 8

Five Crownpoint Town Water Wells
12 Month Running Average of Flowrate

12 montlh running average
Jan-90 through Jun-97
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Figure 9a

Town of Crownpoint Water Wells
12 Month Running Average of Flowrate
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Figure 9b

Town of Crownpoint Water Wells
12 Month Running Average of Flowrate
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Figure IOa

Town of Crownpoint Water Wells
Percent of Total Water Production
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Figure lOb

Town of Crownpoint Water Wells
Percent of Total Water Production
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Figure 1 Ia

Town of Crownpoint Water Wells
Percent of Total Water Production
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Figure lIb

Town of Crownpoint Water Wells
Percent of Total Water Production I
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ADDITIONAL INFORMATION REQUEST
HYDRO RESOURCES, INC. IN-SITU LEACH URANIUM MINE

CROWNPOINT, NEW MEXICO

ISSUE: Water Resource Protection

Comments Applicable to
Crownpoint Site

81. Pump Test and Pre-pump Test Water Levels May Not Indicate the Dakota Sandstone is Hydraulically
Isolated.

Discussion - Over a 20 day period; before, during, and after the April, 1991, pump test, drawdown
occurred in CP-8(Westwater) while in the adjacent well CP-10 (Dakota) a water level rise was measured
(page 50, Reference 2). On pages 50 and 51 it is stated that "the drop in level in CP-8 most reasonably
could be attributed to pumping of the Crownpoint Town water wells, which would affect a very large
region. The coincident and opposite rise in levels in CP-lO is typical of zones hydraulically disconnected
from, but vertically close to, the pumping aquifer and is called the AMoordbergun or Mandel Cryer effect".
This explanation appears to support the conclusion that the Dakota and Westwater are not hydraulically
connected. However, the problem with this conclusion, is that a reduced pumping rate by the town of
Crownpoint from the Dakota Sandstone (wells BIA-3, BIA-5, and BIA-6) can cause water levels to rise.
Such a rise in water levels might overwhelm any small scale drawdowns caused by a few open exploration
boreholes.

It is stated on page 50 (Reference 2) that "the large drawdown in CP-8 coupled with the attendant, overall
rise in fluid level and lack of response in CP-1O, and the disparity in beginningfluid levels and the water
qualities of the tiwo wells showt' that the Dakota Sandstone and the Westwater Canyon are, for all practical
expectations, separated hydrologically". This conclusion cannot be supported from the data provided.
This type of test can be used to identify if aquifers are interconnected, but cannot be used to guarantee that
interconnections through stratigraphic, faults, fractures, or old boreholes do not exist. In other words if
drawdown is seen in an upper-aquifer-well due to pumping in a lower aquifer, it means that the two units
are hydraulically connected. However, if drawdown is not detected in an upper aquifer well, it may only
mean the connection is small, or that it is located to far away for the test to detect, etc. Moreover, the test
at Crownpoint did not have enough wells and was not run long enough to reach the conclusion that the
Dakota Sandstone and the Westwater Canyon are separated hydrologically over the entire-site area.

"The beginningfluid levels in the twin wells CP-8 (Westwater) and CP-10 (Dakota) are very dissimilar, a
98.87 feet difference. ... The fluid levels and water quality strongly indicate that the Dakota and the
Westwater Canyon are indeed hydraulically isolated from each other" (Reference 2, page 50). Such a
large difference in head supports the argument that the aquifers are separate. However, the referenced data
record is of short duration Oust before and during the April 1992, Crownpoint pump test). The short length
of record leaves open the question that the difference in heads may be due to greater long term pumping by
the town of Crownpoint from the Westwater Formation than the Dakota Sandstone. The data to support
this conclusion is weak from a standpoint of data location. Only one well in the far eastern end of the
property supplies information on the Dakota Sandstone (the western end of the property is at least 2 miles
away.



Action Needed: Explain the uncertainty associated with the pump test and the level of confidence that this
test provides in supporting the conclusion that the Dakota Sandstone and the Westwater Canyon are, for all
practical expectations, separated hydrologically. Also estimate and explain the area adequately tested by
the pump test to support this conclusion. Describe the level of confidence in using the prepump-test data to
support the conclusion that the Dakota and the Westwater Canyon aquifers are hydraulically separated over
the entire site. Alternatively provide additional data to support this conclusion.

Response

HRI notes the concern of measuring pressure differences over the relatively short period of a pump test. In
response to this concern we have compiled the material in Attachment 81-1 which shows historic water levels, at the
Crownpoint site. This information shows Westwater water levels in CP #8 and Dakota water levels in CP #10.
Two facts provide strong evidence that the Dakota is confined from the Westwater in the Section 24 area.

I. The difference in head between zones is consistently present at 80 to 100 ft.

2. Dakota responses to fluctuations in the water levels which occur in the Westwater are not readily
apparent. There is a general correlation in water levels which may result from common regional
use from both zones. However, there is not a corresponding reaction in the Dakota to sporadic
events in the Westwater which would suggest leakage.

The second piece of additional evidence which demonstrates Dakota/Westwater isolation is presented in
Attachment 81-2 and Attachment 81-3. Note, Mobil's potentiometric map, taken August 15, 1982, before the pump
testing shows Dakota wells water level elevation in well 15PI01 at 6,644.27 ft.; water level in the adjacent
Westwater well, 15M35 is 6,452.14 ft. a difference of 192.13 ft. This is additional evidence which suggests the two
zones are hydrologically isolated.

A third data point which collaborates the premise that the DakotalWestwater is isolated is the information
taken from the Mobil Monument pump test presented in Attachment 81-3. Pre-pumping water levels showed
Dakota to be on the order of 140 ft. in excess of the Westwater. This provides additional evidence that the zones are
isolated.

In conclusion, the evidence presented herein, shows that, over time, water levels in the Dakota do not
correspond with the Westwater and isolation of zones is indicated. Additionally, similar results are shown on a
regional level for one-time measurements, both to the east of Crownpoint and the west of Crownpoint. HRI has not
found any evidence which would suggest that substantive leakage occurs between the Dakota and Westwater.



ATTACHMENT 81-1

DAKOTA vs. WESTWATER

WATER LEVELS 1992 through 1996
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ATTACHMENT 81-2

MOBIL UNIT 1

POTENTIOMETRIC MAP
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PRE-PUMPING WATER LEVELS
OCTOBER 4, 1979

WELL
28u323

28u89 (Dakota)

28u321

28u322

28u324

28u325

28u12

28u29

28u131

28u 135

28u 105

28u116

28u306

28u318

28u304

ELEVATION OF
MEASURING POINT

(Feet, msl)
6818.1

6818.9

6817.2

6816.7

6820.5

6819.9

6824.8

6811.5

6812.1

6815.8

6825.4

6826.4

6804

6811

6813

DEPTH TO
WATER

(Feet)
343.5

203.3

341.3

339.9

343.5

342.3

349.3

335.4

336.9

339.2

347.1

349.0

330.5

336.9

338.3

WATER LEVEL
ELEVATION

(Feet, msl)
6474.6

6615.6

6475.9

6479.8

6477.0

6477.6

6475.5

6476.1

6475.2

6476.6

6478.3

6477.4

6473.5

6474.1

6474.1

From: Hargis & Montgomery, Inc.
Results of Hydrologic Testing for In-Situ Leaching
Section 28, T17N, R. 12W
Crownpoint, N.M.



Attachment M

Bartels (2005)

Attachment M



CLARIFICATION AND ADDITIONAL INFORMATION REQUEST
HYDRO RESOURCES, INC. IN-SITU LEACH URANIUM MINE

CROWNPOINT, NEW MEXICO

Q2/81. Discussion: This comment asked the applicant to explain the uncertainty associated with the
Crownpoint site pump test and the level of confidence that this test provides in supporting the conclusion
that the Dakota Sandstone and the Westwater Canyon are, for all practical expectations, separated
hydrologically. The applicant was also asked to estimate and explain the area adequately tested by the
pump test to support this conclusion. The comment also asked for a description of the level of confidence
in using the prepump-test data to support the conclusion that the Dakota and the Westwater Canyon
aquifers are hydraulically separated over the entire site. Alternatively the comment asked that additional
data be provided to support this conclusion.

The applicant's April 1, 1996 response states that two facts provide strong evidence that the Dakota
Sandstone is confined from the Westwater Canyon in Section 24 at the Crownpoint site:

I. The difference in water levels between the Westwater Canyon and the Dakota Sandstone is
consistently present at 80 to 100 ft.

2. It is not readily apparent that changes in Dakota Sandstone water levels respond to fluctuations in
water levels which occur in the Westwater Canyon. There is a general correlation in water levels
which may result from common regional use from both zones. However, there is not a
corresponding reaction in the Dakota Sandstone to sporadic events in the Westwater Canyon,
which would suggest leakage.

The applicant has not found any evidence which would suggest that substantive leakage occurs between
the Dakota Sandstone and the Westwater Canyon and concludes that the data suggest that the Westxvater
Canyon and the Dakota Sandstone are hydrologically isolated.

The NRC staff agrees that the hydrologic data do not indicate that major hydrologic conditions exist
between the Dakota Sandstone and the Westwater Canyon. However, significant vertical leakage during
well-field operations may occur through small discrete connections such as faults, poorly sealed boreholes
or badly completed wells.

The applicant has stated in its response to NRC Comment 80, that it intends to conduct additional pumping
tests from actual production or injection wells to test the vertical confinement of a well field. The NRC
staff considers it appropriate to conduct these tests prior to mining after the injection, production and
monitoring wells have been installed. The staff also consider these tests are acceptable, as long as the
overlying wells are situated well within the cone-of-depression from the pumping well to maximize the
induced stress on the overlying ground-water systems. Furthermore, in areas of suspected faults the NRC
staff consider it appropriate that pump tests be located and performed to test the vertical confinement in
those areas. The staff also considers that additional confirmation of vertical confinement may be
determined by monitoring water levels in overlying wells during the initial circulation of ground water
through the well field prior to the introduction of lixiviant.

Action Needed: The applicant should revise the application documents to provide specific performance
objectives and methodologies for evaluating the vertical confinement by pumping tests in a well field
before lixiviant is introduced. The specific performance objectives should also identify how the collected
information will be evaluated and a determination made that lixiviant injection can commence.

Response:



HRI considers that the primary goal of pump testing in new mine areas for ISL is to determine the degree
of communication between the mine zone and (1) the overlying zones, and (2), the production zone monitor wells.
This will reflect the effects of hydraulic pathways, such as unplugged holes and non-sealing faults, to the overlying
zones, as well as ascertain the ability of production zone monitor wells to respond to changing flow conditions
within the mining area. The degree of communication at the production zone monitor wells surrounding the mine
zone will also directly indicate the magnitude of horizontal formation anisotropy. Of secondary importance, is the
determination of the physical flow parameters (transmissivity, storage, permeability) of the producing horizon,
since they are of only very general utility to the ISL operator.

Once an area has been adequately assessed from a geologic and mineability standpoint and HRI determines that
it is both feasible and desirable to in situ mine the area, the limits of the mine area are determined and it becomes a
proposed mine unit. Monitor wells (both overlying and production zone) and baseline mining wells are installed. A
hydrologic test is then designed with the primary (hydraulic communication) and secondary goals in mind.
Sufficient data preceding the pumping test will be collected for each of the monitor wells to assure that they are
adequately reacting to barometric and/or antecedent conditions.

Initially, a single well, relatively central to the proposed mining area, will be produced at a constant
flowrate to allow for analysis of the formation flow parameters of transmissivity, storage, and permeability. Only a
portion of the wells surrounding this first pumping well will be formally analyzed for these parameters, since they
are of little value in the actual operation of a ISL wellfield. At least three wells, at appropriate angles to the
pumping well, will be used to mathematically determine horizontal formation anisotropy. Isopleths, showing the
piezometric surface near the time of maximum pressure drawdown across the area, will be drawn to graphically
depict this same anisotropy. If other wellfields are active in the area, they will be kept at flowrates as reasonably
constant as possible during this segment of the hydrologic testing.

The pressure drawdown (cone-of-depression) caused by water production stresses the formation and any
potential hydraulic boundaries or barriers, such as the overlying confining clays and possible non-sealing faults. If
the proposed mine area is sufficiently small, then the stress induced by pumping from a single well will adequately
test potential barriers. Although the pressure drawdown decreases logarithmically with distance from the pumping
well, the cone-of-depressions developed by multiple pumping wells are additive across the mine area, and can
significantly increase the stress developed at any particular point. Since the ultimate goal of the hydrologic testing
is to determine the degree of communication of the mine zone with the overlying and production zone monitor
wells, the second phase of the investigation, if needed (as determined by the observed maximum drawdowns across
the proposed mine area developed by the single produced well), will involve producing multiple wells concurrently
across the area, and observing the composite effect of the resulting pressure drawdown on the various monitor
wells. Plots of the water levels versus time of pumping will be made for the overlying monitor wells and evaluated
for pressure responses to pumping from the mine zone. Maximum drawdowns will be tabulated for each of the
production zone monitor wells to ensure that adequate response was achieved for those wells.

Following completion of the field data collection, data reduction and data interpretation in accordance with
accepted scientific techniques and principles, the Mine Unit Hydrologic Test Document will be assembled and submitted
to the NMED for review. In accordance with NRC requirements, the Mine Unit Hydrologic Test Document will be
reviewed by a Safety and Environmental Review Panel (SERP) to ensure that the results of the hydrologic testing, and
the planned mining activities are consistent with technical requirements and do not conflict with any requirement stated in
the NRC license. The structure of HRI's SERP will be detailed in the forthcoming operating plan as stated in the cover
letter. A written report will be prepared by the SERP which evaluates safety and environmental concerns and
demonstrates compliance with applicable NRC license requirements. The written SERP report will be maintained at the
site.

The Mine Unit Hydrologic Test Document contains the following:

1. A description of the proposed mine unit (location, extent, etc.).

2. A map(s) showing the locations of the baseline mining wells and all monitor wells.



3. Geologic cross-sections and cross section location maps.

4. Isopach map of the overlying confining unit.

5. Discussion of how the hydrologic test was performed, including well completion reports.

6. Discussion of the results and conclusions of the hydrologic test including raw data for the pumping test(s),
drawdown match curves, potentiometric surface maps, water level graphs, drawdown maps and when
appropriate, directional transmissivity data and graphs.

7. Sufficient information to show that wells in the monitor well ring will be in adequate communication with the
production patterns.

8. Any other information pertinent to the area tested will be included and discussed.

After appropriate review of Mine Unit Hydrologic Test Document and subsequent authorization by the
NMED and the SERP, injection of lixiviant will begin in the new mining unit. Water levels will be taken on all
monitor wells prior to each routine, bi-weekly water sampling and reviewed for unusual water level changes
denoting a hydraulic connection with the mining zone. As described in Q2/64, monitor wells in the overlying
aquifer will be evenly distributed across the mine unit on 4-acre spacing. Since lixiviant is simply ground water
with oxygen added (and possibly, at times, sodium bicarbonate or carbon dioxide) there will be no field
recirculation prior to adding oxygen. In addition, such recirculation would require repiping of the
injection/extraction laterals to bypass the plant, as well as the installation of additional, temporary water filters in the
field.
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different degrees of hydraulic conductivity (K). Model also depicts a portion of the

proposed mining arca (around and about tbe 'cp' pump test wells) and the nearby

Crownpoint water supply wells which are completed in the same aquifer.
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Figure 8. Contours Associated with a Non-Radially-Symmetric Cone of Depression.
Elliptical, or irregular cones of depression are clear indicators of aquifer
heterogeniety.
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Figure 9. Contour Plot of Mobil (EIRI's Unit 1) Pump Test Result
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Figure 10a. Drawdown Trough Resulting from HRI Crownpoint Pump Test
(Spring 1991). Note that drawdown is-greater at CPS than it is at CP7, even though
it (CP8) is further from the pumping well CP5.
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Figure 17. Representation of Mining Activity by a Single 5-Spot Pattern, With
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(SRIC_07b trans bet min.gwv).
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Figure 27. Results of Unit I Heterogeneous CascTransport Simulations at 63 yrs
since the Beginning of Operations (Simultaneous Injection and Pumping for first 27
years) (see Figure 21 for concentration color profile legend)



Figure 29. Physiographic View of Area Within and Surrounding HI Section 17.
and the Proposed Springstead Community. Section lines indicate scale (each square
is one square mile in area).
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Figure 10a. Drawdown Trough Resulting from MUR Crowinpoint Pump Test
(Spring 1991). Note that drawdown is greater at CP8 than it is at CP7, even though
it (CP8) is further from the pumping well CPS.
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Figure 10b. Inferred Anisotropy from MUI pump test (EMI's own analysis)



a) Measured Drawdowns
No Correction for Pumping of CP Municipal Wells

b) Drawdowns Corrected
for Pumping of CP Municipal Wells using "superposition"

c) Analytical Model of Corrected Drawdowns
No Anisotropy

d) Analytical Model of Corrected Drawdowns

Drawdown at End of Pumping CP-5 Wth Anisotropy

1991 Crownpoint Pump Test

Figure 1 Surfer (TM) Generated Contour Maps Bartels (2005) Attachment 0
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Table 1

Meter Readings and Average Interval Flowrates
for Town of Crownpoint (NM) Water Wells
November 1, 1990 through April 30,1991

for Analysis of April, 1991 Pumping Test (HRI)

[only average flowrates greater than 0.3 gpm are shown]

_ _ 
_

TOTAL Daily
Flowrate
from SIX

Crownpolnt
Date Town

(1) Water Wells
(gPm)

NTUA WELL I

Average Ud
Flowrate b,

Time Meter oer 9"wPe"
(13 Reading ht rvanl P.~a

fgpm) CtveI.A.

NTUA Conoco Well

Average Ud
Flowrate I.

Tlime Meter over S.p..PeI
(1) Reading Interval P..-..

fgpm) C.Wae.o

NTUA Littlewater

Average U.n
Flowrate W.

Tlime Meter ever a.Pe-ne.
(1) Reading Interval Pr.r

fgpm C. We-.a

O-Nov-90
02-Nov-90
05-Nov-90
06-Nov-90
07-Nov-90
08-Nov-90
09-Nov-90
12-Nov-90
13-Nov-90
14-Nov-90
1SNov-90
16-Nov-90
19-Nov-90
20-Nov-90
21-Nov-90
26-Nov-90
27-Nov-90
28-Nov-90
29-Nov-90
30-Nov-90
03-Dec-90
04-Dec-90
05-Dec-90
06-Dec-90
07-Dec-90
10-Dec-90
1 1 Dec-90
12-Dec-90
13-Dec-90
14-Dec-90
17-Dec-90
18-Dec-90
19-Dec-90
2D-Dec-90
07-Jan-91
08-Jan-91
09-Jan-91
10-Jan-91
11-Jan-91
14-Jan-91
15-Jan-91
16-Jan-91
17-Jan-91
18-Jan-91
21-Jar-91
22-Jan-91
23-Jan-91
24-Jan-91
254Jan-91
28-Jan-91
29-Jan-91
30-Jan-91
31Jan-91
01-Feb-91
04-Feb-91
05-Feb-91
06-Feb-91
07-Feb-91
08-Feb-91
11-Feb-91
12-Feb-91
13-Feb-91
14-Feb-91
18-Feb-91
18-Feb-91

196.2
173.0
395.0
202.8
215.5
179.9
189.8
292.2
215.9
226.0
224.0
225.5
140.6
261.5
212.1
406.9
244.9
251.7
249.5
222.6
195.8
218.3
211.7
226.2
232.6
250.8
233.2
248.1
242.8
167.5
330.9
297.9
251.9
207.3
251.6
223.4
264.8
273.3
157.1
190.0
174.0
251.6
135.0
220.8
270.5
243.7
174.1
150.9
183.5
79.5

313.2
165.3
201.9
226.1
255.0
87.4
299.4
45.7
148.4
85.1
41.4
113.3
95.9
305.2
372.1

08:37 AM 16.841.300
09.02 AM 16,841.300
08:59 AM 16,841.300
08:16 AM 16,891,300
09:35 AM 16,891,300

- 16.891,300
04:05 PM 16.891,300
08:41 AM 16.891.300
08:34 AM 16.891.300
08:27 AM 16.892,100
0823 AM 16.892.100
08:10AM 16,892.100
0830AM 16,892.100
08:38 AM 16,892.100
08:25 AM 16.892.100
08:17 AM 16,892.100
0821 AM 16,964,300
07:58 AM 16,965.900
07:57 AM 16.965.900
08.08 AM 16.965.900
08.08 AM 16.965,900
08:08 AM 16,965.900
08:10 AM 16.965.900
08:10AM 16.965.900
08:10 AM 16.965,900
08:10 AM 16.965.900
08:10AM 16,965.900
08:15 AM 16.965.900
08:00AM 16,965.900
08:15 AM 16,965.900
08:15AM 16,965.900
08:15AM 16.965.900
08:10 AM 16,965.900
0820 AM 16,965,900
0825 AM 16.965.900
08:10AM 12,479.220
08:10AM 12.637.020
08:15AM 12,794,500
08:10 AM 12,951.000
08:10 AM 12,967.160
08:05 AM 12,967.160
08:15 AM 12,967,160
09:30 AM 12.967,160
09:10AAM 12,967,160
10:11 AM 12.968,600
08:15 AM 12.968.600
08:05 AM 12.968,600
08:10 AM 12,968,600
08:15 AM 12,968,600
08:15 AM 12.968600
08:08 AM 12,982,700
08:10AM 13,102,700
08:08 AM 13,142,200
08:10AM 13.248.700
08:12AM 13,491.000
08:15AM 13,610,140
08:08 AM 13,618.800
10:04AM 13,762.800
08:35 AM 13,766,250
08:46 AM 13.946.410
08:16 AM 13,946.410
08:15AM 13.946.460
08:52 AM 13.946,460
08:50AM 13,946,460
09:12 AM 14,410,650

35.8

0.6

50.0
1.1

96.3 (2)
109.6
109.0
109.1
3.7

0.3

9.8
83.2
27.5
73.9
66.1
82.6
6.0
92.5
2.6
41.6

106.9
108.8

08:43 AM 78.926,083
08:57 AM 78.926.083
08:54 AM 78.926.083
08:10AM 78,989.252
0928 AM 78,989.252
08:46 AM 78,989,252
0822AM 78.989,252
0835 AM 78.989,252
08:40 AM 78,989,262
08:33 AM 78990,922
08:17AM 78990,922
08.04 AM 78,990.922
08:35 AM 78,990.922
08:42 AM 78,990.922
08:30 AM 78,990,922
08:11 AM 78,990.922
08:27 AM 79,083.173
08:02 AM 79,086.144
08:07 AM 79.086,144
08:03 AM 79,086.144
08:04AM 79,086,144
08:03 AM 79,087.460
08:05 AM 79,087.460
08:05 AM 79,087.460
08:00AM 79,087,460
08:00AM 79,191200
08:05 AM 79,283,083
08:10AM 79,283.083
08.05 AM 79.283.083
0820 AM 79,283.083
08:10AM 79.283,083
08:10AM 79.423,800
08.05AM 79,463.760
08:10AM 79,463,760
08:18 AM 80,725.500
08.05 AM 80,788,775
08:05 AM 80,788,775
08:05 AM 80,788.775
08:05 AM 80,788,775
08:15 AM 80,788.778
08:00 AM 80,788,778
08:40 AM 80.788,778
09:35 AM 80,788,778
09:12 AM 80,788,778
10:17AM 80,788,778
08:10AM 80.788.778
08:00 AM 80.788.778
08:05 AM 80,788.778
08:10AM 80.788.778
08:08 AM 80,788.778
08.00 AM 80,808.400
08:15 AM 80,955,620
08:15 AM 81,007.200
08:15 AM 81.128,146
08:05AM 81,417,500
08:20 AM 81,553.678
08:02 AM 81,563,300
10:07AM 81,731,837
08:42 AM 81.739.100
08:52 AM 81.952.297
0823 AM 81,952,348
08:10AM 81.952,348
08:47 AM 81,952.348
08:45AM 81.952.348
09:04 AM 82.498.000

45.3

1.2

63.4
2.1

0.9

24.0
63.6

97.7
27.8

48.7
44.3

13.7
101.2
35.8
84.0
67.1
93.6
6.8

107.7
5.4
49.2

125.8
125.3

0721 AM 59.180.800 92.6
08:37 AM 59,321.200 107.1
08.30AM 59.783.000 111.3
07:49 AM 59.938.700 100.9
09.06 AM 60.091.700 102.5
08:11 AM 60.233,700 107.0
07:55AM 60,386.100 111.2
08:13AM 60,868,600 101.9
07:56 AM 61.013.600 105.6
08:06AM 61,166.700 115.8
07:56AM 61.332.300 118.0
07:43 AM 61.500,700 102.2
07A45AM 61.942.350 99.3
07:59 AM 62,086.800 106.5
0829 AM 62.243.400 113.0
07:54 AM 63.052.700 98.2
09:12 AM 63,201.800 109.6
08:15 AM 63,353,400 110.4
08:26 AM 63,513.600 106.4
09.02 AM 63,670,700 108.7
08:41 AM 64.137.800 106.9
08.38AM 64,291,400 106.5
08:40 AM 64.445,000 104.2
08:35 AM 64.594,500 105.8
08:40 AM 64,747,400 103.1
08:40 AM 65.192.700 106.7
08:11 AM 65,343,200 107.3
08:02 AM 65,496,800 98.7
0826AM 65.641.300 111.0
08:40 AM 65.802.700 80.1
0922AM 66.152200 112.3
08:55AM 66,310.900 115.5
08:42 AM 66,475.700 98.0
09:05 AM 66,619,100 95.1
09:30 AM 69,085,865 95.2
08:53 AM 69,219.400 105.3
08:50 AM 69,370,682 87.6
08:50 AM 69,496,794 72.2
08:50 AM 69,600,829 104.0
08:50AM 70,049,900 120.9
08:43 AM 70,223,200 113.9

- NO READING 113.9
09:30 AM 70,556.500 119.8
0805AM 70.718.800 119.5
09:43 AM 71.246.700 117.5
08:55 AM 71,410,200 112.6
08:40AM 71,570.700 119.4
08:47AM 71,743.500 99.9
08:45 AM 71,887,200 120.2
08:50 AM 72,406,900 7.8
08:50 AM 72,418.178 -
08:55 AM 72,418.178 -
08:55 AM 72,418,178 -
08:55 AM 72,418.178 -
08:45 AM 72,418,178 -
08:55 AM 72n418.178 -
08:46AM 72.418,178 -
09:32AM 72,418,178 -
08:10 AM 72,418,178 -
08:10AM 72,418.178 -
0920AM 72,418.178 -
08:40 AM 72,418.178 -
0825AM 72,418.178 -
08:23 AM 72,418.178 -
08:43 AM 72,418,178 -
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Table I

Meter Readings and Average Interval Flowrates
for Town of Crownpolnt (NM) Water Wells
November 1,1990 through April 30,1991

for Analysis of April, 1991 Pumping Test (HRI)

[only average flowrates greater than 0.3 gpm are shown]

TOTAL Daily
Flowrate
from SIX

Crownpolnt
Date Town

(1) Water Wells
(gpm)

19-Feb-91
20-Feb-91
21-Feb-91
22-Feb-91
25-Feb-91
26-Feb-91
27-Feb-91
28-Feb-91
01-Mar-91
04-Mar-91
05-Mar-91
06-Mar-91
07-Mar-91
08-Mar-91
11-Mar-91
12-Mar-91
13-Mar-91
14-Mar-91
15-Mar-91
18-Mar-91
19-Mar-91
20-Mar-91
21-Mar-91
22-Mar-91
25-Mar-91
26-Mar-91
27-Mar-91
28-Mar-91
29-Mar-91
01-Apr-91
02-Apr-91
03-Apr-91
04-Apr-91
05-Apr-91
06-Apr-91
07-Apr-91
08-Apr-91
09-Apr-91
10-Apr-91
12-Apr-91
13-Apr.91
14-Apr-91
1 5-Apr-9 1
16-Apr-91
17-Apr-91
18-Apr-91
19-Apr-91
20-Apr-91
21-Apr-91
22-Apr-91
23-Apr-91
24-Apr-91
25-Apr-91
26-Apr-91
27-Apr-91
28-Apr-91
29-Apr-91
30-Anr-qt

365.1
335.8
343.8
179.4
89.3
133.1
82.6
156.0
182.8
188.8
216.1
144.2
327.6
183.1
342.1
186.1
201.3
192.6
153.5
132.1
232.0
166.8
110.4
190.4
132.7
148.7
141.8
207.8
190.0
107.5
98.4
112.8
59.6
156.8
282.3
217.7
285.1
282.4
307.1
229.6
167.6
292.7
170.5
225.9
334.7
283.9
201.1
292.0
247.9
262.4
422.0
292.4
123.7
298.6
109.7
172.9
212.2

NTUA WELL I

IA~w U-.
lFl=wb

Time Msetr oer
(1) Reading interval Pr-"M

(lpm) C

08:05 AM 14,560,000 108.81
12:37 PM 14.746.250 109.5
08:29 AM 14.876.750 107.2
08:10 AM 15,029.100 3.3
08:26 AM 15.043.560 -
08:20 AM 15,043,560 1.2
08:05 AM 15.045230 -
08:15 AM 15.045230 -
08:13 AM 15.045.660 15.1
08:53 AM 15,111.380 -
08.08 AM 15,111.380 -
08:18AM 15,111,380 10.9
08:08 AM 15,126.900 83.2
0826 AM 15,248,170 14.2
09:15AM 15,310.370 41.3
08:11 AM 15.367,220 0.8
09:00 AM 15,368,400 -
08:54 AM 15,368,400 -
0908 AM 15,368,570 -
08:55 AM 15.368,570 -
09:34 AM 15,368,570 -
09:43 AM 15,368,570 -
09:05 AM 15,368,570 -
08:19 AM 15,368,570 0.3
0826 AM 15,369.940 -
08:15 AM 15.369.940 -
08:41 AM 15.369.940 2.3
10:16 AM 15,373.460 -
08:26 AM 15,373.460 -
08:54 AM 15,373,460 -
08:24 AM 15,373.460 -
11 06 AM 15,373,460 -
09:24 AM 15.373,460 -
08:14 AM 15,373.460 -
07:44 AM 15.373.460 -
08:24 AM 15.373.460 -
08:29 AM 15,373.540 101.8
08:46 AM 15,521.820 109.5
0824 AM 15,677,116 68.0
08:36 AM 15,873,900 -
08:52 AM 15,873,900 -
08:08 AM 15,873,900 -
08:19 AM 15.873,900 -
08:18 AM 15,873.900 -
0721 AM 15,873.900 43.3 ,
08:50 AM 15.940,170 48.4
0723 AM 16.005.680 23.4
09:00 AM 16,041,600 -
08:56 AM 16,041,600 -
0924 AM 16,041,600 0.9
0829AM 16,042,800 912
08:17 AM 16,173,000 27.1
08:18 AM 16.212,100 -
08 25 AM 16,212,100 -
08:16 AM 16,212,100 -
08:13 AM 16,212.100 -
08:18 AM 16,212,100 -
08:17AM 16,212,100 -

NTUA Conoco Well

Avenge Ud
Flowrate b,

Time Meter over I_
(1) Reading Intervul P..

(pm) i

08:10 AM 82,671,700 122.8
12:43 PM 82,882.000 121.2 -
08:34 AM 83.026.400 119.8 '
08:15 AM 83,196,700 119.3 '
08:32 AM 83.713.900 15.2 '
08:25 AM 83,735,693 2.0 '
08:10AM 83.738.583 -
08:20 AM 83,738,583 -
08:18 AM 83.738,583 -
08:48 AM 83.738,583 -
08:13 AM 83.738,583 -
0825 AM 83,738,583 -
08:14 AM 83,738,583 -
08:31 AM 83,738,583 -
09:21 AM 83,738,583 -
08:16 AM 83,738.583 1.7
08:56 AM 83.741,158 -
08:48 AM 83,741,158 -
09:03 AM 83,741,508 -
08:47 AM 83,741,508 -
09 25 AM 83,741,508 -
08-34 AM 83,741,508 -
09:14 AM 83,741,508 -
08:13 AM 83,741,508 -
0820 AM 83,741,967 -
08.09 AM 83,741,967 0.6
08:33 AM 83,742.903 2.8
1010AM 83,747,135 -
08:19 AM 83.747,135 -
08:48 AM 83,747,135 0.8
08:18 AM 83.748.214 -
10:59 AM 83,748,214 -
09:31 AM 83.748.214 -
08.08 AM 83,748.214 93.5 '
07:36 AM 83.879,800 125.9 -
08:17AM 84.066,200 126.0 '
08:22 AM 84.248,300 127.8 -
08:53 AM 84,436,300 119.7
09:10AM 84.610.700 114.1
08:27 AM 84,934,300 120.3

- - 120.3 '
08:00 AM 85.277.400 121.2 '
08:14 AM 85,453,600 123.5 '
08:13 AM 85,631,300 122.8 '
07:16 AM 85,801200 122.5
08.08 AM 85,983.900 127,2 '
07:39 AM 86,163.400 123.7 '
09.06 AM 86.35Z300 124.9 '
08.09AM 86,525,100 116.8 '
08:13AM 86,693,800 119.7 -
0820AM 86,867,060 119.0 -
08:09AM 87,037,100 115.4 -
08:10AM 87,203,415 118.3 -
0821AM 87,375,100 118.7 *
08:11 AM 87,544,820 109.7
08:04 AM 87,702,065 88.4 -
08:12 AM 87,830.000 145.3 -
08:11 AM 88,039,105 -

NTUA Littiewater

Aveng, ed
Flowrate a,

Time Meter over S.
(1) Reading Interval P.,

(gppm Ca~~.~.A

07:56 AM 72,418.178 -
08:30 AM 72,418.178 -
08:00 AM 72.418.178 -
08:00 AM 72,418,178 -
08:51 AM 72,418,178 -
08:45 AM 72,418,178 -
08:00 AM 72,418,178 -
08:50 AM 72,418,178 96.2
08:40 AM 72,555,700 118.6
08:26 AM 73,066,500 55.4
08:00 AM 73,144,856 155.1
09:19 AM 73,380,400 85.5
08:32 AM 73,499,500 120.7
08:24 AM 73.672.400 118.4
08:14 AM 74.182.800 104.8
08:12 AM 74,333.500 120.0
08:35 AM 74,509.000 102.2
0825 AM 74,655.200 120.3
08:41 AM 74,830,300 110.7
07:55 AM 75.303,300 117.6
08:52 AM 75,479,300 107.7
07:56 AM 75,628.300 111.6
08:15 AM 75,791,165 110.4
09:15 AM 75,956.800 96.6
09:09 AM 76,373,500 85.4
08:56 AM 76.495,400 120.9
0924 AM 76,672.900 112.3
09:35 AM 76,835.900 113.4
09:08 AM 76,996.200 99.3
08:20 AM 77.420.500 36.4
07:50 AM 77,471,826 -
11:49 AM 77,471,826 -
08:43 AM 77,471,826 -
08:49 AM 77,471,826 -
08:32 AM 77,471,826 -
08:56 AM 77,471,826 -
09.06 AM 77,471,826 -
09 27 AM 77,471,826 -
09.02 AM 77,471.826 -
09:14 AM 77,471,826 -
0827 AM 77,471.826 -

08:48 AM 77,471.826 -
08:50 AM 77,471.826 -
07:53 AM 77,471,826 -
07:47 AM 77,471,826 -
06:53 AM 77,471,826 -
07:54 AM 77,471,826 -
0825AM 77,471,826 -
07:30AM 77,471.826 -
08:00 AM 77,471.826 -
08:15 AM 77,471,826 -
08.00 AM 77,471,826 -
08.00 AM 77,471,826 -
08.00 AM 77,471,826 -

08:50 AM 77,471,826 -
08:50 AM 77,471,826 --

(1) Dates and Times are for the START of the lowrate.
(2) Meter change.
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Table 2

Meter Readings and Average Interval Flowrates
for Town of Crownpolnt (NM) Water Wells
November 1, 1990 through April 30, 1991

for Analysis of April, 1991 Pumping Test (HRI)

[only average flowrates greater than 0.3 gpm are shown]

TOTAL Daily
Flowrate
from SiX

Crownpoint
Date Town

(1) WaterWell
- topm)

BIA Power House Well 03

Avenge Vd

Flewuta h.
Time Meter ever ew._Fe

(1) Reading emval t .f Commentt

BiA Canyon Well *S

Averge wed
Flowrat. b.

Time Meter ever a..peaa
(1) Reading nterval Pe

lQPe) cwa_

BIA Boardting School Well *6

Averge ure

Time Meter ever I.e.*.e
(1) Reading Interan P.

_ gpm) cwa

01-Nov-90
02-Nov-90
05-Nov-90
06-Nov-90
07-Nov-90
08-Nov-90
09-Nov-90
12-Nov-90
13-Nov-90
14-Nov-90
15-Nov-90
16-Nov-90
19-Nov-9O
20-Nov-90
21-Nov-90
26-Nov-90
27-Nov-90
28-Nov-90
29-Nov-90
30-Nov-90
03-Dec-90
04-Dec-90
05-Dec-90
06-Dec-90
07-tec-90
10-Dec-90
1140Dec-9o
12-Dec-90
13-De-90
14-Dec-90
17-Dec-90
18-Dec-90
19-Dec-90
20-Dec-90
07-Jan-91
08-Jan-91
09-Jan-91
1O-Jan-91
11-Jan-91
14-Jan-91
15-Jan-91
16-Jan-91
17-Jan-91
18-Jan-91
21-Jan-91
22-Jan-91
23Jan-91
24-Jan-91
25-Jan-91
28-Jan-91
29-Jarn91
30-Jan-91
31Jan-91
01-Feb-91
04-Feb-91
05-Feb-91
06-Feb91
07-Feb-91
06-Feb-91
11-Feb-91
12-Feb-91
13-Feb91
14-eb-91
15-Feb91
18-Feb-91
19-Feb-91
20-Feb-91
21-Feb-91
22-Feb-91
25-Feb-91
26-Feb91

1962
173.0
395.0
202.8
215.5
179.9
189.8
292.2
215.9
226.0
224.0
225.5
140.6
261.5
212.1
406.9
244.9
251.7
249.5
222.6
195.8
218.3
211.7
226.2
232.6
250.8
233.2
24t.1
242.8
167.5
330.9
297.9
251.9
207.3
251.6
223.4
264.8
273.3
157.1
190.0
174.0
251.6
135.0
220.8
270.5
243.7
174.1
150.9
183.5
79.5

3132
165.3
201.9
226.1
255.0
87.4
299.4
45.7
148.4
85.1
41.4
113.3
95.9

305.2
372.1
365.1
335.8
343.8
179.4
89.3
133.1

08.24 AM
08:13 AM
09:25 AM
08:33 AM
09:49 AM
Od:58 AM
08:49 AM
08:54 AM
0820 AM
06:15 AM
08:31 AM
08:23 AM
08:21 AM
08:20 AM
08:14 AM
08:29 AM
08:06 AM
0e:49AM
08:52 AM
08:23 AM
08:17AM
08:17 AM
08:17 AM
08615 AM
06:18 AM
08 17 AM
0820 AM
0623 AM
08:23 AM
06:07 AM
08:30 AM
08:20 AM
09.08 AM
08:30 AM
08:43 AM
0623 AM
08:23 AM
06.20 AM
08:20 AM
0625 AM
06:15 AM
0825 AM
09:48 AM
09:33 AM
1028 AM
08:26 AM
08:15AM
06:20 AM
08:23 AM
0623 AM
0o 18AM
08:28 AM
0625 AM
08:28 AM
08:20 AM
06 28 AM
08:21 AM
10.24 AM
09-02 AM
09-10 AM
06:40 AM
06.35 AM
09:06 AM

0828 AM
12:30 PM
06e43 AM
0637 AM
0oe18AM
08:10 AM

45.456,300
45.516,260
45,644,700
45,754,500
45.822s900
45.890.900
45.s95.200
46.156.400
46.235.300
46.300.500
46.396,173
46.484,600
46,679.900
46.733.615
46.e4s8700
47,171.594
47.259,700
47.373.000
47.482,893
47.s87.300
47.797,204
47,851,522
47,927,904
47.977,719
48.048.400
48.246.389
48.292.506
48.364.900
48.488.000
48,551,500
48,786,218
48.881,200
48.961.589
49.013,000
49.266,228
49266,228
49.266,228
49.266.228
49,266.228
49.266.328
49,266,328
49.266,328
49-266.328
49,266,328
49.266.328
49.266.328
49.266.328
49.266.328
49.266,328
49.266.328
49.266,328
49,266,328
49.266,328
49.266,328
49.266.328
49.266.328
49.266,328
49.266,328
492W6.328
49.266,328
49,266,328
49,266328

149,266.328
NO READING
NO READING

49.266,328
49,266,328
49,266,328
49,266,328
49,266,328
49,266,328

42.0
29.2
79.1
45.1
49.0
72.9
37.3
56.1
45.4
65.7
61.8
45.2
37.3
80.3
44.8
62.1
76.5
76.2
74.0
43.7
37.7
53.0
34.6
49.0
45.8
32.0
50.2
85.6
44.6
54.0
66.4
54.0
36.7
9.8

47

47
47
47

47
47
47

47

47

47

47
47
47

OFF
OFF
OFF
OFF
OFF
OFF
OFF

-2) ON-Bad Mtf
OFF

-(2) ON-BadMtr
(2) ON-Bad Mir

- (2) ON-Bad Mtr
OFF
OFF
OFF

- (2) ON-Bad MSr
(2) ON-Bad MSt

- (2) ON-Bad MIS
OFF

-(2) ON-Bad Mtr
OFF
OFF

-(2) ON-Bad Mir
OFF
OFF
OFF
OFF

- (2) ON-Bad MSr
OFF
OFF

* OFF
-(2) ON-Bad Mtr

(2) ON-Bad Mtr
- (2) ON-Bad Mtr

OFF
OFF
OFF

06e20AM
08:10AM
09:22 AM
08 29 AM
09:49 AM
08:655 AM
08:46 AM
08:51 AM
08:16 AM
08:12 AM
06:28 AM
08:20 AM
08:19AM
08:21 AM
08:10AM
08:32 AM
08604 AM
08:46 AM
0:50 AM
08630 AM
08:14AM
08:14 AM
08:15 AM
08:13 AM
08:15 AM
08:15 AM
08:15 AM
08:20 AM
08:20 AM
08:05 AM
08:27 AM
08:20 AM
09.05 AM
0825 AM
08:40 AM
08:20 AM
08:20 AM
08:23 AM
06:15 AM
06:20 AM
08:12 AM
08:23 AM
09:45 AM
09130 AM
10-25 AM
08:23 AM
08:10AM
08:17AM
08.20 AM
08:20 AM
08:15 AM
08:25 AM
08:23 AM
08:25 AM
06:18 AM
08:25 AM
08:18 AM
1020 AM
0:58 AM
09:07 AM
06:35 AM
08:30 AM
09:02 AM
09:00 AM
09:23 AM
08:25 AM
12:27 PM
08:41 AM
08.28 AM
08:15 AM
08:07 AM

24.706,637
24.706,637
24.706,637
24.706,637
24.706.639
24,706.639
24.706,639
24.706.639
24.706,639
24.706,639
24.706,639
24.706,639
24.706,639
24.706.639
24,706,885
24.706.885
24.710,215
24,710,215
24.710,215
24.710.215
24.710,215
24.710,215
24.710.350
24.710,350
24.710.350
24.710.350
24.710,350
24.710.350
24.710,350
24,710,350
24.710,350
24.710.350
24,710,350
24.710.350
24.714.066
24.714,066
24.714,066
24,714,066
24.714,066
24.714,066
24,714,066
24.714.066
24,714,066
24.714,066
24.714.066
24.714,066
24,714,066
24,714.066
24.714.066
24.714.066
24.714,066
24.714,066
24,714,066
24.714,066
24,714066
24.714,066
24.714,066
24,714.066
24.714.066
24.714,066
24,714,066
24.714,066
24.714,600
24.783,878
24,783,878
24.901,700
24,949.507
24.949.507
24,949,507
24.949.507
24,949.507

2.4

0.4
43.2

85.3
28.4

08:31 AM
08:16AM
09:16 AM
08:21 AM
09:41 AM
06:35 AM
08:15 AM
08:45 AM
08:28 AM
08:23 AM
08:08 AM
08:15 AM
08626 AM
08.30 AM
08:21 AM
08:22 AM
08:15 AM
0:38 AM
08:44 AM
08:12AM
08.22 AM
0B21 AM
08.20 AM
08.20 AM
06.20 AM
08:20 AM
08.25 AM
08:30 AM
06:13 AM
08:.10 AM
08.35 AM
08.30 AM
08:15 AM
08.35 AM
08:30 AM
08:30 AM
08:28 AM
0:30 AM
08:25 AM
08:28 AM
08:20 AM
08:30 AM
09.53 AM
09:22 AM
10.07 AM
06:32 AM
08:20 AM
08:25 AM
08:27 AM
08:23 AM
08:25 AM
08:32 AM
08:30 AM
08:30 AM
08:25 AM
06:33 AM
08:26 AM
10-15AAM
08.51 AM
09:00 AM
08:30 AM
08:20 AM
08:57 AM
08:55 AM
09:17 AM
08:18 AM

08:24 AM
08.40 AM
08:21 AM
08:15 AM

1,705.666
1,793.463
1,954.200 1
2,125,300
2.211,600
2.299.590
2,299.600
2,479,200 1
2,670,100 1
2.760,795
2.824.118 -

2.818,200
3.226,200
3.231.900
3,338,746
3.730.300 1
3.917.840
3.999.051
4,093.300
4.190.500
4,473,06S4
4,545,464
4,630,000
4,734.904
4.837,730
5.095.450
5,165.594
5275.000
5.366,0D0
5.491.312
5.636259
5,714,375
5.857.700
6.028.775
7,423,000
7.5t4,376
7.596.700
7.695'049
7.827.000
8,040,400
8.139.302
8,226,500
8.365,169
8.386.600
8.623.871
8.766.900
8,887,356
8,966,406
9.039.890
9,313.053
9,315,100
9.433.900
9.513.550
9,577.059
9.819.863
9.934.000
10.040,834
10,122,113
10,173.354
10,422,500
10,542,500
10.601762
10,699,668
10,7683344
11.083.126
11,156.019

NO READINt
11.324.600
11.426.678
1 1671.200
1 m.SOO

61.6
36.7
23.5
568
640

41.3
34.2
53.2
44.4
44.3
78.0
39
74.7
54.4
130.9
55.5
652
69.0
653
50.3
58.7
729
71.4
59.7
48.5
757
63.9
87.2
334
544
100.6
117.2
538
112.1
8.6

68.2
92.0
49.4
69.1
60.1
91.0
152
544

106.3
844
54.7
51.0
63.3
1.4

82.1
55.4
44.1
56.3
78 8
74 6
52.5
378
57.6
85.1
41.4
66.3
47.8
72.5
528
58.4
58.4
70 1
569
74.1
129.9

Z



Poe 2 of 2

Table 2

Meter Readings and Average Interval Flowrates
for Town of Crownpoint (NM) Water Wells
November 1, 1990 through April 30, 1991

for Analysis of April, 1991 Pumping Test (HRI)

(only average flowrates greater than 0.3 gpm are shown)

TOTAL Daily
Flowrate
from SIX

Crownpolnt
Date Town

(1) WaterWells

27-Feb-91 8Z6
28-Feb-91 156.0
01-Mar-91 182.8
04-Mar-91 188.8
05-Mar-41 216.1
06-Mar-91 144.2
07-Mar-91 327.6
08-Mar-91 183.1
11-Mar-91 3421
12Mar-1 186.1
13-har-91 201.3
14-Mar-1 192.6
15-Mar-91 153.5
18Mar-91 132.1
19-Mar1 232.0
20-Mar-91 166.8
21-Mar-91 110.4
22-Mar-91 190.4
25-Mar-91 132.7
26-Mar-91 148.7
27-Mar-91 141.8
28-Mar-91 207.8
29-Mar-91 190.0
01-Ar-91 107.5
02-Apr.91 98.4
03-Apr-91 112.8
04-Apr-91 59.6
05-Apr-91 156.8
06-Apr-91 282.3
07-Apr-91 217.7
08-Apr-91 285.1
O9-Apr-91 282.4
10-Apr-91 307.1
12-Apr-91 229.6
13-Apr-91 167.6
14-Apr91 292.7
15-Apr91 170.5
16-Apr41 225.9
17-Apr-91 334.7
18-Apr-91 283.9
19-Apr-91 201.1
20-Apr-91 292.0
21-Apr-91 247.9
22-Apr-91 262.4
23-Apr-91 422.0
24-Apr-91 292.4
25-Apr-91 123.7
26-Apr-91 298.6
27Apr-91 109.7
28Apr-91 172.9
29-Apr-91 212.2
30-Apr-91 -

BIA Power House Well 13

Aveg U_

TIme Meter emr .
(1) Reading terval t Commenta

NMirI c

0828 AM 49.266.328 - OFF
08:30 AM 49266.328 - OFF
08:30 AM 49266,328 - OFF
09.17AM 49266328 - OFF
0825 AM 49.266.328 - OFF
08.08 AM 49266.328 - OFF
0828 AM 49,266328 - OFF
08:17AAM 49,266,328 - OFF
09.00 AM 49,266328 - OFF
08:07 AM 49266.328 - OFF
09:15 AM 49266.328 - OFF
09.07 AM 49,266328 - OFF
09:27 AM 49,266.328 - OFF

- 49.266.328 - OFF
- 49266,328 - OFF
- 49.266,328 - OFF
- 49,266,328 - OFF
- 49,266.328 - OFF
- 49.266328 - OFF
- 49266.328 - OFF
- 49.266.328 - OFF
- 49.266,328 - OFF
- 49.266,328 47 - (2) ON-Bad Mir
- 49,266.328 - OFF
- 49.266.328 47 - (2) ON-Bad Mtr
- 49.266.328 47 - (2) ON-Bad Mir
- 49.266.328 47 - (2) ON-Bad Mitr
- 49.266.328 - OFF
- 49.266.328 47 - (2) ON-Bad Mitr
- 49,266.328 - OFF
- 49.266.328 - OFF
- 49266.328 47 - (2) ON-Bad Mtr
- 49266.328 47 - (2) ON-Bad Mitr
- 49.266.328 47 - (2) ON-Bad Mitr
- 49266.328 47 ( (2) ON-Bad Mtr
- 49.266.328 47 - (2) ON-Bad Mitr
- 49266.328 47 - (2) ON-Bad Mitr
- 49.266.328 47 - (2) ON-Bad Mtr
- 49,266.328 47 - (2) ON-Bad Mitr
- 49.266.328 47 - (2) ON-Bad Mrt
- 49.266.328 47 - (2) ON-Bad Mir
- 49.266.328 47 ( (2) ON-Bad Mr
- 49.266.328 47 - (2) ON-Bad Mr
- 49.266.328 47 - (2) ON-ad Mtr
- 49,266.328 47 - (2) ONBadL Mt
- 49,266.328 47 - (2) ON-Bad Mitr
- 49.266.328 - OFF
- 49.266,328 47 ( (2) ON-Bad Mtr
- 49.266.328 - OFF
- 49,266328 47 ( (2) ON-Bad Mitr
- 49,266.328 - OFF
- 49,266.328 -

BIA Canyon Well #5

_ Awnga

Time Meter ever _
(1) Reading bIlervl P

08:25 AM 24.949.507 -
08:27 AM 24.949.507 -
08:34 AM 24U949.507 -
09:09 AM 24.949.507 -

08:25 AM 24.949.507 -
08:05 AM 24.949.507 -
08:25 AM 24.949.507 -
08:15AM 24.949.507 11.0 -

08:58 AM 24,997.689 62.7
08.03 AM 25.084.500 12.1
09:12 AM 25,102,726 -
09:05 AM 25.102.726 -
09:19 AM 25.102.726 -
09:10AM 25.102.726 -
09:46 AM 25.102.726 -
08:54 AM 25.102.726 -
08:45 AM 25,102.726 -
08:32AM 25.102.726 15.3
08:40 AM 25.169.000 13.6 -

08.25 AM 25.188.360 -
08.54 AM 25.188.360 -
10-29 AM 25.188.360 -
08:37 AM 25.188.360 -
09.07 AM 25.188.360 -
08:34 AM 25,188.360 -
11:19AM 25.188.360 -
09.10 AM 25,188.360 -
08:25AM 25.188.360 46
07.54 AM 25.194.900 41.8
08 35 AM 25.256.790 -
08.40 AM 25.256.790 -
08.34 AM 25.256.790 -
08:38 AM 25.256.790 -
08:50 AM 25.256.790 -
08.06 AM 25.256.790 -
08:13 AM 25.256.790 -
08:30 AM 25.256.790 -
08:28 AM 25.256.790 -
07:32 AM 25.256.790 -
09-02 AM 25.256.790 -
0729 AM 25.256.790 -
08:49 AM 25256.790 0.8
09.05 AM 25.257.900 37.0
08:37 AM 25.310.080 -
08:34AM 25.310.080 105.6
08:32 AM 25.462.000 20.6
0827AM 25.491.560 -
08:43 AM 25.491.560 -
0828 AM 25.491,560 -
08:24 AM 25A491.560 -
08:27 AM 25,491.560 -
08 27 AM 25.491.560 -

BIA Boarding School Well #6

Aerag U9

Fkra.e .
Tlime Mater rmr S._..e.

(1 Reading hInrval P.-
tlarl c*.

08:18AM 11,965.000 82.6i8
08:35AM 12.085.311 59.9 -

08.25AM 12.170.900 491 -
08:57AM 12,384,500 133.4
08:20AM 12.571.670 61.1
08:13 AM 12.659.200 47.8
08:20AM 12.728.400 123.6 -

08:22 AM 12.906.692 39 4
09.08AM 13.078.600 133.3
08 22 AM 13.264.400 51.5
09.06AM 13.340.878 991
08. 59AM 13.482.877 72.3
09:13AM 13.588.000 428
09.05 AM 13.772.539 14.5
09.40 AM 13.793.900 124.3
08.48 AM 13.966.448 55.2 -
08.58 AM 14.046.481 -
08:25AM 14.046.481 782 2
08:31 AM 14.384.800 33.7 -

08.20AM 14.432.950 27.2
08.47 AM 14.472.789 24.5 -

1021 AM 14,510.300 94.3
08:31 AM 14.635.765 44.0 -

09.00AM 14.827200 70.3
08:30AM 14.926.349 51.7 -

11:12AM 15.009.190 661
09.18 AM 15.096.836 12.9 -

0818AM 15.114.700 587 7
07.48 AM 15.197.400 68 0
08.28AM 15.298.000 9117
0834 AM 15.430.576 S5.5 -
08:41 AM 15.510.930 6 6
0829 AM 15.520.300. 78.3
08:44 AM 15.746.901 62.7
08:48 AM 15,837.400 0.7 -

08:20AM 15.838.419 124.9
08:24 AM 16.018.755 0.4
08.23AM 16.019.290 564 4
07:27 AM 16.097.300 1222 2
08:50AM 16.283.423 61.6 -

07:16AM 16,3668300 7.4 -

08.56AM 16.377.694 1196 6
09:00 AM 16.550.400 47.4 -

08:29 AM 16.617.200 95.1
08:44 AM 16.755.620 596
08.29 AM 16.840.500 826 6
08:23 AM 16,958.879 5.4
08:29AAM 16.966.700 133.2 -

08:23 AM 17.157,754 -
08:18 AM 17.157.754 37.9 -

08:22AM 17,212.490 66.9
08:22 AM 17,308,765 -

(1) Dates and Thmes are tor the START of the flowTrate.
(2) Bad meter in BIA #3. Flwarate estimated from average of 03-4ec-90 through 07-Jan-91 as typical of WVinter Flowrates.
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Figure C.2-B

HRI's Crownpoint, NM Pump Test 4191
>% Drawdown in CP-2 While Pumping CP-501
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Figure C.3EB

HRl's Crownpoint, NM Pump Test 4191
:% Drawdown in CPR- While Pumping CP-5
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Figure C.6-B.

HRI's Crownpoint, NM Pump Test 4191
:% Drawdown in CP-6 While Pumping CP-5c
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HRI Is
Figure 0.7-B

Crownpoint, NM Pump Test 4191
Drawdown in CP-7 While Pumping CP-5
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Figure C.8B

HRl's Crownpoint, NM Pump Test 4191
?% Drawdown in CP-8 While Pumping CP-5
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD PANEL

Before Administrative Judge
E. Roy Hawkins, Presiding Officer

Dr. Richard F. Cole, Special Assistant
Dr. Robin Brett, Special Assistant

In the Matter of: )
) Docket No.: 40-8958-ML

HYDRO RESOURCES, INC. )
P.O. Box 777 ) ASLBP No. 95-706-01-ML
Crownpoint, NM 87313 )

_) April 21, 2005

AFFIDAVIT OF FRANK LEE LICHNOVSKY

I. Personal.

1. My name is Frank Lee Lichnovsky. I am of sound mind and body and competent to make

this affidavit. The factual statements herein are true and correct to the best of my knowledge, and

the opinions expressed herein are based on my best professional judgment.

II. Qualifications.

2. I am a Licensed Professional Geologist in the State of Wyoming and a Licensed

Professional Geoscientist in Texas.

3. I have a Bachelors of Science Degree in Geology from Sul Ross State University (1967)

and have 37 years experience in geology, 27 of which has been in uranium exploration and mining.

I have been involved in underground, open-pit and in-situ mining in New Mexico, Wyoming,

Texas and Australia.

4. URI, INC. employs me as Senior Geologist. I work daily with relationships of lithologies,

the associated permeability and groundwater movement in the wellfield and between wells. It is

important to keep mining solutions in the ore. Letting mining solutions get out into barren

sandstone doesn't improve the headgrade and cost money.



5. I have worked for Western Nuclear, Nuclear Dynamics, Wyoming Mineral, Utah

International, Conoco, Heathgate and URI/HRI. I have worked at 8 in-situ mine sites. My job is to

conduct geologic evaluations of uranium deposits to determine if they are amenable to in-situ

mining. I have conducted exploration for uranium, drilled delineation holes to define ore bodies and

reserves. I have installed injection and extraction wells at various in-situ mines in Texas, Wyoming,

and Australia.

6. I have conducted exhaustive subsurface geological studies of Churchrock, Crownpoint, and

Unit One deposits, as well as numerous other evaluations of uranium deposits across the Grants

Uranium District. I have correlated thousands of drill hole geophysical logs across the Grants

Uranium Region in the process of mapping uranium ore deposits and associated geology.

7. I have testified in this proceeding once before, giving an expert affidavit on the stratigraphy

of the Jurassic age Morrison Formation in the Southern part of the San Juan Basin. (See, Affidavit

of Frank Lichnovsky (February 19, 1999)). A copy of my February 1999 affidavit is appended as

Exhibit A.

III. MATERIALS REVIEWED.
* Declaration of Spencer G. Lucas (February 25, 2005).

* Declaration of Michael G. Wallace (March 1, 2005) - Declaration of Richard Abitz (March

3, 2005).

* Partial Initial Decision Concluding Phase I, Peter B. Bloch Presiding Judge, Atomic Safety

and Licensing Board Panel.

* Bates, R. L. and Jackson, A. Editors Dictionary of Geological Terms, Third Edition

prepared by the American Geological institute. 1984.

* Dillinger, J.K., 1990. Geologic and Structure Contour Maps of the Gallup 30 x 60 degree

Quadrangle, McKinley County, New Mexico, U.S. Geological Survey Map I

* Fitch, David C.,1980. Exploration for Uranium Deposits, Grants Uranium Mineral Belt. 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.
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* Galloway, W. E., 1980. Deposition and Early Hydrologic Evolution of Westwater Canyon

Wet Alluvial-Fan System. 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.

* Hilpert, L.S., 1963. Regional and Local Stratigraphy of Uranium-Bearing Rocks. In

Geology and Technology of the Grants Uranium Region, State Bureau of Mines and

Mineral Resources, New Mexico Institute of Mining and Technology, Memoir 15.

* Hilpert, L.S., 1969. Uranium Resources of Northwestern New Mexico, US Geological

Survey Professional Paper 603, U.S. Government Printing Office.

* Hydro Resources, Inc., 1993. Churchrock Project Revised Environmental Report.

* Hydro Resources, Inc., 1993. Supplemental Environmental Report Crownpoint/Churchrock

Uranium Production Facility 1989.

* Hydro Resources, Inc., 1992. Environmental Assessment Unit One Allotted Lease Program.

* HRI, Inc. Response to NRC RAI #99, Sensitivity Analysis of Modeled Unit 1.

* Site Groundwater Flow. Letter from C.S. Bartels, HRI to W.H. Ford, US Nuclear

Regulatory Commission.

* Kirk, A. R., Condon, S. M., 1986. Structural Control of Sedimentation Patterns and the

Distribution of Uranium Deposits in the Westwater Canyon Member of the Morrison

Formation, Northwestern New Mexico. A Subsurface Study. 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 Studies in Geology #22.

* Kirk, A. R. and Condon, S. M., 1989. Isopach Maps of the Westwater Canyon and Brushy

Basin Members of the Morrison Formation, Showing Structural Control of Sedimentation

Patterns and Uranium Deposits, San Juan Basin, New Mexico. USGS Maps I-1957-A.

* Kirk, A. R. and Condon, S. M., 1989. Maps Showing Percent of Sandstone and Total

Thickness of Sandstone in the Westwater Canyon and Brushy Basin Members of the

Morrison Formation, San Juan Basin, New Mexico. USGS Map I-1957-B.

* Kirk, A.R. and Zech, R.S., 1987. Geologic Map of the Hard Ground Flat

* Quadrangle, McKinley County, New Mexico. U.S. Geological Survey Geologic Quadrangle

Map GQ-1592. -Lyford, F.P., Frenzel, P.F., and Stone, W.J., 1980. Preliminary Estimates of
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* Effects of Uranium-Mine Dewatering on Water Levels, San Juan Basin. New Mexico

Bureau of Mines and Mineral Resources, Memoir 38.

* Peterson, R.J., 1979. Geology of Pre-Dakota Uranium Geochemical Cell,

* Section 13, T16N, R17W, Churchrock Area, McKinley County, in Geology and Mineral

Technology of the Grants Uranium Region, 1979, New Mexico Bureau of Mines and

Mineral Resources Memoir 38. Phelps, W.T., Zech, R.S., and Huffinan, A.C., 1995.

Seismic Studies in the Church Rock Uranium District, Southwest San Juan Basin, New

Mexico, in American Association of Petroleum Geologists Studies in Geology #22.

* Scott, J.H., 1986. Analysis of Geophysical Well Logs from the Mariano Lake-Lake Valley

Drilling Project, Northwestern New Mexico. American Association of Petroleum

Geologists Studies in Geology #22.

* Turner-Peterson, C.E., and Fishman, N.E., 1995. Geologic Synthesis and Genetic Models

for Uranium Mineralization in the Morrison Formation, Grants Uranium Region, New

Mexico. In American Association of Petroleum Geologists Studies in Geology #22.

* U.S. Nuclear Regulatory Commission 1997. Final Environmental Impact Statement to

Construct and Operate the Crownpoint Uranium Solution Mining Project, Crownpoint, New

Mexico.

* U.S. Nuclear Regulatory Commission 1999. Partial Initial Decision Concluding Phase I

* Wentworth, D.W., Porter, D.A. and Jensen, H.N., 1980 Geology of Crownpoint

* Sec. 29 Uranium Deposit, McKinley County. New Mexico Bureau of Mines & Mineral

Resources, Memoir 38.

IV. Qualifications.

8. I have reviewed not only the references listed but also most every other available technical

publication concerning the Grants Uranium Region of the San Juan Basin. I have correlated drill

hole geophysical logs in and surrounding each of HRI's projects and have mapped the sandstone of

the Westwater Canyon across and for miles surrounding each of HRI's projects.

9. ISL uranium mining occurs in Texas, Wyoming, Nebraska and New Mexico. I have worked

in the uranium business interpreting geological data for the purpose of in-situ development in all

areas of the US that currently have in-situ mining with the exception of Nebraska.
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V. Summary

10. Based on my knowledge of the surface geology at all of HRI's proposed mining sites in the

Grants Uranium Region and published descriptions of the geology of the Morrison Formation, I

state that the (1) Recapture member is present at all four HRI sites and consists of claystone,

mudstone, siltstone with interbedded sandstone and is an aquitard, (2) the Brushy Basin is present

at all four of HRI's proposed mining sites and consists of mudstone with interbedded sandstone

lenses and is an aquitard,(3)the way that the uranium ore bodies in the Grants Uranium region were

formed precludes the existence of ribbon-like isolated channels of sandstone in the Westwater

Canyon Member of the Morrison Formation, and (4) no published article describes hydrological

isolated ribbon-like channels being present in the Westwater Canyon Member in the areas where

HRI's proposed mining sites are located.

11. These issues were all raised in a previous hearing and ruled on by Judge Bloch. He ruled

that these issues were without merit.

VI. Geologic Terminology in Context

Lucas 18, February 2005 states that "Shale is a laminated sediment in which the constituent

particles are predominantly of clay size. It includes in durated, laminated or fissile

claystone, which sometimes contains particles of silt or sand size. Shale is impermeable

and thus generally confines the flow of water." In other word, shale is relatively impervious

to water and can be described as an "aquitard", that is, a rock layer that retards or forms a

barrier to vertical movement of vertical movement of water.

* Lucas ¶1O states "Siltstone is a very fine-grained and consolidated rock composed of

particles of silt. Therefore, siltstone is of intermediate permeability and its ability to confine

groundwater is also between that of sandstone (little or no confinement) and claystone or

shale or (mudstone) (generally good confinement). "
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12. Siltstone is defined as "an indurated silt having the texture and composition of shale but

lacking its fine laminations or fissility; a massive mudstone in which silt predominates over clay".

(Dictionary of Geological Terms).

13. Claystone is defined as "an indurated clay having the texture and composition of shale but

lacking its fine lamination or fissility". (Dictionary of Geological Terms).

14. Aquiclude is defined as "a body of rock that will absorb water slowly but will not transmit

it fast enough to supply a well or spring". (Dictionary of Geological Terms).

15. Aguitard is defined as "a confining bed that retards but does not prevent the flow of water to

or from an adjacent aquifer; a leaky confining bed". (Dictionary of Geological Terms).

16. I would note that the Dictionary of Geological Terms does not equate siltstone or mudstone

with permeability. I would also note that the dictionary of geologic terms does not represent that

either an aquiclude or aquitard are impermeable. So when Abitz ¶¶34 & 39 claims that a zone is

"permeable", it should be remembered that by definition an aquitard confines flow but is

permeable. That is the rational behind hydrological testing, to determine if a strata is a aquitard and

provides confinement for the purpose of the planned mining.

17. Many geologists use the term mudstone for clay, claystone, shale, or clayey siltstone. Shale,

clay, claystone, and clayey siltstone where present, generally act as an aquitard to the vertical

movement of water. Claystone, clay, and siltstone (especially a clayey siltstone) act as an aquitard

because water flows very slowly through such sediments. Mining and restoration is projected to

take 3-5 years per well field. During this time an interval containing claystone, clayey siltstone and

siltstone would be a sufficient aquitard to prevent water in the production zone from coming in

contact with an overlying or underlying water bearing zones. As further safety, monitor wells will

be placed in overlying and underlying aquifers to insure these zones are not being effected during

mining and restoration.

VII. General Geologic Section and General Stratigraphic Columns
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18. Fitch (1980 p. 41) has a general geologic section showing the stratigraphic relations of the

Morrison Formation. (Attachment B Figure 1). Representative geophysical log showing the

stratigraphic interval from Recapture Member of the Morrison Formation to the Mancos Shale.

(Attachment B Figure 2). Schematic stratigraphic section of rocks from the Morrison Formation to

the Mancos Shale. (Attachment A Figure 3). The Morrison consists of three members. The lower

Recapture Member consists of claystone, clay, siltstone and interbedded sandstone. The middle

Westwater Canyon Member consists of sandstone with thin discontinuous claystone beds. The

upper Brushy Basin Member consists of mudstone with discontinuous sandstone lenses.

VIII. Outcrop Mapping

* Lucas 116 states, "Geologists have long known that much more can be learned from the

study of rocks at outcrops than can be learned from subsurface data from bore holes and

geophysical well logs."

19. This statement is incorrect for the detailed type of geology that mining companies require

developing properties. I believe that Lucas, whose background is paleontology, may be making

this statement from the viewpoint of a Paleontologist where the focus is finding fossils in

weathered and parted outcrops. There is no way that the geology miles from a mine would ever be

used by mine geologists or engineers for mine planning. And there is no need to because mine

geologists have much better tools to work with.

20. The geophysical logs run on each drill hole, provides information on the types of rocks,

their relationship to one another, and allows mapping of their aerial extent and thickness. Samples

of drill cutting are taken during drilling and provide details such as the coarseness of the sand and

the type of rock being drilled. The drilling rate also provides information on the lithologies. The

drilling rate is slower in mudstone, cemented sandstone, or limestone, while the drilling rate is

faster in friable sandstone. (See Affidavit of Mike Maxson)

21. An outcrop provides weathered and therefore altered information of the sediments present.

Mudstone and shale usually occur as soil covered slopes and it is likely that the thicker mudstone

horizons were not visible in the Lucas outcrop study (i.e. they formed the valleys). A description of

the outcrop isn't able to tell the lateral extent of the sediments or whether they pinch-out or thicken
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in the subsurface downdip of the outcrop, or the hydrological characteristics of the sediments

downdip.

22. Lucas's mapping on the outcrop shows the removal of the Brushy Basin Member by pre-

Cretaceous erosion (Lucas Exhibit D fig. 2). The Recapture interfingers with the Cow Springs

Sandstone at the outcrop. But one can not assume this is the case 4 or 15 miles downdip from the

outcrop, especially when geophysical logs at the sites, indicate the presence of an overlying and

underlying aquitard at Section 17, Churchrock, Unit One and Crownpoint sites. (see Pelizza

Affidavit cross sections discussions regarding Churchrock, Crownpoint, and Unit One).

IX. Recapture Member of the Morrison Formation

Lucas (2005 p.8) title states that the "Recapture Shale is Not a True Shale, and Therefore,

Not a Confining Layer" (emphasis added)

23. First I refer to my discussion of terminology in § VI above for clarification of shale,

claystone, siltstone, etc. and aquitard.

24. Lucas' statement is incorrect, the Recapture does not have to be a shale to be a confining

layer. The references (Robertson 1990 and Condon and Peterson 1986) that Lucas (2005 p.8) cites,

plus all published descriptions of the Recapture Member, state that the Recapture Member consists

of sandstone, claystone, mudstone, and siltstone. A continuous layer of mudstone, claystone, or

clayey siltstone that overlies or underlies the production zones is an aquitard (confining layer) and

will prevent mining solutions from contaminating overlying or underlying water bearing zones.

25. At Churchrock and Section 17, HRI had designated the underlying interval of mudstone and

siltstone (of the Recapture Member) as the Recapture Shale. Of importance here is the presence of

a confining layer (aquitard) of mudstone and siltstone below the ore bearing section of the

Westwater Canyon at all four HRI sites. At all of the sites there are many exploration drill holes,

each with its own geophysical log. These geophysical drill hole logs record the lithology of

subsurface rocks. (Figure 3.7, FEIS, 3-19 and cross section E-E', Churchrock Revised Application
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1993). By correlating the geophysical logs and constructing cross sections, the extent and

continuity of the confining layers can be mapped.

26. Bloch (1999) in his decision on Section 8 Churchrock states "many drill holes penetrated

the Recapture Shale to varying degrees and in every case its characteristics are those of an

aquitard." (Bloch 1999 p.17-18).

* Lucas (2005 p.13) states that Hilpert concluded that the Recapture Member does not occur

(at section 17) and the Westwater Canyon Member lies directly on the Cow Springs

Sandstone. Then in footnote (p.13), Lucas admits that Hilpert has Recapture on his cross

sections (which are in the area of Churchrock and Section 17).

27. But Hilpert (1969 p. 76,78 & 79) describes the Recapture Member in the Gallup district

(which includes Churchrock area) as a sequence of interbedded siltstone, mudstone, and sandstone

units . And it is present on his cross sections (p.78-79). (Attachment B Figure 4 and 5.)

28. Maybe Lucas was thinking of Peterson's (1980 p.134) Stratigraphic Section, showing the

Westwater Canyon to directly overlie the Cow Springs, but the stratigraphic section is from an area

approximately 2 miles to the west of Section 17 and Churchrock.

29. Kirk and Condon (1986 p.1 11) describes the Recapture as consisting of a "interbedded

sequence of predominantly red and maroon (locally green, purple, and mottled red, green and

purple) mudstone interbedded with white, light-gray, and reddish brown, fine to medium-grained

moderately well sorted, lenticular, trough-crossbedded and ripple cross-laminated quartzose

sandstone." Kirk and Condon (p.116) on the Recapture state, "Where sandstone beds are present in

the fluvial facies, they are typically encased in mudstone, rest on a sharp lower contact (scour

surface), are thin, and show fining upward grain-size trends."

* Lucas (2005 p.18-20) claims that I misinterpreted geophysical well logs 02.8/17.7 and

53/41, especially log 02.8/17.7 and how the shale line was determined. Lucas (2005 section

31 p.18-19) compares a section of Cretaceous Shale to the claystone, mudstone, and

siltstone interval of the Recapture Member and states the Recapture is wholly sandstone!
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30. Comparing Cretaceous Shale to a Jurassic mudstone and siltstone lithologies vis-A-vis

spontaneous potential curve configuration and expecting them to match exactly is foolish. The

geophysical logs from all of HRI sites consist of three curves, the natural gamma, the SP, and the

resistivity. The natural gamma records the amount of uranium in each drill hole. The SP and

resistivity curves show the lithology of the rocks that are encountered during drilling. When the SP

curve is compared to the resistivity curve, relatively permeable beds (sandstone) can be

differentiated from relative impermeable beds (claystone, shale, and mudstone) where the strata are

adjacent to each other. The SP and resistivity curves are on opposite sides of the log. Where the SP

and resistivity curves move away from each other indicates a permeable zone (sand) and where

they move toward each other is an impermeable zone (shale or mudstone). (Galloway 1980 p.63-64

and Attachment B Figures 7 and 8). In addition to the geophysical log, samples of the drill cutting

are collected. By matching the samples to the geophysical log one can easily determine the types of

rocks encountered. The drilling rate can also be used to indicate the rock type being drilled. A slow

drill rate is encountered in clays and mudstone while sandstone drill faster. Geophysical logging is

no "black box" science; these geophysical logs have been used by the petroleum industry since the

1930's.

31. In Figure 3.7, (FEIS 3-19) (Attachment B Figure 9) where the SP and resistivity curves

move away from each other indicates a permeable zone (sandstone) and where they move toward

each other is an impermeable zone (shale or mrudstone). In the Recapture Member (930-1110) the

SP and resistivity curves definitely move toward each other, compared to the overlying Westwater

Canyon-sandstone. This deflection indicated a clear change to low permeable sediments.

Lucas (2005 p.19) states "And, most significant, the Recapture SP values and frequency of

deflection correspond well to other intervals of the log interpreted as sandstone by

Lichnovsky; for example, the Westwater Canyon Sandstone interval between -710-780 ft in

the log..."

32. Lucas, in saying the SP values in drill hole 53/41 (Affidavit of Frank Lee Lichnovsky 1999,

figure 18) in the Recapture correspond to SP values in the Westwater Canyon, is incredible. The SP
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values of the Recapture are very different than those in the Westwater Canyon. The Westwater

sandstone from 772 feet to 815 feet has average SP values of 30 millivolts (MV) while the

Recapture mudstone from 815 to 875 have average SP values of 45 millivolts. While in 02.8/17.7

(Affidavit of Frank Lee Lichnovsky 1999, figure 16) the sandstone from 895 to 940 feet average 20

millivolts the mudstone from 940 to 1070 feet averages 30 millivolts. The resistivity values average

27 to 28 ohms for the Recapture Member (claystone, clays, and siltstone) while the sandstone of the

Westwater Canyon average 40 ohms.

* Lucas (2005 p.19), "A consistent and correct interpretation of the log identifies the

"Recapture Shale" interval of the log (940-1110 feet) as almost wholly sandstone, and raises

the question whether or not these strata are wholly (as Lichnovsky concludes) or partly or at

all Recapture Member". Lucas (2005 p.20), "If any Recapture is present in the well, it may

be the busy (many large defections) interval with relatively positive SP values between

about 1080 and 1 100 feet."

33. Kirk and Condon (1986 p.1 16) describe the geophysical log responses of the Recapture in

"Geophysical Log Characteristics of Stratigraphic Units and Geologic Contacts". Kirk and Condon

states 'the fluvial facies of the Recapture is predominantly thin sandstone beds and mudstone, and

shows irregular but low gamma-ray values, relatively high spontaneous potential (SP) values and

low resistance values." This is typical of a low permeable interval. (see above)

34. Thus to interpret the Recapture Member as not being present below the Westwater Canyon

in Section 17, Churchrock, Crownpoint, or Unit One sites or as "almost wholly sandstone"

questions the credibility of Lucas's testimony. Wallace and Abitz rely on Lucas's testimony to

support their assertions. Since Lucas' testimony is without merit it calls into question their

conclusions.

* Lucas (2005 p.13) states that Peterson (1979 p.140) in his paper entitled "Geology of Pre-

Dakota Uranium Geochemical Cell, Sec. 13, T16N, R17W, Churchrock area, McKinley

County" concludes that the Westwater Canyon is underlain by the Cow Springs Sandstone.

Wallace in sections 64 to 69 (2005 p.34-38) makes the same arguments.
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35. Peterson's (1980 p.134) Stratigraphic Section, showing the Westwater to directly overlie the

Cow Springs, is from an area approximately 2 miles to the west of Section 17 and Churchrock.

36. Most authors show the Westwater Canyon is underlain by the Recapture Member across the

entire Grants Uranium Region (Galloway 1980 p.59&64, Wentworth 1980 p.140, Ristorcelli 1980

p.146-147, Place 1980 p.173, Kirk and Condon 1986 p.1 I l & so on). And as Hilpert's (1969 p.78 -

79) cross sections (Attachment B Figures 4 and 5) show. It is present three miles south at the

outcrop Lucas mapped. The important fact is that an aquitard of claystone and siltstone is present

below the production zones at both Section 17 and Churchrock. Cross section E-E' from

Churchrock Revised Environmental Report has drill hole logs that penetrate the Recapture Member

and in every case it has the properties of an aquitard.

37. Surprisingly, Lucas and Wallace are willing to project the geology from the outcrop three

miles downdip, but claim drill log 02.8/17.7 (a 1000 feet west of the site) isn't representative.

38. Hilpert's (1969 78-79) cross sections (Attachment B Figure 4 and 5) (at the Section 17 and

Churchrock sites) indicates a sandstone underlying a mudstone of the Westwater Canyon as a

tongue of Cow Springs sandstone. HRI maintains that he is fact referring to a lower sandstone in

the Westwater Canyon Member. In Hilpert's section B-B', which is in sections 8 and section 17,

he shows a claystone layer above a sandstone, like HRI has on cross section E - E' (Churchrock

Revised Environmental Report 1993).

39. Lucas (Lucas 2003 p.296) points out in his paper entitled "Jurassic Stratigraphy in West-

Central New Mexico" that there is disagreement over the over the stratigraphic relationships of the

Cow Springs sandstone and the Recapture Member.

40. The important fact is that an aquitard consisting of claystone and siltstone is present below

the production zone at Section 17, Churchrock, Unit one and Crownpoint sites. In any event HRI

will monitor the underlying sands with monitor wells.
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* Lucas (2005 p.l5-17) describes an outcrop located approximately 15 miles south-southeast

of Crownpoint. Here he describes the Recapture as 160 feet of mostly crossbedded

sandstone, flat-bedded sandstone and clayey siltstone. But Lucas (2005 p.8) states

Robertson's (1990) Geologic map of the Thoreau quadrangle described the Recapture

Member as consisting of sandstone, mudstone, siltstone, and claystone. He also concludes

that the Brushy Basin Member at Crownpoint and Unit One is a better aquitard than is

exposed at the outcrop.

41. In HRI cross sections (1989 Supplemental Environmental Report Crownpoint/Churchrock

Uranium Production Facility and 1992. Environmental Assessment Unit One Allotted Lease

Program) from Crownpoint and Unit One, geophysical logs from holes drilled deep enough,

penetrated the Recapture claystone and siltstone. (See log 24-1 Section A-A' Unit One). These

geophysical logs prove the presence of an underlying mudstone and siltstone interval beneath

Westwater Canyon Sandstone at the Section 17, Churchrock, Crownpoint, and Unit One production

areas and far beyond.

42. Bloch in his decision states "Many drill holes penetrated the Recapture Shale to varying

degrees and in every case its characteristics are those of an aquitard." (Bloch, August 1999 p. 17-

18.).

X. Brushy Basin Member of the Morrison Formation

* Lucas (2005 p.21-22) claims that the Brushy Basin Member is absent at Section 17 and

Churchrock or it's really the Dakota Formation or it's a mixture of sandstone and shale.

43. The Brushy Basin member is composed of pale green bentonitic mudstone with lenses of

siltstone and sandstone. The Brushy Basin is easily identified in drill hole geophysical logs and drill

cuttings. It thickens from the southwest where it is eroded at the outcrop eastward and northward.

Hilpert (1969 p 76) describes the Brushy Basin as claystone and mudstone interbedded with some

sandstone. His cross sections (Attachment B Figures 4 and 5 p 78, 79) shows the Brushy Basin to

be present across Section 17 and Churchrock areas.
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44. Kirk and Condon (1986 p.1 16) in the "Geophysical Log Characteristics of Stratigraphic

Units and Geologic Contacts" describe "The Brushy Basin of the Morrison Formation as mostly

mudstone with moderately high gamma-ray, moderately high spontaneous potential (SP) and low

resistivity log values." This describes an aquitard.

45. Peterson's (1979 p. 134), General Stratigraphic Column, Hilpert's (1996 P.78-79) cross-

sections and United Nuclear's stratigraphic column (Lucas exhibit D figure 10) shows the Brushy

Basin to be present in the Section 17 and Churchrock areas. Combined with the geophysical logs at

HRI's sites there is no doubt that the Brushy Basin Member of mudstone and interbedded

sandstone overlie the Section 17 and Churchrock sites.

46. Kirk and Condon's maps the Brushy Basin as 60 feet thick at Churchrock and Section 17,

and 140 feet thick at Crownpoint and Unit One. (Kirk and Condon 1986 p.138). Attachment B

Figure 6).

47. And the isopach map of the thickness of the Brushy Basin Member, Kirk and Condon (1986

p.138) show the Brushy Basin to be 60 feet thick in the vicinity of the Section 17 and Churchrock

sites. (Attachment B Figures 6).

* Lucas (2005 p.21-22) in his sections 37, 38, and 39 attempts to say that the Brushy Basin is

really the Dakota Sandstone.

48. The Dakota sandstone is a quartzose sandstone consisting of rounded quartz grains. The

Dakota also contains carbonaceous shale and a thin coal bed near its base. The Brushy Basin

consists of green mudstone with no coal beds or carbonaceous shale. The Brushy Basin is very easy

to recognize in drill cutting samples and on the geophysical logs.

Lucas (2005 p.21) questions how there can be 0 feet of Brushy Basin at the outcrop and

three miles away at Churchrock there be 60 feet of Brushy Basin.
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49. This is explained because the Dakota Formation (Cretaceous) lies with angular

unconformity on the Morrison rocks in the Churchrock area. This relationship represents simple

erosional planation of Mesozoic strata that was tilted north prior to deposition of the Dakota. I'm

surprised Lucas wasn't able to recognize this in mapping the Morrison outcrop.

* Lucas (2005 p.22) states "This (Turner-Peterson and Fishman (1986 p. 364)) map indicates

that the Brushy Basin strata in the vicinity of the two boreholes are sandstone-dominated."

50. Lucas's (2005 figure 9) from Turner-Peterson and Fishman (1986 p. 364) shows Section 17

and Churchrock sites in the playa margin. (Attachment B FigurelO). Deposition in a playa consists

of shale, siltstone and sands. This is what occurs in the Brushy Basin in the Section 17 and

Churchrock areas. The Brushy Basin member is a 63-foot section of mudstone with a lens of

interbedded sandstone.

51. At Churchrock and Section 17 URI has committed to placing monitor wells in the sandstone

unit of the Brushy Basin and in the overlying Dakota sandstone to monitor for unlikely leakage

from the mining zone.

Lucas (2005 p.21) states "Again, his (Lichnovsky's) identification on this log of the Brushy

Basin as a "thin bedded limestone [having] no permeability" in this interval lacks a factual

basis."

52. The interval, that Lucas agrees is Brushy Basin, contains some thin limestone beds, not that

the whole interval consists of thin limestone.

53. According to Turner-Peterson and Fishman (1986 p. 366) the Brushy Basin contains

mudstone as well as local limestone and authigenic chert beds.

54. In log 02.8/17.7 (Affidavit of Frank Lee Lichnovsky 1999, figure 16) some of the local

limestone beds are present in the Brushy Basin section. The SP indicates no mud invasion (no
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permeability) and the resistivity indicates resistance to electrical current flow. These responses are

typical indicators for limestone.

* Lucas (2005 p.1 7) concedes that the Brushy Basin Member is present at the Crownpoint and

Unit One sites and that is it is a better aquitard than he mapped at he outcrop.

55. Wentworth (1980 p.141) describes the Brushy Basin at Crownpoint to consist of 80-125 feet

of pale-green bentonitic mudstone with siltstone and sandstone. Wentworth (1980 p.140) shows an

electric log illustrating the relationship of the major ore zones to the Westwater Canyon Member of

the Morrison Formation. The thick mudstone of the Brushy Basin is easily seen on this log.

(Attachment B Figure 11). The cross sections from Crownpoint and Unit One (Crownpoint and

Unit One Applications) also show the Brushy Basin to be present as an overlying aquitard. (Also

See Pelizza Affidavit discussion of Unit I and Crownpoint cross-sections)

56. At Crownpoint and Unit One, URI will place monitor wells in the overlying Dakota

Sandstone to monitor for unlikely leakage from the mining zone.

* Wallace (2005 p.33) cites Hilpert about "a large "sombrero" shaped ore body in the Dakota

directly over the Section 17 site."

57. First the ore is in the sandstone in the Brushy Basin not the Dakota Formnation. United

Nuclear Corporation (UNC) called the sandstone in the Brushy Basin the Poison Canyon Sandstone

and the uranium mineralization the Poison Canyon ore body. When mapped, this ore body trends

east west and is located at a oxidation/reduction interface. This uranium mineralization is similar to

the ore deposits in the Poison Canyon trend at Mariano Lake and Smith Lake. This ore body

appears to be unrelated to the formation of ore in the Westwater Canyon. There is 30 feet of lower

Brushy Basin mudstone separating The Poison Canyon Sandstone and the Westwater Canyon

Member. (cross section E - E', Churchrock Revised Environmental Report 1993).

XI. Non-existence Ribbon-like Channels in the Westvater Canyon Member.
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58. In the Churchrock Revised Environmental Report, 1993, the Mine Zone Geology is

described as: "The Westwater Canyon Member consists of interbedded fluvial red, tan, and light

gray arkosic sandstone, claystone, and mudstone. It is the major water-bearing member of the

Morrison."

59. In the Crownpoint Technical Report, 1993, the Westwater is described as: "The Westwater

Canyon Member consists of interbedded fluvial red, tan, and light gray arkosic sandstone,

claystone, and mudstone. It is the major water-bearing member of the Morrison."

60. HRI has clearly described the Westwater as fluvial (alluvial), arkosic sandstone,

moderately sorted, with discontinuous beds of clay clasts and shale. HRI's representation has been

that the Westwater member responds hydrologically as one homogeneous sandstone unit.

61. Below are several quotes from some of the available literature that describe the Westwater

Canyon Member of the Morrison Formation.

62. "The Westwater Canyon Member was deposited by moderate-to-high energy braided

streams. The braided character of the streams is recognized by the typical lack of fining-upwards

grain-size trends, by the tabular to lenticular geometry and stacking of sandstone beds, and by the

minor amount of interbedded mudstones." (Kirk and Condon 1995 p.1 11 ). In the same paper and

on the same page it states "The Westwater Canyon Member of the Morrison Formation is a

sequence of vertically stacked and laterally coalesced sandstone beds, interbedded with thin

discontinuous mudstone beds." Kirk and Condon (1986 p.1 11).

63. Kirk and Condon, shows the total thickness of the Westwater Canyon Sandstone throughout

the Churchrock region. At the Section 8 and 17 properties, the total thickness of the Member ranges

from approximately 240 to 280 feet. At Crownpoint they show the Westwater Canyon Member to

be 280 to 340 feet thick. (Kirk and Condon 1986 p.138).
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64. Galloway's map (Galloway 1980, p.60) of the Westwater Canyon Member shows in excess

of 100 feet sandstone across the much of northwest New Mexico. HRI's Churchrock property is

shown on the map..

65. Galloway (1980, p. 59) states "The preserved portion of the Westwater Canyon fan system

covers about 14,000 sq. mi. and forms a relatively coarse-grained unit sandwiched between

interbedded mudstones and sandstone of the underlying Recapture and overlying Brushy Basin

Members of the Morrison Formation."

66. Galloway (1980, p.62) describes the Westwater fan as consisting of four broadly deposited

sedimentary rock units called "facies." HRI's Churchrock project is in his "proximal, braided, bed-

load channel facies" which "consists of thick coalesced tabular bodies of medium to very coarse,

pebbly sandstone containing lenses of sandy conglomerate. Little mud is preserved in sections

dominated by the braided facies"

67. Kirk and Condon (1986) also show thick continuous sandstone across the entire uranium-

producing region. This map was based on more drill hole geophysical logs than used by Galloway.

The HRI's projects are shown on the map.

68. Lyford, Frenzel, and Stone (1980, p. 322) in their hydrological model of the San Juan basin

used the entire thickness of the Westwater Canyon Sandstone as a single interconnected aquifer,

typical of a thick massive sandstone. This model covers the entire San Juan Basin of northwestern

New Mexico, which contains the largest known uranium deposits in the United States.

69. Cowan (1991 p.81) states in his paper that: "The descriptive terminology of sandstone

bodies used here follows that of Friend and others (1979) who introduced a classification scheme

based on the width:thickness ratio of sandstone bodies. Sandstone with width:thickness ratios of

less than 15:1 are termed ribbon-sandstone bodies, and sandstone bodies that have width:thickness

ratios of over 15:1 are termed sheet-sandstone bodies. The sandstone bodies of the Westwater

Canyon Member all display ratios exceeding 15:1 and are therefore identified as sheet sandstone."
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70. In addition there are many published cross-sections illustrating the regional lateral

continuity of the Westwater Canyon sandstone. (See Figures 6, 7, and 8, Attachment B.)

71. As these references demonstrate, The Westwater canyon was deposited in a fluvial fan and

consists of coalesced and amalgamated sandstone sheets (Cowan p.80) that form thick sandstone

bodies with thin mudstone layers. (See HRI cross sections Churchrock, Crownpoint, and Unit one.

Also Galloway (1980 p.64), Wentworth (1980 p.140), and Peterson (1980 p.137). Kirk and Condon

(1986 p.135) at Churchrock and Section 17 shows the Westwater Canyon Member to be 240 to 280

feet thick and at Crownpoint and Unit One to be 280 to 340 feet thick and to contain 85 to 90

percent sandstone. (Attachment B Figures 12 and 13).

72. The Westwater Canyon Member was deposited as a broad alluvial fan sequence with a

preponderance of thick arkosic sandstone on the west side of the San Juan basin, shaling out to the

east and northeast at the distal edge of the fan system (Galloway 1980 p.60). (Attachment B Figure

14). The Westwater Canyon was deposited as sheet sandstone, with each sheet overlying and

scouring into another sheet. These sandstone sheets are coalesced and amalgamated into thick

sandstone's body that functions hydrologically as one unit.

Lucas (2005 p.24) states, "Cowan's article thus well documents the lithologic heterogeneity

of the Westwater Member at the scale of the small channels (which are associated with

lenticular bar and overbank deposits on the order of a few feet to tens of feet across) and the

continuity of long, nearly linear channel belts."

73. Cowan does not consider the "small channels" of Campbell to document lithologic

heterogeneity (associated lenticular bar and overbank deposits). According to Cowan (1991 p. 80)

the sandstone sheets "are internally composed of large concave-up features (smaller channels of

Campbell, 1976) which are interpreted to represent large scour fills produced in a wide braided

channel belt." Cowan (1991 p.81) uses sand depositional features to describe the lithofacies of the

sandstone sheets. And again Cowan (1991 p.81), "The sandstone bodies of the Westwater Canyon

Member all display (width:thickness) ratios exceeding 15:1 and are therefore identified as sheet

sandstone." Cowan's paper specially demonstrates that at the small scale that the Westwater
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Canyon Member is not lithologically heterogeneous and does not consisting of numerous,

interlaced ribbon-like sandstone bodies and lenses of conglomerate and mudstone but does consists

of amalgamated and coalesced sandstone sheets.

74. Cowan (1991 p.80) discusses Campbell's "channel systems" and states that the systems do

not represent depositional channels but are post-depositional aquifer conduits or permeability-

pathway compartments which are up to several tens of meters thick, were formed by the vertical

coalescence of 5-10 meter thick sandstone sheets and range in width from 1.6 to 34 kilometers.

This certainly excludes ribbon-like permeability channels being present at any of the HRI sites.

Lucas (section 45 p.25-26) states "Cowan's article, along with the published literature and

HRI's plan map of the Section 8 ore zones, thus supports the conclusion that there must be

at least two levels of permeability/porosity in the Westwater Canyon Member: (1) the small

scale (averaging 100 feet or less) of complex conduits, and the large scale (more than 1000

feet) conduits that correspond to the channel belts. There must also be a third scale of

permeability as well, according to Cowan, at the scale of Campbell's (1976) channel

systems, which is up to 20 miles wide."

75. Lucas (2005 p.25-26) acknowledges that the channel belt conduits are more than 1000 feet

wide and are part of channel systems which are up to 20 miles wide. The only permeability Cowan

(1991 p.80) was describing are the post-depositional aquifer conduits or permeability-pathway

compartments and he equates them to the channel systems of Campbell.

* Lucas (2005 p.25) states "The braided, stacked, and ribbon-like channels of the Westwater

Canyon Member .......... This is precisely the geologic architecture of the Westwater

described by Cowan and routinely accepted as fact among geologists......" Wallace (2005

p.9) claims it is a "widely held consensus among scientists ......... that the Westwater

Canyon Member is characterized by channel-like fabric." Abitz (2005 p.3 1-32) in section

43 quotes several papers to show the presence of channels in the Westwater.
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76. Sure the Westwater Canyon Member was deposited by braided stream channels. But these

sand sheets have been coalesced and amalgamated into large sandstone systems which acts

hydrologically as a single unit. The disagreement is over whether there are small ribbon-like

channels surrounded by mudstone. None of the authors they lists states there are small ribbon-like

channels.

* Lucas (2005 p.26) states "Also note that subsurface geological studies can readily identify

and define the large-scale channel belts but lack sufficient detail to accurately reconstruct

the small-scale channels in the subsurface. HRI's surface studies certainly adhere to this

conclusion; they lack sufficient detail to accurately reconstruct the small-scale channels (the

primary groundwater conduits) in the subsurface at HRI's proposed mine sites."

77. The small-scale ribbon-like channels that Lucas and Wallace envision simply are not

present. The ore deposits occur at the edge of a large body of oxidized sandstone, not in long

ribbon-like sandstone pointing away from the outcrop. And pump tests detected no ribbon-like

channels. The small lithofacies (sand depositional features) Lucas sees on the outcrop do not act

hydrologically independent from the enclosing sandstone. As can be seen by Cowan's reference to

aquifer conduits. (1991 p. 80).

* Abitz on p.31 lists a quote from Wright (1980, at 22) "........ deposits illustrate the familiar

relationship of uranium ore with plant material and fluvial channels."

78. The full quote is "Most of the foreign sandstone deposits illustrate the familiar relationship

of uranium ore with plant material and fluvial channels."

Abitz on p.32 lists a quote from Squyres (1980, at 86). "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 ore bodies

are approximately the same age as their host rocks."
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79. Squyres' article is on primary uranium deposits. HRI's uranium deposits are all secondary

or redistricted ore bodies. The secondary ore bodies are perpendicular to the paleochannel systems

in the Westwater Canyon Member.

80. Thus Presiding Officer Peter B. Bloch is correct in his conclusions that the Westwater

Canyon Member does not contain ribbon-like channelways. (Block 1999 p.1 1).

XI. How Roll Front Uranium Deposits Form

81. Bloch (1999 p.) states that the Intervenors do not understand how uranium deposits are

formed.

82. I believe they probably do but can't admit it because this would demonstrate that the

Westwater Canyon Member doesn't contain the small ribbon-like channels as they claim.

83. The humate deposits of the Westwater Canyon formed during or shortly after the

deposition. The humate leached out of the buried woody trash and moved down the Westwater

Canyon fan to formed porous humate deposits in the sandstone channel systems. "Syndepositional

flow was controlled by the downfan hydrodynamic gradient and the high horizontal and vertical

transmissivity of the sand-rich fan aquifer." (Galloway 1980 p.59).

85. While the volcanic ash bearing clays of Brushy Basin were being deposited, downward

percolating water leached uranium from the ashy sediments and carried them downdip where the

uranium was reduced and absorbed by the porous humate deposits creating what is called the

primary uranium ore bodies.

86. Deposition of the mostly marine Cretaceous sediments sealed off the Westwater from

meteoric water and allowed the sandstone to become reduced.

87. Following uplift of Zuni Mountains, oxidized meteoric water again began to move downdip

in the Westwater Canyon Sandstone.
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88. The formation of uranium roll fronts in the Grants region were formed in broadly

continuous coalesced and amalgamated braided stream deposited sandstone from dilute uranium

bearing groundwater migrating down gradient. Over many million years the continual downdip

migration of oxygen carrying groundwater, dissolves the precipitated primary uranium ore and

redeposits it slightly further down gradient, forming a long sinuous ore body perpendicular to the

groundwater gradient at a geochemical front (oxidation/reduction boundary). (Attachment B Figure

15). This can be seen from maps of the Grant region uranium deposits. (Attachment B Figures 16

and 17). This has resulted in a large body of oxidized sandstone with the ore deposits occurring

around the exterior of the oxidized tongue. (Saucier 1980 p.1 19, and Kirk and Condon 1986 p.13 1).

89. This type of deposition requires that the sandstone aquifer is continuous and expansive

because oxidized water must pass through large volumes of rock that contains primary deposits of

uranium and then travel uninterrupted to the redox contact where accumulation and deposition can

ultimately occur at an oxidation/reduction boundary. The secondary ore bodies that occur within a

widespread sandstone unit are ISL minable. Peterson's (1980 p. 137) cross-section of the

mineralization and associated oxidization in the Westwater Canyon Member is typical of "roll-

front" ore zones present at Section 17, Churchrock, Crownpoint, and Unit One. (Attachment B

Figure 18). As can be seen, the ore does not occur in small ribbon-like channels that would be

perpendicular to the cross section.

90. Primary ore or ore with high organic is hard to mine by solution mining. It takes to much

oxygen to oxidize the uranium. The ore bodies present at Churchrock, Section 17, Crownpoint and

Unit One are all redistributed or secondary ore. The groundwater flow pattern that helped create the

deposits is the one that is still active today. It began with uplift and exposure of the Westwater

Canyon member around the periphery of the San Juan Basin during the Laramide tectonic phase.

As the Westwater Canyon became exposed along the southern outcrop belt, oxidizing waters began

to recharge the aquifer. As this oxidizing water encountered primary uranium deposits (high in

organics) the uranium was slowly oxidized and dissolved and remobilized downdip within the

sandstone fan system. (Galloway 1980, Saucier 1980).
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91. The groundwater with trace amounts of uranium continued downdip to an

oxidation/reduction front where the uranium reprecpitated. The deposits occur at the interface

between oxidized sandstone and reduced sandstone. The ore body is called a roll front.

(Attachment B Figure 15) As the groundwater moves down gradient through the coalesced and

amalgamated sandstone sheets the uranium is continuously deposited at the oxidation/reduction

interface. Thus the one controlling factor in the location of the ore body is geochemistry. The

uranium mineralization occurs across the entire thickness of the Westwater Canyon. The roll fronts

trends are perpendicular to the regional groundwater gradient. It also trends perpendicular to the

original direction of sand deposition. This has to be the case for the roll fronts to form.

Lucas (2005 p.25 - 26 and figure 13) refers to a map of the Section 8 ore zones (and

Crownpoint and Unit One) and states this proves the existence of ribbon-like channels.

92. These maps show the contoured GT (grade multiplied by thickness) values of the each roll

front. Groundwater flowing down gradient deposited the uranium in a long narrow front at the

oxidation/reduction contact. This means the water carrying uranium has to pass through the front in

order to deposit the uranium in the reduced ground. Lucas (2005 p.25) references Cowan, Condon

and Peterson, Peterson, and Turner-Peterson and Fishman as stating that the Westwater Canyon

contains ribbon-like channels. This is not true. When these authors refer to channels they are not

referring to ribbon-size channels that Lucas envisions. Cowan (1991) specifically says the

sandstone in the Westwater Canyon are not ribbon-like but are sandstone sheets.

XII. Conclusions

93. There are many published articles that show and describe the Recapture Member at HRI's

Section 17, Churchrock, Unit One, and Crownpoint sites. The Recapture is clearly seen on HRI's

cross sections that are in the Applications. The Recapture consists of claystone, mudstones, and

siltstone with interbedded sandstone. This unit is an aquitard.

94. There are many published articles that show and describe the Brushy Basin Member at

HRI's Section 17, Churchrock, Unit One, and Crownpoint sites. The Recapture is clearly seen on

95. HRI's cross sections that are in the Applications are the most detailed example of the HRI
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mine area stragraphy that has been complied. They show that the Brushy Basin consists of

mudstone with lenses of discontinuous sandstone. This unit is an aquitard.

96. The way that the uranium ore bodies, in the Grants Uranium region, were formed precludes

the existence of ribbon-like isolated channels of sandstone in the Westwater Canyon Member of the

Morrison Formation.

97. No published article describes hydrologically isolated ribbon-like channels being present in

the Westwater Canyon Member in the areas of HRI's proposed mining sites. Thus Lucas's (2005)

declaration is without merit.

98. The End.
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I swear under penalty of perju that the foregoing is true and correct to the best of my knowledge.

Frank L. Lichnovsky

Dated this 168t day of April 2005.

Voluntarily signed and sworn to before me this 16h day of April 2005, by the signer, whose Identity is
personally known to me or was proven to me on satisfactory evidence.

NOTARY PUBLIC

MY Commission expires: ir e;s-:

< MARCO C. TREINIES
'{z) NOTARY PUBLIC
Ha STATE OF TEXAS
- MY CaT- m. x0ro 2-28-209
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FRANK LEE LICHNOVSKY
4824 Juneau Hills Drive NE

Rio Rancho, NM 87124

Education Background

Sul Ross State University - B.S. Geology 1967
Post Graduate courses - Problem Solving, Decision Making, and Managing Techniques

Principles of Management

Experience

Consulting
December 1999 to June 2000
Worked in Australia for a uranium company correlating electric logs for reserves and
supervised the installation, completion and development of the Production wells.

HRI, INC., Albuquerque, New Mexico
1996 to Present - Senior Geologist
Responsibilities: Conduct regional stratigraphic mapping to define favorable areas for
uranium deposits and determine processes of uranium deposition. Do geologic studies of
HRI's New Mexico projects, utilizing subsurface data to define the stratigraphy and
structure. Evaluate uranium deposits by delineation drilling, correlating drill hole
geophysical logs, mapping the ore deposits, and calculating ore reserves. Determine the
amenability of the deposits to in situ mining. Evaluation of other company's data for
possible acquisition. Write the geology section and prepare cross sections and maps to
accompany regulatory applications.

URI, INC., Dallas, Texas
January 1987 to 1996- Senior Geologist
Responsibilities include geologic studies of HRI's New Mexico projects and URI's Texas
projects, utilizing subsurface data to define the stratigraphic and structure of the projects,
generate maps of ore, calculate ore reserves, and to define the quality of the confining
layers and ore sands. Do Exploration and delineation drilling to expand the reserves at the
project. Evaluation of other companies data for possible acquisition. Supervise the
drilling, casing, and completion of the pump test and in situ wells.
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January 1983 to January 1987 - Consultant
Consulting work for uranium companies. Projects included installation of pump test
wells, claim assessment, delineation drilling, calculating reserves, geologic review of
reserves to define in situ minable ore, installation of additional in situ wells at an
operating in-situ mine.

CONOCO, INC., Hebbronville, Texas
February 1982 to March 1983 - Project Geologist
Geologic studies of ore deposits, feasibility studies of ore deposits, delineation drilling,
Design and layout of the well fields, installation and completion of in situ wells, and
reserve calculation.

FREEPORT SULPHUR COMPANY, Carlsbad, New Mexico
May1981 to February 1982 - Exploration Geologist
Duties were the review of stratigraphy and structure of the westem flank of the Permian
Basin of West Texas to locate areas containing sediments and structures that was
favorable for sulphur formation. Field mapping of company properties and large
unmapped areas and, the location of drill holes, describing of drill cuttings and core, and
preparation of cross sections depicting the geology and structure of the projects.

WYOMING MINERAL CORPORATION, Alice, Texas and Buffalo, Wyoming
October 1976 to May 1981 -Project Geologist
Worked at all three in-situ mines: In Texas at the Bruni and Three Rivers mines and in
Wyoming at the Irigarary mine. My duties were the exploration and delineation drilling,
feasibility studies of discovered ore, layout and design of wellfields, installation of in situ
and monitor wells. Installation of wellfield electrical and piping. Supervision of grade
control, flow control, and wellfield maintenance crews. Additional duties were
production forecasts and mine planning.

UTAH INTERNATIONAL, INC., Riverton, Wyoming
April 1973 to October 1976 - Exploration Geologist
Duties were to locate and evaluate potential uranium areas and formations in Wyoming
and Montana, to conduct both aerial and surface surveys, recommend property
acquisition. Plan drilling programs, supervise the drilling, describing drill cuttings and
cores, evaluate the information gained from the drilling by preparing maps and cross
sections, and the calculation of reserves.
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NUCLEAR DYNAMICS, INC., Jeffery City, Wyoming
October 1972 to April 1973 - Exploration Geologist
Duties were regional drilling to define redox fronts, delineation drilling to define ore
reserves. Other duties were the interpretation and correlation of drill hole electric logs,
describing drilling cuttings, the preparation of regional maps to determine favorable area
to explore.

WESTERN NUCLEAR, INC. Moorcroft, Wyoming
May 1972 to October 1972 - Grade Control and Exploration Geologist
Duties were sampling the uranium in the stops and directing the miners where to drill the
next round to stay in ore. After moving to uranium exploration, duties were the
delineation of the deposits before mining began. I supervised the drilling and calculated
the grade and thickness of uranium encountered by drill holes mapped the deposit and
calculated the reserves.

DUVAL CORP., Midland, Texas and Perth, Western, Australia
February 1968 to February 1972 -Mineral exploration Geologist
Worked in West Texas and Western Australia. Worked in all phases of mineral
exploration, starting with research on specific minerals and modes of occurrence, and
areas that were likely to be favorable for ore deposits. Did geological mapping and
geochemical surveys, supervision of drilling and logging of drill hole samples and cores

TEXACO, INC., Midland, Texas
February 1966 to February 1968 - Geological Assistant
Worked in the Permian Basin of West Texas, Duties were to assist the production
geologists. Made geologic maps of new fields, update field maps by adding new wells
and adjusting the contours. Kept production records for the fields. Constructed cross
section of fields and adjoining areas.

MEMBERSHIPS

Society of American Institute of Mining Metallurical, and Petroleum Engineers, Inc.
Society of Economic Geologists
New Mexico Geological Society
Registered Professional Geologist (Wyoming)
Licensed Professional Geoscientist (Texas)
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February 19, 1999

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD PANEL

Before Administrative Judges:
Peter B. Bloch, Presiding Officer

Thomas D. Murphy, Special Agent

)
In the Matter of: )

HYDRO RESOURCES, INC. ) Docket No. 40-8968-ML
2929 Coors Road, Suite 101 ) ASLBP No. 95-706-01-ML
Albuquerque, NM 87120 )

AFFIDAVIT OF FRANK LEE LICHNOVSKY

1. My name is Frank Lee Lichnovsky. I am of sound mind and body and

competent to make this affidavit. The factual statements herein are true and correct to the

best of my knowledge, and the opinions expressed herein are based on my best

professional judgment.

2. My professional qualifications are summarized here. I have a Bachelors of

Science Degree in Geology from Sul Ross State University (1967) and have 30 years

experience in geology, 25 of which has been in uranium exploration and mining. I have

been involved in underground, open-pit and in-situ mining in New Mexico, Wyoming

and Texas. I am employed by HRI, Inc. as Chief Geologist. I have worked for Western

Nuclear, Nuclear Dynamics, Wyoming Mineral, Utah International, Conoco and

URI/HRI. I have worked at 6 in-situ mine sites. My job is to conduct geologic

evaluations of uranium deposits to determine if they are amenable to in-situ mining. I
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have done exhaustive geological studies of Churchrock, Crownpoint and Unit One

deposits as well as numerous evaluations of deposits across the Grants Uranium District.

I have correlated thousands of drill hole geophysical logs across the Grants Uranium

District in the process of mapping uranium ore deposits and associated geology.

3. The following documents were referenced for the purposes of this affidavit:

-Affidavits of Richard J. Abitz and Michael G. Wallace.

-Reply Affidavit of Michael G. Wallace.

-Written Testimonies of Dr. William P. Staub, Dr. Richard J. Abitz, and Michael

G. Wallace. Adams, S.S. and Smith, R.B., 1981. Geology and Recognition Criteria for

Sandstone Uranium Deposits in Mixed Fluvial - Shallow Marine Sedimentary

Sequences, South Texas. Energy Department Publication GJBX-4(8 1).

-Bates, R. L. and Jackson, A. Editors Dictionary of Geological Terms, Third

Edition prepared by the American Geological institute. 1984.

-Dillinger, J.K., 1990. Geologic and Structure Contour Maps of the Gallup 30 x

60 degree Quadrangle, McKinley County, New Mexico, U.S. Geological Survey Map I

2009 Dowers, D. W. 1979. Uranium Resources of the Powder River Basin. In the Third

Annual Uranium Seminar. Casper, Wyoming. Sponsored by Wyoming Mining and

Metals Section of AIME.

-Galloway, W. E., 1977. Catahoula Formation of the Coastal Plain: Depositional

Systems Composition, Structural Development, Ground-water Flow History, and

Uranium Distribution. Bureau of Economic Geology.

-Galloway, W. E., 1980. Deposition and Early Hydrologic Evolution of

Westwater Canyon Wet Alluvial-Fan System. In: Geology and Mineral Technology of
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the Grants Uranium Region, 1979, compiled by Christopher A. Rautman. New Mexico

Bureau of Mines and Mineral Resources, Memoir 38.

-Galloway, W. E., 1982. Geochemistry of Groundwater in the Miocene Oakville

Sandstone - A Major Aquifer and Uranium Host of the Texas Coastal Plain. Bureau of

Economic Geology.

-Gjelsteen, T. W., 1988. Origin and Timing of Uranium Mineralization in the

Chadron Formation, Northwest Nebraska. Master Thesis, University of Wyoming.

-Gjelsteen, T. W. and Collings, S. P., 1988. Relationship Between Groundwater

Flow and Uranium Mineralization in the Chadron Formation, Northwest Nebraska.

Thirty-ninth Field Conference, Wyoming Geological Association Guidebook.

-Hilpert, L.S., 1969. Uranium Resources of Northwestern New Mexico, U.S.

Geological Survey Professional Paper 603, U.S. Government Printing Office.

-Hydro Resources, Inc., 1993. Churchrock Project revised Environmental Report.

-HRI, Inc. Response to NRC RAI #99, Sensitivity Analysis of Modeled Unit 1,

Site Groundwater Flow. Letter from C.S. Bartels, HRI to W.H. Ford, US Nuclear

Regulatory Commission.

-Kirk, A. R., Condon, S. M., 1986. Structural Control of Sedimentation Patterns

and the Distribution of Uranium Deposits in the Westwater Canyon Member of the

Morrison Formation, Northwestern New Mexico. A Subsurface Study. 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 Studies in Geology #22.
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-Kirk, A. R. and Condon, S. M., 1989. Isopach Maps of the Westwater Canyon

and Brushy Basin Members of the Morrison Formation, Showing Structural Control of

Sedimentation Patterns and Uranium Deposits, San Juan Basin, New Mexico. USGS

Maps I-1957-A.

-Kirk, A. R. and Condon, S. M., 1989. Maps Showing Percent of Sandstone and

Total Thickness of Sandstone in the Westwater Canyon and Brushy Basin Members of

the Morrison Formation, San Juan Basin, New Mexico. USGS Map I-1957-B.

-Kirk, A.R. and Zech, R.S., 1987. Geologic Map of the Hard Ground Flat

Quadrangle, McKinley County, New Mexico. U.S. Geological Survey Geologic

Quadrangle Map GQ-1592.

-Lyford, F.P., Frenzel, P.F., and Stone, W.J., 1980. Preliminary Estimates of -

Effects of Uranium-Mine Dewatering on Water Levels; San Juan Basin. New Mexico

Bureau of Mines and Mineral Resources, Memoir 38.

-Peterson, R.J., 1979. Geology of Pre-Dakota Uranium Geochemical Cell,

Section 13, T16N, R17W, Churchrock Area, McKinley County, in Geology and Mineral

Technology of the Grants Uranium Region, 1979, New Mexico Bureau of Mines and

Mineral Resources Memoir 38.

-Phelps, W.T., Zech, RS., and Huffman, A.C., 1995. Seismic Studies in the

Church Rock Uranium District, Southwest San Juan Basin, New Mexico, in American

Association of Petroleum Geologists Studies in Geology #22.

-Scott, J.H., 1986. Analysis of Geophysical Well Logs from the Mariano Lake-

Lake Valley Drilling Project, Northwestern New Mexico. American Association of

Petroleum Geologists Studies in Geology #22.
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-Sherborne, Jr., J. E., Pavlak, S. J., Peterson, C. H., Buckovic, W. A., 1979.

Uranium Deposits of the Sweetwater Mine Area, Great Divide Basin, Wyoming in Third

Annual Uranium Seminar. Casper, Wyoming. Sponsored by Wyoming Mining and

Metals Section of AIME.

-TBRC EA-14 Environmental Assessment, Safety Evaluation Report, and

Proposed License Conditions Related to the Uranium Resources, Inc. Kingsville Dome

Project, Kleberg County, Texas. 1985.

-Turner-Peterson, C.E., and Fishman, N.E., 1995. Geologic Synthesis and

Genetic Models for Uranium Mineralization in the Morrison Formation, Grants Uranium

Region, New Mexico. In American Association of Petroleum Geologists Studies in

Geology #22.

-U.S. Nuclear Regulatory Commission, 1997. Final Environmental Impact

Statement to Construct and Operate the Crownpoint Uranium Solution Mining Project,

Crownpoint, New Mexico.

-Wentworth, D.W., Porter, D.A. and Jensen, H.N., 1980 Geology of Crownpoint

Sec. 29 Uranium Deposit, McKinley County. New Mexico Bureau of Mines & Mineral

Resources, Memoir 38.

4. Qualifications:

It is quite evident from their curriculum vitae that the geology experience in the

Grants Uranium District of Richard J. Abitz, Michael G. Wallace and William P. Staub

consists entirely of reviewing a few of the many publications and articles that are

available. They have used the most general and incomplete description of the Westwater

Canyon Sandstone Member of the Jurassic Morrison Formation to present a biased and
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incorrect picture of the Westwater Canyon Sandstone Member. Wallace, Abitz and Staub

have misrepresented the true nature of the Westwater by using incomplete quotes out of

context from the literature and misinterpreting one HRI map.

On the other hand, I have reviewed not only the references listed but also most

every other available technical publication concerning the San Juan Basin. I have

correlated drill hole geophysical logs in and surrounding each of HRI's projects and have

mapped the sandstone of the Westwater Canyon across and for miles surrounding each of

HRI's projects. Wallace, Abitz, and Staub have not undertaken determinative detailed

geology in the Churchrock area. They have simply picked out incomplete passages from

the literature that they claim supports their conclusions.

Abitz demonstrates that his knowledge of the Westwater Canyon was derived.

from reading six referenced publications. Wallace lists twelve geological publications

dealing with the Westwater Canyon. Staub reviewed and listed six articles on the

Westwater Canyon. Not one of them has conducted independent geologic interpretation

or has mapped the geology of the project area.

ISL uranium mining occurs in Texas, Wyoming, Nebraska and New Mexico. I

have worked in the uranium business interpreting geological data for the purpose of in-

situ development in all areas of the US that currently have in-situ mining with the

exception of Nebraska.

5. Intervenors have incorrectly represented the Westwater Canyon Member of

the Morrison Formation.

In the Churchrock Revised Environmental Report, 1993, the Mine Zone Geology

is described as:
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the Westwater was deposited as a broad alluvial fan sequence with a
preponderance of thick arkosic sandstone on the west side of the San Juan
basin, shaling out to the east and northeast at the distal edge of the fan. At
Churchrock the "A" (Westwater) sand consists of medium to coarse-
grained, moderately sorted conglomeratic sandstone with numerous clay
clasts intermixed throughout the section.

In the Crownpoint Technical Report, 1993, the Westwater is described as:

The Westwater Canyon Member consists of interbedded fluvial red, tan,
and light gray arkosic sandstone, claystone, and mudsone. It is the major
water-bearing member of the Morrison.

HRI has clearly described the Westwater as fluvial (alluvial), moderately sorted,

with discontinuous beds of clay clasts and shale. HRI's representation has been that the

Westwater member responds hvdrologicallv as one homogeneous sandstone unit.

6. Citations from the Literature:

Abitz and Wallace assert that the Westwater Canyon Sandstone is not a massive

sandstone but "consists of thin, stacked and criss-crossing sand channels bounded by less

permeable siltstones and shales." (page 19 of Intervenor's Ground water brief). To

knowledgeable workers in the uranium industry having mapped the mining area in detail

this assertion is incorrect. The Westwater Canyon Sandstone was deposited by fast

flowing streams that deposited sand on top of sand to form broad sheets of thick

interconnected sandstone layers across the Churchrock area and far beyond. Wallace

(Written Testimony, p. 11) claims to quote a description from Kirk and Condon (1986,.

p. 111) .... The Westwater Canyon Member was deposited by composite systems of

moderate-to-high energy braided streams. This braided character of the streams is

recognized. . . by the tabular to lenticlar geometry and stacking of sandstone beds."

(Wallace's quote is incomplete). The complete quote is "The Westwater Canyon

Member was deposited by moderate-to-high energy braided streams. The braided
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character of the streams is recognized by the typical lack of fining-upwards grain-size

trends, by the tabular to lenticular geometry and stacking of sandstone beds, and by the

minor amount of interbedded mudstones." Kirk and Condon, 1995 at 111 (emphasis

added). In the same paper and on the same page it states "The Westwater Canyon

Member of the Morrison Formation (Figure 1, attachments) is a sequence of vertically

stacked and laterally coalesced sandstone beds interbedded with thin discontinuous

mudstone beds." Kirk and Condon, 1986 p. 11I (emphasis added). This description that

Wallace purports to quote, does not depict narrow channels separated by mudstones,

siltstones or shales. Page 125 (Figure 2, attachments see also HRI Response to NRC RAI

#99) Kirk and Condon, ibid. shows the total thickness of the Westwater Canyon

Sandstone throughout the Churchrock region.

At the Section 8 property the total thickness of the Member ranges from

approximately 240 to 280 feet. Page 126, ibid. (Figure 3, attachments) shows the net

sandstone thickness at Section 8 to be approximately 180 to 220 feet. My measurements

from exploration borehole data establishes that the Westwater Canyon Sandstone ranges

from 280 to 320 feet thick and consists of 85% sand for a net sandstone thickness of 240

to 280 feet. These thickness calculations certainly define a thick massive, widespread

sandstone not narrow, individual, stacked and criss-crossing sand channels.

Galloway's map (Galloway 1980, p.60) of the Westwater (Figure 4, attachments)

shows thick sandstone across the whole of northwest New Mexico. HRI's Churchrock

property is shown on the map. This map certainly depicts laterally extensive sandstone.

Galloway (1980, p. 59) states "The preserved portion of the Westwater Canyon fan

system covers about 14,000 sq. mi. and forms a relatively coarse-grained unit sandwiched
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between interbedded mudstones and sandstones of the underlying Recapture and

overlying Brushy Basin Members of the Morrison Formation." Galloway (1980, p.62)

describes the Westwater fan as consisting of four broadly deposited sedimentary rock

units called "facies." HRI's Churchrock project is in his "proximal, braided, bed-load

channel facies" which "consists of thick. coalesced tabular bodies of medium to very

coarse, pebbly sandstone containing lenses of sandy conglomerate. Little mud is

preserved in sections dominated by the braided facies" (emphasis added). Kirk and

Condon (1986) (Figure 5, attachments) also shows thick continuous sandstone across the

entire uranium producing region. This map was based on more drill hole geophysical

logs than used by Galloway. The Churchrock project area is shown on the map. Here

again the Westwater Canyon sandstone is demonstrated to be laterally extensive

throughout the Churchrock Project Area. In addition there are many published cross-

sections illustrating the regional lateral continuity of the Westwater Canyon sandstone.

(See Figures 6, 7, and 8, attachments.) The uranium deposits shown on the cross-sections

are not in narrow sandstone channel deposits, but in laterally continuous sandstones.

Lyford, Frenzel, and Stone (1980, p. 322) in their hydrological model of the San

Juan basin used the entire thickness of the Westwater Canyon Sandstone as a single

interconnected aquifer, typical of a thick massive sandstone. This model covers the entire

San Juan Basin of northwestern New Mexico which contains the largest known uranium

deposits in the United States.

The literature citations used by the Intervenors do not support their contention of

isolated channel sandstones, but, on the contrary, actually describe the Westwater Canyon
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Sandstone as thick widespread sheets of homogeneous sandstone with little mudstone

present.

Wallace states (Reply Affidavit, p. 6) "[t]he likely existence of thin sand channels

in the formation has wide-reaching implications for lixiviant control, efficacy of the

monitoring well networks to detect excursions, the velocity of groundwater carrying

mining solutions...."

Because Wallace is incorrect about the presence of small narrow sand channels in

the Westwater Canyon sandstone, he is therefore also incorrect about alleged problems

with lixiviant control, the efficacy of the monitoring well networks to detect excursions,

and the velocity of groundwater carrying mining solutions.

7. Misinterpretation of HRI Data:

Wallace, Abitz, and Staub have mistaken HRI's map labeled the "Flow Pathlines

LB sand" (Figure 9, attachments) as a map of a channel sand when in fact it is a map of

the LB uranium ore body at Crownpoint. (Wallace Written Testimony, pp. 13, 41) (Abitz

Written Testimony, p. 29) (Staub Written Testimony, p. 37) The purpose of this map

was not to describe the sandstone but to demonstrate wellfield control of subsurface

solutions in one (LB) ore body during uranium recovery. The Westwater Canyon

sandstone in which the "LB" ore body occurs extends far beyond HRI's permit boundary.

Cross section C - C' (Churchrock Revised Environmental Report 1993)1 illustrates sand

continuity across the project. (Note the individual ore bearing horizons.)

It is obvious that Wallace's, Abitz's, and Staub's argument for small narrow

channels is based on their lack of scientific understanding of the in-situ process. To

The Churchrock Revised Environmental Report, 1993 is part of the record upon which the License
was issued.
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assume that ore bodies can only occur in stream channels is nonsense. (Staub Testimony,

p. 37). The diagram published by McCarn (Wallace exhibit C, Staub exhibit P, Abitz

exhibit D) is nothing more than a map showing the outlines of ore bodies, it does not

show sand geometry. There are no references in the literature to sand channels that are

100 feet or less in width. Again look at Galloway's and Kirk and Condon's maps

(Figures 4 & 5, attachments) the Westwater Canyon sandstone is continuous across the

entire Grants uranium region.

8. The Origin of "Roll-Front" Uranium Deposits Requires Broad Interconnected
Sandstone Geometry:

U.S. uranium roll fronts are formed in broadly continuous braided stream

deposited sandstones from dilute uranium bearing groundwater migrating down gradient.

Upon encountering reductants such as organic humates contained in the same sandstone

body, the uranium precipitates. Over many million years the continual migration of

groundwater carrying oxygen and more dilute uranium in solution, remoblizes the

precipitated uranium ore and redeposits it slightly further down gradient, forming a long

sinuous ore body (oxidation/reduction geochemical boundary within the sandstone unit)

more or less perpendicular to the ground water flow. This type of deposition requires that

the sandstone aquifer is continuous and expansive because oxidized water must pass over

large volumes of rock that contains small amounts of uranium and then travel

uninterrupted to the redox contact where accumulation or deposition can ultimately occur.

Channels would not provide the necessary source rock. This sinuous ore body within a

widespread sandstone unit is ISL minable for uranium. Figures 10 and 11 (attachments)

are cross-sections of typical "roll-front" ore zones and do not support the image of narrow

channel sandstones.
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Saucier (1980) shows the groundwater flow from the outcrop downdip and the

location of the ore deposits around the regional oxidization cell. (Figure 12, attachments).

Wallace, in agreement with Saucier, (Written Testimony, pp. 75-76) concedes that in fact

the groundwater does flow downdip from the outcrop but he appears to make a mental

leap to require that the solution end up in a narrow channel moving 90 degrees to the

dominant direction of groundwater transport to deposit an ore body. These basic

concepts of groundwater flow and roll front deposition concepts are well known to any

geologist working in the uranium business in the United States because all uranium roll

front ore bodies are deposited in this same fashion.

Subsurface geophysical data conclusively prove continuity of host sandstones.

Wallace (Reply Affidavit at pp. 5-6) states that "driller's logs or borehole logs" contain

detailed descriptions of the strata encountered at each foot in a borehole. And these

would provide the most direct evidence for the existence of sand channels. In fact these

logs, called "lithology logs or sample logs," are only a description of the drill cuttings.

They are collected, by most operators, every 10 feet in the overlying Mancos shale and

every 5 feet through the Westwater Canyon. Because all exploratory holes are drilled

with a rotating cone bit in an aqueous drilling mud system the samples consist of a

mixture of new rock drilled and slough from the overlying rocks. In the Westwater

Sandstone, the samples usually consist of loose sand grains in a mixture of black shale

chips sloughed from the overlying Mancos Shale. Usually the sample log is used as a

supplement to the geophysical log. The geophysical logs that are shown in cross-sections

as part of the application (cross sections A - A' to E - E', Churchrock Revised
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Environmental Report 1993)2 are the appropriate subsurface data set that determines the

actual configuration of the host sandstones. The sample log is normally only used to see

grain-size and sediment color and if CaCO3 cement is present. In most of the sample

logs that I have worked with in the San Juan Basin, the geologists have described the

Westwater as one or two sandstones but in no way are sample logs determinative for the

interpreter to map stratigraphic continuity of sand systems or the lack thereof.

The Wentworth log (Figure 13, attachments) that Wallace suggests proves the

existence of narrow, thin, stacked and criss-crossing sand channels bounded by less

permeable siltstones and shales, when put into context with Wentworth's accompanying

cross-section (Figure 14, attachments) shows no narrow criss-crossing sand channels.

Instead it shows the ore bodies occurring in sands that are laterally extensive (cross

section is 2300 feet long), and truly massive, especially in the scale to be mined and

monitored.

Wallace states (Wallace Reply Affidavit at p. 4) that "Never in my professional

experience and training have I seen stratigraphic cross-sections used solely to evaluate the

orientation and geometry of multiple strata in a geologic environment as complex as that

of the Westwater Canyon. Other tools for geologic assessment, such as fence diagrams,

structural cross-sections (in which the geologic strata are correlated by elevation, not by

formation) and structure contour maps are routinely used, in combination, to discern the

existence of thin and narrow sand channels that are commonly bounded by siltstone and

shale lenses in fluvial (i.e., streambed) formations like that of the Westwater Canyon."

Then in his testimony Wallace (Written Testimony, p. 19) corrects this statement to say

2 Same as fn. 2.
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"Structural cross-sections, fence diagrams, and structure contour maps are the most

reliable tools to determine whether faults exist that juxtapose geologic units."

The whole purpose of stratigraphic cross-sections is to lay out geophysical logs to

establish the depositional framework, determine lateral continuity of the individual

layers, and evaluate the relationship of the sandstone to ore.

Wallace's "fence diagrams" are nothing more than interconnected cross-sections

and because they require working in three dimensions must be universally reduced in

scale which obscures the details necessary to interpret the stratigraphy. Structural cross-

sections show the strata in relationship to the present day surface. Structure contour maps

show the present configuration of the top of the horizon, nothing about the continuity of

individual layers. If the issue here is stratigraphic continuity of sandstone host units then'

the stratigraphic cross sections presented in the Churchrock Revised Environmental

Report 1993 are the proper format. However if the issue is whether or not faults are

present in the Churchrock project area, the Geologic Map of the Hard Ground

Flats Quadrangle, McKinley County, New Mexico (USGS Map GQ-1592)3

includes a structure contour and the USGS structural contour map of the Gallup 30' x 60'

Quadrangle (USGS Map I-2009) shows no faults in the site area.

In order to more completely and descriptively demonstrate the importance of drill

hole geophysical electric logs, I have included the drill hole #02.8/17.7 ( Figure 16,

attachments) (also figure 2.7-14 in the Churchrock Revised Environmental Report 1993),4

and (Question #63, Crownpoint Project Partial Response to NRC's RAI)5 from section 8

' Referenced by the NRC in the FEIS pp. 3-2 1.
4 Same as Figure 3.7 FEIS pp. 3-19.

Crownpoint Project Partial Response to NRC Ql's is part of the record upon which the License was
issued.
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Churchrock. In order to understand the geophysical log from this hole, a short

explanation of the characteristic curve responses of sandstones and shales is presented

here. Three curves are shown on this log; the gamma, the SP and the resistivity. The

gamma curve is on the far left side of the log and indicates how much gamma radiation is

emitted by uranium daughters. This provides a measurement of the quantity of uranium

ore present.

The SP or the Spontaneous Potential curve, is on the inside left side and indicates

the small voltages that are developed between drilling mud fluid and formation water of

an invaded rock. It is a measure of the permeability of the rock. Where the rock is

permeable, the curve is deflected to the left, where impermeable shale is present the curve

falls to the right and in the vernacular of geologic interpretation forms the "shale line:"

The resistivity curve is on the right side of the log and is a measurement of the

electrical conductivity of the rock including its contained native fluid. The inverse of

conductivity is the resistivity to an electric current flow. This curve is an indication of the

rock type. Due to the ionic and plate like presence of clay particles allowing good

electron transfer, shales have a high conductivity therefore a low resistance, while

sandstones have a low conductivity and therefore a high resistance. Limestone beds or

carbonate cemented sandstones are the most resistant rocks and yield a curve with the

highest deflection to the right on the log.

The sandstones and shales of the Dakota, the Brushy Basin Member, the

Westwater Canyon Member and the Recapture Member are marked on log #02.8/17.7

(Figure 16, attachments). Keeping this description in mind the sandstone units shown as
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Westwater are between (drill depths) 697 feet and 9 *) feet for a thickness of 243 feet, in

my opinion these are massive in geologic terms.

With this basic interpretative description of zophysical log geometry it is clear

that the sandstones within the Westwater Canyon NV -mber as well as minor shales can be

readily recognized. By further linking of geophysical logs in cross section yields a clear

picture of the continuity of sand systems. It is obvious from cross sections A - A' to E -

E' contained within HRI's application (Churchrock Project Revised Environmental

Report, 1993)6 that the "hypothesis of discontinuous thin narrow channel sandstones"

proposed by Intervenors is not correct.

9. Monitor Well Completion Thickness "Concern:"

Wallace is concerned that monitoring the entire Westwater Canyon aquifer is a

problem because it is "much thicker" than any of its individual sands or ore zones within

those sands (Wallace Written Testimony p. 26). Cross section C - C', (Churchrock

revised Environmental Report, 1993)' shows uranium (far left curve on the geophysical

logs) to occur throughout the entire thickness of the Westwater Canyon Sandstone and

mining will be conducted across the entire thickness of the Westwater Canyon.

Therefore, while there are a number of individual zones within the license area and

Westwater host sand that will be mined, they are all part of HRI's reserve base, are all

part of the permitted mine zone, and will all be mined as part of the wellfield

development either through wells singly completed in individual zones or through

multiple completions. This is why monitoring will be required across the entire thickness

of the Westwater to detect excursions.

6 See fn. 1.
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10. The Fundamental Laws of Sedimentation:

Sedimentary geology is based on a number of practical laws. One law is the Law

of Original Horizontality, meaning water-laid sediments are horizontal or near horizontal

when deposited. Second is the Law of Superposition, meaning younger sediments are

deposited on top of older sediments. Third is the Law of Horizontal Continuity that states

that as originally deposited, strata extend in all directions until they terminate by thinning

at the margin of the basin, end abruptly against some former barrier to deposition, or

grade laterally into a different kind of sediment. (Dictionary of Geological Terms, 1984,

p. 291). This observation is significant in that whenever one observes a cross section of

strata one should recognize that the strata continues laterally for the distance covered by

drilling, unless, as described below, there is evidence to determine otherwise.

Occasionally when there is a major hiatus (break) in deposition, erosion can occur

whereby some of the earlier deposited sediments can be removed. Thereafter, new

sediments are deposited on the previously eroded surface. This contact is called an

unconformity or disconformity.

Where unconformities occur, a change in horizontal stratigraphic sequences is the

physical evidence to aid in their recognition. As such, the sequence of beds would not

remain the same across an area as defined by cross-sections of electric geophysical logs.

As one can see from the cross sections (A-A' through E-E'; Churchrock Revised

Environmental Report, 1993)8 the sediments exhibit good horizontal continuity.

Therefore, it is virtually impossible for a major unconformity to occur in this area defined

7 Churchrock Project Revised Environmental Report, 1993 is part of the record upon which the License
was issued.
See fn. 11.
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by the permit. Other sedimentary events that may make changes in underlying rock

sediments are cut and fill channels. Again, an event of high-energy down cutting into

older sediments can occur in nature under unusual high rainfall events. These cut and fill

occurrences are usually only a few feet in thickness up to possibly 10 to 15 feet. Deeper

cutting and re-deposition requires major uplift of the older sediments in order for a river

channel to reach greater depths in accordance with regional stream gradients. It is again

obvious from the continuity of the sedimentary horizons shown on the cross sections that

uplift and down cutting did not occur and that a drill hole 850 feet adjacent to the project

area depicts the geology under the project area.

One fundamental element that geologists employ in understanding regional lateral

continuity of sediment types is the nature of the depositional environmental that

controlled the lithologic unit being described. In the case of the Recapture Shale,

deposition occurred during quiescence either dictated by a drainage basin with

subaqueous (lake) deposition or extremely low surrounding terrain that indicated no

major rivers/alluvial fans/steep depositional gradients were present at the source of

sediments. When all of the likely events are considered it is obvious that a broad regional

low energy depositional environment was present during Recapture "time." Therefore to

assume that an unusual event that created an isolated channel sandstone Underlying the

section 8 permit area tortures both the practical laws of geology and simple logic.

11. The Recapture Shale:

Wallace's statement that the Recapture Shale is not a shale in this region, is

incorrect. The Recapture Member is present over the entire area of the Grants uranium

region. It consists of predominantly shale with discontinuous sandstone lenses. Figure
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15 (attachments) is a typical cross section showing relationship between the Westwater

Canyon, the Recapture shale and the Cow Springs Aquifier (Bluff) Sand. Shale is a fine

grained detrital sedimentary rock, formed by the compaction of clay, silt, or mud. It is

relatively impervious to water flow. Shale units are good aquitards (barriers to the

vertical movement of water). HRI in its Churchrock Revised Environmental Report, 1993

(figure 2.7-14) and in response to NRC request for additional information, (Crownpoint

Project Partial Response to Q 1's, Question #63), supplied a copy of the drill hole

geophysical log #02.8/17.7 that penetrated the entire Recapture Shale Member.

(Figure 16, attachments). As seen on the drill hole geophysical log, the Recapture

consists of 169 feet of shale. This hole, in section 8 Churchrock, is 850 feet from the

western edge of the permit boundary (Figure 17, attachments). Wallace questions why

not a single borehole (drill hole) in the permit area was referenced to show the thickness

of the Recapture. In uranium exploration it is common practice to only drill deep enough

to penetrate the sandstone interval that contains uranium. To drill deeper in barren rock

(especially 170 feet of shale) would only waste money and provide artificial pathways for

possible vertical fluid movement out of the mine zone. No drill hole in the permit area

penetrated the entire thickness of the Recapture Shale. Over 100 drill holes scattered over

the Churchrock permit area penetrated 10 feet to 107 feet of the Recapture shale proving

that the Recapture shale is present underlying the permit area. As one can see on cross-

section E-E' (Churchrock Revised Environmental Report, 1993),9 drill hole #53/41

(Figure 18, attachments) at the section line between section 8 and section 17 (Figure 17,

attachments) penetrated 105 feet of Recapture shale. Considering the fundamental

9 Churchrock Revised Environmental Report, 1993 is part of the record upon which the License was
issued.
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sedimentary laws described above, and any lack of intervening evidence from limited

exploration drilling it is obvious to me that there is at least 100 feet of Recapture shale

under the Westwater Canyon sandstone in the SE quarter of section 8 (permit area) at

Churchrock.

Specifically, the 170 feet of Recapture Shale recognized in the drill hole

(#02.8/17.7) 850 feet (less than 1/4 mile) from the operating area is an unusually close drill

hole in geologic terms and conclusively demonstrates a good clay because of the basic

stratigraphic assumptions that I must make as a geologist.

12. Three Cow Springs/Recapture Interface:

Wallace (Groundwater Brief p. 31 & Wallace Written Testimony pp. 63-65)

claims that the lowest sand of the Westwater Canyon is actually the Cow Springs. There

has been confusion about the Cow Springs Sandstone in the past. Wallace in his argument

sites Hilpert's stratigraphic cross sections (US Geological Survey Professional Paper 603,

1969, pp.78-79, not 1959 as Wallace states) (Figure 19 & 20, attachments) as proof that

the Cow Springs is separated from the Westwater Canyon by a thin shale in the

Churchrock area. Hilpert's description of the Recapture states that the Recapture shale

generally intertongues with and grades into the Cow Springs sandstone. More recent

Studies (Condon and Peterson, AAPG Studies in Geology #22, 1986, p.18 and 22) has

shown that the Cow Springs does not intertongue with or grade into the Recapture Shale,

but underlies the Recapture. (Figure 21, attachments). In fact Hilpert's " Tongue of Cow

Springs" is the lowermost sandstone of the Westwater Canyon member.

Wallace states (Written Testimony, p. 63) "For clarification, I should emphasize

that these (Hilpert) cross-sections penetrate through the HRI-proposed mining zones of

20



section 8 and section 17, formerly known as the Church Rock site. From that

perspective, they are far more relevant than the borehole from 900 feet to the west." In

fact Hilpert's cross-sections are regional and therefore speak of section 8 and 17 in a

general way. The east - west cross section is six miles in length while the north - south

cross section is three miles in length. See Index Map (Figure 20, attachments). HRI's

cross sections (Churchrock Project Revised Environmental Report 1993)'° include many

more drill hole geophysical logs in section 8 and 17 than Hilpert's cross sections do and

are not based on someone's interpretation from drill cuttings, but rather use geophysical

logs that show the sandstones and shales. If one looks at Hilpert's cross section A - A' to

the east of where cross section B - B' in located, the Westwater Canyon thickens. On the

cross section B - B' north of where cross section A - A' is located, if Hilpert's tongue of

Cow Springs is really Westwater Canyon sandstone, it would match the thickening of the

Westwater Canyon in cross section A - A'. (Figures 19 & 20, attachments)

Wallace then goes on to claim that HRI conveniently renamed the lower

sandstone of the Westwater Canyon without providing sound justification. As early as

1967 authors recognized that the Cow Springs was not part of the Recapture but was in

fact separated from the Westwater Canyon by the Recapture Shale. Peterson in 1980

(New Mexico Bureau of Mines & Mineral Resources Memoir 38, 1980, p. 13 1) failed to

conform to the updated stratigraphic nomenclature. The fact is that the stratigraphy is

constantly being redefined as more studies are completed. The chart from Condon and

Peterson (AAPG Studies in Geology #22, 1986, p.14) (Figure 22, attachments) shows the

evolution of nomenclature in the southern San Juan Basin. HRI did not merely rename

'° Churchrock Revised Environmental Report, 1993 is part of the record upon which the License was
issued.
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the lower sandstone of the Westwater Canyon but used the most recent nomenclature and

correlations.

Wallace tries to create an issue that in the 1988 Churchrock Environmental

Report, HRI did not include this lowest sand (labeled AA on the cross sections) as part of

the Westwater Canyon member. In 1988 HRI was not aware of any uranium in this lower

sand and since it was separated from the mining zone by a shale bed it was not included

in the mining zone. Later when it was seen that this sand contains uranium

mineralization, HRI committed to monitoring this zone and it was included in the mining

interval, (Cross Sections A- A' through E - E' and figure 2.7-14, Churchrock Project

Revised Environmental Report 1993)."

Wallace concludes that the NRC was not justified in accepting HRI's -

representation that the mining zone in section 8 is underlain by 180 (169) feet of

Recapture Shale. (Wallace written Testimony p.65). The NRC in the FEIS (pp. 3-8 & 3-

18) shows that they not only looked at Hilpert but also Saucier's map (Figure 23,

attachments) which shows the thickness of the Recapture Shale and that it has a more or

less continuous thickness for many miles surrounding Churchrock. To suggest that the

Recapture shale thins from 170 feet thick to nothing or even 5 feet in a distance of 850

feet is absurd.

Lyford, Frenzel, and Stone (1980, p. 322) state "the Recapture and Brushy Basin

members consist mostly of shaley sedimentary rocks that serve as confining beds for the

water in the Westwater Canyon member." The Intervenors incorrectly assert that the

Recapture at Churchrock is a unit that may be in parts an aquifer. (Page 23 Intervenor's

" Churchrock Revised Environmental Report, 1993 is part of the record upon which the License was
issued.
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Groundwater brief) None of the drill holes that penetrated the Recapture at Churchrock

indicate any zones that would qualify as an aquifer. (Figures 16 & 18, attachments).

13. The overlying Brushy Basin at Churchrock:

Staub (Written Testimony p. 26) states that he "does not believe HRI has

demonstrated adequately that relief on the Brushy Basin-Dakota erosion surface does not

exceed the thickness of the relatively thin Brushy Basin member of the Morrison

Formation." As an example of the way the Intervenors incorrectly describe the geology,

the Groundwater Protection brief (p. 30, the footnote) quotes Staub as "Dr. Staub has also

concluded that the Brushy Basin member of the Morrison Formation has been scoured

away at Churchrock to the point where the Westwater and the overlying Dakota aquifer

may be in contact, which would provide a conduit for migration of contaminants. (Staub.

Testimony at 26)." The quote in the brief is not a quote.

At Churchrock the Brushy Basin Member is the overlying confining strata. It

consists of an average of 63 feet of shale with an interbedded sandstone horizon. (Cross

section A - A' through E - E' Churchrock Revised Environmental Report, 1993).12 The

lower shale (labeled A clay) averages 21 feet thick and is continuous across the entire

project area. The interbedded sandstone (labeled B sand) averages 21 feet thick and

although present over the project area is of such limited areal extent that its use as an

aquifer would be marginal. The upper shale (labeled B clay) averages 21 feet thick and is

continuous across the entire area. The Intervenor's concern about location of overlying

sands and their specific relationship to the Westwater operating horizon is totally without

merit because HRI has committed to monitoring the interbedded sandstone and the.

12 Churchrock Revised Environmental Report, 1993 is part of the record upon which the License was
issued.
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overlving Dakota Sandstone. Therefore the monitoring controls will be in place! The

continuity and thickness of these units across the project area are shown on the cross

sections in the application (HRI INC. Churchrock Project Revised Environmental Report

1993).'3

14. There are No Faults Present in the SE Quarter of Section 8, Churchrock:

The Intervenors state that HRI had not evaluated whether faulting exists at

Churchrock that would connect the Westwater with other aquifers. During the evaluation

of a uranium ore body there are many parameters that are evaluated, such as sand

continuity, the location of the ore in the sandstones, confinement, and the presence of

faults. A seismic survey was shot across the permit area in section 8 Churchrock.' 4

Figure 23 (attachments) shows there are no faults that cut the Westwater Canyon or

immediately underlying formations. The deep faults shown were eroded to a peneplain

(nearly flat surface) before Triassic time. From Triassic until Cretaceous time the

sediments were deposited as horizontal strata and are essentially still horizontal,

indicating no faulting has taken place since Triassic time. The 1987 geologic map by

Kirk and Zech (USGS Map GQ-1592)'s shows no fault present on HRI's Churchrock

properties or adjacent to the property where leaching and monitoring will occur.

Wallace quotes Hilpert (1969, p.77) as reporting that fractures seen in mine

workings in section 17 extend on to section 8. While minor fractures cannot be verified

by either seismic surveys or structural cross sections, the pump test conducted on section

" See fh. 15.
It is noted that a seismic survey is considered the most determinative means of observing subsurface
geologic structure. Unlike interpreting borehole information, where the accuracy of cross section is
limited by the number of boreholes, seismic provides essentially infinite data points along the
structural surface that is being observed.

" Referenced by the NRC in the FEIS pp. 3-2 1.
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8 showed no pathways to be present that would allow communication between overlying

or underlying aquifers.

I must conclude that, since Abitz's, Staub's, and Wallace's conceptual geologic

model of the Westwater Canyon Member, the Recapture Shale Member, and the Brushy

Basin Member is wrong, all their hydrologic conclusions based on this incorrect geologic

model are without merit.

15. All ISL Mines are in Similar Sandstones Deposits:

The Westwater Canyon sandstone is the same type of sandstone that occurs in all

of the other United States ISL uranium producing districts. Having worked in the South

Texas uranium trend, in various uranium deposits in Wyoming and in the Grants

Uranium District of New Mexico, I can state as an expert that the sandstone deposits of

all the in-situ mines are very similar. With the exception of two mines (Hobson and Tex-

1) in highly continuous marginal marine sands in South Texas, they all occur in fluvial

sandstones deposited by braided streams systems that are hvdrologicallv homogeneous

with minor discontinuous clay layers.

a. New Mexico

In New Mexico the Westwater Canyon Member of the Morrison Formation was

"deposited by composite system of moderate-to-high energy braided streams." (Kirk and

Condon 1986, p. 111).

b. Texas

In South Texas, uranium deposits occur in sands of four different formations, the

Jackson Formation, the Catahoula Formation, the Oakville Formation and the Goliad

Formation.
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The Jackson Formation has been host to a number of open pit mines because the

deposits are shallow and derived their uranium from the overlying Catahoula Formation.

Only two ISL mines were developed in the Jackson Formation, the Hobson and Tex-1.

These ore bodies were deposited in marginal marine barrier bar sands and were amenable

to ISL. The nature of barrier bar sands is that they are horizontally extensive the same as

other fluvial ISL project areas.

In the Catahoula Formation, which hosts uranium deposits, Galloway (1977,

p. 1 1) describes the braided fluvial system as consisting of "broad, lenticular units of

intermixed sandy conglomerate, pebbly sand and sandstone, and coarse to fine sand and

sandstone."

"The Oakville Sandstone is composed of the deposits of a major sand-rich fluvial

system deposited by several major and minor rivers that drained the interior of Texas and

surrounding states during the Miocene." (Galloway 1982, p. 2). The Oakville consists of

broad channel and sheetflow sands with interbedded lenticular clay and gravel beds.

"The Goliad is typically a coarse, clastic fluvial unit that was deposited by a series

of moderately low-gradient, intermittently torrential streams that crossed a broad, flat

coastal plain in a southeastward direction." (Environmental Assessment, 1985 TBRC

EA-14, p. 2). The Goliad formation consists of fine to coarse, mostly calcareous sand

interbedded with sandstone and discontinuous calcareous clay beds.

c. Wyoming

In Wyoming, uranium deposits are in large alluvial braided stream fan complexes,

(the Battle Spring fan of the Great Divide Basin, the Puddle Springs fan of the Gas Hills

Uranium district, and in alluvial fans and braided stream deposits of the Powder River
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Basin). (Dowers, D.W., p. 39; Sherborne et al., pp. 27-29) These fans all have a broad

tabular form and large areal extent of the sandstone units.

d. Nebraska

In Nebraska the Chadron Sandstone which hosts the Crow Butte deposit is a

braided-river, valley-fill deposit. "It consists of coarse-grained cross-bedded sandstone,

with thin lenses of gravel-size conglomerate and interbedded clay layers." Gjelsteen and

Collins (1988, p. 274) and Gjelsteen (1988, p. 9).

All of the permitted and licensed ISL uranium properties in the United States are

in host sandstone units almost identical in hydrologic character to HRE's Westwater

Canyon deposits. With the exception of Nebraska, I have worked first hand, in the field

and/or underground in the US uranium districts and am intimately familiar with their

geological characteristics. Notably, I have never seen, or heard of an incident where

uranium roll fronts were deposited in channels or where piping or channeling of fluids

has been reported.

16. Conclusions:

As demonstrated above, Wallace's, Abitz's and Staub's affidavits and testimonies

are fraught with significant material misinterpretations and omissions of material facts

and their assumptions about the hydrogeologic characteristics of the Westwater Canyon

Sandstone Member are incorrect.
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FIGURE 7



o0 '°DET AILED CROSSSfTIN: -X10 XCC~h m WESTWATER SW F14 1

FIGURE 6-REPREsETrrAnvE ThANsvERsE suaSURrACE CRoss SECTIONS OF PRINCIPAL FAdCES OF THE WESTWATER CANYON FAN SYsTEM. Sec-
tion A, located In the Grants mineral belt, illustrates the broad, tabular geometry of straight bed-load channel fills. Increasing mud
content and lenticularity characterize sinuous mixed-load channel deposits, but sand bodies can still be traced laterally for several
miles. Distributary mixed-load channel rids of distal fan section B are lenticular and extend laterally for only a few thousand feet. Note
the distinct sandstone/mudstone ratios typical of each facies.

SINUOUS MIXED LOAD CHANNEL FILL

2
3
4

Distinguishing Fetures
Interrl structures dominated by medium lo lrge scale trough
eross stratification
Coorsest sediment at bose or within core of unit
Upper flow regime structures rare
Upper transition zone into silt or mud common

FIGURE 7-SEDIMENTARY FEATURES OF SINUOUS MIXED-LOAD CHANNEL FILLS (see fig. 4).
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New Mexdco Bureau of Mines & Mineral Resources, Memoir 38 1980, p. 64
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FIGURE I-SANDSTONE ISOLITH MAP OF THE WESTWATER CANYON FAN SYSTEM BASED ON OUTCROP SECnONS AND SUBSURFACE LOG DATA.
Radiating sand trends outline geometry of the fan. Coarsest sediment occurs between Gallup and Window Rock, but most of the prox-
imal fan facies has been removed by pre-Dakota erosion. Mineralization extends along the length of the southernmost fluvial belts, and
new deposits are being found along deeply buried sublobes of the fan system. The Westwater Canyon is partially truncated southwest
of the hatchured line. Letters indicate key measured sections that are illustrated in fig. 9.

modified from
Deposition and Early Hydrologic Evolution of Westwater Canyon Wet Alluvial-Fan System
by W. E. Galloway New Mexico Bureau of Mines & Mineral Resources, Memoir 38 1980. p. 60

FIGURE 14

.. . ---



infiltration

ROLL FRONTS
Approx. 0.05-0.25%

Uranium Ore .
Table

.:..'Ground Water ==Flow

O xidi-ed ...ton~~.: Sandstone: e
CSonfining Mudstone

unadteredl
Sandstone

Confining Mudstone

Figure 3.4. Simplified cross-section of roll-front uranium deposits formed by regional
groundwater migration.

Final Environmental Impact Statement to Construct and Operate the Crownpolnt Uranium Solution Mining Project. Crownpoint, New Mexico,
Docket No. 408968, Hydro Resources, Inc.. p. 3.13

FIGURE 15



HAVASO 11111tVATION

REDUCED GROUND
IN

CHURCHROCK
PROJECT

SECTIONS 8 & 17 IN

| E Groundwater Flow Directions
IIIIJIIIII Groundwater Dischorge-Morrison Fm.

I ._ Stylized Uranium Deposits
. Border of Hemotific Sandstones

-.-- Border of Limonilic Sandstones

N
I

003 Pipeline Fault Zone I ; 
-_El Ambrosia Dome

Q Son Maleo Fault Ii3 McCorlys Syncline

m Son Ignocio Arch GI t ____w_ _'_\El Bernobe Mlnlono Grant
El Blackjack WA~ oL SCLf ------- JZ

0 SCALE 321..

FIGURE 3-MAP SHOWING TIlE DISTRIiBUTION OF LATE TERTIARY OXIDATION IN TIIE WEST\ATER CANYON MEMBER OF THE MORRISON FOR-
MATION, GRANTS URANIUM REGION.

modified from
Tertiary Oxidation In Westwater Canyon Member of Morrison Formation
by A.E. Saucler, New Mexico Bureau of Mines & Mineral Resources, Memoir 38 1980 p. 119 FtC

URE 16. .s



a

CD 6N)OCt ROCK

0GALLUP
DISTRICT

C
UNIT I

V' ,%NCHURCHROCK
PROJECT

SECTIONS 6 &'17
I\-tlft Of IMAI#CATONW OF
aBIJ. VpBid MEMSEa BY MAN

RAE6 DAKOTA LiNCOIIFORMITV

GALLUP DISTRICT

AUMROSIA LAKE DISTRICT

IANO tIAK7 $

WELLS
I

; a*
I

lAMBROSIA LAKE DISTRICT
I

EXPLANATON

PLAN VIEW Or SUVSUAfACE ORE
DEtPOSIT VI WtSTWATR CANTON

MEMBER

PtRMARY Opt

R tDISTRIBUTDO ORE

i REMNANT ORE

N MINE AY THE OUTCRtOP Ih THE
WEETWATtn CANYON UMuEME

AREA OF CLOSEtY SPACtO ORULLNG * so KIOMETIBE

- BUNDARY OPME mnO D~zISTRICT";

Plate B: Man shnwino ornmin of ore deposits and deposit types, mining districts, and the regional oxidation-reduction interface.

modified from
Structural Control of Sedimentation Patterns and the Distribution of Uranium Deposits in the Westwater Canyon
Member of the Morrison Formation, Northwestern New Mexico-A Subsurface Study
by A.R. Kirk and S.M. Condon, AAPG Studies in Geology #22, p. 131

FIGURE 17



N.W.
213

S.E.
195

SEC. 13, T16 N, R 17W
LEGEND /

E
ED
D]

MINERALIZATION). 1.0-.02 e U308

OXIDIZED (Hematitic Iron)

REDUCED S.S.(Pyritic Iron)

I
I
I

I
I
I

OXIDIZED

REDUCI

l

SHALE I \N

S.E

LOCATION MAP
FIGURE 12-NORTII.SOUTH STRATIGRAPIIIC CROSS SECTION showing the stratigraphic zonation of the Morrison Formation (Jurassic) and

localization of uranium mineralization.

Geology of Pre-Dakota Uranium Geochemical Cell, Sec. 13, T. 16 N., R. 17 W., Church Rock Area, McKinley County
by R.J. Peterson, New Mexico Bureau of Mines & Mineral Resources, Memoir 38, 1980 p. 137 FIGURE 18



AMBROSIA LAKE DISTRICT LAGUNA DISTRICT

NORTE WESTSOTE

~'%DAKOTA, Sand -
~EWUSFY BASI1Mr -JAK

L U SF~:....

ST

I1

500 FT.

400

300

200

too

0

0 5 10 MILES

Exploration for Uranium Deposits, Grants Mineral Belt, by D.C. Fitch
New Mexico Bureau of Mines & Mineral Resources, Memoir 38 1980, p. 41

FIGURE 1



Gallup Grants
area area
W E
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __-M a_ -

0-----____ -=---L -N-o----=
llanco s Shale -- -s -,a - -=======-= - -==_ -

Mw -an-o- - aF

-. - -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __-_-_-_-_-_-_-_-)- - - -_-_-_-_-_- -
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - -_ _ _ _ _ _ _ _

_ -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - --.- - - -

_ ~ ~ ~ ~ ~ ~ ~ ~ _ _ e - - - - - _ - -- _ _ _ _- _ _- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __- -

Fiur 3:twae_ Schematicu straiahc seto frcsfrmteMrio Fraint hancos Shale__ _ __ _

o _ _ _ _ _ _ _ _ _ _ _ 9 _ _ a _ _ _ _ 'o _ Sf _-a _ __ _ = _ = = = = = = = -

- - - - - - _=- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -_== __

.. 1 S:= 1

Structural Control of Sedimentation Patterns and the Distribution of Uranium Deposits in the Westwater Canyon
Member of the Morrison Fornation U Northwesten New Mexico-A Subsurace Study

by A.R. Kirk and S.M. Condon, MPG Studies in Geology #22, p. 110

FIGURE 3



r* X EAST
A$'

Oase of Dakota Sandstone (flattened) A
_~ _ - _ -rushy BasinlMomb -

_ _ c e _- == = O

__ EWE -t at r Canyon Member

Rca -P_ ,__ _ T bef-- T Sonpie oCO Spiings SandsQt.n

I S_______________ _ _ _

0 5 MILE

VERTICAL CxAGGERATION X10

Uranium Resources of Northwestern New Mexico. Geological Survey Professional paper 603
by Lowell S. Hilpert. p. 78 FICGURE 4



SOUTH

B

Zj
01

F If NORTH

B'
.17 N.

. 16 N.

.15 N.

o 1 MILE
I I - I I

VERTICAL EXAGGERATION X10

EXPLANATION

Mudstone Silistone Sandstone Uranium deposit
About 0.02 percent

or more eU'

I
Drill holeContact

Dashed where inferred

Fxaunr IL-Geologlc sections in the western part of the Gailup district showing the stratigraphle relations of the uranium deposits to the members of the Iforrison

Formation and the Cow Springs Bandatoue. Compiled from electric logs In 1957-59, provided by courtesy of Phillips Petroleum Co. and Tidewater Oil Co.

modified by
Uranium Resources of Northwestern New Mexico, Geological Survey Professional paper 603
by Lowell S. Hilperl, p. 79

FIGURE 5



Plate 1: Isopach map of the Brushy Basin Member of the Morrison Formation.

modified from
Structural Control of Sedimentation Patterns and the Distribution of Uranium Deposits in the Westwater
Canyon Member of the Morrison Formation, Northwestern New Mexico-A Subsurface Study
by A.R. Kirk and S.M. Condon, MPG Studies in Geology #22. p. 138 FIGURE 6
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FIGURE 3-MAP SHOWING THE DISTRIBUTION OF LATE TERTIARY OXIDATION IN THE WESTWATER CANYON MEMBER OF THE MORRISON FOR.
MATION, GRANTS URANIUM REGION.

modified from
Tertiary Oxidation In Westwater Canyon Member of Morrison Formation
by A.E. Saucier, New Mexico Bureau of Mines & Mineral Resources, Memoir 38 1980 p. 119 FIGURE 16
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February 19, 1999 

UNITED STATES OF AMERICA 
NUCLEAR REGULATORY COMMISSlON 

ATOMIC SAFETY AND LICENSING BOARD PANEL 

Before Administrative Judges: 
Peter B. Bloch, Presiding Officer 

Thomas D. Murphy, Special Agent 

In the Matter of: 
1 

HYDRO RESOURCES, INC. 1 Docket No. 40-8968-ML 
2929 Coors Road, Suite 101 1 ASLBP No. 95-706-01-ML 
Albuquerque, NM 87 120 1 

AFFIDAVIT OF FRANK LEE LICHNOVSKY 

1. My name is Frank Lee Lichnovsky. I am of sound mind and body and 

competent to make this affidavit. The factual statements herein are true and correct to the 

best of my knowledge, and the opinions expressed herein are based on my best 

professional judgment. 

2. My professional qualifications are summarized here. I have a Bachelors of 

Science Degree in Geology fiom Sul Ross State University (1967) and have 30 years 

experience in geology, 25 of which has been in uranium exploration and mining. I have 

been involved in underground, open-pit and in-situ mining in New Mexico, Wyoming 

and Texas. I am employed by HRT, Inc. as Chief Geologist. I have worked for Western 

Nuclear, Nuclear Dynamics, Wyoming Mineral, Utah International, Conoco and 

CWIHRI. I have worked at 6 in-situ mine sites. My job is to conduct geologic 

evaluations of uranium deposits to determine if they are amenable to in-situ mining. I 



have done exhaustive geological studies of Churchrock, Crownpoint and Unit One 

deposits as well as numerous evaluations of deposits across the Grants Uranium District. 

I have correlated thousands of drill hole geophysical logs across the Grants Uranium 

District in the process of mapping uranium ore deposits and associated geology. 

3. The following documents were referenced for the purposes of this affidavit: 

-Affidavits of Richard J. Abitz and Michael G. Wallace. 

-Reply Affidavit of Michael G. Wallace. 

-Written Testimonies of Dr. William P. Staub, Dr. Richard J. Abitz, and Michael 

G. Wallace. Adams, S.S. and Smith, R.B., 1981. Geology and Recognition Criteria for 

Sandstone Uranium Deposits in Mixed Fluvial - Shallow Marine Sedimentary 

Sequences, South Texas. Energy Department Publication GJBX-4(8 1). 

-Bates, R. L. and Jackson, A. Editors Dictionary of Geological Terms, Third 

Edition prepared by the American Geological institute. 1984. 

-Dillinger, J.K., 1990. Geologic and Structure Contour Maps of the Gallup 30 x 

60 degree Quadrangle, McKinley County, New Mexico, U.S. Geological Survey Map I 

2009 Dowers. D. W. 1979. Uranium Resources of the Powder River Basin. In the Third 

Annual Uranium Seminar. Casper, Wyoming. Sponsored by Wyoming Mining and 

Metals Section of AIME. 

-GalIoway, W. E., 1977. Catahoula Formation of the Coastal Plain: Depositional 

Systems Composition, Structural Development, Ground-water Flow History, and 

Uranium Distribution. Bureau of Economic Geology. 

-Galloway, W. E., 1980. Deposition and Early Hydrologic Evolution of 

Westwater Canyon Wet Alluvial-Fan System. 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. 

-Galloway, W. E., 1982. Geochemistry of Groundwater in the Miocene Oakville 

Sandstone - A Major Aquifer and Uranium Host of the Texas Coastal Plain. Bureau of 

Economic Geology. 

-Gjelsteen, T. W., 1988. Origin and Timing of Uranium Mineralization in the 

Chadron Formation, Northwest Nebraska. Master Thesis, University of Wyoming. 

-Gjelsteen, T. W. and Callings, S. P., 1988. Relationship Between Groundwater 

Flow and Uranium Mineralization in the Chadron Formation, Northwest Nebraska. 

Thirty-ninth Field Conference, Wyoming Geological Association Guidebook. 

-Hilpert, L.S., 1969. Uranium Resources of Northwestern New Mexico, U.S.. 

Geological Survey Professional Paper 603, U.S. Government Printing Office . 

-Hydro Resources, Inc., 1993. Churchrock Project revised Environmental Report. 

-HRI, Inc. Response to NRC RAI #99, Sensitivity Analysis of Modeled Unit 1, 

Site Groundwater Flow. Letter from C.S. Bartels, HRI to W.H. Ford, US Nuclear 

Regulatory Commission. 

-Kirk, A. R., Condon, S. M., 1986. Structural Control of Sedimentation Patterns 

and the Distribution of Uranium Deposits in the Westwater Canyon Member of the 

Morrison Formation, Northwestern New Mexico. A Subsurface Study. In: A Basin 

Analysis Case Study: The Momson Formation, Grants Uranium Region, New Mexico. 

C. E. Turner-Peterson, E. S. Santos, N. S. Fishman, eds. American Association of 

Petroleum Geologists Studies in Geology #22. 



- b k ,  A. R. and Condon, S. M., 1989. Isopach Maps of the Westwater Canyon 

and Brushy Basin Members of the Morrison Formation, Showing Structural Control of 

Sedimentation Patterns and Uranium Deposits, San Juan Basin, New Mexico. USGS 

Maps I- 1957-A. 

-Kirk, A. R. and Condon, S. M., 1989. Maps Showing Percent of Sandstone and 

Total Thickness of Sandstone in the Westwater Canyon and Brushy Basin Members of 

the Morrison Formation, San Juan Basin, New Mexico. USGS Map I-1957-B. 

-Kirk, A.R. and Zech, R.S., 1987. Geologic Map of the Hard Ground Flat 

Quadrangle, McGnley County, New Mexico. U.S. Geological Survey Geologic 

Quadrangle Map GQ- 1592. 

-Lyford, F.P., Frenzel, P.F., and Stone, W.J., 1980. Preliminary Estimates of - - 

Effects of Uranium-Mine Dewatering on Water Levels, San Juan Basin. New Mexico 

Bureau of Mines and Mineral Resources, Memoir 38. 

-Peterson, R.J., 1979. Geology of Pre-Dakota Uranium Geochemical Cell, 

Section 13, T16N, R17W, Churchrock Area, McKinley County, in Geology and Mineral 

Technology of the Grants Uranium Region, 1979, New Mexico Bureau of Mines and 

Mineral Resources Memoir 38. 

-Phelps, W.T., Zech, R.S., and Huffinan, A.C., 1995. Seismic Studies in the 

Church Rock Uranium District, Southwest San Juan Basin, New Mexico, in American 

Association of Petroleum Geologists Studies in Geology #22. 

-Scott, J.H., 1986. Analysis of Geophysical Well Logs from the Mariano Lake- 

Lake Valley Drilling Project, Northwestern New Mexico. American Association of 

Petroleum Geologists Studies in Geology #22. 



-Sherborne, Jr., J. E., Pavlak, S. J., Peterson, C. H., Buckovic, W. A., 1979. 

Uranium Deposits of the Sweetwater Mine Area, Great Divide Basin, Wyoming in Third 

Annual Uranium Seminar. Casper, Wyoming. Sponsored by Wyoming Mining and 

Metals Section of AIME. 

-TBRC EA-14 Environmental Assessment, Safety Evaluation Report, and 
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4. Qualifications: 

It is quite evident from their curriculum vitae that the geology experience in the 

Grants Uranium District of Richard J. Abitz, Michael G. Wallace and William P. Staub 

consists entirely of reviewing a few of the many publications and articles that are 

available. They have used the most general and incomplete description of the Westwater 

Canyon Sandstone Member of the Jurassic Momson Formation to present a biased and 



incorrect picture of the Westwater Canyon Sandstone Member. Wallace, Abitz and Staub 

have misrepresented the true nature of the Westwater by using incomplete quotes out of 

context from the literature and misinterpreting one HRI map. 

On the other hand, I have reviewed not only the references listed but also most 

every other available technical publication concerning the San Juan Basin. I have 

correlated drill hole geophysical logs in and surrounding each of HRI's projects and have 

mapped the sandstone of the Westwater Canyon across and for miles surrounding each of 

HRI's projects. Wallace, Abitz, and Staub have not undertaken determinative detailed 

geology in the Churchrock area. They have simply picked out incomplete passages from 

the literature that they claim supports their conclusions. 

Abitz demonstrates that his knowledge of the Westwater Canyon was derived- - 

from reading six referenced publications. Wallace lists twelve geological publications 

dealing with the Westwater Canyon. Staub reviewed and listed six articles on the 

Westwater Canyon. Not one of them has conducted independent geologic interpretation 

or has mapped the geology of the project area. 

ISL uranium mining occurs in Texas, Wyoming, Nebraska and New Mexico. I 

have worked in the uranium business interpreting geological data for the purpose of in- 

situ development in all areas of the US that currently have in-situ mining with the 

exception of Nebraska. 

5. Intervenors have incorrectly represented the Westwater Canyon Member of 

the Momson Formation. 

In the Churchrock Revised Environmental Report, 1993, the Mine Zone Geology 

is described as: 



the Westwater was deposited as a broad alluvial fan sequence with a 
preponderance of thick arkosic sandstone on the west side of the San Juan 
basin, shaling out to the east and northeast at the distal edge of the fan. At 
Churchrock the "A" (Westwater) sand consists of medium to coarse- 
grained, moderately sorted conglomeratic sandstone with numerous clay 
clasts intermixed throughout the section. 

In the Crownpoint Technical Report, 1993, the Westwater is described as: 

The Westwater Canyon Member consists of interbedded fluvial red, tan, 
and light gray arkosic sandstone, claystone, and mudsone. It is the major 
water-bearing member of the Morrison. 

HRI has clearly described the Westwater as fluvial (alluvial), moderately sorted, 

with discontinuous beds of clay clasts and shale. HRI's representation has been that the 

Westwater member responds hvdrolo~icallv as one homogeneous sandstone unit. 

6. Citations from the Literature: 

Abitz and Wallace assert that the Westwater Canyon Sandstone is not a massive 

sandstone but "consists of thin, stacked and criss-crossing sand channels bounded by less 

permeable siltstones and shales." (page 19 of Intervenor's Ground water brief). To 

knowledgeable workers in the uranium industry having mapped the mining area in detail 

this assertion is incorrect. The Westwater Canyon Sandstone was deposited by fast 

flowing streams that deposited sand on top of sand to form broad sheets of thick 

interconnected sandstone layers across the Churchrock area and far beyond. Wallace 

(Written Testimony, p. 11) claims to quote a description fiom Kirk and Condon (1986, 

p. 11 1) ". . . The Westwater Canyon Member was deposited by composite systems of 

moderate-to-high energy braided streams. This braided character of the streams is 

recognized . . . by the tabular to lenticlar geometry and stacking of sandstone beds." 

(Wallace's quote is incomplete). The complete quote is "The Westwater Canyon 

Member was deposited by moderate-to-high energy braided streams. The braided 



character of the streams is recognized by the typical lack of fining-upwards grain-size 

trends, by the tabular to lenticular geometry and stacking of sandstone beds, and bv the 

minor amount of interbedded mudstones." Kirk and Condon, 1995 at 1 1 1 (emphasis 

added). In the same paper and on the same page it states "The Westwater Canyon 

Member of the Morrison Formation (Figure 1, attachments) is a sequence of vertically 

stacked and laterallv coalesced sandstone beds, interbedded with thin discontinuous 

rnudstone beds." Kirk and Condon, 1986 p. 11 1 (emphasis added). This description that 

Wallace purports to quote, does not depict narrow channels separated by mudstones, 

siltstones or shales. Page 125 (Figure 2, attachments see also HRI Response to NRC RAI 

#99) Kirk and Condon, m. shows the total thickness of the Westwater Canyon 

Sandstone throughout the Churchrock region. 

At the Section 8 property the total thickness of the Member ranges from 

approximately 240 to 280 feet. Page 126, w. (Figure 3, attachments) shows the net 

sandstone thickness at Section 8 to be approximately 180 to 220 feet. My measurements 

from exploration borehole data establishes that the Westwater Canyon Sandstone ranges 

from 280 to 320 feet thick and consists of 85% sand for a net sandstone thickness of 240 

to 280 feet. These thickness calculations certainly define a thick massive, widespread 

sandstone not narrow, individual, stacked and criss-crossing sand channels. 

Galloway's map (Galloway 1980, p.60) of the Westwater (Figure 4, attachments) 

shows thick sandstone across the whole of northwest New Mexico. HRI's Churchrock 

property is shown on the map. This map certainly depicts laterally extensive sandstone. 

Galloway (1980, p. 59) states "The preserved portion of the Westwater Canyon fan 

system covers about 14,000 sq. mi. and forms a relatively coarse-grained unit sandwiched 



between interbedded mudstones and sandstones of the underlying Recapture and 

overlying Brushy Basin Members of the Morrison Formation." Galloway (1 980, p.62) 

describes the Westwater fan as consisting of four broadly deposited sedimentary rock 

units called "facies." HR17s Churchrock project is in his "proximal, braided, bed-load 

channel facies" which "consists of thick. coalesced tabular bodies of medium to very 

coarse, pebbly sandstone containing lenses of sandy conglomerate. Little mud is 

preserved in sections dominated by the braided facies" (emphasis added). Kirk and 

Condon (1 986) (Figure 5, attachments) also shows thick continuous sandstone across the 

entire uranium producing region. This map was based on more drill hole geophysical 

logs than used by Galloway. The Churchrock project area is shown on the map. Here 

again the Westwater Canyon sandstone is demonstrated to be laterally extensive - 

throughout the Churchrock Project Area. In addition there are many published cross- 

sections illustrating the regional lateral continuity of the Westwater Canyon sandstone. 

(See Figures 6, 7, and 8, attachments.) The uranium deposits shown on the cross-sections 

are not in narrow sandstone channel deposits, but in laterally continuous sandstones. 

Lyford, Frenzel, and Stone (1980, p. 322) in their hydrological model of the San 

Juan basin used the entire thickness of the Westwater Canyon Sandstone as a single 

interconnected aquifer, typical of a thick massive sandstone. This model covers the entire 

San Juan Basin of northwestern New Mexico whch contains the largest known uranium 

deposits in the United States. 

The literature citations used by the Intervenors do not support their contention of 

isolated channel sandstones, but, on the contrary, actually describe the Westwater Canyon 



Sandstone as thick widespread sheets of homogeneous sandstone with little mudstone 

present. 

Wallace states (Reply Affidavit, p. 6) "[tlhe likelv existence of thin sand channels 

in the formation has wide-reaching implications for lixiviant control, efficacy of the 

monitoring well networks to detect excursions, the velocity of groundwater carrying 

9 7  mining solutions . . . . 

Because Wallace is incorrect about the presence of small narrow sand channels in 

the Westwater Canyon sandstone, he is therefore also incorrect about alleged problems 

with lixiviant control, the efficacy of the monitoring well networks to detect excursions, 

and the velocity of groundwater carrying mining solutions. 

7. Misinterpretation of HRI Data: 

Wallace, Abitz, and Staub have mistaken HRI's map labeled the "Flow Pathlines 

LB sand" (Figure 9, attachments) as a map of a channel sand when in fact it is a map of 

the LB uranium ore body at Crownpoint. (Wallace Written Testimony, pp. 13, 41) (Abitz 

Written Testimony, p. 29) (Staub Written Testimony, p. 37) The purpose of this map 

was not to describe the sandstone but to demonstrate wellfield control of subsurface 

solutions in one (LB) ore body during uranium recovery. The Westwater Canyon 

sandstone in which the "LB" ore body occurs extends far beyond HRI's permit boundary. 

Cross section C - C' (Churchrock Revised Environmental Report 1993)' illustrates sand 

continuity across the project. (Note the individual ore bearing horizons.) 

It is obvious that Wallace's, Abitz's, and Staub's argument for small narrow 

channels is based on their lack of scientific understanding of the in-situ process. To 

' The Churchrock Revised Environmental Report, 1993 is part of the record upon which the License 
was issued. 



assume that ore bodies can only occur in stream channels is nonsense. (Staub Testimony, 

p. 37). The diagram published by McCarn (Wallace exhibit C, Staub exhibit P, Abitz 

exhibit D) is nothing more than a map showing the outlines of ore bodies, it does not 

show sand geometry. There are no references in the literature to sand channels that are 

100 feet or less in width. Again look at Galloway's and Kirk and Condon's maps 

(Figures 4 & 5, attachments) the Westwater Canyon sandstone is continuous across the 

entire Grants uranium region. 

8. The Origin of "Roll-Front" Uranium Deposits Requires Broad Interconnected 
Sandstone Geometry: 

U.S. uranium roll fronts are formed in broadly continuous braided stream 

deposited sandstones from dilute uranium bearing groundwater migrating down gradient. 

Upon encountering reductants such as organic humates contained in the same sandstone 

body, the uranium precipitates. Over many million years the continual migration of 

groundwater carrying oxygen and more dilute uranium in solution, remoblizes the 

precipitated uranium ore and redeposits it slightly further down gradient, forming a long 

sinuous ore body (oxidatiodreduction geochemical boundary within the sandstone unit) 

more or less pemendicular to the wound water flow. This type of deposition requires that 

the sandstone aquifer is continuous and expansive because oxidized water must pass over 

large volumes of rock that contains small amounts of uranium and then travel 

uninterrupted to the redox contact where accumulation or deposition can ultimately occur. 

Channels would not provide the necessary source rock. This sinuous ore body within a 

widespread sandstone unit is ISL minable for uranium. Figures 10 and 11 (attachments) 

are cross-sections of typical "roll-fiont" ore zones and do not support the image of narrow 

channel sandstones. 



Saucier (1980) shows the groundwater flow from the outcrop downdip and the 

location of the ore deposits around the regional oxidization cell. (Figure 12, attachments). 

Wallace, in agreement with Saucier, (Written Testimony, pp. 75-76) concedes that in fact 

the groundwater does flow downdip from the outcrop but he appears to make a mental 

leap to require that the solution end up in a narrow channel moving 90 degrees to the 

dominant direction of groundwater transport to deposit an ore body. These basic 

concepts of groundwater flow and roll front deposition concepts are well known to any 

geologist working in the uranium business in the United States because uranium roll 

front ore bodies are deposited in this same fashion. 

Subsurface geophysical data conclusively prove continuity of host sandstones. 

Wallace (Reply Affidavit at pp. 5-6) states that "driller's logs or borehole logs" contain - 

detailed descriptions of the strata encountered at each foot in a borehole. And these 

would provide the most direct evidence for the existence of sand channels. In fact these 

logs, called "lithology logs or sample logs," are only a description of the drill cuttings. 

They are collected, by most operators, every 10 feet in the overlying Mancos shale and 

every 5 feet through the Westwater Canyon. Because all exploratory holes are drilled 

with a rotating cone bit in an aqueous drilling mud system the samples consist of a 

mixture of new rock drilled and slough fiom the overlying rocks. In the Westwater 

Sandstone, the samples usually consist of loose sand grains in a mixture of black shale 

chips sloughed fiorn the overlying Mancos Shale. Usually the sample log is used as a 

supplement to the geophysical log. The geophysical logs that are shown in cross-sections 

as part of the application (cross sections A - A' to E - E', Churchrock Revised 



Environmental Report 1993)' are the appropriate subsurface data set that determines the 

actual configuration of the host sandstones. The sample log is normally only used to see 

grain-size and sediment color and if CaC03 cement is present. In most of the sample 

logs that I have worked with in the San Juan Basin, the geologists have described the 

Westwater as one or two sandstones but in no way are sample logs determinative for the 

interpreter to map stratigraphic continuity of sand systems or the lack thereof. 

The Wentworth log (Figure 13, attachments) that Wallace suggests proves the 

existence of narrow, thin, stacked and criss-crossing sand channels bounded by less 

permeable siltstones and shales, when put into context with Wentworth's accompanying 

cross-section (Figure 14, attachments) shows no narrow criss-crossing sand channels. 

Instead it shows the ore bodies occurring in sands that are laterally extensive (cross 

section is 2300 feet long), and truly massive, especially in the scale to be mined and 

monitored. 

Wallace states (Wallace Reply Affidavit at p. 4) that "Never in my professional 

experience and training have I seen stratigraphic cross-sections used solely to evaluate the 

orientation and geometry of multiple strata in a geologic environment as complex as that 

of the Westwater Canyon. Other tools for geologic assessment, such as fence diagrams, 

structural cross-sections (in which the geologic strata are correlated by elevation, not by 

formation) and structure contour maps are routinely used, in combination, to discern the 

existence of thin and narrow sand channels that are commonly bounded by siltstone and 

shale lenses in fluvial (i.e., streambed) formations like that of the Westwater Canyon." 

Then in his testimony Wallace (Written Testimony, p. 19) corrects this statement to say 

' Same as fn. 2. 



"Structural cross-sections, fence diagrams, and structure contour maps are the most 

reliable tools to determine whether faults exist that juxtapose geologic units." 

The whole purpose of stratigraphic cross-sections is to lay out geophysical logs to 

establish the depositional framework, determine lateral continuity of the individual 

layers, and evaluate the relationship of the sandstone to ore. 

Wallace's "fence diagrams" are nothing more than interconnected cross-sections 

and because they require working in three dimensions must be universally reduced in 

scale which obscures the details necessary to interpret the stratigraphy. Structural cross- 

sections show the strata in relationship to the present day surface. Structure contour maps 

show the present configuration of the top of the horizon, nothing about the continuity of 

individual layers. If the issue here is stratigraphic continuity of sandstone host units then - 

the stratigraphic cross sections presented in the Churchrock Revised Environmental 

Report 1993 are the proper format. However if the issue is whether or not faults are 

present in the Churchrock project area, the Geologic Map of the Hard Ground 

Flats Quadrangle, McKinley County, New Mexico (USGS'Map GQ-1592)3 

includes a structure contour and the USGS structural contour map of the Gallup 30' x 60' 

Quadrangle (USGS Map 1-2009) shows no faults in the site area. 

In order to more completely and descriptively demonstrate the importance of drill 

hole geophysical electric logs, I have included the drill hole #02.8/17.7 ( Figure 16, 

attachments) (also figure 2.7-14 in the Churchrock Revised Environmental Report 1993)," 

and (Question #63, Crownpoint Project Partial Response to NRC's RAI)' fi-om section 8 

' Referenced by the NRC in the FEIS pp. 3-21. 
"ame as Figure 3.7 FEIS pp. 3-19. 

Crownpoint Project Partial Response to NRC Ql's is part of the record upon which the License was 
issued. 



Churchrock. In order to understand the geophysical log from this hole, a short 

explanation of the characteristic curve responses of sandstones and shales is presented 

here. Three curves are shown on this log; the gamma, the SP and the resistivity. The 

gamma curve is on the far left side of the log and indicates how much gamma radiation is 

emitted by uranium daughters. This provides a measurement of the quantity of uranium 

ore present. 

The SP or the Spontaneous Potential curve, is on the inside left side and indicates 

the small voltages that are developed between drilling mud fluid and formation water of 

an invaded rock. It is a measure of the permeability of the rock. Where the rock is 

permeable, the curve is deflected to the left, where impermeable shale is present the curve 

falls to the right and in the vernacular of geologic interpretation forms the "shale line-" - 

The resistivity curve is on the right side of the log and is a measurement of the 

electrical conductivity of the rock including its contained native fluid. The inverse of 

conductivity is the resistivity to an electric current flow. This curve is an indication of the 

rock type. Due to the ionic and plate like presence of clay particles allowing good 

electron transfer, shales have a high conductivity therefore a low resistance, whlle 

sandstones have a low conductivity and therefore a high resistance. Limestone beds or 

carbonate cemented sandstones are the most resistant rocks and yield a curve with the 

highest deflection to the right on the log. 

The sandstones and shales of the Dakota, the Brushy Basin Member, the 

Westwater Canyon Member and the Recapture Member are marked on log #02.8/17.7 

(Figure 16, attachments). Keeping this description in mind the sandstone units shown as 



Westwater are between (drill depths) 697 feet and 5- ) feet for a thickness of 243 feet, in 

my opinion these are massive in geologic terms. 

With this basic interpretative description oi  2ophysical log geometry it is clear 

that the sandstones within the Westwater Canyon h mber  as well as minor shales can be 

readily recognized. By further linking of geophysical logs in cross section yields a clear 

picture of the continuity of sand systems. It is obvious from cross sections A - A' to E - 

E' contained within HRI's application (Churchrock Project Revised Environmental 

Report, 1 993)6 that the "hypothesis of discontinuous thin narrow channel sandstones" 

proposed by Intervenors is not correct. 

9. Monitor Well Completion Thickness "Concern:" 

Wallace is concerned that monitoring the entire Westwater Canyon aquifer is a 
- 

problem because it is "much thicker" than any of its individual sands or ore zones within 

those sands (Wallace Written Testimony p. 26). Cross section C - C', (Churchrock 

revised Environmental Report, 1993)' shows uranium (far left curve on the geophysical 

logs) to occur throughout the entire thickness of the Westwater Canyon Sandstone and 

mining will be conducted across the entire thickness of the Westwater Canyon. 

Therefore, while there are a number of individual zones within the license area and 

Westwater host sand that will be mined, they are all part of H N ' s  reserve base, are all 

part of the permitted mine zone, and will all be mined as part of the wellfield 

development either through wells singly completed in individual zones or through 

multiple completions. This is why monitoring will be required across the entire thickness 

of the Westwater to detect excursions. 

See fn. 1. 



10. The Fundamental Laws of Sedimentation: 

Sedimentary geology is based on a number of practical laws. One law is the Law 

of Original Horizontality, meaning water-laid sediments are horizontal or near horizontal 

when deposited. Second is the Law of Superposition, meaning younger sediments are 

deposited on top of older sediments. Third is the Law of Horizontal Continuity that states 

that as originally deposited, strata extend in all directions until they terminate by thinning 

at the margin of the basin, end abruptly against some former barrier to deposition, or 

grade laterally into a different kind of sediment. (Dictionary of Geological Terms, 1984, 

p. 291). This observation is significant in that whenever one observes a cross section of 

strata one should recognize that the strata continues laterally for the distance covered by 

drilling, unless, as described below, there is evidence to determine otherwise. 

Occasionally when there is a major hiatus (break) in deposition, erosion can occur 

whereby some of the earlier deposited sediments can be removed. Thereafter, new 

sediments are deposited on the previously eroded surface. This contact is called an 

unconformity or disconformity. 

Where unconformities occur, a change in horizontal stratigraphic sequences is the 

physical evidence to aid in their recognition. As such, the sequence of beds would not 

remain the same across an area as defined by cross-sections of electric geophysical logs. 

As one can see from the cross sections (A-A' through E-E'; Churchrock Revised 

Environmental Report, 1993)8 the sediments exhibit good horizontal continuity. 

Therefore, it is virtually impossible for a major unconformity to occur in this area defined 

' Churchrock Project Revised Environmental Report, 1993 is part of the record upon which the License 
was issued. 

V e e  fn. 11. 



by the permit. Other sedimentary events that may make changes in underlying rock 

sediments are cut and fill channels. Again, an event of high-energy down cutting into 

older sediments can occur in nature under unusual high rainfall events. These cut and fill 

occurrences are usually only a few feet in thickness up to possibly 10 to 15 feet. Deeper 

cutting and re-deposition requires major uplift of the older sediments in order for a river 

channel to reach greater depths in accordance with regional stream gradients. It is again 

obvious from the continuity of the sedimentary horizons shown on the cross sections that 

uplift and down cutting did not occur and that a drill hole 850 feet adjacent to the project 

area depicts the geology under the project area. 

One fundamental element that geologists employ in understanding regional lateral 

continuity of sediment types is the nature of the depositional environmental that - 

controlled the lithologic unit being described. In the case of the Recapture Shale, 

deposition occurred during quiescence either dictated by a drainage basin with 

subaqueous (lake) deposition or extremely low surrounding terrain that indicated no 

major rivers/alluvial fanslsteep depositional gradients were present at the source of 

sediments. When all of the likely events are considered it is obvious that a broad regional 

low energy depositional environment was present during Recapture "time." Therefore to 

assume that an unusual event that created an isolated channel sandstone Underlying the 

section 8 permit area tortures both the practical laws of geology and simple logic. 

1 1. The Recapture Shale: 

Wallace's statement that the Recapture Shale is not a shale in this region, is 

incorrect. The Recapture Member is present over the entire area of the Grants uranium 

region. It consists of predominantly shale with discontinuous sandstone lenses. Figure 



15 (attachments) is a typical cross section showing relationship between the Westwater 

Canyon, the Recapture shale and the Cow Springs Aquifier (Bluff) Sand. Shale is a fine 

grained detrital sedimentary rock, formed by the compaction of clay, silt, or mud. It is 

relatively impervious to water flow. Shale units are good aquitards (barriers to the 

vertical movement of water). HRI in its Churchrock Revised Environmental Report, 1993 

(figure 2.7-14) and in response to NRC request for additional information, (Crownpoint 

Project Partial Response to Q 1 's, Question #63), supplied a copy of the drill hole 

geophysical log #02.8/17.7 that penetrated the entire Recapture Shale Member. 

(Figure 16, attachments). As seen on the drill hole geophysical log, the Recapture 

consists of 169 feet of shale. This hole, in section 8 Churchrock, is 850 feet from the 

western edge of the permit boundary (Figure 17, attachments). Wallace questions why . 

not a single borehole (drill hole) in the permit area was referenced to show the thickness 

of the Recapture. In uranium exploration it is common practice to only dnll deep enough 

to penetrate the sandstone interval that contains uranium. To drill deeper in barren rock 

(especially 170 feet of shale) would only waste money and provide artificial pathways for 

possible vertical fluid movement out of the mine zone. No drill hole in the permit area 

penetrated the entire thickness of the Recapture Shale. Over 100 dnll holes scattered over 

the Churchrock permit area penetrated 10 feet to 107 feet of the Recapture shale proving 

that the Recapture shale is present underlying the permit area. As one can see on cross- 

section E-E7 (Churchrock Revised Environmental Report, 1993),9 drill hole #53/41 

(Figure 18, attachments) at the section line between section 8 and section 17 (Figure 17, 

attachments) penetrated 105 feet of Recapture shale. Considering the fundamental 

Churchrock Revised Environmental Report, 1993 is part of the record upon which the License was 
issued. 



sedimentary laws described above, and any lack of intervening evidence from limited 

exploration drilling it is obvious to me that there is at least 100 feet of Recapture shale 

under the Westwater Canyon sandstone in the SE quarter of section 8 (permit area) at 

Churchrock. 

Specifically, the 170 feet of Recapture Shale recognized in the drill hole 

(#02.8/17.7) 850 feet (less than % mile) from the operating area is an unusuaily close drill 

hole in geologic terms and conclusively demonstrates a good clay because of the basic 

stratigraphic assumptions that I must make as a geologist. 

12. Three Cow Springs/Recapture Interface: 

Wallace (Groundwater Brief p. 3 1 & Wallace Written Testimony pp. 63-65) 

claims that the lowest sand of the Westwater Canyon is actually the Cow Springs. There - 

has been confusion about the Cow Springs Sandstone in the past. Wallace in his argument 

sites Hilpert's stratigraphic cross sections (US Geological Survey Professional Paper 603, 

1969, pp.78-79, not 1959 as Wallace states) (Figure 19 & 20, attachments) as proof that 

the Cow Springs is separated from the Westwater Canyon by a thin shale in the 

Churchrock area. Hilpert's description of the Recapture states that the Recapture shale 

generally intertongues with and grades into the Cow Springs sandstone. More recent 

Studies (Condon and Peterson, AAPG Studies in Geology #22, 1986, p. 18 and 22) has 

shown that the Cow Springs does not intertongue with or grade into the Recapture Shale, 

but underlies the Recapture. (Figure 21, attachments). In fact Hilpert's " Tongue of Cow 

Springs" is the lowermost sandstone of the Westwater Canyon member. 

Wallace states (Written Testimony, p. 63) "For clarification, I should emphasize 

that these (Hilpert) cross-sections penetrate through the HRI-proposed mining zones of 



section 8 and section 17, formerly known as the Church Rock site. From that 

perspective, they are far more relevant than the borehole from 900 feet to the west." In 

fact Hilpert's cross-sections are regional and therefore speak of section 8 and 17 in a 

general way. The east - west cross section is six miles in length while the north - south 

cross section is three miles in length. See Index Map (Figure 20, attachments). HRI's 

cross sections (Churchrock Project Revised Environmental Report 1993)" include many 

more drill hole geophysical logs in section 8 and 17 than Hilpert's cross sections do and 

are not based on someone's interpretation from drill cuttings, but rather use geophysical 

logs that show the sandstones and shales. If one looks at Hilpert's cross section A - A' to 

the east of where cross section B - B' in located, the Westwater Canyon thickens. On the 

cross section B - B' north of where cross section A - A' is located, if Hilpert's tongue of - 

Cow Springs is really Westwater Canyon sandstone, it would match the thickening of the 

Westwater Canyon in cross section A - A'. (Figures 19 & 20, attachments) 

Wallace then goes on to claim that HRI conveniently renamed the lower 

sandstone of the Westwater Canyon without providing sound justification. As early as 

1967 authors recognized that the Cow Springs was not part of the Recapture but was in 

fact separated from the Westwater Canyon by the Recapture Shale. Peterson in 1980 

(New Mexico Bureau of Mines & Mineral Resources Memoir 38, 1980, p.13 1) failed to 

conform to the updated stratigraphic nomenclature. The fact is that the stratigraphy is 

constantly being redefined as more studies are completed. The chart from Condon and 

Peterson (AAPG Studies in Geology #22, 1986, p. 14) (Figure 22, attachments) shows the 

evolution of nomenclature in the southern San Juan Basin. HRI did not merely rename 

'O Churchrock Revised Environmental Report, 1993 is part of the record upon which the License was 
issued. 



the lower sandstone of the Westwater Canyon but used the most recent nomenclature and 

correlations. 

Wallace tries to create an issue that in the 1988 Churchrock Environmental 

Report, HRI did not include this lowest sand (labeled AA on the cross sections) as part of 

the Westwater Canyon member. In 1988 HRI was not aware of any uranium in this lower 

sand and since it was separated from the mining zone by a shale bed it was not included 

in the mining zone. Later when it was seen that this sand contains uranium 

mineralization, HRI committed to monitoring this zone and it was included in the mining 

interval, (Cross Sections A- A' through E - E' and figure 2.7-14, Churchrock Project 

Revised Environmental Report 1993)." 

Wallace concludes that the NRC was not justified in accepting HRI's 

representation that the mining zone in section 8 is underlain by 180 (1 69) feet of 

Recapture Shale. (Wallace written Testimony p.65). The NRC in the FEIS (pp. 3-8 & 3- 

18) shows that they not only looked at Hilpert but also Saucier's map (Figure 23, 

attachments) which shows the thickness of the Recapture Shale and that it has a more or 

less continuous thickness for many miles surrounding Churchrock. To suggest that the 

Recapture shale thins from 170 feet thick to nothing or even 5 feet in a distance of 850 

feet is absurd. 

Lyford, Frenzel, and Stone (1980, p. 322) state "the Recapture and Brushy Basin 

members consist mostly of shaley sedimentary rocks that serve as confining beds for the 

water in the Westwater Canyon member." The Intervenors incorrectly assert that the 

Recapture at Churchrock is a unit that may be in parts an aquifer. (Page 23 Intervenor's 

" Churchrock Revised Environmental Report, 1993 is part of the record upon which the License was 
issued. 



Groundwater brief) None of the drill holes that penetrated the Recapture at Churchrock 

indicate any zones that would qualify as an aquifer. (Figures 16 & 18, attachments). 

13. The overlying Brushy Basin at Churchrock: 

Staub (Written Testimony p. 26) states that he "does not believe HRI has 

demonstrated adequately that relief on the Brushy Basin-Dakota erosion surface does not 

exceed the thickness of the relatively thin Brushy Basin member of the Morrison 

Formation." As an example of the way the Intervenors incorrectly describe the geology, 

the Groundwater Protection brief (p. 30, the footnote) quotes Staub as "Dr. Staub has also 

concluded that the Brushy Basin member of the Momson Formation has been scoured 

away at Churchrock to the point where the Westwater and the overlying Dakota aquifer 

may be in contact, which would provide a conduit for migration of contaminants. (Staub - 

Testimony at 26)." The quote in the brief is not a quote. 

At Churchrock the Brushy Basin Member is the overlying confining strata. It 

consists of an average of 63 feet of shale with an interbedded sandstone horizon. (Cross 

section A - A' through E - E' Churchrock Revised Environmental Report, 1993).12 The 

lower shale (labeled A clay) averages 21 feet thick and is continuous across the entire 

project area. The interbedded sandstone (labeled B sand) averages 21 feet thick and 

although present over the project area is of such limited areal extent that its use as an 

aquifer would be marginal. The upper shale (labeled B clay) averages 2 1 feet thick and is 

continuous across the entire area. The Intervenor's concern about location of overlying 

sands and their specific relationship to the Westwater operating horizon is totally without 

merit because HRI has committed to monitorinv the interbedded sandstone and the 

'' Churchrock Revised Environmental Report, 1993 is part of the record upon which the License was 
issued. 



overlvine Dakota Sandstone. Therefore the monitoring controls will be in place! The 

continuity and thickness of these units across the project area are shown on the cross 

sections in the application (HRI INC. Churchrock Project Revised Environmental Report 

1 993).13 

14. There are No Faults Present in the SE Quarter of Section 8, Churchrock: 

The Intervenors state that HRI had not evaluated whether faulting exists at 

Churchrock that would connect the Westwater with other aquifers. During the evaluation 

of a uranium ore body there are many parameters that are evaluated, such as sand 

continuity, the location of the ore in the sandstones, confinement, and the presence of 

faults. A seismic survey was shot across the permit area in section 8 Churchrock.I4 

Figure 23 (attachments) shows there are no faults that cut the Westwater Canyon or 

immediately underlying formations. The deep faults shown were eroded to a peneplain 

(nearly flat surface) before Triassic time. From Triassic until Cretaceous time the 

sediments were deposited as horizontal strata and are essentially still horizontal, 

indicating no faulting has taken place since Triassic time. The 1987 geologic map by 

Kirk and Zech (USGS Map GQ-1592)" shows no fault present on HRI's Churchrock 

properties or adjacent to the property where leaching and monitoring will occur. 

Wallace quotes Hilpert (1969, p.77) as reporting that fractures seen in mine 

workings in section 17 extend on to section 8. While minor fractures cannot be verified 

by either seismic surveys or structural cross sections, the pump test conducted on section 

" Seefn.15. 
14 It is noted that a seismic survey is considered the most determinative means of observing subsurface 

geologic structure. Unllke interpreting borehole information, where the accuracy of cross section is 
limited by the number of boreholes, seismic provides essentially infinite data points along the 
structural surface that is being observed. 

I S  Referenced by the NRC in the FEIS pp. 3-21. 



8 showed no pathways to be present that would allow communication between overlying 

or underlying aquifers. 

I must conclude that, since Abitz's, Staub's, and Wallace's conceptual geologic 

model of the Westwater Canyon Member, the Recapture Shale Member, and the Brushy 

Basin Member is wrong, all their hydrologic conclusions based on this incorrect geologic 

model are without merit. 

15. All ISL Mines are in Similar Sandstones Deposits: 

The Westwater Canyon sandstone is the same type of sandstone that occurs in all 

of the other United States ISL uranium producing districts. Having worked in the South 

Texas uranium trend, in various uranium deposits in Wyoming and in the Grants 

Uranium District of New Mexico, I can state as an expert that the sandstone deposits of 

all the in-situ mines are very similar. With the exception of two mines (Hobson and Tex- 

1 )  in highly continuous marginal marine sands in South Texas, thev all occur in fluvial 

sandstones deposited bv braided streams systems that are hvdrologicallv homogeneous 

with minor discontinuous clav lavers. 

a. New Mexico 

In New Mexico the Westwater Canyon Member of the Morrison Formation was 

"deposited by composite system of moderate-to-high energy braided streams." (Kirk and 

Condon 1986, p. 11 1). 

b. Texas 

In South Texas, uranium deposits occur in sands of four different formations, the 

Jackson Formation, the Catahoula Formation, the Oakville Formation and the Goliad 

Formation. 



The Jackson Formation has been host to a number of open pit mines because the 

deposits are shallow and derived their uranium from the overlying Catahoula Formation. 

Only two ISL mines were developed in the Jackson Formation, the Hobson and Tex-1. 

These ore bodies were deposited in marginal marine barrier bar sands and were amenable 

to ISL. The nature of barrier bar sands is that they are horizontally extensive the same as 

other fluvial ISL project areas. 

In the Catahoula Formation, which hosts uranium deposits, Galloway (1977, 

p. 1 I )  describes the braided fluvial system as consisting of "broad, lenticular units of 

intermixed sandy conglomerate, pebbly sand and sandstone, and coarse to fine sand and 

sandstone." 

"The Oakville Sandstone is composed of the deposits of a major sand-rich fluvial - 

system deposited by several major and minor rivers that drained the interior of Texas and 

surrounding states during the Miocene." (Galloway 1982, p. 2). The Oakville consists of 

broad channel and sheetflow sands with interbedded lenticular clay and gravel beds. 

"The Goliad is typically a coarse, clastic fluvial unit that was deposited by a series 

of moderately low-gradient, intermittently torrential streams that crossed a broad, flat 

coastal plain in a southeastward direction." (Environmental Assessment, 1985 TBRC 

EA-14, p. 2). The Goliad formation consists of fine to coarse, mostly calcareous sand 

interbedded with sandstone and discontinuous calcareous clay beds. 

c. Wyoming 

In Wyoming, uranium deposits are in large alluvial braided stream fan complexes, 

(the Battle Spring fan of the Great Divide Basin, the Puddle Springs fan of the Gas Hills 

Uranium district, and in alluvial fans and braided stream deposits of the Powder River 



Basin). (Dowers, D.W., p. 39; Sherborne et al., pp. 27-29) These fans all have a broad 

tabular form and large areal extent of the sandstone units. 

d. Nebraska 

In Nebraska the Chadron Sandstone which hosts the Crow Butte deposit is a 

braided-river, valley-fill deposit. "It consists of coarse-grained cross-bedded sandstone, 

with thin lenses of gravel-size conglomerate and interbedded clay layers." Gjelsteen and 

Collins (1988, p. 274) and Gjelsteen (1988, p. 9). 

All of the permitted and licensed ISL uranium properties in the United States are 

in host sandstone units almost identical in hydrologic character to HRT's Westwater 

Canyon deposits. With the exception of Nebraska, I have worked first hand, in the field 

andlor underground in the US uranium districts and am intimately familiar with their 

geological characteristics. Notably, I have never seen, or heard of an incident where 

uranium roll fronts were deposited in channels or where piping or channeling of fluids 

has been reported. 

16. Conclusions: 

As demonstrated above, Wallace's, Abitz's and Staub's affidavits and testimonies 

are fraught with significant material misinterpretations and omissions of material facts 

and their assumptions about the hydrogeologic characteristics of the Westwater Canyon 

Sandstone Member are incorrect. 



FURTHER AFFIANT SAYETH NOT 

I swear under penalty of perjury that the foregoing is true and correct to the best of 
my knowledge. 

Dated this 7 %  day of February 1999 

Voluntarily signed and sworn to before me this ,/yk day of February 1999, by 

the signer, whose identity is personally known to me or was proven to me on satisfactory 

evidence. 

My Commission expires: \3' -3/-77 
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Uranium Deposits, Westwater Canyc {ember 1: 

1 I I 

Seisrnical!y d e w d  fault traces and Westwater Canyon isopach values (in feel) in the vicinity of the Church Rock ore deposics (ore 
shown in black). See F~gure I lot ~ocation of seismic study area. Contour interval 40 ft(12 m). Contours dashed where uncertain. Line E-E ' shown 
on Figure9, 



Kirk and Condon 

Seismically detected faull traces and Westwater Canyon net sandstone values (in feet) in the vicinity of the Church Rock ore deposits 
(ore shown in black). See figurp 1 lor location of seismic study area. Contour interval 40 It ( I  2 m). Line E-E' shown on Figure 9. 



FIGURE I-SANDSTONE ISOLITX MAP OF THE WESTWATER CANYON FAN SYSTEM BASED ON OUTCROP SECTIONS AND SUBSURFACE LOG DATA. 

Radiating sand trends outline BeomeIry of the fan. Coarscs~ sediment occurs b a w e n  GaUup and Window Rock, but most of I ~ C  PIOX- 

imal fan facies has been removed by pre-Dakota erosion. Mineralization extends dong thelength of the southernmost fluvial bells. and 
new deposits are being found along deeply buried sublobn of the Ian system. The Watwatcr Canyon is partially truncaled southwest 
of the hatchured line. Letters indicate key measured sections t h u  arc illustrated in fig. 9. 
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Structural Control of Sedimentation Patterns and the Distribution of Uranium Deposits 
in the Westwater Canyon Member of the Morrison Formation, Northwestern New Mexicc- 

A Subsurface Study, by A.R. Kirk and S.M. Condon 
AAPG Studies in Geology #22, p. 115 
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content and lenticdarity characterize sinuous mixed-load channel deposits, but sand bodies can still be traced laterally for several 
miles. Distributary mixed-load channel fills of distal fan section B are lenticular and extend laterally for only a few thousand feet. Note 
the distinct sandstone/mudstone ratios typical of each facies. 

SINUOUS MIXED LOAD CHANNEL FILL 

A. Distinguishing Features 
I Internal structures dominated by medium to large scale trough 

cross stratification 
2 Coarsest sediment at base or within core of un~t 
3 Upper flow regime structures rare 
4 Upper tmnsition zone into silt or mud common 

C. Typical E-log Character 

S.P. , I Resist. 

8. Sedimentary Sequences 

Deposition and Early Hydrologic Evolution of Westwater Canyon Wet Alluvial-Fan System 
by W. E. Galloway 
New Mexico Bureau of Mines 8 Mineral Resources, Memoir 38 1980, p. 64 

FIGURE 8 



Final Environmental Impact Statement 
to Construct and operate the Crown point Uranium Solution Mining Project, Crownpoint, New Mexico, 
Docket No. 40-8968, Hydro Resources, Inc., p. 3-19 

FIGURE 9 



- 

// Morrison Formation outcrop 
m Centra l  p l a y a  (ana lc lme  and 

potaselum fe ldspar )  
a P l a y a  margin 

(c l inopt i lo l i te )  
Mudflat (smectlte) 

Alluvial plain (sandstone) 
a Uranium orebody 

A Outcrop data  

Core data - - Facies boundary, 
dashed where inferred --- Line of truncation of 
Brushy Basin Member 

4 

Farmington 

oprnent of a salinealkaline lake i n  a closed-basin setting. (From Turner-Peterson. 1985). Line B-B' is shown on Figure 14. 

Geological Synthesis and Genetic Models for Uranium Mineralization in the Morrison Formation, 
Grants Uranium Region, New Mexico, by C.E. Turner-Peterson and N.S. Fishman 

AAPG Studies in Geology #22, p. 364 FIGURE 10 



Z 
0 
I- 
a 

TWOWELLS SS. TONGUE 

Z 
V) 
0 

WHITEWATER 

0 
Z ARROYO S H A L E  
a 
Z TONGUE 

DAKOTA SANDSTONE 

Z 
BRUSHY B A S I N  

0 

- MEMBER 

A  S A N D  

8 S A N D  

CP M U O S T O N E  

C S A N D  

C S H A L E  

D S A N D  

D S H A L E  - 
E  SAND 

RECAPTURE MEMBER 4 r . .  

'bSp R e r  

FIGURE 2-ELECTRIC LOG SHOWING THE RELATIONSHIP OF THE MAJOR ORE 
ZONES TO THE WESTWATER CANYON MEMBER OF MORRISON FORMATION. 
SEC. 29, T. 17 N., R. 12 W .  

Geology of Crownpoint Sec. 29 Uranium Deposit, McKinley County 
by D.W. Wentworth. D.A. Porter, and H.N. Jensen 
New Mexico Bureau of Mines 8 Mineral Resources, Memoir 38, 1980, p. 140 

FIGURE I 1  







FIGURE 1-SANDSTONE ISOLITH MAP OF THE WESTWATER CANYON FAN SYSTEM BASED ON OUTCROP SECTIONS AND SUBSURFACE LOG DATA. 
Radiating sand trends outliegeometry of the fan. Coarsest sediment occurs between Gallup and Window Rock, but most of the prox- 
imal fan facies has been removed by pre-Dakota erosion. Mineralization extendsalong the length of the southernmost fluvial belts, and 
new deposits are being found along deeply buried sublobes of the fan system. The Westwater Canyon is partially truncated southwest 
of the hatchured line. Letters indicate key measured sections that are illustrated in fig. 9. 

modified from 
Deposition and Early Hydrologic Evolution of Westwater Canyon Wet Alluvial-Fan System 
by W. E. Galloway New Mexico Bureau of Mines & Mineral Resources, Memoir 38 1980, p. 60 
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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. )
P.O. Box 777 )
Crownpoint, New Mexico 87313 )

Docket No. 40-8968-ML
ASLBP No. 95-706-01-ML

DECLARATION OF DAN W. MCCARN

I, Dan W. McCarn, 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 t6 the best of my knowledge, information and belief. The opinions expressed herein are

based on my best professional judgment.

I. Name and Title:

1. My name is Dan W. McCarn. I am president of IPI Consulting, 10228 Admiral Halsey

NE, Albuquerque, New Mexico 87111

II. Professional Qualifications:

2. My education and experience are included in my Curriculum Vitae and attached to this

affidavit as Appendix A. I have a Bachelor of Science Degree (1975) in Geology from

Birmingham-Southern College, Birmingham, Alabama and am currently a doctoral candidate at

the Leoben Mining University, Leoben, Austria where I have recently completed all of my

I



studies (2003) and am preparing my dissertation for the degree of Doktor montanistik which is

the equivalent of a Ph.D.

3. I am a Certified Professional Geologist with the American Institute of Professional

Geologists (CPG-10245), a Registered European Geologist (Title #462), and a Wyoming

Professional Geologist (PG-3031). I am also a member of the American Institute of Mining,

Metallurgical, and Petroleum Engineers (AIME), Society for Mining, Metallurgy, and

Exploration (SME).

4. I have 30 years experience in geology including 5 years of domestic uranium exploration

in the United States (1975-1980) including areas in Colorado, Utah, Wyoming & New Mexico

while working with the ERDA / U.S. DOE National Uranium Resource Evaluation (NURE)

program. In 1980, I was requested by the U.S. DOE to serve as a U.S. "Cost Free Expert" in

Vienna as a Technical Officer with the International Atomic Energy Agency (IAEA) in the

Division of Nuclear Fuel Cycle, Nuclear Materials and Fuel Cycle Technology Section, Uranium

Group where I served from 1980-1988. I then served 4 years as a Guest Scientist at the Leoben

Mining University, 2 years as a guest scientist at the Sosny Research Laboratory in Minsk,

Belarus on a Chernobyl project, and 13 years as an environmental consultant working with issues

related to both Nuclear Waste Management and environmental issues in uranium mining.

5. My 14 years of international experience is related to uranium geology and nuclear waste

management and includes work in Austria, Belarus, Brazil, China, Czech Republic, Inner

Mongolia, Kazakhstan, Mexico, Slovakia and Slovenia. I have served as an IAEA expert on

issues related to uranium geology and nuclear waste management for missions to Brazil,

Slovenia, Czech Republic (CZR/3/002), Kazakhstan (KAZ/3/001 and RAW/0/001) and Mexico

(MEX/9/035). I have been involved in numerous international technical meetings, working
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groups, consultant's meetings and training courses relating to nuclear waste management and

uranium geology.

6. Based on my experience, training and education which includes extensive geological

mapping, basin analysis, and uranium exploration in Pennsylvanian, Permian, Triassic, Jurassic,

Cretaceous, and Tertiary rocks in Colorado and New Mexico (McCarn, D.W., Johnson, V.C. and

Theiss, N.T., 1982; Johnson, V.C., McCarn, D.W., Kocis, D., 1982; McCarn, 2001, McCarn,

2004); Preparation of a volume of uranium hydrogeochemistry in the United States from

exploration data entitled, "Chemical Analyses of Ground and Surface Water Samples from Parts

of the United States 1956-1975", (McCarn & Freeman,1976); Preparation of an international

database on uranium deposits and occurrences for the IAEA called INTURGEO (McCarn et al,

1988); Editor of an IAEA volume on geological data integration techniques for uranium

exploration (McCarn, 1988); Co-author of a IAEA volume on uranium ore-reserve estimation

(DeVergie & McCarn, 1988); Recommendations to the IAEA on a comprehensive IAEA

uranium deposit classification system (Dalhkamp, McCammon and McCarn, 1988); IAEA

technical mission to Kazakhstan for the economic analysis of ISL deposits; Radiological risk

assessment of naturally occurring uranium mineralization in aquifers (McCarn, 2004); And a

recent paper on geochemical aspects of natural attenuation processes in ISL mining (McCarn,

2005).

7. While I was a contractor for the Department of Energy in Grand Junction, as part of my

uranium exploration work from 1975-1980, I developed fluvial depositional models based on

hundreds of geophysical well logs for the Red Desert (Great Divide Basin) including data from a

drilling program. I developed structural and deposition frameworks of the Hugoton Embayment

of the Anadarko Basin, Sierra Grande-Apishapa Uplift, Las Animas Arch, Raton Basin, Sangre

de Cristo Mountains and the Alamosa Basin, based on hundreds of geophysical logs, AMSTRAT
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logs and measured sections from field work. My formal training in geophysical well log

interpretation was conducted in Grand Junction in 1976 by Dr. Daryl Brayton of Bendix Field

Engineering Corporation as part of the National Uranium Resource Evaluation program.

8. During my tenure with the International Atomic Energy Agency, I worked with Prof.

Franz Dahlkamp and Dr. Richard McCammon (USGS) in 1987 and 1888 as consultants on the

development of a detailed deposit classification system. This IAEA consultants group, which I

was responsible for, also included individuals from Canada, South Africa, and Australia,

prepared a recommendation for a new deposit classification system. Prof. Dahlkamp's Uranium

Ore Deposits book in 1991 represents the culmination of the development of a unified

classification system.

9. As an environmental consultant to P.E. LaMoreaux and Associates in Tuscaloosa,

Alabama in 1991 and 1992, I prepared detailed depositional models for the Lowry Landfill

Superfund Site of a braided, subaerial fan system in Colorado based on several hundred

geophysical well logs, description of cuttings and core, and lithologic logs prepared by drillers or

geologists. I also prepared a depositional model of the Mobile Delta based on geophysical well

logs, imaging and surface exposures.

10. Since 1996 I served as a consultant to Hydro Resources Inc. (HRI) as an environmental

coordinator and geologist. I cooperation with them, I published two reports on the Crownpoint

and Church Rock projects (McCam, .1997, 2001; and Pelizza & McCarn, 2004). During my

consultancy with HRI, I reviewed water chemistry data and studied geophysical well logs of the

Church Rock and Crownpoint deposits.

11. I am currently investigating "Natural and anthropogenic multi-pathway risks associated

with naturally occurring uranium mineralization in aquifers", McCarn (2004). This research

includes the depositional framework of the Alamosa Basin, including the Rio Grande Fan, where

4



I identified redox-controlled, roll-front uranium deposit favorability (Johnson, V.C., McCarn,

D.W., Kocis, D.E., Walker, B.W., and Reinhart, W.R., 1982, National Uranium Resource

Evaluation: Trinidad Quadrangle, Bendix Field Engineering Corporation, Prepared for the U.S.

Department of Energy, PGJ/F-034 (82), Grand Junction, Colorado).

12. I have over 30 publications, abstracts and reports, many of them presented in

international forums. My past work includes extensive mathematical and numerical modeling of

geological, geochemical and hydrological data including inverse groundwater modeling,

geochemical modeling, coupled groundwater - geochemical modeling, geostatistical analysis &

modeling, economic analysis of uranium deposits, and radiological risk assessment of naturally

occurring uranium mineralization in aquifers.

13. I base my testimony on 30 years of experience including:

* Direct experience with the Crownpoint and Church Rock Deposits;

* Experience in the analysis of sandstone uranium deposits worldwide, including scientific

visits to sandstone deposits in Utah, Wyoming, Colorado, New Mexico, Czech Republic,

China, Inner Mongolia, and Kazakhstan;

Detailed work on deposits and prospective areas in Wyoming (Great Divide Basin - Red

Desert), Colorado (Alamosa Basin), New Mexico (Grants Uranium Region), Kazakhstan

(Inkai) and Czech Republic (Stras pod Ralskem);

Compilation of a world-wide database on uranium deposits and occurrences

(INTURGEO) as a major part of my work with the International Atomic Energy Agency;

and

* Significant training over the years in uranium deposits through participation in numerous

short-courses, technical & scientific meetings, technical advisory groups (IAEA), and

communication with colleagues.
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III. Licensing Materials and Literature Reviewed:

14. In addition to the publications that I prepared in cooperation with HRI (McCarn, 1997

and 2001), and Pelizza and McCarn (2004), I have reviewed in detail the FEIS (NUREG 1508)

as well using the 1980 New Mexico Bureau of Mines Memoir 38, C.A. Rautman (Compiler) and

the 1986 American Association of Petroleum Geologists Studies in Geology #22, C.E. Turner-

Peterson et al (editors). In addition, I have taken information from similar deposits worldwide

based on various International Atomic Energy Agency reports. Prof. Dahlkamp has provided a

detailed look at sandstone uranium deposits in his volume published in 1991. Dahlkamp's

classification methodology is detailed and clearly describes the metallogenic and genetic

differences between rollfront deposits and the tabular / peneconcordant deposits typical of the

humate-rich ores such as at Ambrosia Lakes.

Adams, S.S. and Saucier, A.E., 1981, Geology and recognition criteria for uraniferous

humate deposits, Grants Uranium Region, New Mexico, Final Report, National Uranium

Resource Evaluation, U.S. Department of Energy, GJBX-2(81), Grand Junction, pp.225.

Chen Anping et al., 2004, Mineralization characteristics of Dongsheng uranium

mineralized area in Ordos Basin, China, Recent Developments in uranium resources and

production with an emphasis on in situ leach mining, IAEA TECDOC 1396, Proceedings

of a technical meeting organized by the IAEA in co-operation with the OECD Nuclear

Energy Agency, the Bureau of Geology, and China National Nuclear Corporation held in

Beijing, 18-23 September 2002, Published in Vienna June 2004., pp. 69-90.

* Dalhkamp, F. J., Uranium Ore Deposits, Springer-Verlag, Berlin-Heidelberg, New York,

1991, 460p.

* Dolgopolov, V.F., Fyodorov, G.V., Zhelnov, V.P., Exploration and reserve calculation of

the uranium deposits amendable to ISL method in Kazakhstan, 2004, Recent
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Developments in uranium resources and production with an emphasis on in situ leach

mining, IAEA TECDOC 1396, Proceedings of a technical meeting organized by the

IAEA in co-operation with the OECD Nuclear Energy Agency, the Bureau of Geology,

and China National Nuclear Corporation held in Beijing, 18-23 September 2002,

Published in Vienna June 2004, pp.103-1 14.

* Fyodorov, G., 2005, Uranium deposits of the Inkay - Mynkuduk ore field, Kazakhstan,,

Developments in uranium resources, production, demand and the environment, IAEA-

TECDOC-1425, Proceedings of a technical committee meeting held in Vienna, 15-18

June 1999, Published in Vienna, January 2005.

* Johnson, V.C., McCarn, D.W., Kocis, D.E., Walker, B.W., and Reinhart, W.R., National

Uranium Resource Evaluation: Trinidad Quadrangle, Bendix Field Engineering

Corporation, Prepared for the U.S. Department of Energy, PGJ/F-034 (82), Grand

Junction, CO, (1982).

* McCarn, D.W., (2001): The Crownpoint and Churchrock Uranium Deposits, San Juan

* Basin, New Mexico: An ISL Mining Perspective, Technical Committee Meeting on

Uranium Resources, Production, and Demand, Intemational Atomic Energy Agency,

June 10-13, 1997, IAEA TECDOC 1258, pp. 171-183, Dec. 2001.

* McCarn, D.W., 2004, Natural and anthropogenic multi-pathway risks associated with

naturally occurring uranium mineralization in aquifers: A scoping calculation, Recent

Developments in uranium resources and production with an emphasis on in situ leach

mining, IAEA TECDOC 1396, Proceedings of a technical meeting organized by the

IAEA in co-operation with the OECD Nuclear Energy Agency, the Bureau of Geology,

and China National Nuclear Corporation held in Beijing, 18-23 September 2002,

Published in Vienna June 2004, pp.289-315.
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* NUREG-1569, 2003, Standard Review Plan for In Situ Leach Uranium Extraction

License Applications, Final Report, U.S. Nuclear Regulatory Commission, Office of

Nuclear Material Safety and Safeguards, Washington, D.C. 20555-0001.

* Pelizza, M. and McCarn, D.W., 2004, Licensing of in situ leach recovery operations for

the Crownpoint and Church Rock uranium deposits, New Mexico: A Case Study, Recent

Developments in uranium resources and production with an emphasis on in situ leach

mining, IAEA TECDOC 1396, Proceedings of a technical meeting organized by the

IAEA in co-operation with the OECD Nuclear Energy Agency, the Bureau of Geology,

and China National Nuclear Corporation held in Beijing, 18-23 September 2002,

Published in Vienna June 2004.

* Rautman, C.A. (Compiler), 1980, Geology and Mineral Technology of the Grants

Uranium Region 1979, Memoir #28, New Mexico Bureau of Mines & Mineral

Resources, Socorro, New Mexico.

Siebenthal, C.E., Geology and Water Resources of the San Luis Valley, Colorado: U.S.

Geological Survey Water Supply Paper 240, 128 p, (1910).

* Turner-Peterson, C.E., Santos, E., Fishman, N.S. (Editors), 1986, A Basin Analysis Case

Study: The Morrison Formation, Grants Uranium Region, New Mexico, AAPG Studies

in Geology, #22, Energy Minerals Division, AAPG, Tulsa, Oklahoma.

Wang Jingping et al., 2004, Geological and geochemical characteristics of Shihongtan

uranium deposit SW Turpin-hami Basin, Xinjiang Autonomous Region, Recent

Developments in uranium resources and production with an emphasis on in situ leach

mining, IAEA TECDOC 1396, Proceedings of a technical meeting organized by the

IAEA in co-operation with the OECD Nuclear Energy Agency, the Bureau of Geology,
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and China National Nuclear Corporation held in Beijing, 18-23 September 2002,

Published in Vienna June 2004., pp. 59-68.

* Zhou Weixun et al., 2004, ISL-amendable sandstone-type uranium deposit: Global

aspects and recent developments in China, Recent Developments in uranium resources

and production with an emphasis on in situ leach mining, IAEA TECDOC 1396,

Proceedings of a technical meeting organized by the IAEA in co-operation with the

OECD Nuclear Energy Agency, the Bureau of Geology, and China National Nuclear

Corporation held in Beijing, 18-23 September 2002, Published in Vienna June 2004., pp.

2546.

VI. Purpose of Testimony:

15. The purpose of my testimony is to provide technical review of issues related to HRI's

proposed mining operations at the Crownpoint and Church Rock uranium deposits. Especially

those issues related to the geometry of the ore bodies at Crownpoint and the relationship with

depositional patterns in the San Juan Basin.

16. The purpose of this testimony is also to refute portions of the testimony of Abitz (2005)

and Wallace (1999, 2005) and Lucas (2005) particularly as it relates to the invalid assertions

based on publications that I have prepared. Mathematical models of ground water flow

predicated on a system of sinuous "fast-flow" channels are totally erroneous. Abitz and Wallace

have based their model on diagrams from McCarn (1997 and 2001) intended to show stacked roll

fronts, but in which they have incorrectly concluded that these features depict narrow, sinuous

channels in which they use an invalid interpretation of fan deposition in the San Juan Basin from

Galloway (1980) as well as an incorrect understanding of the nature of roll front type deposits.

17. Furthermore, more recent publications (Turner-Peterson, 1986) based on far greater data

(296 outcrops and boreholes as apposed to 136 with Galloway) also refutes the concept
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developed by Galloway (1980). Descriptions of roll front deposits by Dahlkamp (1990, p.85)

describe the morphology of roll fronts as an "irregularly laid pipe" which can occur in multiple

superadjacent horizons. Dahlkamp (1990, p. 85) also describes roll fronts as "transgressive to

stratification of host sands".

18. I also comment on Lucas (2005, ¶16) who focuses on the validity of outcrop versus

subsurface data. I can not state strongly enough that the development of a 3-D model of basin

development depends entirely on how a drilling program is conducted and geophysical well logs

are interpreted. Based on my work in Colorado, Wyoming, New Mexico and overseas, the

principal instrument for obtaining data and interpreting the depositional framework of a basin is

the borehole with a geophysical log and a well trained and experienced geologist. Although I

spent years in the field mapping outcrop in Colorado and New Mexico, I spent even more time

developing depositional models based on geophysical well log interpretation during the winter

months. Certainly having outcrop data is very useful, but attempting to build a 3-D model of a

basin with outcrop data alone is simply not possible. The success of most oil, gas, coal and

mineral exploration programs is historically based -on the interpretation of the geophysical log.

As a further example, drilling in the San Juan Basin for uranium alone has exceeded billions of

dollars. While I worked in Kazakhstan for the IAEA, the integrity of a 100,000 borehole

database representing decades of exploration, drilling, and billions of dollars of investment was

the key for future development. While in China at the invitation of the China National Nuclear

Corporation in 2002, my recommendations for future study of China's uranium potential was to

mount a multi-billion dollar exploration program focused on the systematic drilling of major

prospective sandstone basins. No amount of mapping outcrops can tell a geologist where the

regional redox front is 30 km away and covered by thousands of feet of rock. Outcrops are

useful, but drilling is absolutely essential.
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V. Background of Current Affidavit:

19. InI997, I prepared a paper to be presented at an International Atomic Energy Agency

meeting in Vienna on the current status of the Crownpoint and Church Rock deposits by HRI. In

preparation of the paper. This paper was later published (McCarn, 2001) by the IAEA on a

volume entitled "An ISL Mining Perspective" (IAEA TECDOC 1258). In the preparation of the

paper, I had the full cooperation of Messrs. Richard Clements, Frank Lichnovsky, Mark Pelizza

and Craig Bartels during preparation of the manuscript including access to numerous geophysical

well logs and data. Following technical review, I presented the paper in June 1997 at an IAEA

meeting in Vienna. Following presentation, the paper underwent technical review by staff at the

IAEA including Dr. Doug Underhill, and later published as part of IAEA TECDOC-1258 in

December of 2001.

20. In cooperation with Frank Lichnovsky, I provided a figure in the paper which presents an

aerial view of the ore-body geometry (Figure 8) to show the nature of the stacked roll-fronts at

the Crownpoint deposit in the Westwater Canyon Member. Stacked roll fronts are characteristic

of the remobilized uranium in the Grants Uranium Region and are known as "redistributed,

postfault, or stacked ore, and they are generally located at the boundary between oxidized and

reduced sandstone" (Turner-Peterson & Santos, 1986, p. 3). Although this description is mostly

correct, Dahlkamp adds significantly to the definition by carefully classifying and distinguishing

between roll front deposits and the humate-rich trend ores at Ambrosia Lakes and elsewhere.

VI. Primary vs. Secondary Uranium Deposits:

21. The Intervenors create a considerable amount of confusion by mixing their discussion of

primary uranium and secondary uranium deposits. I will dedicate much of this affidavit to the

difference between the two because when one understands that ISL uranium mining as proposed
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by HRI is only applicable to secondary ore, essentially all of the Intervenors theories

dinentergrate.

22. Primary ore is identified by Abitz (2004 ¶43). This type of deposit is also know as "trend

ore" or "Tabular / Peneconcordant or Humate Type Class 4.1.1" from Dahlkamp (1991, p.89)

and described:

"Class 4.1.1 mineralization is characterized by the association of uranium with
humate in isolated and stacked peneconcordant lenses. Uranium minerals occur as
disseminations coating sand grains, filling small interstices and partly replacing
feldspar in the host sandstone. Primary mineralization occurs in multiple horizons
commonly concomitant with humate. Mineralized zones are lenticular or tabular,
peneconcordant elongated parallel with the paleochannel systems which are
termed blanked or trend ore. Boundaries between mineralization and host rocks
are irregularly shaped. Redistributed mineralization is within structures and also
displays features of rollfront character developed proximal to fault and fracture
zones that cut primary peneconcordant bodies. Redistributed uranium forms much
thicker ore bodies than those of primary tabular mineralization and is therefore
referred to as a stack deposit", Dahlkamp, 1991, p.89).

23. Secondary ore is identified by Abitz (2004 143). This type of deposit is also know as

redistributed or "Rollfront Type Class 4.2 from Dahlkamp (1991, p.85)" and described:

"Rollfront deposits consist of arcuate zones of uranium matrix impregnations that
crosscut sandstone bedding extending from overlying to underlying less
permeable horizons. The zones are convex down the hydrologic gradient. They
display diffuse boundaries with reduced sandstones on the down-gradient side and
sharp contacts with oxidized sandstones on the up-gradient side." Dalhkamp
continues, "The mineralized zones are elongate and sinuous approximately
parallel to strike and perpendicular to the direction of deposition and groundwater
flow." Dahlkamp, 1990, p.85.

24. I have quoted Dahlkamp's descriptions of Primary and Secondary types of ore because

they are the best concise explanations that I know of in the literature.

VII. Exploration Targets of HRI:

25. I would like to clear-up a specific issue. On my reading of Abitz, Lucas, and Wallace, 1

was left uncertain if they clearly understood the exploration and development targets of HRI
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because they tended to lump deposit characteristics together. They especially mixed the

characteristics of roll front deposits and the humate-rich "trend ores" such as at Ambrosia Lakes.

26. The sole exploration target for HRI are multiple, superadjacent roll fronts occurring in the

Westwater Canyon Member at or near the regional redox front. These roll fronts represent

remobilized uranium from pre-existing uranium concentrations and transported down the

hydrologic gradient until formed into rolls at the regional redox interface. The exploration

targets do not include the humate deposits as described by Adams & Saucier (1981) and also

described as "tabular / peneconcordant" deposits by Dahlkamp (1990). Mixing-up the geological

characteristics of all of the deposits in the Grants Uranium Region is a recipe for disaster. The

reason that the humate-rich deposits are not included as an exploration target for HRI is that

because of the abundant organic material involved, the deposits would require a great deal more

oxygen to mobilize than the relatively organic-free roll front ores. Also, the roll fronts ores tend

to be more of a mono-metallic nature, having selectively concentrated uranium and tending to

reduce the concentrations of molybdenum, selenium and vanadium.

27. Morphologically and genetically the Crownpoint and Church Rock deposits are very

similar to the formation of what my Russian, Kazakhstan and Chinese colleagues call "Bed

Oxidation Zone" (BOZ) uranium deposits such as those in the Inkay-Mynkuduk ore field in

Southern Kazakhstan (Fyodorov, 2005). These deposits also are located at the interface between

regionally oxidized sediments and reduced sediments, are crescent-shaped, and form

superadjacent multiple rolls, and can be described as "pipe-like" or "ribbon-like" trending in the

direction of the regional oxidation - reduction zone for a distance of up to 130 km in length

(Fyodorov, p. 112).

28. The interveners Abitz, Lucas and Wallace clearly do not have a good understanding of

uranium geological exploration concepts, especially as it applies to the redistributed, regional
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redox-controlled, roll-front deposits found in the Grants Uranium Region. They have selectively

parsed information form various reports to "build" a false conceptual model even when abundant

evidence and later publications prove them wrong. Abitz also seems to combine uranium

deposits in the basin. Although the deposits at the Crownpoint site are remobilized, roll front

deposits at the interface of the oxidation-reduction interface, Abitz seems to be relying on the

mineralization mode of the earlier, hurnate-type deposits (Adams and Saucier, 1981) that is

describes in Dahlkamp's Tabular / Peneconcordant Class 4.1.1 (Dahlkamp, 1990, p.88)

associated with humate. See Dahlkamp quote at 22.

29. The important issue here is that the humate-type deposits in the Grants Uranium Region

(Adams & Saucier, 1981), (Dahlkamp, 1990, p. 88) and to which Abitz and Wallace refer are

related to the paleochannel systems. The remobilized roll fronts are not correlated with sand

channels but rather are related to the regional redox front. This mode of mineralization is present

not only in the Grants Uranium Region rollfronts, but also in other major localities including the

Wyoming Basins, Russia, Southern Kazakhstan, Inner Mongolia, China, and elsewhere.

VIII. Rollfront Deposits:

30. The geometry of sandstone roll-fronts (Subtype 4.2) described by Dahlkamp is based on

the Wyoming type of deposit. See Dahlkamp quote at 23.

31. In Dahlkamp's (1990, p. 85) description of sandstone deposits, Principal recognition

criteria, Mineralization,

* "Multiple mineralized horizons may exist;"

* "Rollfront deposits are crescent in shape in cross-section, transgressive to stratification of
host sands, in planview they may resemble an irregularly laid pipe; Rollfronts can occur
in multiple superadjacent horizons."

32. Dahlkamp (1990, p.93) describes the mode of mineralization of rollfront deposits

(Subtype 4.2) basing the type on the Wyoming basins:
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"Uranium mineralization follows the redox front separating nonoxidized from oxidized
sandstone. The mineralization transects the stratification of the host beds and is thus
discordant with the strata. In cross-section, the form of the deposit resembles a crescent.
In plan view, a deposit appears to follow a sinuous, irregularly laid pipe following
the geochemical front of invading oxidation. The uranium minerals impregnate
interstices of the sandstone and coat sand grains. Pitchblende and coffinite are
concentrated in the front part of the redox zone, ferroselite has formed on the concave
side, whereas native selenium, jordinsite, and calcite typically occur on the convex side
of the rollfront."

33. Dahlkamp describes the dynamic process of formation of roll fronts (Dahlkamp, 1990,

p.87):

"Unlike tabular deposits, rollfront deposits are of dynamic nature. They form at
the down-dip migration boundary of an active but short-lived oxidation interface
ahead of a pervasive alteration tongue within originally reduced, pyrite-bearing
sandstone. The spatial distribution of the altered tongue and unaltered sandstone
suggests an oxidizing uraniferous groundwater of neutral to slightly alkaline
nature that moved down dip in a confined aquifer in response to a hydraulic
gradient. As the oxygenated solution moved down dip in the permeable horizon it
penetrates the reduced facies. Organic material and sulfides, mainly pyrite, were
destroyed, and ferric iron was produced until the water lost its potential for
oxidation. In zones of abundant reductants, such as detrital carbon (commonly
plant debris, class 4.2.1) or extrinsic sulfides (H2S, pyrite, marcasite, class 4.2.2) a
distinct geochemical front developed with an abrupt redox interface. At this site
and for a short distance ahead of the ferrous/ ferric iron interface, the uranium
transported in the oxygenated solution is reduced and deposited as pitchblende."

"Since the geochemical alteration system was of dynamic nature, the influx of
oxidizing groundwater continued. The alteration front "rolled" downflow and
spread laterally towards the boundaries of the transmissive host bed. Previously
crystallized pitchblende became decomposed and the uranium redistributed across
the front for renewed deposition as long as the system was operative. The crescent
shape of a rollfront ore body (in cross-section) is considered evidence for the
dynamic movement of the front which migrated more rapidly in the more
permeable units mostly in the middle part of the sandstone layer."

"Most of the rollfront deposits are considered the result of a single major cycle of
uplift, erosion, sedimentation, and mineralization by fluids moving in response to
the same hydraulic gradients which have been responsible for the sedimentation
of the host sandstone. Another variety of rollfront deposits, although very similar
to the type described above, are related only to the physical and chemical nature
of the host sediments but not to the hydrologic system responsible for the host
rock deposition. Instead they originated long after deposition of the host rocks by
a second cycle of uplift, erosion, and deposition (Harshman and Adams 1981)."
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34. The intent of figure 8 (McCarn, 1997) was to provide a "textbook" example of such a

stacked roll front. Stacked roll fronts are formed when uranium-bearing solutions pass through

sandstones and deposit uranium in geochemical cells at the interface between oxidizing and

reduced rock. Small changes in permeability, discontinuous mudstone lenses, and depositional

fabric features such as fining-upward sequences of sandstones, cross-beds, graded bedding, and

presence of lesser or greater amounts of organic material and reduced iron are factors allowing a

series of rolls to form in spatial proximity to each other.

35. The stacked nature of the deposit increases the economic value because significantly

more ore material is contained in a limited aerial space. This deposit is very similar to deposits

such as Inkay in Kazakhstan which has the three sedimentary intervals containing roll fronts

which coincide at the mine site (Figures 3, 4, 5 and 6 of Fyodorov, 2005). Like the deposit at

Crownpoint, the oxidation-reduction front at Inkay are at different locations for each sedimentary

interval depending on permeability of each interval (Fyodorov, 2005, p.101).

36. The figure that I presented is in almost every detail of morphology identical to

Dahlkamp's classification. First, they individual rolls reflect an arcuate zone at the interface of

oxidizing and reducing sediments at a regional scale. Second, they are elongate and sinuous and

parallel to the regional strike of the basin. Third, they are perpendicular to the direction of

groundwater flow, and to some degree, perpendicular to the direction of deposition. Fourth, the

rollfronts "appears to follow a sinuous, irregularly laid pipe following the geochemicalfront of

invading oxidation" (Dahlkamp. 1990, p.93). Also, the deposits at Crownpoint are not

associated with humate.

37. Applying Dahlkamp's classification system, the deposits at Crownpoint are rollfront

deposits (Class 4.2) and are not Tabular / Peneconcordant deposits (Class 4.1.1) related to

humate concentrations.
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38. Prospective areas in other basins such as the Tertiary Alamosa Basin in Southern

Colorado also have well-defined reduction-oxidation zones identified as early as 1910

(Siebenthal, 1910) and related to prospective uranium targets (Johnson, McCarn, et al, 1982;

McCarn, 2004).

IX. Intervenor's Analysis Based on Speculation

39. Neither Abitz, Lucas nor Wallace have reviewed detailed geophysical well-log data from

the Grants Uranium Region, nor have they undertaken to build a depositional model of the

region. Had they done this, their false hypothesis would have been completely shattered. In fact,

they have only re-interpreted narrowly-chosen, parsed fragments of data and other, earlier

interpretations, when it serves to "prove" their false hypothesis and they remain completely silent

on concepts that do not match with their own, carefully-fabricated interpretation based on their

own misconceptions.

40. Much of their case is built on a false premise, namely that the features that they

repeatedly represent as narrow, sinuous channels, are in fact individual ore rolls within a packet

of roll-fronts in the Westwater Canyon Member and not related to a sand channel. This packet of.

ore rolls is located exactly at the interface of a regional redox front trending east-west and whose

ore-body geometry is normal to the direction of water recharge, from south to north. Similar ore

rolls may be found not only in Section 24 at Crownpoint but in other localities including Section

29. Wentworth (1980, pp.139-144).

41. Had such extreme anisotropy been present in the sediments at Crownpoint, the entire

sequence of ore rolls representing the Crownpoint Trend could not have formed in the manner

that they did.

X. History of Misinterpretation (McCarn, 1997, Figure 8)
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42. As a professional courtesy, I provided a copy of Figure 8 to Mr. Wallace sometime in

1997 or 1998. Since that time, Mr. Wallace and SRIC have repeatedly referenced my paper

although they have never given me the courtesy to review any of their documents or analysis

based directly or indirectly on my publication. As a result of this, they have systematically, and I

believe intentionally misrepresented the data that I provided.

43. Figure 8 from McCarn (1997) has been repeatedly referred to falsely as evidence of

narrow sinuous stream channels in the Crownpoint deposit. In his earlier affidavit, Wallace

(1999) removed the title and explanation from my published figure and provided his own title

and explanation, referring to the features as "Stacked and Braided Channels" and the reference

to the figure as "Interpreted from McCarn".

44. Common scientific practice and fundamental ethics in the preparation of technical

documents require that authors fully site the source of data as well as the author's original intent.

In this case, the meaning and intent of the figure was intentionally distorted requiring me to

prepare an affidavit (McCam, 1999) to correct the record for NRC.

45. Figure 8 relates to a common feature .of regional redox-controlled, roll-front uranium

deposits found in many places in the world. Figure 8 is correctly titled "Stacked Roll Fronts in

the SE %/ of Section 24 at Crownpoint". During the preparation of this figure, I reviewed in

detail the geophysical well logs on which this figure is based, in particular paying attention to the

depositional characteristics of the sandstones in question. At the scale in which the figure was

prepared, and based on the geophysical well logs, I could find no distinct channels whatsoever,

although the depositional framework was clearly part of a coalesced braided fluvial system and

presented a series of 4 or 5 vertical sandstone intervals bounded by mudstones.

46. In November 2002, Chris Shuey of the Southwest Research and Information Center

(SRIC) in a public meeting in Farmington, New Mexico presented numerous copies of a paper
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that he had authored in which the same intentional error was made. Mr. Shuey's paper however

crossed the line because he referred to the figure with the false titles as coming from McCarn;

not interpreted from McCarn. At that time, I warned Mr. Shuey in the public meeting that the

intentional misrepresentation of my work would result in actions on my part to censure him if he

continued to use my work incorrectly.

47. On November 12, 2002 I prepared a detailed letter to President William Siok of the

American Institute of Professional Geologists (AIPG) detailing the facts because of the ethical

issues involved by Mr. Shuey. The intent of this communication was to place President Siok and

the AIPG on notice that I was facing an ethics problem about how my publications were used by

SRIC and Mr. Shuey in the event that future ethics issues were encountered. This letter and

associated papers is attached as Appendix B.

48. Because Mr. Shuey had no credentials as a geologist and did not have registration, license

or formal education, AIPG was not able to sanction him. However, I strongly objected to the

preparation of such a document because Mr. Shuey not only had no credentials as a geologist,

but he was delivering testimony to a public meeting as if he were describing this fiction as fact-to

the very people that were afraid of the development.

49. Since the NRC hearing in 1999, SRIC has continued to use my publication as if the 1999

hearing never occurred. I have repeatedly asked SRIC to allow me the courtesy to review

documents that reference my work. In November 2002 at the public meeting in Farmington I

asked this of Mr. Shuey. In late February2005, I asked Mr. Paul Robinson, Director of SRIC, to

allow me to review any documents containing any reference to my work. So far, SRIC has not

complied with these informal requests.

XI. Discussion of Abitz:

50. From ¶¶60 of Abitz (2005):
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"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 of 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."

51. Abitz quotes McCarn as an important source in his and Wallace's affidavits. He does so,

however, disregarding the most important regional ore control which is the extensive

development of a regional redox front which extends continuously for 1Os of kilometers in the

Westwater Canyon Member and has been well documented by such sources as Saucier (1980).

52. Abitz selectively quotes McCarn as follows:

"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) in Abitz, pp. 60.

53. Abitz subsequently identifies the source of information regarding his hypothesis as

Figure 8 from McCarn (1997):

"The sinuous nature of these narrow channels (10 to 100 meters wide) in the
Westwater Canyon is illustrated on Figure 8 of the McCarn (1997) paper.
Information cited from Galloway, McCarn, and Lucas corroborates our concern
that monitoring wells spaced 400-feet apart will miss excursions of mining
fluids."

54. I categorically refute this statement, and I have categorically refuted this simplification of

my paper since 1999 (McCarn, Affidavit, 1999). Figure 8 in McCarn (1997) is titled "Stacked

Roll Fronts in the SE 1/4 of Section 24 at Crownpoint.

55. When the McCarn (1997) paper was being prepared, I specifically addressed "local ore

controls" and ruled-out that channels were an important issue: Quoting McCarn (1997):

"Local ore controls for the individual rolls within the Westwater Canyon Member
appear to be the thin, laterally discontinuous clays within the sandstone. As
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shown. in Fig. 8 of the Crownpoint site, multiple, stacked ore bodies are present
throughout the Westwater Canyon Member, each within an individual
geochemical cell. Accurate interpretation and delineation of these ore rolls is
required to design an effective well field."

56. Stacked roll fronts are also reported by Wentworth et al (1980, pp.139-144) in

Crownpoint Section 29 of similar dimensions to the stacked rolls in Section 24. Wentworth does

not attribute these features to sand channels, but rather to the proximity to the regional redox

front.

57. Abitz (2005, Issue A, p.1 1) goes to great length to discuss the insufficiency of pre-mining

baseline sampling at Crownpoint. In my opinion, the NRC personnel acted correctly in this

matter. The sampling done to date was never intended to replace a complete, pre-mining,

baseline sampling program. The limited samples that were provided were sufficient to describe

the water quality in general. I have always had the understanding that prior to mining, a

monitoring well network would be drilled and pre-mining baseline data provided from the

network as recommended by NRC and to be constructed by HRI. Furthermore, it is my

understanding that most of the wells from which these data were collected have since -been

grouted closed. Detailed statistical interpretation and review of these preliminary data will never

replace a more comprehensive sampling program for a monitoring well network.

58. Abitz (2005, p.31, Issue (2), and ¶43 states that "uranium ore bodies are intimately

associated with the channels in the Westwater Canyon". This is an erroneous statement. Abitz

is mixing-up the tabular / peneconcordant deposits described by Dahlkamp (1990, Class 4.1.1)

associated with humate (Adams & Saucier, 1981) with rollfront deposits (Class 4.2) of

Dahlkamp.

59. Abitz, In the same paragraph 43, he quotes Wright (1980 at 22) that the "deposits

illustrate the familiar relationship of uranium ore with plant material and fluvial channels". This
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description by Wright is clearly describing deposits of the humate type, not rollfront deposits!

The Crownpoint deposits are not associated with organic material like the humate deposits at

Ambrosia Lakes, but rather with the regional redox front.

60. Abitz (2005, Issue (3), ¶45) again repeats his error in discussing the association of

uranium deposits with organic material. Whereas this is perfectly valid for the humate uranium

association, it is completely erroneous for the rollfront type of deposits such as at Crownpoint.

61. Abitz (2005, 160) quotes McCarn as his source for "fast-flow conditions". These feature

that I was describing was a broad area / volume of permeable rocks that allow the transport of

large quantities of mildly oxidizing water through the redox front. If the Westwater Canyon

Member had limited or poor permeability, no rollfronts would have been able to form, nor would

a regional redox front been created at all.

62. Abitz (2005, 160) says that "the sinuous nature of these channels (10-1OOm wvide) in the

Westwater Canyon is illustrated in Figure 8 from McCarn (1997)". Again, these are not

channels but the geometry of individual ore rolls.

XII. Discussion of Wallace:

63. In 1999 Wallace presented his affidavit to the NRC based on his interpretation of Figure

8 from McCarn (1977). Wallace (2005) no longer references McCarn (1997), but rather

references his own affidavits in 1999 wherein he misquotes McCarn (1997) and continues his

mistake in the misinterpretation of Figure 8.

64. McCarn (1999) refuted this interpretation of Figure 8 and presented to the court the

original paper, which has since been published by the IAEA (2001).

65. Wallace's (1999 and 2005) hydrologic model is fatally flawed from the start because he

incorrectly premises the geometries of the roll fronts as the geometry and shape of his fluvial
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"pipes". In no case are there channels of these dimensions, but these features are typical of

regional redox controlled, roll fronts ore bodies.

XIII. Discussion of Regional and Local Controls on Roll Fronts:

66. There are several criteria that have been developed for development of redistributed roll-

front ore bodies in the Westwater Canyon Member. First and most important of these criteria is

that the ore zones are contained within at geochemical package defined by a regional reduction-

oxidation (redox) front which extends 1Os of kilometers up and down trend of the HRI deposits.

67. As McCarn (1997, p. 8) states on Regional Ore Controls:

"Clear regional controls of the uranium deposits of the San Juan Basin are
evidenced by the strong correlation between regional redox fronts and the location
of ore deposits [1, 2, 3]. This regional redox front is presented in Figure 7 [1].
The regional redox zone is accompanied by discrete zones of hematitic and
limonitic alteration within the basin, the hematitic zone being updip of the
limonitic zone. Gray, reduced Westwater Canyon Member sandstones occur
downdip of the regional redox front. The remobilized ore lies in the limonitic
zone downdip of the intensely oxidized zone of hematitic alteration."

68. McCarn (1997) never refers to braided channels as being either a local or regional ore

control. The highly transmissive zones referred to by McCarn (1997, 2001) are the-regional

prerequisites for development of a uranium ore body at the intersection of highly permeable

sandstones with the regional redox front. Large volumes of mildly oxidizing water flowing over

long time periods are required to develop the regional features of the redox fronts, which can

only be accomplished if the sandstones are highly transmissive and are connected to a recharge

zone.

IVX. Closing Discussion

69. My current interpretation of HRI's intended mining environment is that of a coalesced

braided fluvial fan system which has been deposited in 4 distinct zones interbedded with
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mudstone. Each of these 4 zones has its own hydrological conditions including permeability

resulting in each developing a redox front and geochemical cells.

70. The shape of the oxidation zone in the basin is directly correlated to oxidizing water

inflow from outcrop along the southern flank of the basin. The long, very continuous

development of the redox front over 100 km can only occur if the flow rates of oxidizing waters

into the basin have been quite uniform over large distances. The overall arcing shape of the

Crownpoint Trend is defined as continuous or near continuous ore rolls oriented normal to the

typical flow direction of waters entering the basin. Had there been significant channeling of

waters into long, sinuous zones of high permeability, the very shape of the Crownpoint Trend

would reflect these heterogeneities. Because the Crownpoint Trend has a long, arcuate shape,

reflecting the dynamic condition of oxidizing waters altering previously reduced sandstone and

whose current position was presented in Kirk, Allen & Condon (1986) and presented in Figure 7

of McCarn (1997).

71. Many other basins worldwide also reflect development of regional redox fronts in

association with uranium deposits. These include the southern basins in Kazakhstan (Fyodorov,

2005), The Turpin-hami, Yili, and Ordos Basins in China, Inner Mongolia and the Xinjiang

Autonomous Region (Zhou Weixun, 2004), and the Wyoming basins (Dahlkamp, 1990). Other

Basins that are not considered as "prospective uranium basins" also have regional redox features

(and anomalous uranium) and include the Alamosa Basin in Southern Colorado (Johnson,

McCarn, et al, 1982) and the Central Basin in California. Figure 2 of Zhou Weixun (2004)

depicts the relationship of the recharge area to a regional redox front in Russia. The

relationships of the redox front for both the Russian and Grants Uranium region are very similar.

72. Saucier (1980, p.1 18, Fig. 2) maps the Westwater Canyon Member subaerial fan in the

San Juan Basin based on data from Craig and others (1955), Saucier (1967), and Galloway
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(1972). Based on Galloway's (1972) study, net sands greater than 200 feet are shown. The

medial to distal sand bodies are shown as large trends, 10-25 km in width while the proximal fan

zone is depicted as being 100-200 km in width.

73. These large-scale lobate features are the highly transmissive conduits for mildly

oxidizing fluids that allowed for remobilization of primary ores into redistributed, regional

redox-controlled roll-front deposits at Crownpoint and Church Rock. The continuity of these

deposits strongly suggests that northward moving groundwater were responsible for the

redistributed ores. Quoting Saucier (1980, p.120):

"The pattern of red, oxidized Westwater Canyon sandstones on the Chaco slope
appears to be related to this early northward ground-water movement toward the
San Juan River."

74. If groundwater flow were being channeled through narrow, discontinuous channels as

suggested by Abitz and Wallace, continuous mineralization could not occur in the vicinity of

Crownpoint and Church Rock.

75. Saucier (1980, p.1 19, Fig. 3) shows the distribution of late Tertiary oxidation in the

Westwater Canyon Member and the relationship with outcrop and recharge areas. The locations

of the Crownpoint deposits and the Church Rock Deposits are indicated in his figure. Quoting

Saucier (pp.116-119):

"The general distribution of hematite-stained sandstones in the Westwater Canyon
Member on the Chaco Slope is shown in fig. 3. Surface mapping and drill
cuttings confirm that the irregular boundary of red sandstone arcs eastward from
the Church Rock mines to the village of Crownpoint and continues easterly and
southeasterly to Ambrosia dome. "
"The red-colored Westwater Canyon borders the south side of the Ambrosia Lake
mining district and ends along the San Mateo fault. The hematitic oxidation
extends up to 15 mi (24 km) downdip from the outcrop to a maximum depth of
2,000-2,400 ft (600-730 m) below the surface. In the vicinity of Crownpoint, the
lower distal edge of the red colored sandstones may be up to 1,700 ft (520 m)
below the static Water level. The oxidation has penetrated farther downdip in the
lower half of the Westwater Canyon than in the upper half because the lower
sandstones are more transmissive."
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76. Uranium associated with regional redox fronts is not unique only to the San Juan Basin.

Other basins including the southern basins in Kazakhstan (G. Fyodorov, 2005, pp.95-1 12;

Dolgopolov et al, 2004, pp.103-1 14), basins in China including the Yili Basin (Shuangxin et all,

2004, pp.79-90), SW Turpin-Hami Basin, Xinjiang Autonomous Region (Wang Jinping et al,

2004, pp. 59-68), Ordos Basin, Inner Mongolia (Chen Anping, 2004, pp. 69-78), the Tertiary

Wyoming Basins including the Southern Wind River Basin, Powder River basin, Shirley Basin,

and Great Divide Basin (Dalhkamp, 1993, pp. 290, Fig. 5.79). Uranium in the Alamosa Basin in

Southern Colorado (McCarn, 2004, pp. 289-315) is'closely associated with regional redox fronts.

Of these localities, I have visited or worked on regional redox-controlled roll-front deposits in

New Mexico, Colorado, Wyoming, Kazakhstan, Inner Mongolia and NW China.

77. This concludes my testimony.
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UraniiiG~oo~'Ris A~~hfiit yRogeo16g<Eivi rohm mntal Studies

EDUCATION
* Doctoral Candidate (Geology), Leoben Mining

University, GPA 4.0, 1997-Present. Anticipate
completion in spring, 2005.

* B.Sc. Geology, Birmingham-Southern College,
Birmingham, Alabama, 1968-1975

CERTIFICATIONS
* European Federation of Geologists: European

Geologist Title #462
* AIPG Certified Prof.Geologist CPG-10245
* Wyoming Professional Geologist PG-3031
* OSHA 40-Hour & 8-Hour Refresher HAZMAT

Certification
* Member: Society for Mining,'Metallurgy, and

Exploration (SME)
* New -Mexico "Green Zia" Environmental

Excellence Advisory Council & Pollution
Prevention

* 2002 Certificate of Appreciation from TVI
Community College for volunteer service.

GEOSCIENCE
*Project Management
* Environmental Hydrogeology
* Uranium Geology, _ Exploration, Resource

Analysis & Ore Reserve Estimation
. Basin Analysis / Depositional Environments
* Monitoring well design / construction'
* Geophysical well-log interpretation
* Performance Assessment for Nuclear Waste

Repositories
* NRC Licensing/Permitting Requirements :
* Risk Assessment,, GENII Codes.
* Nuclear Waste Management
* Economic Modeling
. Geostatistics / geochemistry
* PHREEQC, PHRQPITZ, LEHGC codes
* Field 'Equipment including' Data, loggers,

pressure transducers, GPS,' pH, EH, Ion specific
electrodes, conductivity, PID, Laser fluorimeter,
gamma spectrometer, portable geophysical well
loggers.

INFORMATION TECHNOLOGY
* Scientific and Business Systems
* Relational Database Design
* Database Management Software.
* VBA, FORTRAN, SAS, ACCESS, EXCEL
* Geoscience Computer Applications
* Numerical I Statistical Modeling
* SURFER, DIDGER, GIS Apps.
* Analog to Digital Conversion Software

Work Experience Summary
Mr. McCarn has over 25 years experience in the
uranium, environmental, and nuclear industries with
focus on project management of hydrogeological and
water-quality investigations; Mine I mill licensing and
decommissioning; Numerical Modeling; Performance
Assessment of nuclear waste repositories; Pollution
prevention; Risk assessment; Superfund. He was
overseas for 14 years in Central & Eastern Europe, Asia,
and Latin America.

Curriculum Vitae
6/2004-Present: The College of Santa Fe
Department of Computer Science; The College of Santa Fe
4501 Indian School NE Ste. 100; Alb., NM 87110
Title: Adjunct Professor

Teaching Visual Basic and Newtonian Mechanics / Physics;
Lectures in Environmental Sciences, Environmental Restoration,
Radiological Risk Analysis; Real-time programming.

1/2003-Present: MontanuniversitMt Leoben
Institut fir Geowissenschaften; Abt. fur Okosystemanalyse
Peter-Tunner-Strasse 5; A-8700 Leoben, Austria
Title: Doctoral Candidate, Doktor montanistik
* Currently completing requirements for Doctorate in Geology

(Doktor montanistik) at the Leoben Mining University, Leoben,
Austria. Anticipate completion of doctorate in spring 2005.

* Lectures in Visual Basic, EXCEL, Relational Database Design,
ACCESS, geostatistics, numerical modeling, geochemistry and
natural water chemistry. Course work focused on geology, risk
analysis, stochastic modeling, and geochemistry.

* Natural and anthropogenic multi-pathway risks associated with
naturally occurring uranium mineralization in aquifers.
Investigation of anthropogenic redistribution of regional redox-
controlled, roll-front type deposits via high-volume irrigation
pumping. Focus on Health Physics / risk analysis. Stochastic
modeling of radiological exposure based on airborne radon
releases and GENII. (ACCESS / EXCEL / VBA / FORTRAN).

* Technical review of risk study of anthropogene remobilization
of uranium mineralization into soils for Kazatomprom.

* Development of database of pre-mining geochemical baseline
data for deposits in New Mexico, Wyoming, and Texas

3/1995-Present: IPI Consulting
10228A Admiral Halsey NE; Albuquerque, New Mexico 87111
Title: Certified Professional Geologist - Self-Employed
* Licensing and environmental analysis of uranium in situ leach

(ISL) uranium mining projects, and decommissioning of
uranium production facilities. Environmental Coordinator for
Uranium Resources Inc. / Hydro Resources Inc. on the
Crownpoint / Churchrock deposit license application.

10228 A Admiral halsey NE; Albuquerque, NM 87111 USA; +1 (505) 822-1323; +1 (505) 710-3600
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* Historical water rights issues in the San Juan Basin for

Hydro Resources, Inc. (HRI) & Uranium Resources Inc.
(URI).

* IAEA Uranium Geology Technical Committee. Lectures
on economic analysis of ISL mining. Invited by Chinese
government to review newly discovered uranium districts
in NW China for ISL mining.Economic modeling of ISL
mining projects in Kazakhstan (IAEA Projects KAZ/3/003
and RAW/0/007-06) including relational database design
for data, ore-reserve estimation & analysis, and
development of a "Comparative Scalable Economic
Analysis of ISL Mineable Ore Deposit' (Oracle / Access /
VBA / Excel / FORTRAN).

* Negotiation with mining companies & governments for
joint-venture agreements for ISL uranium mining in the
USA and elsewhere. Joint-venture economic analysis
model including net present worth, cash flow, IRR, and
economic risk (VBA / Excel).

* Supply / demand analysis for uranium industry and
presentation of materials in support of HRI's Crownpoint /
Churchrock license to the Navajo Natural Resource
Council. Supported client in NRC litigation.

* Implementation of ACCESS / Visual Basic systems for
business and scientific data analysis for ITS Corporation.

* Advisory Board for Albuquerque TVI Community College
Environmental Health & Safety Department (1999-
Present).

* Contract lectures for Albuquerque TVI Community
College on environmental science and hazardous materials
management.

* Raytheon contract conversion of numerous U.S. DOE
ACCESS databases for the Albuquerque Office.
Redevelopment of DBs using Visual Basic.

* Hydrogeology Short Course for New Mexico
Environmental Health Conference October 29-31, 2001in
support of the Waste-management Education Research
Consortium (WERC).

* Design of circuitry for upgrade of gamma scintillation
counters using analog to digital converters, signal
processing, and control of data acquisition via Visual Basic
interface with laptop.

* Reviewed EIS plans for closure and decommissioning of
the Strd2 pod Ralskem and RoznA uranium production
facilities, Northern Bohemia and Central Moravia, Czech
Republic for the International Atomic Energy Agency
(IAEA) TC project CZR13/002-01 including management
of tailings, geochemical issues related to acid ISL mining,
and proposals for the disposal of contaminated process
waters.

* Review of uranium mill tailings impoundments and
remediation technologies in the Grant's Mineral Belt for
an official Kazakh delegation (June, 2000) supported by
the IAEA and ISTC. Review of tailings dewatering, hydro

barrier techniques, process chemical methods, and
regulatory requirements for closure cap.

* Theis Curve drawdown codes for semi-automatic
matchpoint selection for analysis of formation
characteristics. (EXCEL/VBA)

* Visual Basic / EXCEL redesign of variography (from
EDAVAR) for simplified user interface.

* Detailed plans, costing, and contracting for mine site
restoration including negotiation with regulators.

* Contract with Duke Engineering for the review of the
Yucca Mountain Site Characterization Report.

* Developed concepts for Chernobyl-contaminated biomass
power engineering projects including the Ecological
Commerce Zone (ECOCOM) and deep-well disposal
options for 137Cs contaminated material in coordination
with the Sosny Laboratories in Belarus and the Belarus
Ministry of Energy.

1/1998-8/1998: Tactical Staffing Resources, LLC / Sandia
National Laboratories Dept 6832
1700 Louisiana Blvd. Suite 210; Albuquerque, New Mexico
87110 USA; Fax +1-505-262-2408
Title: Hydrologist; Supervisor: Dr. Malcolm Siegel, Sandia
National Laboratories
Reason for Leaving: End of Contract
* Staff Augmentation contract to modify, debug & document

mineral-solution equilibria and transport modeling codes
(LEHGC and PHRQPITZ) applied to Performance
Assessment (PA) of the Waste Isolation Pilot Plant (WIPP)
transuranic waste repository. The LEHGC (Lagrangian-
Eulerian HydroGeoChemistry) code is a coupled finite-
element groundwater code allowing geochemical models
of advection and diffusion to be developed. PHRQPITZ, a
chemical equilibria code using a Pitzer correction for brine
environments, was modified, and documented along with
the preparation of QA/QC documentation.

11/1992-3/1995: INTERA, Inc. (Duke Engineering)
1650 University Blvd. NE; Suite 300; Alb., New Mexico
87102-1732
Title: Senior Staff Consultant; Supervisor: Marsh Lavenue;
FAX: +1-505-246-2600
Reason for Leaving: Begin IPI Consulting & work in
Belarus
* As a member of the WIPP PA group, developed

geostatistical elements for inverse groundwater modeling
(GRASPINV). This code employed a synthetic "pilot
point" technique to calibrate transient heads with
transmissivities. Applied to the groundwater modeling of
the Culebra dolomite, a primary pathway to the accessible
environment, in estimating the release of radionuclides
through time.

* Developed the geostatistical Exploratory Data Analysis
and Variography (EDAVAR) code, which provides 8
different variogram, alternative variogram, and cross-
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variogram estimators, and several measures of central
tendency (e.g. mean, median, trimean, etc.). EDAVAR can
perform equal-N or equidistant lag calculation, semi-
automatic management of geometric anisotropism, semi-
automatic fitting of II different models (e.g. spherical,
gaussian, exponential, etc.) using non-linear weighted least
squared error (L2) and weighted least absolute error (LI)
techniques.

* Developed AKRIP 11 from UVKRIG V2.0 and the older
MIT AKRIP for ordinary and universal, point and block
kriging using both equidistant and Gauss point quadrature
for block kriging, nested variogram structures, modeling of
geometric and zonal anisotropism, selection of individual
monomials in universal kriging, spatial probability
estimators for exceedence of a criteria, cross-validation,
and interface with groundwater codes

* Support for the U.S. Department of Defense, Defense
Nuclear Agency (DNA) collateral effects database of
nuclear fuel cycle facilities. Provided coordination
between the DNA and the IAEA for exchange of
information.

1/1991-11/1992: P.E. LaMoreaux and Assoc.
P.O. Box 2310; Tuscaloosa, Alabama 35403 USA;
Title: Project Manager; Supervisor: Dr. Travis Hughes
Reason for Leaving: Offer from INTERA
* Project management of Phase I and 11 environmental

hydrogeological site assessments for large industrial
clients (Chrysler) and negotiation with regulators.
Characterization of depositional environments at the
Lowry Landfill, Colorado (Superfund site) and preparing a
review of "accepted" technologies used since the 1950's
for hazardous waste management in the Stringfellow
(Superfund) litigation.

* Review of the Nebraska -LLRW state compact nuclear
repository focused on the site hydrogeochemistry,
depositional environments, issues related to groundwater
modeling, and presence of natural radionuclides at the site.

* As an International Atomic Energy Agency (IAEA) expert
(MEX/9/035-2), evaluation of hydrogeological
characteristics of two localities in Mexico, the proposed
Laguna Verde LLRW site, and the existing Maquixco
LLRW site. The report resulted in a recommendation to
the Mexican Government to immediately close the
Maquixco facility and to remove all source-term from the
repository.

* Support for litigations including the collection,
preparation, and presentation of evidence for
hydrogeological and environmental issues as well as
reviewing opposition depositions, preparing lawyers for
direct and indirect examination of witnesses, and preparing
other expert witnesses for testimony. Giving legal
depositions and courtroom testimony.

* Design and implementation of instrument stations to detect
tidal influences in the interior of the Mobile Delta as well

as the analysis of tidally influenced depositional
environments in the delta. These data were used in a
litigation to determine ownership of oil and gas rights and
were presented in courtroom testimony.

* Design and implementation of monitoring well systems for
remedial hydrogeological investigations. Work included
negotiation with regulators on the extent and requirements,
contracting with drillers and environmental support
contractors, managing drillers and well-site geologists,
construction of wells, development of wells, establishing
QAIQC programs for monitoring well networks, and
interpretation and reporting of the resulting data.

4/1988-12/1990: Leoben Mining University
Institut fMr Geowissenschaften; Abt. Ffr Okosystemanalyse
Peter-Tunner-Strasse 5; A-8700 Leoben, Austria;
Title: Guest Scientist; Supervisor: Prof. Dr.mont. J.
Wolfbauer
Reason for Leaving: Return to USA & Offer from P.E.
LaMoreaux & Associates
* Development of spatial EDA and exploratory geostatistical

techniques for groundwater quality assessment at Leoben
Mining University. Focus on kriging algorithm stability
and numerical precision.

* Water-quality, depositional environment, and
hydrogeochemistry of heterogeneous basins / aquifers in
Austria. Negotiation with ministries developing ground
water quality criteria and methods. Negotiation with
neighboring countries (Slovenia, Slovakia, Czech
Republic, Hungary) regarding shared hydrogeological and
geoscience issues.

* Water Quality investigation of the Tullner Feld, Austria.
Danube watershed. Impact caused by long-term irrigation
in the Tullner Feld.

6/1980-4/1988: International Atomic Energy Agency
Nuclear Materials & Fuel Cycle Technology Section; P.O.
Box 100; A-1400 Vienna, Austria
Title: Tech. Officer P3; Supervisors: John Patterson,
Mohamad Tauchid
Reason for Leaving: End of contract & offer from Leoben
Mining University
* Front-end to back-end experience in the nuclear fuel cycle

including developing the IAEA Nuclear Fuel Cycle
Information System (NFCIS) of all non-reactor nuclear
facilities worldwide. IAEA world atlas of uranium
deposits (INTURGEO). International uranium deposit
classification system with recognition criteria.

* Scientific secretary of geological data integration
Technical Committee; Long-term supply / demand
analysis of uranium including the update of the RAPP
computer model. Development and field implementation
in Member States of the MicroGAS geochemistry package.
Participated in the International Uranium Resource
Evaluation Programme (IUREP) and provided
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interpretation of country geologic data for estimating
speculative uranium resources.

* Participated in the International Uranium Resource
Evaluation Programme (IUREP) and provided
interpretation of country geologic data for estimating
speculative uranium resources including the RAPP3
(Resources and Production Projection) computer model.
The RAPP model was used to provide long-term supply /
demand analysis.

* Developed comprehensive world atlas (relational and
KWIC database) of uranium deposits (INTURGEO) which
included thousands of uranium occurrences and deposits
worldwide and over 3,400 within the United States based
on the National Uranium Resource Evaluation (NURE)
program.

* IAEA Scientific Secretary for the development of an
international uranium deposit classification system with
recognition criteria.

* Technical Mission to Brazil related to INTURGEO and
reviewing the geology of the Pocos de Caldas caldera and
the Osamu Utsumi uranium - molybdenum mine.

* Scientific secretary of geological data integration
Technical Committee focusing on the integration of
exploration tools using GIS and other information systems
including LANDSAT, SPOT, drilling data, geochemical,
and geological mapping data.

* Documentation, testing and publishing of a Grand
Junction-DOE developed ore reserve analysis package
called URAD (Uranium Reserves and Data) with Paul
DeVergie.

9/1975-6/1980: Bendix Field Engineering Corp.
Grand Junction, Colorado, USA
Title: Geologist III; Supervisor: Robert C. Horton
Current Contact: Dr. William A. Chenoweth;
Tel/Fax: +1-970-242-9062
Reason for Leaving: Offer from IAEA
* Minerals exploration of 60,000 km2 in southern and

southeastern Colorado, Kansas, Oklahoma, Wyoming,
Utah, and New Mexico for uranium favorability in NURE
program. Responsible for analysis of surface geological /
geochemical / depositional environments as well as
subsurface geophysical investigations.

* Identified favorable targets in the San Luis Valley of
southern Colorado for "Wyoming-type" roll-fronts in the
Tertiary / Quaternary Alamosa Basin defined by borehole,
hydrogeologic, and hydrogeochemical data from artesian
wells. The favorable area, about 60 km in length, is in the
distal portion of the Rio Grande Fan in a zone of
interfingering lacustrine, overbank muds, and sand
deposition characterized by abrupt redox color changes in

the sediments. The reduced sediments are methanogenic
with abundant peat

* Identified favorable targets in the Sangre de Cristo
Formation for peneconcordant, channel-controlled
sandstone-type deposits based on presence of
mineralization and depositional environment.

* Basin analysis software and database tools for preparation
of isopachus, net sand, sand to shale ratio, structure, and
other lithologic maps for major basin studies.
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Computer A plications by D. McCarn
System Date Platform Function

VB 6.0 2004 IBM-PC Data Logger
ACCESS Loosely-coupled, multi-threaded Visual Basic application to simultaneous obtain data

from multiple instruments in a real-time environment. Current focus is for GPS and
scintillation counters.

EXCEIJVBA/ 2003-2004 IBM-PC GENIIStoch
FORTRAN Stochastic modeling package utilizing the GENII radiological dose codes. Used to

simulate dose effects based on multivariate parameters.

EXCELfVBAI 2003 IBM-PC LAB-CONVERT
ACCESS Conversion of paper laboratory report data via OCR to ACCESS database of baseline

geochemistry of ISL uranium mining operations.
EXCEL/VBA 2002 IBM PC Theis Matchpoint

An EXCEL / VBA program utilizing pump test data to automatically fit non-linear
matchpoint curves to estimate hydrologic properties of an aquifer. Includes Winsoring
errors to reduce bias from outliers.

EXCEL/VBA 2002 IBM-PC Uranium Supply-Demand
An EXCEL / VBA program used to estimate world annual / cumulative uranium demand
based on operating experience of world reactors. Uses estimates of production capacity I
cost to meet demand. (See RAPP3D)

ACCESS 2002 IBM PC & Innovative Scientific Technoloes Corporation
Development Servers Development of EXCEUACCESSIVBA applications to support programs.

ACCESS 2001 IBM PC & US Department of Enerev
Conversion Servers Conversion of U.S. Department of Energy Databases from Access 2.0 and '97 to Access

2000. Re-development of Visual Basic & upgrade of DB definitions and functionality.

VARIOG 2001 IBM PC Exploratorv Variogranhv
EXCEL/ VBA Update of EDAVAR to run in EXCELIVBA. Capabilities include 32,000 data points,

reasonably unlimited number of pairs, 500 lags, up to four, nested variogram structures,
and equal N lags calculation. EDAVAR provides numerous variogram, robust
variogram, correlogram, and cross-variogram estimators. Uses 8 different models
including spherical, quadratic, penta-spherical, gaussian, exponential, power, Hole-
effect, and cubic.

MINE SALE 2000-2001 IBM PC ISL Mine Sale Economics
EXCEL I VBA Optimum economics of investment strategies for ISL uranium mining. Given estimated

costs and prognosticated prices, uses stochastic approach to estimate investment risk.
Calculates NPW, cash flow and IRR and compares to MARR.

ISL 1999-2001 Fortran 90 Comparative Scalable In Situ Leach Uranium Mine Economics
Economics EXCEL / VBA Iterative program developed to incorporate ore-reserve analysis data from URAD or

Geostatistical (AKRIP II) data with estimates of mining costs and benefits. Includes
URAD capital and operating costs related to all aspects of mining and provides methods for

prognostication of uranium prices. Uses Net Present Worth and Benefit / Cost Analysis
techniques for mine life. Stochastic Modeling for risk analysis.

Kazatomprom 1999-2000 ORACLE Uranium Ore Reserve Analysis Database
Fox Pro Review ofDB requirements for the National Atomic Company Kazatomprom

URAD Server / PC (Kazakhstan) for the development of database management and analysis methods for In
Platforms Situ Leach (ISL) uranium mining in the Republic of Kazakhstan. Recommendations

included hardware and software systems to support exploration and mining database of
over 100,000 boreholes and included geophysical, analytical, and descriptive data for
province-wide development of resources. Applications included the URAD system
described below. Contracted through International Atomic Energy Agency (IAEA).

PIIRQPITZ 1998 Fortran 90 Pitzer-Corrected Geochemical Model:
IBM-PC PHRQPITZ was modified to permit discrete calculations of changing brine chemistry

and present data in a easily readable computer format. Work included QA benchmarks
and documentation.
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LEIIGC 1998 Fortran-90 Coupled Groundwater - Geochemical Model:
IBM-PC Development of geochemical models using PHRQPITZ and LEHIGC and spreadsheets

for brine mixing scoping calculations for the WIPP El brine intrusion scenario in the
Culebra Dolomite.

EDAVAR 1992-1996 Fortran-90 Exploratory Data Analysis & Variography:
IBM-PC * EDAVAR provides extensive exploratory methods as well as classical variography

for the interpretation of the covariance structure of spatial data.

* Provides numerous variogram, robust variogram, correlogram, and cross-variogram
estimators, and several measures of central tendency (e.g. mean, median, trimean, etc.).
EDAVAR can perform equal-N or equidistant lag calculation, semi-automatic
management of geometric anisotropism, semi-automatic fitting of II different models
(e.g. spherical, gaussian, exponential, etc. using non-linear weighted least squared error
(L2) and weighted least absolute error (LI) techniques.

UVKRIG 1992-1995 Fortran-90 UVKRIG V3.0 1 AKRIP 11:
V3.0 IBM-PC & UVKRIG V3.0 provides a complete package for ordinary and universal, point and block

Workstation kriging using both equidistant and Gauss point quadrature for block kriging, nested
variogram structures, modeling of geometric and zonal anisotropism, selection of
individual monomials in universal kriging, spatial probability estimators for exceedence
of a criteria, cross-validation, and interface with EDAVAR as well as SWIFT and other
groundwater codes.

GRASPINV 1992-1995 Fortran-77 190 GRASP INVERSE
IBM-PC I Inverse groundwater model based on finite difference codes SWIFT and GRASP

Workstation developed to calibrate the transmissivity field with measured heads using a synthetic
"pilot-point" method. Used to study of the Culebra dolomite pathway for WIPP.

UVKRIG 2.0 1988-1991 Fortran-77 Universal Kricine V2.0
IBM-PC and Point and block, ordinary and universal kriging with focus on equation solution methods

VAX & numerical precision. Program allows the user to select monomials in the polynomial
used in universal kriging. Published in Computers & Geosciences, V. 18, No. 9,
pp.1 127-1167

GEOSTAT 1988-1991 VAXIVMS Geostatistics Packaze
Variography / kriging / geochemical data analysis package for the Leoben Mining
University. Upgraded the GEOSTAT package for Exploratory Data Analysis for
hydrogeochemical application.

URAD 1988 Fortran-77 Uranium Reserves and Data
IBM-PC / Ore reserve calculation system based on USDOE codes from Grand Junction.

Mainframe Implemented as part of an IAEA program for Kazatomprom.
RAPP3D 1982-1989 Fortran-77 / SPF Resource and Production Proiection

IBM Mainframe Demand fitting macroeconomic resource development model based on resource
favorability by area (country), deposit type, resource development factors, and demand.

INTURGEO 1980-1988 ADABAS/ International uranium Geolozy Information System
NATURAL ISIS I Compiled database of uranium deposits and occurrences worldwide. This has become a

SAS standard publication of the IAEA and has been published twice.

NFCIS 1980-1988 ADABAS I Nuclear Fuel Cycle information System
NATURAL Details of all Nuclear Fuel Cycle Facilities technical characteristics including uranium

IBM Mainframe mills, conversion, enrichment, reconversion, fuel fabrication, zircon production, zircalloy
facilities, at-reactor spent fuel storage, away-from-reactor storage, and reprocessing.
NFCIS has been published four times.

MicroGAS 1980-1982 Fortran-77 Micro - Geochemical Analysis System
PDP-I I Redeveloped the MicroGAS (developed originally in Canada) as turnkey, interactive

RSX-IIM+ package for installation by the IAEA.

Stratigraphic 1975-1980 Fortran Stratieranhic Analysis Package
Analysis Stratigraphic analysis including database for well log data; structural top & bottoms;
Package isopachus, net sands, sand-shale ratio for ongoing exploration activities.
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Technical Committee Meeting on Recent Developments in
Uranium Resources, Production, and Demand - L4E4 INEA, June 10-13,1997

I Fig. 8: Stacked Roil Fronb in the SE Y. of Section 24 at Crownpoint
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Uranium deposits of the Inkay - Mynkuduk ore field, Kazakhstan

G.V. Fyodorov

Atomic Energy Agency, Kazakhstan

Abstract. As a result of the planned exploration of South Kazakhstan basin, the unique Chu-Syrdarya uranium
region (ChSR) was discovered. The uranium ore of this region is located in the Cretaceous and Palacogene
sediments. Main ores are located in the Cretaceous sediments. The most interesting part of this region is the
Inkay-Mynkuduk Ore Field (IMOF) containing 36% of the total ChSR resources and including 2 large deposits
in the Cretaceous sediments. Uranium deposits arc connected with the bed oxidation zones (BOZ). These zones
extend in the aquifers up to 500 km from Tyan-Shan mountain system and create a regional redox front and
uranium bodies. The BOZ role developed in the uranium mobilization from sediments when 130Z were
developing in the aquifers and in the transportation and precipitation of uranium at the gcochemical barrier of the
rcdox front. Therefore it is proposed to name such deposits "BOZ deposits". In the area of the IMOF,
12.6 thousand wells amounting to 4.4 million m are drilled with a direct cost of S153 million. The IMOF
contains 460 thousand tons of uranium. Ores arc located in the easily permeable sediments in the form of
extensive (up to 10-20 km) winding in a plane ore bands of up to 400-500 m in width. Productivity of the
orebody amounts to 4-7.5 kg/ni2. Successful field in-situ leaching (ISL) tests were being carried out at both
deposits. In the east part of the Mynkuduk deposit, effective uranium extraction is now being carried out. Taking
into account the high concentration of uranium orebodies in the area and their favourable technological
parameters, IMOF is priority area for industrial development.

1. Introduction

In 1956, the space connection between the uranium ore and boundaries of the yellow oxidated
sand sediments of aquifers was revealed by geologists Mazin and Pechenkin (Uzbekistan).
These oxidated sands were later named a bed oxidation zone (BOZ). Beginning in the 50s, the
depression structure territories of the former USSR were subjected to extensive research to
find uranium deposits similar to those discovered in Uzbekistan. Favourable conditions for
the formation of a BOZ and uranium deposits connected with a BOZ were formulated soon as
follows:

-. Hydrodynamic situation of the artesian basin of infiltration type,
- Arid climate conditions of the ore deposition epoch,
- Favourable lithology-geochemical type of host rocks (gray-coloured, easily permeable

sediments).

With these conditions in mind, the most favourable territories were the Southern regions of
the former USSR, including Southern Kazakhstan. Investigations carried out here led to the
discovery of the greatest uranium region in the world, Chu-Syrdarya (ChSR), which forms the
foundation of the Kazakhstan's mineral base (Fig. 1).

ChSR comprises the main parts of the Chu-Sarysu and Syrdarya basins separated by the
Karatau Range and includes uranium ore both in Cretaceous and Palaeogene sediments. The
most interesting is the ore in the Cretaceous sediments, amounting to 80% of total ChSR
resources. The ore belt in the Cretaceous rocks extends for several hundreds kilometres and
includes large and unique uranium deposits (Fig. 2). The portion of this belt located in the
Chu-Sarysu Basin is the most productive and includes the Zhalpak, Mynkuduk, Inkay and
Budyonovskoe deposits. The largest-scale, explored deposits in this part of the Cretaceous
belt are the Inkay and Mynkuduk, forming the joint Inkay-Mynkuduk Ore Field (IMOF)
including 460 thousand tons of uranium resources.
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Deposits: 1) Kurday, 2) Botaburum, 3) Kyzylsay, 4) Djidcly, 5) Manybay, 6) Balkashino,
7)Ishimskoc, 8) Zhalpak, 9) Akdals, 10) Mynkuduk, 11) Inkay, 12) Budyonovskoe, 13) Irkol,
14) North Karamurun, 15) South Karamurun, 16) North Harasan, 17) South Harasan, 18) Zarechnoe,
19) Uvanas, 20) Moyunkun, 21) Kanzhugan, 22) Sulushokinskoc, 23) Semizbay, 24) Koldjat,
25) Nizhne-lliyskoe, 26) Kopalysay, 27) Zaozyornoe, 28) Agashskoe, 29) Shatskoe, 30) Glubinnoe,
31) Slavyanskoe, 32) Chaglinskoe, 33) Grachyovskoe, 34) Kosachinoc, 35) Fevralskoc, 36) Vostok,
Zvyozdnoe, 37) Viktorovskoe, 38) Kamyshovoe, 39) Ulken-Akzhal, 40) Djusandalinskoe,
41) Melovoe, 42) Tomak, 43) Tasmurun, 44) Taybogar.

FIG. 1. Uranium deposits and ore regions in Kazakhstan.

Planned research of ChSR by drilling was begun in 1961. The first exploration was carried
out in the territory of the Syrdarya Basin on the west Karatau Range incline. Exploration was
undertaken with the understanding that the ore-forming BOZ expands from the Karatau
Range. But the searches of the first stage did not lead to big discoveries. Only the small
Kyzylkol and Chayan deposits were discovered.

The region of the Chu-Sarysu Basin was not initially a priority region due to a speckled-
coloured type of Cretaceous sediments filling the Basin. The situation changed when the
Uvanas deposit in the Palaeogene sediments was discovered in this region in 1963. Facies
maps for every Cretaceous horizon of the Chu-Sarysu Basin were created. Using analysis of
these maps the reconnaissance drilling profiles were carried out. These searches led to the
discovery of the Zhalpak deposit in the upper Cretaceous sediments. In addition, the existence
of the gray-coloured sediments in the Cretaceous series was demonstrated and occurrences of
BOZ were revealed.
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I) Outcrop of Prc-Mesozoic rocks, 2) Area of the bed oxidation zone development on whole thickness
of Cretaccous-Paleogene sediments, 3) Area of the bed oxidation zone development of Cretaceous
sediments only, 4) Redox-front a) in Paleogene sediments, b) in Zhalpak horizon of the top of upper
Cretaceous, c) in Mynkuduk-Inkuduk horizon of middle part of upper Cretaceous, 5) Industry uranium
deposits amenable for ISL, 6) Ore fields of the industry uranium deposits, 7) Unprofitable uranium
deposits, 8) North boundary of the artesian water.

Industrial depsolts: 8) Zhalpak, 9) Akdala, 10) Mynkuduk, 11) Inkay, 12) Budyonovskoe, 13) Irkol,
14) North Karamurun, 15) South Karamurun, 16) North Harasan, 17) South Harasan, 18) Zarechnoc,
19) Uvanas, 20) Moyunkum, 21) Kanzhugan
Non-Industrial deposits: 51) Sholak-Espe, 52) Kyzylkol, 53) Lunnoe, 54) Chayan, 55) Zhautkan,
56) Asarchik.

FIG. 2. Distribution of uranium deposits in the Chu-Syrdarya ore region in Kazakhstan.
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Further researches led to the understanding of the regional character of BOZ development
from the Tyan-Shan mountain system, located to the south, and not from the Karatau Range
as was believed earlier. This fact essentially influenced the direction of exploration. It was
established that BOZ has expanded over a long period since the Oligocene. In the Quaternary,
in connection with the uplifting of the Karatau Range, the area of the BOZ redox front was
separated in two places located in the Chu-Sarysu and Syrdarya Basins. The end of the BOZ
or the BOZ redox front is located at the favourable gray-coloured channel sediments among
speckled-coloured sediments of the flood plain and laguna facies, which really are extensive
throughout the majority of the Chu-Sarysu Basin. The regional character of the BOZ
expansion and the existence of large river systems in the Cretaceous created conditions for the
formation of the almost continual ore-bearing BOZ redox front in the sediments of these
systems, and thus, the formation of the greatest uranium region in the world. The most
interesting part of this region, as was told above, is the IMOF.

2. Geological characterization of IMOF

2.1. Stratigraphy andformation history of the sediments and aquifers of the IMOF

The region of the IMOF is located at the edge part of the large Turan Plate in the central part
of the Chu-Syrdarya Basin. The Basin is filled with friable sediments from the Cretaceous to
the Quaternary. Lithified subplatform sediments of the middle-upper Palaeozoic lie in the
foundation of the Basin. Friable platform sediments are continental Cretaceous of up to 320 m
in thickness and shallow-marine and marine Palaeogene sediments of up to 200 m in
thickness. The Cretaceous- Palaeogene series is overlaid by the red-coloured sandy-clay
Oligocene- Quaternary rock complex. The formation of these sediments is connected with the
young Alpine orogeny and mountain uplift in the East and, mainly, in the South-East in the
region of the Tyan-Shan mountain system.

From the analysis of the regional history it is very important to emphasize the following: 1)
the formation of the thick permeable Cretaceous series; 2) the universal existence of the
overlaying marine Palaeogene clay series is able to play the role of regional upper
confinement; 3) the intensive uplift of the Tyan-Shan mountain system in the Southeast of
region, which allowed the active penetration of oxygen-bearing waters into the aquifer of the
friable platform sediments; 4) the formation of the large infiltration type Chu-Sarysu artesian
basin.

Cretaceous sediments, including all profitable uranium ore at the IMOF, play the main role in
the sediment series of the region. Cretaceous rocks are sediments of the large alluvial plain
and are, mainly, grained sediment from fine-grained sand to gravel. Clay rocks amount to not
more thanIO-20% of series. In this case, clay beds, as a rule, have a small thickness and do
not expand very much. This fact creates some difficulties in separating the series on the
horizon and subhorizon. The separation of such stratigraphic units is very important for
jointing ore intervals at different well profiles. This was especially important during the first
stages of the search, when the inexplicit jointing could lead to mistakes in choosing the
direction and in density exploration well profiles and leading to lagging exploration tempos
and cost increases.

Using the data of the sediment cycle and electro-logging (Fig. 3), Cretaceous sediments were
separated on the 3 horizons with an increase in thickness in an East-West direction. There are
different opinions about the age of these horizons. After consideration, the European
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stratigraphic scheme was accepted. Nevertheless, the original horizon names will be used as
was accepted in practice.
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FIG. 3. Lithology - stratigraphical column of IMOF.

The lower horizon is mynkuduksky (mk), dated as Lower Turonian. The thickness of the
horizon varies from 30 up to 90 m. All of the lower part is generally made up of more coarse-
grained sediments. The upper part, being the end of the alluvial cycle, is made up of more
fine-grained sands. Uranium ore is located, mainly, in the lower part of the horizon.

The superstratum inkuduksky horizon (ink) dates to the Upper Turonian-Santonian, is the
most thick (130-150 m). The mynkuduksky horizon is separated clearly on three subhorizons
(mk,, mk2, and mk3). These subhorizons are not separated by clear confinements, but their
alluvial cycle characteristic allows us to separate them as individual units of a series. Uranium
ore is generally located in the lower and middle subhorizons.

The upper horizon, called the zhalpaksky and dated as Campanian- Maastrichtian has been
researched the least because it includes uranium ore in the East part of IMOF only (Akdala
section). The sediments of this horizon are characterized by less granularity and higher
organic carbon content in the lower part of the horizon.

Cretaceous sediments are 80-90% grained rocks. Sands in the mynkuduksky horizon are,
mainly, presented by medium-grained, and the inkuduksky contains hetero-grained sand with
gravel. The mineralogical sediment content presented in Table I shows that 80% of consist is
practically insolvable debris.
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The tectonic elements and structural features of the Palaeozoic basin foundation surface
feebly influence the distribution of the orebodies in the Cretaceous sediments within the
IMOF area. Nevertheless, such influence at the Mynkuduk deposit is revealed in the locations
of Akdala and East sections and in the orientation of the Central section (Fig. 7). At the Inkay
deposit, the connection of the orebodies with the structural elements is less noticeable.

The Cretaceous and Palaeogene sediments are hydrogeologically complex, including a huge
volume of the underground waters of the artesian Chu-Syrdarya Basin. The area of recharge is
watershed of the Tyan-Shan mountain systems. The Tyan-Shan caused the hydrodynamic
regime of Basin and the NW direction of the underground water movement. This direction
was preserved despite the Karatau Range uplift in the Quaternary. The uplift of the Karatau
Range had little influence on the basin hydrodynamic. Change of the mineralization and the
direction of the underground waters are noticeable near the Range only, and are practically
non-existent in the IMOF region. The discharge of the underground waters occurs in a
direction away from IMOF. The natural velocity of the ground waters movement is not more
that 2m/year. Mineralization of Cretaceous waters varies from I to 6 g/l. The Palaeogene
water is fresh. It is a water source for use by the local population. IMOF aquifer
characteristics are shown in Table 2.

2.Z. BOZdevelopmentformation and morphology of ores

The BOZ is a unique geological element of the environment of Southern Kazakhstan and
greatly influenced the development and formation of the uranium ore. It is very important to
examine the BOZ peculiarities because their existence is the main factor contributing to the
development of such a large-scale ore formation.

The BOZ extends 500 kIn from the Tyan-Shan mountain range. The infiltration nature of the
artesian basin and continued (beginning from Oligocene) period of BOZ development created
very favourable conditions for BOZ expansion. In addition, the mostly speckled-coloured
character of the basin sediments did not require essential oxygen consumption as the oxygen-
bearing waters filtered through the permeable sediments. Therefore the redox front expanded
such a significant distance and is located in the gray-coloured sediments of the palaeovalleys
of the latitudinal extension at the Mynkuduk deposit and the meridional extension at the Inkay
deposit. Karatau uplift did not influence the redox front position and formation of the
orebodies. In any case, specific curvatures of orebodies in plan (Figs 6 and 7) show NW
Tyan-Shan waters movement vector.

Expanding on the significant distance, the BOZ oxidated the large volume of sediments. The
BOZ also mobilized and transported a large uranium quantity of uranium from the oxidated
rocks. At the same time, organic material was also oxidated with the generation of
hydrocarbon gases on the redox front. The accumulation of hydrocarbon gas has been
determined through the analysis of drilling core samples. Grade hydrocarbon gases exceed
normal level on the redox front up to 4-8 times. This fact is very important because it explains
the large-scale ore formation on the redox front. The matter is that the mynkuduk and inkuduk
horizon sediments are characterized by a low organic carbon content (not more than 0.04%).
This quantity is, apparently, not enough for the creation of the essential reducing conditions.
Therefore, the role of gases in assisting the creation of the essential reducing conditions is
exceptionally important. The influence of the gas could also help explain the existence of the
orebody over-such a large area. In this way, BOZ directly fulfilled several functions. These
include uranium mobilization from oxidated sediments and transportation in a dissolved
condition over significant distances; reduce condition formation on the redox front; uranium
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precipitation on the redox front. In this case, the BOZ is the ore-generating and ore forming
agent. Therefore, the uranium deposits formed in the friable sediments at the redox front
should be named the BOZ deposit, as we name, for example, the vein deposits.

BOZ does not end simultaneously in the series as a whole. In connection with the different
permeability levels of the different horizons and subhorizons, the BOZ is separated on several
oxidation tongues penetrating the bed dip at differeiit distance (Fig. 4). The inkuduk horizon
has the most permeability, as will be shown below under the deposits descriptions. Therefore,
the redox front in the inkuduk horizon extends the 10-18 km further than in the mynkuduk
horizon (Figs 6 and 7).

In connection with the alluvial character of sediments, separated horizons and subhorizons are
large sediment macrocycles. They are separated on the great number of microcycles with
different permeability, in which small tongues from 1-2 to 5-10 m in thickness are developed.
At the ending of such tongues, in favourable conditions the orebodies are formed as rolls with
different extension wings, and bed bodies which have a form depending on the lithological
composition of sediments. Different conditions caused the variety of the morphology
orebodies (Fig. 5). Nevertheless, the main morphology elements are the bag part and wing
parts of the rolls. The bag part attains some 10-20 m in thickness, and the wing parts attains
several metres as well. Uranium ore extends sometimes along the redox front for 10-20 km,
forming the highly profitable orebodies.

3. Description of the uranium deposits

The IMOF is part of the Cretaceous ore belt, and includes the Inkay and Mynkuduk deposits.
Generally speaking, the boundaries establishing between deposits in the cretaceous ore belt is
great conventionally. They are determined by the organization of the exploration works, the
carrying out of field ISL test, the conditions of the reserves calculation and their approval in
the State Reserve Commission. Nevertheless, the Inkay and Mynkuduk deposits are located in
different channels system and this fact caused some differences.

3.1. Inkay deposit (21

The Inkay deposit extends 65 km from north to south with a width of 18 km, and is the largest
deposit of Kazakhstan (Fig. 6). Ore is located in the different subhorizons of the mynkuduk
and inkuduk horizons, forming 9 productive beds with different productivities on the
extension. The depth of orebodies is from 260 to 525 m.

Research of the deposit was carried out from 1976 to 1991. For this period, in the area of the
deposit 4623 wells of 2.027 thousand m volume were drilled at a cost of $82 million
(determined by the rate of rouble). The ore zone is continually traced throughout the whole
area. The area of the deposit was separated into the 4 sections (Fig. 6). Details of ore
determined by exploration works shown in Table 3. The most detailed works have been
carried out at the sections Mel and X 2 (96% of total RAR). In addition, at the section Nil the
field ISL test has been carried out and this section has been prepared for industrial activity in
accordance with the State Reserve Commission conditions.

The ore at the Inkay deposit has been researched in the all horizons and subhorizons. Most of
the detailed works in the mynkuduk horizon were carried out at the section Kel. Here the ore
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zone is 95% located in orebody extended over II kIn, and 706 thousand metres of wells were
drilled. The distribution of uranium ores in the horizons, taking into account the researching
in detail, is shown in the Table 3. The inkuduk horizon including 65% ores is the main ore-
bearing horizon at the Inkay deposit.

Both horizons are filled, mainly, by permeable rocks. Presented in Table 4 is the distribution
of the permeable and impermeable sediments on the horizons, showing that 80-90%
Cretaceous sediments are permeable rocks. Permeable sediments in the mynkuduk and
inkuduk horizons essentially differ in their granulometric composition (Table 5). In the
mynkuduk horizon, the medium-grained sand is predominant (65%) and in the inkuduk
horizon the role of coarse-grained sand and gravel essentially increases (35%). In addition,
comparing the granulometric composition of the ore sands and non- ore sands reveals no
practical differences.

The orebodies in the cross-section have a roll form with developed bag and wing parts. Bed
orebodies are more uncommon. The redox front in the plan is very winding, therefore, under
the 65 km deposit extension the total length of the redox front in all the subhorizons is 427 km
in the mynkuduk horizon and 726 km in the inkuduk horizon. In this connection, the ore-
bearing portion of the deposit essentially increases.

Table L. Mineralogical content of Cretaceous sediment sands of the IMOF on the horizon, %

Mynkuduk-sky, Inkuduk-sky Zhalpak-sky,
Minerals mk ink 9P

Quartz 65.01 71.02 74.45
Insolvable Siliceous debris 14.05 12.55 6.21

Accessory minerals 0.03 0.06 0.10
Total 79.09 84.53 80.76

Feldspar, muscovite, biotite,
Hardly caolinite, montmorillonite, 20.23 14.94 18.21
dissolvable limonite

Calcite, siderite, pyrit,
Dissolvable marcasite 0.68 0.53 1.03

Total 100 100 100

The ore is presented by coffinite (18%) and nasturan (82%). The technological parameters of
the ore, presented in Table 6, demonstrate favourable peculiarities of the Inkay deposit ore for
the ISL method. This conclusion is confirmed by the result of the field ISL test using
sulphuric acid technology. The recovery coefficient of the test is 84.7% with an acid
consumption of 47.7 kg/kgU.
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FIG. 4. Schematic cross-section of Cretaceous-Paleogene series at the IMOF.
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FIG. 6. Orebodies situation map of Inkay deposit.
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a I 3 4

1) Redox front and uranium orebodies in horizons: a) Zhalpaksky, b) Inkuduksky, c) Mynkuduksky,
2) Profiles of drilling holes, 3) Faults, 4) Isohypses of Paleozoic foundation surface.

FIG. 7. Orebodies and section distribution at the Mynkyduk deposit.

3.2. Mynkuduk deposit l11, 131

The Mynkuduk deposit is the continuation to the East of the Inkay deposit, and extends 65 km
from West to East. Exploration at the deposit is completed (the RAR is 95%).

Exploration was carried out from 1975 to 1989. During this period, 7955 wells were drilled
with a total volume of 2373 thousand metres volume. Costs were $71 million.

As distinct from the Inkay deposit, the sections with nature boundaries are presented at the
Mynkuduk deposit (Fig. 7). The most interesting sections (Table 7) are the Central (36.9% of
RAR) and East (21.8% of RAR).

Orebodies, mainly, are located in the mynkuduk horizon sediments (76%). The inkuduk and
zhalpak horizons include, respectively, 11% and 13% (Table 7).

All horizons are presented, mainly, by permeable sediments (Table 8). As distinct from the
Inkay deposit, the sediments of the Mynkuduk deposit are characterized by relatively uniform
consist. Medium-grained and fine-grained sands are predominant except in the inkuduk
horizon in which the presence of coarse-grained sands and gravel noticeably increases
(Table 9).
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Table 11. Paramnetres of aquifers of IMOF

Horizon Depth of Yield of Filtration Mineralization, Compound
Horizon Deposit thickness, piezometric level, well, coefficient, g/1

m m Vs m/d

Sulphate-hydrocarbonatc, sulphate-
Zhalpaksky Mynkudyk 40-75 15-75 1-8 1.5-8.8 3.3-5.8 chloride soda

Inkay 40-60 +16-28 1.7-14.3 5.5-12 0.9-1.3 Chloride soda, chloride- sulphate soda

Inkuduksky Mynkudyk 40-85 12-71 0.5-8 3.7-13.4 4.7-5.4 Sulphate-chloride soda

Inkay 110-130 +5-50 1.3-18.3 2-20.6 2.1-3.1 Chloride soda

Mynkuduksky Mynkudyk 45-80 16-92 3.5-12.5 5-20 3.2-6.0 Sulphate-chloride soda

Inkay 30-90 +5-50 1.5-16.6 2-11.9 3.34.5 Chloride soda, sulphate-chloride soda
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Table III. Exploration degree of the Inkai deposit on the horizons and sections, %

RAR EAR-I Total

Deposit Inkay, as a whole 47.3 52.7 100

Including on the horizons:
Mynkuduk horizon 17.8 17.2 35
Inkuduk horizon 29.5 35.5 65

Including on the sections:
Section 321 13.0 - -
Section XN 2 32.5 - -

North section - 26.6 26.6
South section 1.8 26.1 26.1

Table IV. Permeable and impermeable sediment distribution at the Inkay deposit on the horizons, %

Horizons
Type of sediments Mynkuduksky Inkuduksky

mk ink
1. Impermeable sediments:

clay and aleurite 20 10
2. Permeable sediments:

medium-grained and fine-grained sand 65 30
hetero-grained and hetero-grained sand with gravel 10 30
gravel 5 30

Table V. Weighted average gradation of permeable sediments of the Inkai deposit on the horizons, %

Gradation classes, nun
Horizons

>2 2-1 1-0.5 0.5-0.25 0.25-0.1 0.1-0.05 <0.05

Horizons, as whole
Mynkuduksky 3 3 4 56 13 6 15
Inkuduksky 14 9 12 38 7 6 14

Ore sand
Mynkuduksky 4 4 6 45 19 6 16
Inkuduksky 18 9 12 35 8 4 14
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Table VI. Uranium ore parameters of Inkay deposit

Sections
Parameters

South X21 No2 North

Mynkuduk horizon
Depth of orebodies, m 510 515 480 430
Square productivity, kg/m2  4A 7.5 5.0 3.2
Average orebodies thickness, m 6.28 6.08 5.83 3.50
Average grade, % 0.041 0.072 0.050 0.054
Average orebodies width, m 150 400 350 100
Filtration coefficient, m/d 7.1 11.6 13 11.9
Mineralization, g/l 4.5 3.3 3.5 3.3
Depth of piezometric level, m +5-25 12-22.5 20.7-33 23-50
Average carbonate contents, % 0.3 0.3 0.3 0.2
Reserve share, % 32.9 35.3 10.2 21.6

Inkuduk horizon
Depth of orebodies, mi 350-420 430 330-380 290-370
Square productivity, kg/r 2  4.1 3.9 4.6 4.5
Average orebodies thickness, mn 4.2 4.9 7.4 5.2
Average grade, % 0.057 0.047 0.037 0.051
Average orebodies width, m 200 100 250 200
Filtration coefficient, m/d 7.9-19 11.7-17.8 11.5-20.6 7.3-11.2
Mineralization, g/l 3.1 3.0 2.7 2.1
Depth of piezometric level, mn +5-25 2.5-22 10.5-30 23-48.5
Average carbonate contents, % 0.2 0.1 0.2 0.1
Reserve share, % 25.2 0.9 44.5 29.4

Table VI. Reserve distribution with ore parameters on the horizons and sections at the Mynkuduk
deposit

Horizon Sections Average U Productivity, Reserve
grade, % kg/m2  share, %

Mynkuduksky East 0.030 4.20 21.8
Central 0.047 5.73 36.9
Osenny 0.037 3.63 7.5
West 0.038 3.90 7.5
Lagerny 0.025 3.03 2.3

Total 0.040 4.81 76

Inkuduksky Ortalyk and Peschany 0.028 2.86 11

Zhalpaksky Akdala 0.057 6.35 13

The ore occurs in all types of permeable sediments. At the deposit, 3 lithologo-filtration types
of sediments are separated: 1-gravel, 2-hetero-grained sand with gravel, 3-medium-grained
and fine-grained sand. Ore percentages in these types respectively are 16.5%, 26.6% and
56.9%.
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The orebodies are found in roll form with developed bag and wing parts. Bed orebodies are
more uncommon. Ore consists of coffinite (66%) and nasturan (34%). The technological
parameters of the ore, presented in Table 10, demonstrate about favourable peculiarities of all
the horizons for the ISL method, which are confirmed by the results of the field ISL test using
sulphuric acid technology. The recovery coefficient of the test was 80% with an acid
consumption of 89 kg/kgU. The average pregnant solutions productivity was 88 mg/l under
average maximum values of 250 mgfl. Currently, successful uranium industry extraction is
being carried out at the East section.

Table VIII. Distribution of permeable and impermeable sediments on the horizons, at the Mynkuduk
deposit, %

Lithological types Horizons
Mynkuduksky, Mk Inkuduksky, ink Zhalpaksky, gp

1. Permeable sediments
Sandy gravel 9.6 21.6 -
Hetero-grained with gravel 15.7 22.5 18.9
Medium-grained sand 23.3 12.0 41.6
Fine-medium-grained sand 27.2 24.3 31.5
Fine-grained sand 11.0 12.2 6.1

2. Impermeable sediments
Clay 9.4 7A 1.9

Table IX Weighted average gradation
horizons, %

of permeable sediments of the Mynikuduk deposit on the

Gradation classes, mm
Horizons

>2 2-1 1-0.5 0.5-0.25 0.25-0.1 0.1-0.05 <0.05

Mynkuduksky 9.4 4.4 5.9 34.2 23.1 7.4 14.6
incl.: lowerpart 10.5 5.0 6.3 33.3 23.7 7.1 14.1

upper part 5.3 2.6 4.5 37.7 26.0 8.4 15.5

Inkuduksky 24.5 10.0 9.6 26.8 9.7 6.2 13.2

Zhalpaksky 5.9 3.9 10.6 44.2 14.6 9.3 11.5

4. Inkay-mynkuduk ore field and environmental In-situ leaching Impact

Planned researches of the Chu-Syrdarya Basin Cretaceous sediments began in 1971 after
successful field ISL test carrying out in the Palaeogene sediments at the Uvanas deposit and
after the Zhalpak deposit discovery in the upper part of the cretaceous sediment. At a later
time, an ore-bearing assessment of the Cretaceous sediment was carried out through drilling
searches in the 300 km belt. As a result, the Mynkuduk, Inkay, and Budyonovskoe deposits
were discovered. This fact allowed the announcement of the discovery of a unique uranium
belt with 750-800 thousand tons of uranium resources. Simultaneously, with drilling searches
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exploration was being carried out in the separate sections. Currently, the Inkay and Mynkuduk
deposits forming the IMOF are the most interesting. They are the most explored and most
prepared for extraction. At the deposits, the field ISL tests are being carried out and reserves
are confirmed by the State Reserves Commission, which allows based on these deposits the
beginning of extraction operations.

At-he IMOF, 12.6 thousand wells were drilled with a volume of 4.4 million m and a cost of
$153 million. Drilling exploration was carried out extremely effectively for 20 years using 6-8
drilling machines. Such exploration tempos were possible due to the geophysical methods
used, which allowed the use of large volumes of drilling without cores. Reserves calculation
and lithological type ore separation were carried out using geophysical interpretation data
with the required volume confirmation sampling. The total resources of the IMOF are 460
thousand tons uranium, including 280.7 thousand tons of RAR.

The ore of the IMOF is characterized by favourable technological properties, which slightly
differ in the area. (Tables 6 and 10). The substantial resources of the IMOF allow the
distribution on its area of several industry enterprises. Therefore, the IMOF is a priority for
the expansion of industrial uranium extraction in Kazakhstan.

Table X. Uranium ore parameters of the Mynkuduk deposit

Horizons, sections
Parameters

Mynkuduksky, Inkuduksky, Zhalpaksky,
Central Osenny, West Pcschany Ortalyk Akdala

Depth of orebodies, m 205-420 225-325 135-195
Square productivity, kg/M2  4.8 2.9 6.4
Average orebodies thickness, in 7.1 6.0 6.6
Average grade, % 0.04 0.028 0.057
Filtration coefficient, m/d 12.3 13.4 8.8
Mineralization, g/l 3.2-6.0 4.7-5.4 4.0-5.8
Depth of piczometric level, in . 58-92 62-71 69-75
Uranium mineralization, %

coffinite 24 67 65
nasturan 76 33 35

Content, %
sulfide iron 0.1 0.1 0.5
organic carbon 0.04 0.04 0.09
carbonate 0.3 0.2 0.1

10. Reserve share, % 76 11 13

The uranium ISL method allows Kazakhstan to keep out of large radioactive waste volumes
forming by mine extraction. Sulphuric acid technology results in inessential quantity
radioactive waste, which are presented by contamination equipment. At the same time, the
aquifer contamination is significant.

IMOF aquifers are characterized of 1-6 g/l mineralization therefore only part of the water is
suitable for use according to limitations of Kazakhstan legislation. In addition, at the redox
front there is the nature contamination of underground waters by the radionuclides therefore
the waters in this area are not suitable for use. Nevertheless, in accordance with the legislation
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of Kazakhstan, after the ISL process the water must be in the same condition as it was
previously.

Experience with ISL extraction in Kazakhstan and Uzbekistan has shown that after the
completion of ISL, the processes of nature demineralize its aquifers. There are data that
process of the water self-reduction to its previous state could continue during 3040 years.
Therefore, taking into account that this water is suitable for use only with limitations,
extracted sections should be left for the self-reducing without additional special operation. In
this way, the costs for aquifer rehabilitation could be inessential.

5. Summary

1. The IMOF deposits were formed as a result of the BOZ development processes, which
led to uranium mobilization from sediments by oxygen-bearing waters moving from
the recharge area, and to uranium transportation and precipitation at the redox front in
the favourable conditions of the gray-coloured channel facies. In addition, BOZ was
the generator of the hydrocarbon gases playing the reduction role at the redox front.
Because of this, IMOF deposit, as other similar deposits, should be named BOZ
deposits, emphasizing the special ore- forming role of BOZ.

2. In connection with the regional character of the BOZ and the relative uniformity of the
ore forming conditions, orebodies are characterized by similar morphological and
technological parameters on the 130 km belt extension as a whole. Successful ISL
tests were carried out at both deposits, and profitable uranium extraction at the East
section of the Mynkuduk deposit allow us to foresee effective extraction at all IMOF
sections.

3. Significant IMOF reserves allow to concentrate several extraction enterprises within a
relatively small distance (not more than 120km). This establishes extremely
favourable conditions for creating a powerful uranium production centre and makes
the IMOF a priority area for the expansion of the uranium industry of Kazakhstan.
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ISL-amenable sandstone-type uranium deposit: Global aspects and
recent developments in China

Zhou NVeixun', Guan Taiyang5 , Chen Zuylb. Li Jlanhongb, Fan Litinge, Li W uwei

a East China Institute of Technology, Jiangxi Province, China

bBeijing Research Institute of Uranium Geology, Chaoyang District. Beijing, China

C Changsha Uranium Geology Research Institute, China

Abstract. It is concluded that most of known ISL-amenable uranium deposits are attributed to roll sub-type, a

minority to basal-channel sub-type, and a few to tabular in case that redistribution of U occurred. Such a

classification and related explanation are beneficial to exploration in China. However. there exist significant

differences between deposits in Central Asia and those in Wyoming in aspects of tectonic background, scale and

shape of host sandbodies, and attitude of ore bodies though all are attributed to the same roll sub-type. Similar

situation is presented for deposits of basal channel sub-type. So, it is proposed to establish deposit model and

model series, providing guidelines for exploration. Four model series and eleven models have been tentatively

formulated, including: I) Central Asia-South Texas series (Chu Sarysu-Syr Darya, Central Kyzylkum, Yili and

South Texas models) where hosts are large-scale tabular sandbodies, usually developed on the slope parallel to

the long axis of the basin and orebodies have a vC" shape with convex surfaces perpendicular to the long axis of

the basin; 2) Wyoming series (Shirley-Wind River-Powder River and Great Divide models) where hosts arc

moderate/small sandbodies forming a wide ribbon, deposited in compressive foreland basins while ore bodies

occur on both margins of ribbon-shapcd sandbodies with the convex surfaces directed outwards; 3) Grants series

(Grants-primary and Grants re-distributed models) where host sandstones were deposited as channel fill within a

large-scale humid alluvial fan, containing plenty of organic matter. and orebodies are mostly tabular in shape,

transformed locally into roll form; and 4) Siberia-Bohemia series (%Vest Siberia. Trans-baikal-West Yunnan and

North Bohemia models) where U concentrations occur in, on, andlor adjacent to detrital plant debris within the

channel sandstone, filling incised valley. Besides, recognition criteria are briefly explained. On the other hand,

the sandstone-type uranium metallogenetic prospect of China is discussed with special attention to the Northwest

Territory of China that could be considered as the east extension of a giant uranium super-province, stretching

from Central Asia eastwards. The territory includes four domains and thirteen sub-domains different in uranium

endowment. Meanwhile, the features of six selected deposits/mineralized areas are described in brief, including

the Kujie'ertai, roll sub-type, hosted in tabular sand-bodies (JI.2A,); the Shihongtan. roll sub-type, hosted in

ribbon-shaped sand-bodies (320); the Dongsheng, tabular sub-type with local U redistribution. hosted. in

ribbon-shaped sand-bodies (J2.); the Nuheting, tabular sub-type, hosted in ribbon-shaped sand-bodies (K2.); the

Bayantala. basal channel sub-type of Mesozoic (K1b,) age; and the Chenzishan. basal channel sub-type of

Cenozoic (N2 . age). Finally, it is emphasized that China, especially the Northwest Territory of China, remains

highly perspective, having only minor exploration in the past.

K'ey words: Sandstone-type uranium deposit; ISL-amenable; Deposit model and model series; Recent

developments in China.

1. Introduction

First report on sandstone-hosted uranium mineralization came from the Colorado Plateau,
USA [3], where carnotite-type sandstone deposits werc discovered prior to 1880 in what later
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became known as the Uravan Mineral Belt, Colorado-Utah. Since then, sandstone-type
uranium deposits have become one of the most important types of uranium deposits in the
world..However, most conventional mines working sandstone-type U deposits were closed
since the mid 1980 (the last US conventional mine in 1992) in response to declining uranium
prices while in-situ leach (ISL) U extraction from suitable sandstone-type U deposits
remained competitive. It is predicted that ISL output is expected to increase remarkably
during 2000-2015, accounting for 15% in 2000 and 21% in 2015 of the world annual
production [6,10,7,13].

In China, exploration for sandstone-type uranium deposits began in 1950s and became the
major target for exploration by the end of last century when ISL mining technology has been
successfully introduced. So far, a series of uranium ore deposits have been discovered in Yili,
Turfan-Hrami, Ordos, Eren, and other basins.

2. Distribution ofsandstone-type uranium deposits and identification of mineral
deposit models/model series [11

2.1. Tme andspatial distribution

Sandstone-type uranium deposits can be timely divided into pre-Mesozoic and
Mesozoic-Cenozoic with respect to ISL amenability. ISL-amenable deposits occur especially
in post-Triassic basins where host sandstones arc non-deformed and permeable. Pre-Mesozoic
uraniferous basins mainly occur in Africa. The Mesozoic-Cenozoic sandstone-type uranium
deposits or showings are widespread all over the world. However, those of commercial
significance are restricted to distinct geological regions: the WVcst of U.S., including Wyoming
Basins, Colorado Plateau and South Texas coastal plain: the North Bohemia of Czech
Republic, extending into Germany; the Central Asian basins, including Chu Sarysu-Syr Darya
Basin in South Kazakhstan, Central Kyzylkum basins in Uzbekistan [8,11], Junggar,
Turfan-Hami and Tianshan intermountain basins (such as Yili and Kumishi basins) in
northwestern China; the southwestern margin and southeastern margin of NVest Siberian Basin;
the Trans-Baikal, including a series of valley basins in Vitim area. Among them, the Central
Asian basins and the West U.S. are of more importance. Besides, there may exist a
sandstone-type uranium super-province, which extends from Trans-Ural eastwards, passing
through Central Asia and Mongolia-Inner Mongolia into Trans-Baikal. having a geographical
coordinate scope of N56-390and E63P-I 130 (Fig. 1). This is a giant arcuate tectonic belt with
a southward arc apex and frontal arc in Mongolia and Inner Mongolia of China, termed
"Mongolia Arc". The Belt was formed from the end of Late Paleozoic to Triassic Period,
covering the southern margin of the Siberia Continental Block (platform) as its northern part,
the northern margin of the Tarim Continental Block and the northern margin of the
Sino-Korean Continental Block as its southern part and Paleozoic fold belts between these
blocks.

The uraniferous basins display some similarities elsewhere in the world. On the other hand,
some differences in tectonic evolution have been revealed (Table 1). In Central Asia, host
sediments were deposited under an intracratonic subsidence or post-orogenic strike-slip
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mild-extensional regime while ore was formed in association with mild compression
(so-called sub-orogenic event). It means that a tectonic reversion happened between the
sedimentation of host rocks and the ore formation. However, such reversion is absent in South
Texas, Wyoming and West Siberia. The tectonic evolutionary pattern of uraniferous basins,
the scale and the shape of host sand-bodies exert an obvious influence on the attitude of ore
deposits and the mode of ore-forming process.

FIG 1. Generalized map showring Central Asian sandstone-type uranium super-province

(AMo dited after Li ShuqIng et al. 1998: Chen Zuyi, 2002).

I) Basal channel sandstone-type, 2) Tabular sandstone-type. 3) Roll sandstone-type. 4) Volcanic-tjpe.
5) Vein-0;pe (in metamorphosed rock). 6) Peralkalic intrusivc-type.
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series have been tentatively established on the essential features of a number of known
sandstone-type uranium deposits (Table 11). Most of abovc-mentioned deposits are of
exogenous-epigenetic origin. However, ore formation mechanism is not all the same:

(1) The deposits of Central Asia-South Texas series [ 14] are characterized by that mineralising
solutions (oxygenated uraniferous water) flowed down the regional dip of large- to
moderate-size tabular sand bodies and crescent-shaped U deposits occur along the boundary
between unaltered sandstone and altered sandstone. Germanov [41, as early as in 1960, firstly
described ore bodies at the deposits of this series that are irregularly scattered along a wide
regional redox front (Fig. 2). Curving parts of the front seem to be more favourable sites for
the deposition of ore than straight parts, but ore does not occur on all curves and it does occur
on some straight parts. Within the Central Asia-South Texas series, the Yili and South Texas
models are characteristic of self-reducing barrier (carbon debris) and allogenic reducing
barrier (extrinsic sulphide) prior to ore-forming intra-layer oxidation respectively. It is not
clear whether the allogenic reduction is also typical for the Chu Sarysu-Syr Darya and
Central Kyzylkum models.

(2) The movement of mineralising solutions along the strike of a ribbon-like sandstone body
is typical for the deposits of the Wyoming series. As pointed out by Frank C. Armstrong (1960)
that "ore bodies might approximate mirror images of one another and would lie along
opposite margins of the flow path" with outwards-directed convex surfaces (Fig. 3).
Sweetwater Mine Area, central Great Divide Basin [121, provides an example where ore
bodies lie along two opposite margins. However, in most cases ore bodies are predominantly
developed along one margin, as shown in Shirley Basin where sandstone bodies strike
NNW-ward and ore bodies occur mainly on their western edges with westwards-directed
convex margins.

(3) In the deposits of Grants series, uranium was concentrated together with humate during
diagenesis to form blanket and elongated tabular ore bodies. Early interlayer oxidation and
late interlayer oxidation is locally characteristic for this series. The Crownpoint and
Churchrock deposits are the examples where tabular ore-deposits were subsequently
transformed into roll type by the early interlayer and the late interlayer reduction. It is
reported that both deposits will be developed, using ISL mining techniques (McCarn, 2001)

[9].

(4) Within the Siberia-Bohemia series, the deposits of Siberia and Trans-Baikal-West Yunnan
models [2] were firstly formed as the product of phreatic oxidation. Then, they were possibly
superimposed by interlayer oxidation immediately after the host sandstone was covered by a
confining bed and the oxygenated water could flow inwards to form roll-shaped ore-bodies
with inward convex margins facing one group to another. Tertiary magmatism might be
involved in the ore-forming process as a heat source for the North Bohemian model.
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FIG 2. Sandstone type uranium deposit informer USSR (After Gcrmanon 1960; No scale given).

I
I
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FIG 3. Generalized uranium trend map, with associatedstratigraphic section (A-A) of the Sweetwater

Afine area, central Great Divide Basin. Rvoming (After Sherborne et al.. 1980).

3. Tectonic delimitation of Miesozolc-cenozoic basins and their exploration perspective

The tectonic framework of China exhibits a pre-Mesozoic basement divided by meridional

lineaments into several blocks and three Mesozoic-Cenozoic structural regions of latitudinal

direction; the three regions correspond to both the recent landform and the morphology of
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VI Pref ace

in Chapter 4. Particularly one type of deposit characterized by
strata-controlled, structure-bound uranium mineralization associated
with black shales was an important uranium source in several East
Block countries. This type was not considered economic by Western
World standards and was therefore not designated as a special type in
the original manuscript. It now has been included as Type 16 Strata-
Controlled, Structure-Bound.

Acknowledgements

The author is indebted to the efforts of many geoscientists and
colleagues in the uranium industry, national and international institu-
tions, and universities for discussions and reading and correcting
various parts of the manuscript and assisting in numerous other ways.
Discussions with them date back many years and have contributed
tremendously to the understanding of uranium geology, and the
deciphering of recognition criteria of uranium mineralizations on a
local (individual deposit) and regional scale (uranium province).
Their ideas, observations, and data have directly or indirectly be-
come a part of this report.

The author is most appreciative to James A. Rasmussen and
Elmer Stewart for their endeavor to read and correct most parts of
the manuscript.

He wishes to thank especially the following individuals for review-
ing and improving descriptions of individual deposits or districts.
(in brackets country, district, deposit reviewed): Adamek P.
(Scandinavia), Adams S.S. (general), Arnaiz de Guezala J. (Spain),
Barthel F. (general), Bernik J. (Yugoslavia), Brynard S.A. (South
Africa, Namibia), Chenoweth W. (Colorado Plateau, USA), Coste
A. (Limousin, France), Cuney M. (granites, France), Dardel J.R.M.
(France), Ewers G. (Pine Creek Geosyncline, Australia), Fritsche R.
(mineralogy), F6hse H. (general), Fuchs H. (Brazil), Grauch R.
(western USA), Gautier A. (breccia pipe deposits, USA), Halladay
Ch.R. (eastern USA), Harshman E.N. (Wyoming Basins, USA),
Hruby J. (CSFR), Kolb S. (Bavaria, W-Germany), Krol W. (Eastern
Europe), Matos Dias J.H. (Portugal), McCarn D. (general), Ott G.
(general), Ramdohr P. (mineralogy, metallogenesis), Robertson J.A.
(Blind River-Elliot Lake, Canada), Ruhrmano G. (Saskatchewan,
Canada), Ruzicka V. (CSFR), Saucier A.E. (Grants Region, N.M.,
USA), Smith R.B. (South Texas, USA), Tan H.B. (Canada),
Thamm J. (Colorado Plateau, USA), Tauchid M. (general), Vels B.
(general), Voss C. (general), Wallace A.R. (Schwartzwalder,
USA), Wutzler B. (Australia).

The numerous manuscripts were repeatedly typed by Ms.
Bartelmus, Bonn, Reichl, Leoben, Vollmer and Weyer, Essen, and
Boody, Denver.

Most drafts were prepared by Ms. GlAssner. Drafting of cartoons
of the types of deposits were performed by MRRD, Leoben, for
which H. Kirzl and J. Wolfbauer deserve my gratitude.



VIII Contents

2.6 Crustal Evolution and Related Uranium
Distribution .................................... 36

Selected References and Further Reading for
Chapters 2 and 3 ............. ................... 38

3 Principal Aspects of the Genesis of Uranium Deposits 41

3.1 The Global Metallogenic Cycle of Formation of
Uranium Deposits ............................... 41

3.2 The Mme-Related Occurrence of Uranium Deposits.. 4.
3.2.1 Time-Stratigraphic Relationship of Uranium Deposits 49
3.2.2 Geochronological Distribution of Uranium Resources 50
3.2.3 Geochronologic-Metallotectonic Relationship of

Uranium Deposits ............. .................. 50
3.2.4 Uranium Deposit Generations and Their

Tirme-Stratigraphic Ranking ........ ............... 51

Selected References and Further Reading for
Chapter 3.2 ..................................... 56

4 Typology of Uranium Deposits ....................... 57

4.1 Type 1: Unconformity-Contact .................... 57
4.1.1 Subtype 1.1 Proterozoic unconformity-related ....... 66
4.1.2 Subtype 1.2 Phanerozoic unconformity-related ...... 68

4.2 Type 2: Subconformity-Epimetamorphic ..... ...... 69
4.2.1 Subtype2.1 Not albitized sediments ................ 72
4.2.2 Subtype 2.2 Albitizcd sediments .73

4.3 Type3 Vin .74
4.3.1 Subtype 3.1 Granite-rlated .77
4.3.2 Subtype 3.2 Not granite-related .82

4.4 Type4 Sandstone .84
4.4.1 Subtype 4.1 Tabularlpeneconcordant .88
4.4.2 Subtype 4.2 Rollfront .92

4.5 Type5 CollapseBreccia Pipe .94

4.6 Type 6 Surfcial .96
4.6.1 Subtype 6.1 Duricrusted sediments .100
4.6.2 Subtype 6.2 Peat-bog .102
4.6.3 Subtype 6.3 Karst-cavern .103
4.6.4 Subtype 6.4 Surficial pedogenic and structure fill 103

4.7 Type 7 Quartz-pebble Conglomerate (Lower
Proterozoic) . .104

4.7.1 Subtype 7.1 U-dominated with REE .106
4.7.2 Subtype 7.2 Au over U-dominant . .107

4.8 Type8 Breccia Complex .108



84 4 Typology of Uranium Deposits

4.4 Type 4: Sandstone (Fig. 4.4)

Definition

Sandstone uranium deposits occur in reduced
continental fluvial and less commonly in mixed
fluvial-marine (arkosic) sandstones that contain,
are interbedded with and bounded by less per-
meable horizons. Primary uranium phases are
generally of tetravalent state uranium and consist
dominantly of pitchblende and coffinite.

Associated organic material in Phanerozoic
(post-Devonian) deposits (type 4a) is of terres-
trial plant origin as distinct to marine, algae
(?) derived material in Proterozoic deposits
(type 4b).

Based on configuration, spatial relation to
the depositional and structural environment and/
or elemental associations, sandstone uranium
deposits may be divided into three overall sub-
types and further into classes that can be grada-
tional into each other:

Class 4.1.2: vanadium-uranium (a. b)
Type Example: a) Uravan Mineral Belt. USA,

(Salt Wash type)
b) Mounana, Gabon

(Francevillc type)

Class 4.1.3: basal channel (a)
(Chinle type)

Type Example: Monument Valley, USA

Subtype 4.2: rollfront (or roll-type) (Phanerozoic)

Class4.2.1: continental basin assoc. with dctrilal carbon
(W yoming type)

Type Example: Wyoming Basins. USA

Class 4.2.2: mixed fluvial marine assoc. with extrinsic
sulfide (South Texas type)

Type Example: South Texas Coastal Plains. USA

Subtype 4.3: tectonk-llthologk
Type Example: a) Grants Uranium Region, USA

b) Mikouloungou, Gabon

[Description of subtype 4.3 is included in sections 4.1.1
and 4.1.2(b)]

References: (a) Adams and Saucier 1981; Adams and
Smith 1981: Boyle 1986; Chenoweth and Malan 1973:
Crew 1981; Crawlcy 19S3: Grutt 1972; Galloway 1985;
Granger and Finch 1988; Grutt 1972; Harshman and
Adams 1981; Rackley 1976; Thamm et al. 1981; IAEA/
Finch (ed.) 1985: Tumer-Peterson et al. (eds) 1986 (b)
Diouly-Osso and Chauvet 1979; Gauthier-Lafaye 1986Subtype 4.1: tabular/peneconcordant ((a) Phanerozoic.

(b) Proterozoic)

Class 4.1.1: extrinsic carbon (a)
(Westwater Canyon type)

Type Example: Grants Uranium Region. USA

Type 4. Sandstone

lo/Phonerozoic: associated with organic material of terrestrial plant origin)
lb/Proterozoic: associated with organic material derived Irom olgoel

Subtype 4.1 tabular
Class 4..1 4 13

humate-uronium (a) channel/bosol (a)
4.1.2
vonadium-uronium (o.bl

4.2 rolltronl
4.2.1
intracrctonic/
continental basin (o)

L.3 teclonic-lithalogic Ic
L.2.2
coast-plain/mixed
Iluviol-morine (a)

ioa-2 C..

M U mineralization
EJ sandstone

Q siltstone

FIg. 4.4 3 mudstone

E3 volconiclostics
E3 volcanic flows Ibosoltl)

E) basement Igroniticl
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Tabular deposits also referred to as peneconcord-
ant deposits consist of uranium matrix impreg-
nations that form irregularly shaped frequently
elongated lenticular masses within selectively
reduced sediments. The mineralized zones are,
on a large scale, oriented parallel to the de-
positional trend but, on a small scale, they cross-
cut sedimentary features of the host fluvial
sandstone.

Further subdivision into classes is based on
uranium fixing agents such as amorphous organic
material of extrinsic origin (e.g., humate), or
detrital plant debris of intrinsic origin, or metallic
associations (vanadium) that occur in fluvial
systems. Deposits in sandstone channels incised
into unconformably underlying sediments or
crystalline rocks are referred to as basal channel
deposits.

The primary mineralization may be redistri-
buted into secondary uranium "stack" deposits in
the host sandstone.
Rollfront deposits consist of arcuate zones of
uranium matrix impregnations that crosscut sand-
stone bedding extending from overlying to under-
lying less-permeable horizons. The zones are
convex down the hydrologic gradient. They
display diffuse boundaries with reduced sand-
stone on the down-gradient side and sharp con-
tacts with oxidized sandstone on the up-gradient
side. The normally oxidized up-gradient sand-
stone can also be in a reduced state if it has been
re-reduced through the influx or re-introduction
of reductants as found in some deposits of class
4.2.2. The mineralized zones are elongate and
sinuous approximately parallel to the strike, and
perpendicular to the direction of deposition and
groundwater flew.

Further subdivision of rollfront deposits is
based on emplacement either in intracratonic
basins filled with continental fluvial sediments
and containing detrital carbon as a potential
reductant, or in mixed fluvial-marine sediments of
coastal plains containing pyrite and marcasite as
potential reductant that originated from influx of
H2S into the host sands.

i Tectonic-lithologic deposits are discordant to
strata. They occur along permeable fault zones
with linguiform impregnation of the adjacent
clastic sediments where uranium may form rather
thick ore bodies which are also referred to as
stack deposits when derived from redistribution
of uranium.

Principal Recognition Criteria

Host Environment

- Immature permeable sandstone, feldspathic or
arkosic, more rarely quartzose and cherty
sandstone, pebble conglomerates or marginal
marine or eolean siltstone and sandstone

- Dominantly medium to coarse grain size,
rarely fine or very coarse (pebble)-grained

- Mostly cross-stratified and with lenticular
bedding

- Coefficient of permeability 75 to 3501/m 2/day
(Austin and D'Andrea 1978)

- Abundance of U precipitants/reductants,
particularly carbonaceous material (fragments
of woody material ± coalified, humic com-
ponents, amorphous humate), hydrocarbons
(petroleum, "dead oil") and/or sulfides (H2S,
pyrite)

- Tuffaceous material may be present as volcanic
debris within host sands, interbedded tuff-rich
layers or overlying bentonitic mudstone derived
from tuffs

- Often interbedded with impermeable horizons
(mudstone)

Mineralization

- Multiple mineralized horizons may exist
- Rollfront deposits are crescent-shaped in cross-

section, transgressive to stratification of host
sands, in planview they resemble an irregularly
laid pipe; roll fronts can occur in multiple
superjacent horizons

- Boundaries of mineralized bodies are in some
deposits sharp and continuous whereas in
other deposits they are highly irregular and
diffuse

- Tectonic-lithologic ore bodies of stack type are
multi-shaped, sometimes Christmas-tree like,
depending on structural distribution and im-
pregnation of permeable horizons adjacent to
host structure

- Configuration, size and composition of sub-
types seemingly are a function of (a) type and
permissivity of aquifer/host sandstone, (b)
stratigraphic interbedding of permeable with
impermeable beds, (c) kind, mode, and distri-
bution of reductants and/or complexing agents,
(d) derivation, hydro-chemistry and flow rate
of groundwater system
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Age Constraints

- Principal distribution in sediments of middle
Paleozoic to Tertiary age, i.e., after develop-
ment of lush terrestrial vegetation

- Minor in Precambrian sandstones, particularly
in those containing carbonaceous material
supposedly of algae origin (e.g., Franceville
Basin, Gabon)

Metallogenetic Aspects

Generally it is accepted that sandstone uranium
deposits are of diagenetic-epigenetic low-tem-
perature origin. Groundwater chemistry and
migration are instrumental in uranium leaching
from source rocks and its transportation to a
chemical interface commonly provided by reduc-
ing or complexing agents where uranium is
deposited. Essential parameters controlling these
processes and localization of uranium mineral-
ization are depositional environment, host rock
lithology, permeability, adsorptive/reducing
agents, adequate solutions, a uranium source,
and apparently an arid to semi-arid climate.

Fluvial, first cycle feldspathic or arkosic sand-
stones of limited thickness (<1im) interbedded
with layers of fine-clastic sediments deposited in
intracratonic basins provide the most favorable
host for large and relatively high-grade uranium
deposits. A marginal marine environment is also
prospective, but to a lesser degree. The presence
of uraniferous tuffaceous material either as a con-
stituent of the host sandstone or in the overlying
strata may enhance the favorability, due to its
potential as a uranium source rock. The feldspar
component of the host rock is probably of no
direct importance in the mineralizing process,
but indicates a granitic source from which the
uranium may have originated and an environment
of rapid erosion and sedimentation providing the
required hydro-physical conditions, particularly
permeability for adequate groundwater migration.
Impermeable or less permeable strata or other
barriers may be instrumental in channeling verti-
cally and laterally uraniferous fluids to favorable
sites of uranium deposition, at the same time pro-
hibiting widespread flushing and dilution of fluids.

Uranium is soluble in large quantities only
in its hexavalent state. Therefore, uranium-
transporting fluids have to be sufficiently oxygen-

ated to keep uranium in solution for transport,
and limited to the point that reduction can take
place in order to precipitate uranium in orc grade
quality and quantity. Complexing agents such as
carbonate ions are highly capable of enhancing
the solubility and mobility of the uranyl ion in the
form of carbonate or other complexes in ground-
water that is neutral or alkaline and that may
be oxidizing or reducing (Hostetler and Garrels
1962).

For precipitation, the hexavalent uranium in
solution must be reduced to the tetravalent state
to form pitchblende or coffinite, the principal
uranium minerals in most reduced sandstone
deposits. Under certain conditions uranium
minerals may also crystallize in an oxidizing en-
vironment when complexing agents are present,
for example vanadium compounds, to fix the
uranyl-ion in form of uranyl vanadates which are
fairly stable in oxidized rocks. To reduce the
hexavalent uranium a reductant is required.
Many substances have been invoked as uranyl
reductants including ± coalified vegetal, woody
fragments (coalification not higher than subbi-
tuminous), structureless organic matter (humate),
petroleum, "dead" oil, "sour" natural gas, hydro-
gen sulfide, and pyrite or other sulfides. Bacterial
activity is considered by some authors an import-
ant factor in producing a reducing environment.

The formation of either tabular or rollfront
type deposits occurred in response to specific
processes.

Tabular deposits presumably formed stationary
in locally reduced zones within oxidized sand-
stones. Transport of uranium supposedly occurred
by weakly alkaline, mildly reducing to oxidizing
groundwater capable of keeping uranium in solu-
tion as uranyl-carbonate until it was locally
precipitated by concentrated reductants, such as
humate, plant remains or H2S, and for chelation
or complexing by which organic matter accreted
uranium from the groundwater (Schmidt-Collerus
1979). Granger (1976) proposes that penecon-
cordant deposits remained stationary and accu-
mulated their uranium from waters flowing
mainly outside and not through the ore zones as
in rollfront deposits. To permit such a mechan-
ism, the author suggests diffusion of uranium ions
in the groundwater to the site of deposition along
a concentration gradient. The gradient develops
by the extraction of uranium from the ground-
water flowing marginal to the deposit.
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Unlike tabular deposits, rollfront deposits are
of dynamic nature. They form at the down-dip
migration boundary of an active but short-lived

~oxidation interface ahead of a pervasive alter-
'ation tongue within originally reduced, pyrite-
bearing sandstone. The spatial distribution of the
altered tongue and unaltered sandstone suggests

tan oxidizing uraniferous groundwater of neutral
juo slightly alkaline nature that moved downdip in
a confined aquifer in response to a hydraulic
gradient. As the oxygenated solution moved

,downdip in the permeable horizon it penetrates
the reduced facies. Organic material and sulfides,
.mainly pyrite, were destroyed, and ferric iron was
~produced until the water lost its potential for
loxidation. In zones of abundant reductants, such
"Is detrital carbon (commonly plant debris, class
4.'.1) or extrinsic sulfides (H2S, pyrite, marcasite,
,dass 4.2.2) a distinct geochemical front devel-
oped with an abrupt redox interface. At this
sie and for a short distance ahead of the ferrous/
ferric iron interface, the uranium transported in
.e oxygenated solution is reduced and deposited
as pitchblende.

Since the geochemical alteration system was of
dynamic nature, the influx of oxidizing ground-
eater continued. The alteration front "rolled"
downflow and spread laterally towards the
boundaries of the transmissive host bed. Pre-
..ously crystallized pitchblende became decom-
posed and the uranium redistributed across the
front for renewed deposition as long as the system
us operative. The crescent shape of a rollfront
ore body (in cross-section) is considered evidence
for the dynamic movement of the front which
migrated more rapidly in the more permeable
units mostly in the middle part of the sandstone
layer.
* Most of the rollfront deposits are considered
6e result of a single major cycle of uplift, erosion,
sedimentation, and mineralization by fluids mov-
m in response to the same hydraulic gradients
which have been responsible for the sedimen-
ion of the host sandstone. Another variety of

Illfront deposits, although very similar to the
described above, are related only to the

pbysical and chemical nature of the host sediments
not to the hydrologic system responsible for

5 host rock deposition. Instead they originated
lng after deposition of the host rocks by a second
cyle of uplift, erosion, and deposition (Harshman
and Adams 1981).

Tectonic-lithologic stack type deposits are in
part considered the product of redistribution of
primary uranium into permissive hosts such as
structures by younger processes as typically found
in the Grants Uranium Region, but likewise
they may have originated by the introduction of
primary uranium as interpreted for some deposits
in Gabon (Mikouloungou).

The source of uranium and associated metals
in sandstone deposits is considered to be either
of uraniferous granitic provenance, or clastic
granitic material or felsic volcaniclastics in the
host sandstone, or felsic volcaniclastics (e.g.,
rhyolitic tuff) in overlying andlor underlying
beds.

Remarks

Sandstone uranium deposits are commonly of low
to medium grade (0.05-0.4% U308 ) and of small
to large size, up to 50000mtU 308 rarely more,
but districts may have substantial resources of
several 100 000 mt U308.

Examples or Sandstone, Subtype 4.1, Tabular
Deposlts]Occurrences (Not Differentiated)

(C = Cenozoic, M = Mesozoic, P = Paleozoic,
PC = Precambrian)
Argentina: Tonco-Amblayo (M)/Jujuy-Bolivian
Basin, Los Colorados (M)IPaganzo Basin, Sierra
Pintada (P)ISan Rafael Basin, Malargue (M)/
Neuquin Basin, Pichijian/Chubut (M)
Australia: Angela (P)/Amadeus Basin, Malbooma
(P)/Drummond Basin, Mulga Rock (P)/Officer
Basin, Westmoreland (PC)/Queensland, Manyin-
gee W.A.
Brazil: Figueira (P)IParanA Basin
Bulgaria: Orranovo-Simitli Basin (C), Eleshnitza
district (C), W. Balkan Mts. (P)
China: Mengqiguer, Daladi, Kashi (M)/Zhungel-
Tianshan U prov.,Jianchang, Quinlong, Langshan
areas (M)IYinshan-Liaohe U prov., Wudang-
Huafyong Massif (M)IQilian-Qinling U prov.,
South Lancang River, Gaoligong (C)IW. Yunnan
U prov., Tunling (M)/Jingan Basin
CSFR: Hamr-StrAz (M)INorth Bohemian Basin
Germany: K6nigstein (M)/Elbsandsteingeb..
MOllenbach (P)(Black Forest
Gabon: Oklo (PC)/Franceville Basin
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France: Coutras (C)/Aquitaine Basin, Lombre
(P)/Cerilly Basin
Hungary: Pecs (P)/Mecsek Mountains
Madagascar: Antsirabe Basin (C)
Niger: Akouta, Arlit, Ebala, Madaouela, (P),
Azelik, Imouraren, Takardait, (M)/Agades Basin
Pakistan: Dera Ghazi Khan area (C)
Romania: Apuseni Mts (P), Banat (P)
South Africa: Beaufort West (P)/Karoo Basin
Spain: Mazarete (M)
USA: Colorado Plateau (P + M), Sherwood (C)/
Washington, Tallahassee Creek (C)IColorado,
Anderson (C)/Date Creek Basin, Arizona
Slovenia: Zirovski vrh (P)
Russia: Stavropolsky, Pyatigorsk, Kislovodsky,
Lermontovsky (P)ICaucasus

Examples or Sandstone, Subtype 4.2 Rollfront
Deposits/Occurrences (Not Differentiated)

Australia: Beverley (C)/Lake Frome Basin,
Manyingee (M)/Carnarvon Basin
Bulgaria: Tracien Basin (C)
Mexico: La Sierrita (C)fBurgos Basin
Niger: Akouta (P)IAgades Basin
USA: Wyoming Basins (C), Black Hills (C +
M)/South Dakota, Crow Butte (M)/Nebraska,
Weld County (M)/Colorado. Texas Coastal
Plain (C)
Uzbekistan: Uchkuduk (M), Sugraly (M),
Lyavlyakan (C), Beshkak (C), Bukinay (M),
Kanimekh (M)INavoi region, Kyzylkumsky

Examples of Sandstone, Subtype 4.3 Tectonic-
Lithologic Deposits/Occurrences

Australia: Red Tree (PC)/Westmoreland
France: Mas Lavayre (P)/Lodeve Basin
Gabon: Mikouloungou, Mounana (PC)/
Franceville Basin
USA: Ambrosia Lake district (M)/Grants region

4.4.1 Subtype 4.1: Tabular/peneconcordant

Class 4.1.1: Extrinsic carbon (Westwater Canyon
type) (Phanerozoic)

Type Example: Grants Uranium Region, San
Juan Basin, USA

References: Adams and Saucier 1981; Granger and Finch
1988; Turner-Peterson et al. (cds) 1986

The subsequent summary also addrcsses class
4.3.1, tectonic-lithologic stack deposits, as found
in the Grants Uranium Region spatially asso-
ciated with class 4.1.1 deposits.

Host RockslStructures

Type example is uranium mineralization in the
Wcstwatcr Canyon Member of the Late Jurassic
Morrison Formation, Grants Uranium Region.
New Mexico, USA.

Host rock is fine- to coarse-grained, poorly
sorted, cross-bedded mostly light yellow-brown to
gray arkosic sandstone, containing small pebbles
and cobbles and thin seams or beds of gray mud-
stone and siltstone. Sandstone consists of 50 to
90% quartz, 5 to 35% feldspar, up to 30% chert
and less than 0.5% heavy minerals. White clusters
of kaolinite are common. Other matrix materials
are calcite, iron oxides, and clay. Amorphous
carbonaceous material in the form of humate fills
interstices and coats sand grains. Permeabilit%
ranges from low to high. Thickness of the host
unit ranges from one to several tens of meters.
The WVestwvater Canyon Member is overlain b!
a greenish-gray bentonitic (tuffaceous) silt-
mudstone of the Brushy Basin Member. Sand to
mud/shale ratios are 1: 0 to 2:1 for the Morrison
Formation within the mineral belt. Depositional
environment of the host sequences is an extensive
coalescing alluvial fan system developed by
aggrading braided streams within a continental
basin (San Juan Basin). Source area of the host
rocks is granitic terrane and volcanic air-fall ash
and tuffaceous material.

Regional tilting associated with major N-S
faulting developed during the Laramide Orogcn%
and caused redistribution of primary uranium
mineralization into roll-type and, near structures.
into class 4.3.1 "stack" deposits.

Alteration

Both oxidation and either a single or multiple
episodes of reduction have altered the host rocks.
Hematitization and weak limonitization charac-
terize oxidized facies. Reduced facies displa%
destruction of detrital feldspar, volcanic ash.
magnetite and ilmenite associated with sulfidi-
zation (mainly pyrite), kaolinitization, chlorifi.
zation, albitization, montmorillonitization. and
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carbon (humate) formation. Calcitization and
minor silicification cemented the units. The
carbon with which the uranium is associated was
introduced into the sandstone from adjacent silt-
mudstones during compaction.

Ore and Associated Minerals

Principal ore minerals arc pitchblende, coffinite
and uraniferous humate present in reduced ore.
Locally hexavalent U minerals occur in oxidized
ore. Associated minerals of As. Ba. Fe, Mo, Sb,
V. and others are commonly present in trace
amounts. Pyrite is more abundant.

.Mtode of Mineralization

Class 4.1.1 mineralization is characterized by the
association of uranium with humate in isolated
and stacked peneconcordant lenses. Uranium
minerals occur as disseminations coating sand
grains, filling small interstices and partly replacing
feldspar in the host sandstone. Primary mineral-
ization occurs in multiple horizons commonly
concomitant with humate. Mineralized zones are
lenticular or tabular, peneconcordant elongated
parallel with the paleochannel systems which
are termed blanked or trend ore. Boundaries
between mineralization and host rocks are ir-
regularly shaped. Redistributed mineralization is
within structures and also displays features of
rollfront character developed proximal to fault
ind fracture zones that cut primary penecon-
cordant bodies. Redistributed uranium forms
much thicker ore bodies than those of primary
tabular mineralization and is therefore referred to
as a stack deposit.

DimensionslResources (Grants Uranium Region)

Individual tabular deposits ("stack" deposits in
brackets) may be several tens of meters to 2000m
(<lOOm) long, several meters to several lOOm (a
few m to 40m) wide, a few centimeters to 5m
(few m to 50m) and in excess of 1500m deep,
containing several tens and up to 50000 mt U30 8
at (average) grades ranging from 0.1 to 0.4% U30 8
occasionally to >1% U308. Districts may contain
up to 300000mtU 308 .

Remarks

and other prospective districts. It constitutes the
largest single known sandstone uranium region in
the western world.

For more details see Chapter 5.4.1.

Examples of Sandstone. Class 4.1.1 Tabular,
Extrinsic Carbon DepositslOccurrences

France: Lodave Basin (P) ?, Aquitaine Basin
(C) ?
South Africa: Beaufort West (P)/Karoo Basin

Class 4.1.2: (a) Vanadium-uranium (Salt Wash
type) (Phanerozoic)

Type Example: Uravan Mineral Belt, Colorado
Plateau, USA
Reference: Tamm et al. 1981

Host RockslStructures

Type example is V-U mineralization in the Salt
Wash Member of the Late Jurassic Morrison
Formation as present in the Uravan Mineral Belt,
Utah-Colorado, USA.

Host rock is a fluvial fine- to medium- and
coarse-grained feldspathic to quartzose sand-
stone. This unit ranges from 50 to 120m thick, is
red, brown or gray in color, and contains 5 to
25% tuffaceous material and abundant organic
debris in the form of logs and fragments of vegetal
trash. These materials accumulated particularly at
sites where paleochannels change direction, in
mud bars or changes in stream load carrying
ability. Sandstone layers are interbedded with
reddish and gray siltstones and bentonitic mud-
stones. The Salt Wash Member is part of a
coalescing alluvial fan formed by a system of
aggrading braided streams. The Uravan Mineral
Belt occupies a transversal zone where grain size
of the sandstone is transitional from medium to
fine. Source area for Salt Wash sediments was the
granitic Mogollon Highland.

Positive areas formed by salt diapirs and asso-
ciated anticlines within the basement controlled
river orientation and facies pinchouts during Salt
Wash time.

Alteration

The Grants Uranium Region is 175 km long and Reduction alteration is recognized chiefly by
up to 80 km wide and includes five mining districts color changes and is most obvious in mudstoncs
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turning from purplish or reddish to gray-green at
contacts with mineralized sandstones which are
stained light yellow-brown. Common authigenic
transformations include pyritization, calciti-
zation, and argillitization. Detrital ilmenite and
magnetite are corroded.

Ore and Associated Minerals

Principal ore minerals in reduced zones are pitch-
blende, coffinite, and vanadium minerals.
Oxidized zones are dominated by uranyl
vanadates, commonly carnotite and tyuyamunite.
Associated minerals are pyrite and marcasite.
Mo, Cu and Se minerals occur in trace amounts.
Vanadium-uranium ratio is 5:1 to 10:1 in the
Uravan Mineral Belt and in other Salt Wash
districts 1:1 to 15:1.

Mode of Mineralization

Class 4.1.2 mineralization is characterized by
vanadium-uranium associated with plant debris.
Mineralization occurs as disseminations filling
pore spaces, coating sand grains and replacing
interstitial clay, organic substances, and cement-
ing material. U-V minerals have accumulated in
commonly small pods which locally are highly
mineralized tree trunks. The pods may display
shapes ranging from tabular, concordant to
bedding to roll-type. Deposits consist of clusters
of pod-like bodies aligned parallel to the palco-
channel, where they may occur in several super-
jacent sand horizons. Distribution of deposits is
rather erratic.

DimensionslResources (Uravan Mineral Belt)

Individual deposits (ore trends in brackets) may
be up to 200m (up to a few km) long, <Im
to 10Gm (several 100 to 1000m) wide, several
centimeters to 10m thick, containing <I to
2500mtU 309 at (average) grades ranging from
0.1 to 0.5%U 308 occasionally to >1%U30.
Districts may contain up to 5000OmtU 308.
Vanadium grades may range *from <0.5 to
>3% V20s.

Remarks

The Uravan Mineral Belt is the largest known V-
U district in the USA. Most other districts with
similar mineralization associated with Salt Wash

sandstone had resources of a few hundred to
several thousand tonnes uranium.

For more details see Chapter 5.4.2.

Examples of Sandstone, Class 4.1.2(a), Tabular,
Vanadium-Uranium Deposits/Occurrences

Argentina: Rodolfo (C)/Cosqin district
Australia: Bigrlyi (P)/Ngalia Basin
USA: La Sal-La Sal Creek (M), Lukachukai-
Carrizo (M), Henry Mountains (M)/Colorado
Plateau

Class 4.1.2: (b) Vanadium-uranium (Franceville
type) (Proterozoic)

Type Examples: Franceville Basin, Gabon
4.1.2.1 tabular: Oklo, Gabon
4.1.2.2 tectonic-lithologic: Mounana and

Mikouloungou, Gabon
References: Diouly-Osso and Chauvet 1979; Gauthier-
Lafayc et al. 1980

Both type examples occur in the same strati-
graphic horizon and show a number of similar
features except for the structural component of
mineralization and respective configuration of ore
bodies. The subsequent synopsis addresses both
subtypes together.

Host RockslAlieration/Structures

Continental sandstone and arkose containing
redistributed marine carbonaceous matter. The
uranium hosting unit is overlain by carbonaceous
shales and rests on early Proterozoic granite and
gneiss. Folding and faulting distorted the sedi-
ments. N4o apparent alteration except some
silicification.

Ore and Associated Minerals

Pitchblende and coffinite in reduced zones, and
uranyl vanadates and phosphates in oxidized
zones. Associated minerals include in reduced
mineralization karelianite, montroseite,
roscoelite, and minor amounts of pyrite, mar-
casite, melnicovite, galena, sphalerite, chal-
copyrite, baryte. and calcite as fissure fillings.

Mode of Mineralization

Uranium is in tabular deposits (Oklo) concen-
trated predominantly in fluvial sands in the form
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of microcrystalline pitchblende within the organic
matrix and occurs preferentially on the flanks or
rims of paleochannels or where an intermediate
thickness of sandstone is combined with high con-
centrations of organics. Mineralization of the
tcctonic-lithologic subtype occurs in the same
organic-rich sedimentological environment but
displays a strong affinity to cataclastic zones adja-
cent to uplifted crystalline basement (Mounana)
or to an overthrust of carbonaceous shales
(Mikouloungou).

Age Constraints

A certain age constraint is imposed by the re-
quired development of organic creatures (algae)
in a continental environment.

DimensionslResources

Tabular deposits are up to 900m long, 600m
wide, and several meters thick and contain as
much as 13000mtU 308 at a grade of ca.
0.4% U30 8. Tectonic-lithologic deposits range up
to 100m long, 40m wide and 120m deep, con-
taining up to 6000mtU 308 at a grade of 0.2
to 0.6% U30 8 . The Franceville district, Gabon,
accounts for approximately 25000 mt U 308 .

Remarks

Although uranium occurrences are not uncom-
mon in Proterozoic sandstone displaying the
above-listed features, the Franceville Basin is the
only one known to contain minable U deposits.

For more details see Chapter 5.4.8.

Examples of Sandstone, Class 4.1.2(b),
Proterozoic DepositslOccurrences

Australia: Westmoreland/Queensland, Pandanus
Creek/Northern Territory

Class 4.1.3: Basal-channel (Chinle type)

Type Example: Monument Valley, Colorado
Plateau, USA
Reference: Chenoweth and Malan 1973

H/ost RockslStructures

Type example is uranium mineralization in the
Shinarump Member of the Late Triassic Chinle

Formation, as exposed in the Monument Valley,
Utah, USA. Host rock is a fluvial medium-
to coarse-grained conglomeratic, crossbedded,
poorly sorted, lenticular arkosic sandstone. This
unit ranges from 3 to 75 m thick, is gray-yellowish
and red to brown in color and contains inter-
bedded greenish-gray mudstone and siltstone.
Carbonaceous material, logs, and fragments of
vegetal trash are locally abundant, especially at
bends, meanders of the paleochannels, in mud
bars or where changes in stream load carrying
ability occurred. The sediments deposited by
degrading anastomosing streams incising distinct,
relatively narrow channels into flood plains con-
sisting of red siltstone of the Moenkopi For-
mation in the Monument Valley.

In other regions, deposits may occur in ex-
tensive blanket sands formed in braided fluvial
systems that either unconformably overlie or are
eroded into underlying sedimentary or crystalline
rocks. Local areas of moderate relief controlled
river flow and pinchouts during deposition of the
Shinarump Member.

Alteration

Reduction reflected by bleaching of the originally
red and brown sandstone to light gray, cream to
yellowish and greenish colors is the most obvious
alteration. Calcitization caused cementing of
sandstone (up to 15% CaCO3).

Ore and Associated Minerals

Principal ore minerals in reduced zones are pitch-
blende, coffinite and locally vanadium minerals
(montroseite, corvusite). Oxidized zones are
dominated by hexavalent U minerals and uranyl
vanadates. Associated minerals can include
sulfides of Cu, Fe. Mo, Pb, Zn, and minerals
containing Ag, Cd, Cr, Co, Ni, Se, Sr. In several
districts V205 contents exceed U 309 contents
(V:U ratio 1:2 to 7:1).

Mode of Mineralization

Class 4.1.3 mineralization is characterized by
uranium associated with plant debris deposited in
distinct channels preferentially in their basal parts
or scours cut into underlying formations. This
situation is in principle also valid for mineraliz-
ation in all other members of the Chinle For-
mation. Uranium minerals impregnate sandstone
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voids, coat sand grains, replace quartz grains, clay
particles and particularly fossil plant debris, and
fill vertical fissures beneath the scour base. Most
deposits are of small size. They consist of closely
spaced lenticular pods which are generally con-
cordant with the bedding. Localization of deposits
within channels is controlled by the abundance of
carbonaceous trash which otherwise accumulated
at inhomogeneities of paleochannels.

DimensionslResources

Individual deposits (ore trends in brackets) may
be a few meters to 300m (a few kilometers)
long, <1m to more than lOOm (several OOm)
wide and <0.2 to 3m (<ISm) thick, containing
1 to several IOOmtU 308 at (average) grades
ranging from 0.1 to 0.35% U308 occasionally
to 0.5%U308. Districts may contain up to
5000 mt U308.

Remarks

Class 4.1.3 deposits resemble those of class 4.1.2
except that the vanadium content is commonly
lower and that the deposits are restricted to dis-
tinctly developed paleochannels and generally to
only one horizon.

For more details see Chapter 5.4.3.
In some countries, e.g. Okanagan region

(Blizzard deposit), British Columbia, Canada,
and Central Honshu (Tono, Ninyo-Toge), Japan,
U mineralization occurs in sand filled channels
incised into a basement which includes uraniferous
granites. U is thought to have been leached from
the granites and redeposited in the channel sands.
(For details see Boyle 1982b. 1985. 1986,
Katayama et al. 1974, Katayama and Kamiyama
1977)

Examples of Sandstone, Class 4.1.3 Tabular,
Basal Channel DepositslOccurrences

Australia: ? Mulga Rock (P)/Officer Basin,
Yarramba (C)/Lake Frome Basin. Manyingee
(C)/Camarvon Basin
Canada: Blizzard, Tyee (C)/Okanagan Highlands
France: St. Pierre du Cantal (C)/Massif Central
Japan: Ningyo-Toge (C), Tono (C)
USA: White Canyon, Lisbon Valley (M)/
Colorado Plateau

4.4.2 Subtype 4.2: Rollfront

Class 4.2.1: Continental basin, associated with
detrital carbon (Wyoming type)

Type Example: Wyoming Basins, USA
References: Crew 1981: Harshman and Adams 1981

Host RockslStructures

Host rocks are Upper Cretaceous and Tertiary
poorly consolidated medium- to coarse-grained,
poorly sorted arkoses to feldspathic sandstones
that range from a fraction of 1 m to 100m thick
(av. less than 30m). Thin discontinuous beds of
mudstone, some pebbles of crystalline rocks or
mudstone. and tuffaccous debris may be inter-
stratified. Pyrite and carbonaceous matter in the
form of woody remains and masses of humic
components are abundant. In some basins natural
gas and methane are present. The host sands are
regionally transmissive, providing conduits for
groundwater migration downdip. Mineralized
sands are part of a stratigraphic sequence of
alternating sandstone, siltstone and bentonitic
mudstone deposited predominantly by braided
streams in wedge-shaped coalescing alluvial fans
with overbank flood plains. Sand/shale ratios
range from 1:1 to 4:1 in the host formations.
Provenance of the host sediments are granitic
highlands surrounding the basins, and reworked
preexisting sediments. Volcanic air-fall ash and
tuff contributed to the sedimentary pile and occurs
either as constituent of the mineralized sands,
interbedded tuffaceous rich layers or in super-
jacent bentonitic mudstone.

The attitude of the mineralized beds is com-
monly very shallow, usually dipping less than 5o.
Steeper dips up to 25' exist locally. Minor faults
dissect the mineralized horizons. Tilting of some
basins subsequent to ore formation (Shirley Basin
and Gas Hills) caused a reversal in the ground-
water flow resulting in incipient destruction of
mineralized zones. Regional controls for the
mineralized paleodrainage system included re-
gional tectonic movements which were instru-
mental in intracratonic downfaulting of basins of
restricted dimensions in the foreland of fold belts.
Graben structures have controlled paleodrainage
systems. Intraformational unconformities appear
to be influential on groundwater migration.
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Alteration

Alteration effects vary to some degree from
basin to basin depending on mineral constituents
in host sands. The most conspicuous is hematit-
ization and limonitization associated with decom-
position of pyrite in some basins. In other basins
pyrite corrosion, argillitization of feldspars and
montmorillonitization of tuffaceous components
may be more dominant. Normally, gray, tan, or
pink sandstones are bleached by mineral forming

I solutions to cream or light gray hues. Formation
& of Fe-rich montmorillonite imparts greenish-
I )ellowish colors to the rock.

I Ore and Associated Minerals

Principal ore minerals are pitchblende and
coffinite with associated pyrite, marcasite,
hematite, ferroselite, native selenium and calcite.
NMinerals of Cu, As, P, and others may be
present.

up to 0.5% U30, or more. Districts contain
several lOOOOmtU1tO8 (65000mtU 309 in Gas
Hills, Windriver Basin).

Remarks

For more details see Chapter 5.4.4.

Examples of Sandstone. Class 4.2.1 Rollfront,
Continental Basin Associated with Detrital Carbon
Deposits/Occurrences

Australia: Honeymoon, Beverley (C)/Lake
Frome Basin, Manyingee (M)/Carnarvon Basin
USA: Gas Hills (C), Powder River Basin (C),
Shirley basin (C), Red Desert (C)lWyoming,
Black Hills (M)/South Dakota, Weld County
(M)/Denver-Julesburg Basin

Class 4.2.2: Mixed fluvial-marine, associated with
extrinsic sulfide (South Texas type)

M Mode of Mineralization

Uranium mineralization follows the redox front
separating nonoxidized from oxidized sandstone.
Thc mineralization transects the stratification of
the host beds and is thus discordant with the
srata. In cross-section. the form of a deposit
resembles a crescent. In plan view, a deposit
appears like a sinuous, irregularly laid pipe
following the geochemical front of invading
oxidation. The uranium minerals impregnate
interstices of the sandstone and coat sand grains.
Pitchblende and coffinite are concentrated in the

I front part of the redox zone, ferroselite has
t formed on the concave side, whereas native
I selenium, jordisite, and calcite typically occur on
L the convex side of the rollfront.

t DimensionslResources

| In the apex segment of the rollfront the thickness
, or height of mineralization ranges from a few tens

of cm to 1Dm and rarely 15m, decreasing in the
tails to zero. The width normal to strike (parallel
to cross-section) varies between a few centimeters
and several 100'sm. The length along the strike
may extend up to several kilometers.

Resources range from a few tonnes to several
IflOD's of mt U308 in individual deposits at grades
averaging between 0.05 and 0.25% U308, rarely

Type Example: South Texas Coastal Plain, USA
a) Fluvial-marine: Panna-Maria; b) Fluvial:
Benavides
References: Adams and Smith 1981t Galloway 1985

H-ost RockfslStructures

Host rocks consist of a variety of fluvial to
marginal marine, poorly consolidated sandstones
that range from 5 to 20m thick. These units are
interbedded with or overlain by volcanic ash or
tuffaceous beds of several formations. Host rocks
include

a) fluvial-marine fine-grained carbonaceous,
tuffaceous, quarizose sandstone and greywacke
interbedded with blackish shale and lignite de-
posited as lagoonal, deltaic and barrier bar sedi-
ments under shallow water, nearshore marine or
brackish water conditions;

b) fluvial fine- to coarse-grained sands inter-
bedded with bentonitic mudstone of an aggrading
stream system and fine-grained feldspathic sands
containing only minor vegetal debris, deposited in
a fluvial-alluvial fan, stream and interchannel
floodplain environment.

The sandbeds arc locally along faults, invaded
by hydrocarbons. methane and H2S. Distribution
of mineral trends is controlled by broad scale
sedimentary features such as megachannel
systems.
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Faulting is extensive in the South Texas
Coastal Plain. A series of growth faults trending
parallel to the coast line permitted influx of
hydrocarbons, H2S and methane into the host
sands. Likewise active salt domes, while creating
favorable environments for petroleum reservoirs,
also permitted migration of gases.

On a regional tectonic scale, all known uranium
occurrences are confined to the Rio Grande
Embayment.

Examples of Sandstone, Class 4.2.2 Rollfront,
Mixed Fluvial-inarine Associated with Extrinsic
Sulfide DepositslOccurrences

Karnes, Live Oak, Duval and Webb Counties
districts (C)/Texas Coastal Plains, (?) Crow Butte
(M)/Great Plains, Nebraska

Alteration
4.5 Type 5: Collapse Breccia Pipe
(Fig. 4.5)

Several stages of reduction, oxidation, and re-
reduction affected the host rocks, in part similar
to the alterations in the Wyoming Basins (class
4.2.1). Processes include pyritization, marcasit-
ization, hematitization, corrosion, and argilliti-
zation of feldspars, silicification, calcification,
destruction of heavy minerals and montmoril-
lonitization of pyroclastics. H1 S introduced along
faults before ore formation reduced the host sands
and prepared the hosts for rollfront development.

Ore and Associated Minerals

Principal ore minerals are pitchblende and coffinite
commonly present as poorly crystalline, minute
particles. Associated elements include Mo, Se, V,
and P. In oxidized zones a variety of hexavalent U
minerals have formed.

Mode of Mineralization

Uranium has accumulated in both penecon-
cordant blanket type, and rollfront deposits along
paleochannels. Roll-type deposits greatly re-
semble those in the Wyoming Basins.

Dimensions/Resources

Rollfront deposits vary from 0.5 to 7.5 m in thick-
ness, 10 to 100m in width and are up to 10km
long. Individual deposits contain several 100 to
5000rmtU 3011, rarely up to 10000rmt, at grades
between 0.05 and 0.2% U308. Total resources
of the South Texas Coastal Plain district are
estimated at up to 80000mtU3 08 at an average
grade of about 0.1 to 0.2% U308.

Remarks

Definition

Collapse Breccia Pipe deposits occur in more or
less circular (10-300m in diameter) and vertical
(up to 1000 m deep) collapse structures filled with
down-dropped coarse fragments and fine matrix
of the penetrated sediments. Uranium mineral-
ization is predominantly confined to particular
intervals of permeable (± sandy) matrix material
and to arcuate bounding fractures (annular ring).
Principal uranium phase is pitchblende, which is
commonly accompanied by a variety of ore (Cu,
Ag, etc.) and gangue minerals.

Type Example: Orphan Lode and Hack Canyon,
Arizona Strip area, USA
References: GSAtWenrich and Billingsley (eds.) 1986:
Wenrich and Sutphin 1989

Principal Recognition Criteria

Host Environment

- Mineralized structures are roughly circular and
vertical, extending from karst caverns in a
basal limestone upward through flat-lying beds
of alternating shales, siltstones, sandstones,
and impure limestones occasionally as high as
into uraniferous sandstones

- Pipes are filled with highly brecciated material
composed of fragments and matrix material of
the various penetrated lithologies

- Uranium mineralized pipes appear to be re-
stricted to an area covered or formerly covered
by sandstones that locally contain uranium
deposits (Chinle Formation)

- Pipes are bounded by a set of concentric,
circular fractures termed annular ringFor more details see Chapter 5.4.5.
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Natural and anthropogenic multi-pathway risks associated with
naturally occurring uranium mineralization in aquifers: Scoping
calculations

D.W. McCarn
Montanuniversitat Leoben,
Austria

Abstract. A multi-pathway. probabilistic risk model related to undiscovered- uranium deposits in an
agricultural area in Southern Colorado is compared to known uranium districts in which in situ leach (ISL)
mining activities are underway or planned. The control area is a portion of the Alamosa Basin designated by a
National Uranium Resource Evaluation (NURE) study as favorable for regional redox-controlled, roll-front
sandstone uranium deposits (Johnson, V.C.. McCarn, D.W. et al. 1982). Favourability for occurrence of uranium
deposits is based on depositional environment, alteration fronts, coincident geochemical fronts, and the presence
of elevated concentrations of uranium in ground water proximal to the favorable zone.
Near-field, high-volume, artesian, agricultural water wells in the 60 km long favorable zone are remobilizing
uranium. probably radium, possibly other redox-sensitive metals (As, Se. Mo, V, etc.), and radon out of the
redox zone and distributing this material as contaminants onto agricultural crops using large, central-pivot
irrigation systems. Previous limited geochemical sampling has demonstrated concentrations as high as
140 pg I L U 3 0, from these wells. High-volume pumping in near-field wells in the reduced zone or in the redox
zone is postulated to cause oxidizing waters to flow across the redox zone thereby mobilizing uranium in a
manner similar to commercial ISL uranium mining. Recent sampling of the surficial aquifer demonstrates high
correlation of elevated uranium values with the favorable zone in the confined, artesian aquifer further
suggesting that remobilization may be occurring.
Because of decades-long water use in the area, significant contaminants are likely to have built-up in soils.
Planned fieldwork in the control area includes a multiphase surface radiometric survey of the area soils to
identify radium anomalies, soil & water geochemical sampling, crop sampling. and soil mapping of the affected
area to identify re-concentration mechanisms such as caliches or reduction and retention of uranium in peat-
forming soils which are common in the area. Identification and closure of the relatively few near-field wells
responsible for remobilization of environmentally sensitive metals and radionuclides would result in a reduction
of future contamination of agricultural soils and crops and consequent reduction of risk.
A model of roll-front concentration and remobilization from agricultural pumping may also be considered as a
possible analog for the far-field effects of a high-level nuclear waste repository such as the Yucca Mountain
Project. The analog includes soil re-concentration as well as possible pre-concentration mechanisms. At present.
the far-field model accommodates only advection and diffusion to create a dilute plume intercepted by
agricultural wells.
This paper describes the scoping calculations used to estimate soil buildup of radionuclides, transfer to crops,
and the eventual increased risk to a designated critical group.

1. Introduction

A methodology of examination of water-bearing basins is proposed based on techniques
developed for uranium exploration and nuclear waste management risk assessment.
Agricultural water use from these basins and aquifers in the Western United States may cause
remobilization of heavy metals such as uranium, radium, arsenic, selenium, and molybdenum
into irrigation, domestic, or livestock waters. The associated metals may concentrate in soils
and be available for uptake into native as well as food plants.

The methodology makes use of geological, geochemical and geophysical techniques to
identify areas of increased risk. Formalized mineral deposit models and recognition criteria
are used to probabilistically assess regions within basins favourable for the concentration of
these metals.

Anthopogene water use in aquifers significantly modifies the natural flow of water and may
induce leaching of pre-existing mineral deposits. Distribution of these waters for agricultural
purposes can introduce heavy metals and radionuclides into the food chain.
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Simple remedial actions such as modification of water use, relocation of "near-field" wells
adjacent to zones of mineral deposition, selection of crops with low uptake characteristics.
and identification of contaminated soils can significantly reduce risk. Alternate methods
include the use of advanced sorbants to remove contaminants from water prior to land
application.

2. Location of study

The Alamosa Basin, Southern Colorado is part of the Rio Grande Rift and is a Basin and
Range Province structure bounded to the west by the San Juan Volcanic Field and to the east
by the Sangre de Cristo Mountains.

The surface expression of the Alamosa Basin is the San Luis Valley, and is dominated by
agricultural activities using irrigation waters from both the confined, artesian aquifer and an
unconfined, surficial aquifer. This confined, artesian aquifer was identified by Johnson,
McCarn et al (1982) [24] as favourable for regional redox-controlled, roll-front uranium
deposits (Figure 1). At least 7,500 flowing, artesian wells are present in the aquifer (Powell,
1958), many of them in the favourable zone.

FIG. 1. Location of study,.

3. Objectives

The objective of this study is to determine the means and extent of uranium, radium and
heavy metal remobilization in the San Luis Valley and to develop a multi-pathway risk model
of transfer to the accessible environment and human/animal receptors. Origin, transport and
fate of these contaminants is analyzed. Geochemical data from ground water and basin
analysis models is incorporated into the risk assessment. Comparison of the risk model to
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ongoing ISL and other uranium mining operations may give insight into the role of
radionuclides and heavy metals into the overall risk of mining.

The objective of this paper is to develop a multipathway risk model, based on the historical.
agricultural use of the basin and to provide scoping calculations. These scoping calculations
arc based on:

(a) Geological model of roll-front uranium deposit favourability;
(b) The historical types and areas of each crop grown;
(c) Estimated annual water budget including irrigation, precipitation, and

evapotranspiration;
(d) Estimates of the area underlain by mineralized rock, the endowed area, and barren

zones;
(e) Measured and estimated uranium, radium, and heavy metal concentrations in water; and
(f) Soil characteristics of the San Luis Valley.

The GENII computer codes (Napier et al, 1990) [28] are used to simulate irrigation,
reconcentration in soils, uptake to plants, radionuclide intake to animals and man. Potential
health effects are then estimated.

4. Nuclear waste management analog

The Yucca Mountain Project (YMP), as part of the biosphere model, includes the use of
irrigation well waters intercepting the hypothetical plume from the repository. At present, the
model assumes advection and diffusion to disperse the plume prior to intercept. The data
derived from this study may be useful to YMP in estimating uptake as well as reconcentration
mechanisms from agricultural water use.

Because of the well-documented irrigation and farming history of the Alamosa Basin,
validation of empirical models of reconcentration such as GENII (Napier et al, 1988), in a
similar, desert environment, could provide a present-day analog for the Amargosa desert.
Dose calculations and assumptions presented in the Yucca Mountain Biosphere Process
Model Report (CRWMS M&O 2000i) [18] could be reviewed in the light of the experience
with the Alamosa Basin.

A second objective is to assess the validity of far-field reconcentration and remobilization
mechanisms of the Alamosa Basin with the Biosphere Model of the Yucca Mountain Project.
At present, the Biosphere Model assumes advection and diffusion of released material in the
repository to create a dilute plume of material intercepted by agricultural wells. The source
term is then reconcentrated into agricultural soils, transferred to plants, and ultimately provide
a dose to man.

In the Alamosa Basin, the operant mechanism prior to anthropogene development was
concentration of uranium and other metals at a redox-front. This now appears to provide a
significant source-term that can be studied. Another feature regarding agriculture is the use of
phosphate fertilizers that contribute to the radium and uranium source term, which might
complicate the issue of soil reconcentration.

4.1. Features, events, andprocesses

Features, Events, and Processes (FEP) form an essential part of the formal analysis of the
Yucca Mountain Repository and is a critical part of the model validation process (CRWMS
M&O 1999a, b; CRWMS M&O 2000a, b, c, d, e, f, g, h, i) [8 to 18].
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FEPs that can significantly change the performance of the repository must be modelled.
Initially 1,786 FEPs were reviewed, classified, and 47 of them were considered an important
Biosphere issue. None of these FEPs involves ore-forming processes as a pre-concentration
mechanism for radionuclides, which are later released via anthropogene activities.

There are several discrete mechanisms in the far field at Yucca Mountain capable of
providing a mechanism of reconcentration for materials.

These are:

(a) Surficial Uranium Deposits: Carlisle (1978) identified the Amargosa Desert as very
favorable for non-pedogenic calcrete uranium deposits. Occurrences of such calcretes
occur in similar geologic settings near Las Vegas.

(b) Basal-Tabular Uranium Concentrations: The Amargosa Desert contains oxidized valley-
fill sediments directly overlying reduced Paleozoic limestones.

Reconcentration of repository material in ore-forming mechanism is an active process, which
selectively removes material with high efficiency from groundwater. Even if this process were

-to be interrupted after several hundred years, the amount of material remobilized by an
anthropogene event such as high-volume irrigation well would significantly increase potential
doses.

4.2. Present day analog

This paper proposes a natural analog for a reconcentration & remobilization FEP that can be
demonstrated to be operating based on present evidence in the Alamosa Basin. This study of
the Alamosa Basin incorporates a mathematical and conceptual model of multipathway risk
similar to that used for the Yucca Mountain Biosphere analysis.

5. Characteristics of regional redox controlled, roll-front deposits

The general characteristics of regional redox-controlled, roll-front deposits include a very
specific, yet common, geochemical condition in basinal sediments reflecting either the
depositional nature of the basin, or regional oxidation of the basin, or both. The deposits are
epigenetic. That is, they form after the deposition of the sediments and generally reflect
continuing, regional diagenetic changes in the sediments.

Roll-front deposits are created best in high-permeability, well-developed aquifers that permit
large volumes of water and dilute mineralizing solutions to migrate through the redox front
allowing for the concentration of minerals. They may also reflect remobilization of pre-
existing syngenetic deposits. Roll-fronts tend to be very continuous over large distances and
reflect basin-wide, regional conditions. Examples of roll-front deposits have been described
throughout the world and include China, Kazakhstan, Mongolia, Uzbekistan, New Mexico,
Texas, and Wyoming [5,7,19,21,27,30,35].

5.1. Geochemistry of roll-front deposits

In the type examples of redox-controlled, roll-front, sandstone deposits all cases exhibit well-
defined, regional redox fronts over large areas. In the basins, the redox pairs generally
associated with roll-fronts are the ferrous-ferric pair (Fe 2-Fe 3) and the sulfide-sulfate pair
(S-2-S4). This is generally represented by the oxidation of pyrite to sulfate with the
production of limonite. In the Grants Mineral Belt, a zone of limonite alteration is well

292



defined throughout the basin and is bounded by a reduced, pyritic zone in the basin interior to
the north.

Oxidizing, uranium, selenium, arsenic, and molybdenum-bearing solutions migrate downdip
and precipitate when a reducing environment at the regional redox boundary is encountered.
Through time, uranium accumulates along with other redox-sensitive metals to form ore
deposits. Where zones of higher permeability exist, more water is allowed to flow and more
uranium tends to be concentrated.

5.2. Geonmetry of roll-fronts

The overall geometry of roll-front deposits is ribbon like in plan and single ore bodies can be
described as C-shaped rolls in cross-section. Roll-fronts are typically sinuous and frequently
"stacked". That is, multiple ore-rolls appear in close spatial proximity to each other and are
separated vertically, and are frequently characteristic of the deposit type. The stacked rolls in
most deposits are usually within 100 to 500 m from each other, although in some cases may
be up to 5,000 m. Vertical dimensions range from 0.5 to 3 m in height and 5 to 20 m in width,
although the deposits in Kazakhstan are generally much broader and may range up to several
hundred meters.

Individual rolls are frequently laterally continuous over several hundred meters, but may
merge with other rolls or disappear in large part as a function of lithologic controls and
hydrologic and geochemical conditions. Overall, stacked roll-fronts can be continuous over
several tens of kilometers. Local ore controls within the stacked rolls typically reflect slight
changes in permeability of the sandstone such as multiple, fining-upward sequences of fluvial
sand or fan deposition, local clay interbeds, fine mudstone (overbank) deposition, and the
presence of local concentrations of organic reductants.

5.3. Continuity of deposits

Deposits of the roll-front type tend to be continuous over substantial distances. The
Crownpoint ore trend extends continuously for over 30 km, and the regional redox front can
be traced for over 150 km in which several other ore trends are present such as the
Churchrock trend. The roll-fronts of the Chu-Saryssu Basin also exhibit similar geometries
and ore trends often extend over 50 km in length. The overall length of the redox front
extends over 200 km. The major ore zones occur in four different stratigraphic horizons, each
having multiple stacked rolls. Roll-front deposits of the Wyoming basins have similar
dimensions.

The favourable zone defined by Johnson, McCam et al (1982) in the Alamosa Basin has
dimensions consistent with all of these deposits, is 60 km long and 5 km wide. Favourability
for occurrence of uranium deposits is based on depositional environment, alteration fronts,
coincident geochemical fronts, and the presence of high concentrations of uranium in ground
water proximal to the favourable zone sampled from irrigation wells in the area.

5.4. Baseline water quality data

- Baseline water quality data are being compiled for roll-front uranium deposits in Kazakhstan,
Texas, New Mexico, and Wyoming as a means to develop surrogate estimates for the control
area. COGEMA, Kazatomprom, and Uranium Resources, Inc. have so far supplied data.

- These data include multiple samples at each well location for the common anions and cations
as well as trace metal concentrations for metals such as selenium.
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6. Control area

In order to establish a basis of comparative risk, other anthropogenic activities can be
compared to the risk of mining. A control area was selected based on previous work by
Johnson, McCam et al (1982), in which high volume water use for agriculture appear to
induce leaching in a manner similar to ISL mining [22,34]. The control area is in the San Luis
Valley, Southern Colorado as shown in Figure 1. The basin underlying the San Luis Valley is
the Alamosa Basin. Figure 2 shows the arcuate zone of favourability, which is similar in
overall dimensions to redox-controlled, roll-front uranium deposits in New Mexico, Wyoming
and Kazakhstan.

FIG. 2. Zonefavourablefor regional redox-controlled, rollfront uranium.

7. Assessment of uranium resource favourability

During the energy crisis of the early 1 970s, Congress funded the National Uranium Resource
Evaluation (NURE) programme, which assessed the favourability for uranium deposits
throughout the United States on a 2-degree quadrangle basis (about 60,000 km2 each).
Johnson, McCarn et al (1982) investigated the Trinidad Quadrangle and determined that a
60 kilometer-long, 5 kilometer-wide zone (300 sq. km) (Figure 2) was favourable for regional
redox-controlled, roll-front uranium deposits similar to those found in the Wyoming basins.
The area was assigned as a speculative resource area by analogy to the Wyoming basins.

The limits of the favourable zone in Figure 2 are defined by interpretation of four cross-
sections based on borehole data from Powell (1958) to identify alteration fronts by Johnson,
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McCarn et a] (1982) and the position of methanogenic and brown-stained waters from
Siebenthal (1910) [33]. Limited hydrogeochemical sampling in the northern part of the near-
field zone by Johnson, McCarn et al (1982) confirmed the presence of high concentrations of
uranium at or near the redox front. These data correlate well with the uraninite stability field
and show a significant drop in oxidation potential in waters from the oxidized to the reduced
sediments.

Powell (1958) published numerous drillers' logs that reflect the colour, or redox state, of
sands and clays within the basin defining the limits of the near-field zone. Siebenthal's
western limit of methanogenic wells is coincident with the eastern boundary of this zone.
Sampling by Johnson, McCarn et al (1982) established that the hydrogeochemistry of the

- northern part of the zone is consistent with roll-front uranium deposits based on Eh, pH and
presence of elevated concentrations of uranium at the front (Figure 3).

Comparison of the favourable zone to the Underhill's (1993) [37] ISL mining criteria reveals
that the geology and hydrology of the favourable zone meets all requirements for ISL mining,
and most of the requirements that would provide optimal characteristics. The missing optimal
requirements such as ore reserve estimates [20] and concentrations of by-product metals are
unknown at the present time.
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FIG. 3. Near-fleld zone sampling results.

8. Sediments of the Alamosa Basin

The Alamosa Basin is the northern part of the Rio Grande Rift, a Basin and Range structure
characterized by crustal extension, a thinning crust, high heat flow, and extensive effusive
volcanic rocks. The basin is asymmetrical, deeper in the east adjacent to the Sangre de Cristo
Mountains, whereas the western Dank is more gradual. The bulk of the sediments in the basin
are derived from the adjacent San Juan Volcanic Field to the west. The basin has interior

- drainage, and a line of the ephemeral lakes characterizes the geographic low of the basin's
depocenter.
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8.1. Santa Fe group

The Santa Fe Group directly overlies the upper Oligocene tufTs and is generally divided into
two units. The lower unit is composed of claystone, sandstone and conglomerate. The unit
displays a characteristic colour related to oxidation states of the sediments and is generally
yellow, yellowish-brown, brown, red, light gray, medium gray, dark gray, green, greenish-
gray, bluish gray, blue, and black (Powell, 1958). The colours change from oxidizing to
reducing across the Alamosa Horst.

The Upper Santa Fe Group, called the Alamosa Formation by Siebenthal (1910) [33] and
Powell (1958), reflect a change in the depositional framework to a lower energy, fluvial-
lacustrine sequence from the higher-energy conglomerates below. Redox conditions are
oxidizing to the west and become abruptly reducing over the Alamosa Horst. The reduced
sediments include peat, lacustrine clays and black sands. This sequence culminates in
widespread blue clay, about 1-2 m thick, which forms the upper confining zone for the
artesian aquifer. The clay is overlain by Quaternary alluvium.

The most prominent surface feature of the basin is the Rio Grande Fan that extends outward
from the San Juan Mountains into the basin. The coarse sands and gravels that characterize
the proximal Rio Grande Fan facies interfinger with reduced lacustrine and peaty sediments
toward the centre of the basin. The sediment colour and sandstone-to-shale ratio changes
basinward from 100:1 at the basin margin to 1:2 near Hooper in the basin interior. Figure 4
shows the redox conditions of sediments in wells and the changing depositional environment
as characterized by the sand to shale ratio. Many sand and gravel beds extend from the heads
of the alluvial fans to the center of the basin (Powell, 1958, p.22). In the favorable, near-field
zone (Figure 5) identified by Johnson, McCam et al (1982), the ratio is about 1:10 to 1:1.
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FIG. 5. Structure of the Alamosa Basin (from Brisier & Breis, 1994).

8.2. Alteration zones and chemical characteristics

The chemistry of the water and chemical characteristics of the sediments also changes
basinward from oxidized to reduced [26]. The near-field zone based on alteration of
sediments is directly correlated with the eastern edge of the zone of methanogenic waters -
tinted waters mapped by Siebenthal (1910, p.47). Siebenthal described the extent of
flammable gas in water wells in a belt 50 km long and 20 km wide and noted the presence of
a zone of brown-tinted, coloured water, apparently migrating in the direction of highest water
use to the west.

Throughout the area, blue clay, 1 to 2 m thick, of lacustrine origin, overlies the zone of
artesian waters in the distal fan facies. This regional redox interface defines the zone of
uranium favourability from Johnson, McCam et al (1982). Characterization of the
geochemistry of the northern portion of the favourable zone demonstrated the presence of:

(a) Sediment color changes from oxidized to reduced based on well log data from Powell
(1958) (Figure 4);

(b) Drop in redox potential (-200 mV) of ground waters correlated with the methanogenic
zone of Siebenthal (1910) (Figure 3); and

(c) Elevated concentrations of uranium in ground waters (Figure 3).

9. Structural features of the Alamosa Basin

The structure of the Alamosa Basin, presented in Figure 5 modified from Brister & Gries
(1994) [4], clearly demonstrates the relation of structure to the favourable zone identified by
Johnson, McCam et al (1982). The Alamosa horst directly corresponds to a changing
depositional environment in the upper section allowing the interfingering of fluvial sands of
the braided, Rio Grand River system with interior lacustrine and peaty sediments of the basin
interior. This allowed for the development of a regional redox front within the upper portion
of the basin. The eastern margin of this zone also corresponds to the area of methanogenic
wells documented by Siebenthal (1910, p.47), Johnson, McCam et al (1982).

Based on Brister & Gries (1994), overall structure is a half-graben, flanked to the west by the
San Juan Volcanic Field highland and to the east by the high-angle, reverse fault of the Sangre
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de Cristo Mountains, and separated by the Alamosa Horst. The eastern half-graben, the Baca
graben, is asymmetrical, deeper in the east, and represents a closed-basin depositional
environment characterized by periodic cyclical deposition of lacustrine clays interbedded with
peat and fine- to coarse-grained sandstones, interpreted to be post-depositionally reduced by
diagenctically produced humates and methane.

The Santa Fe Group sandstones to the east, in the Baca Graben have also been syn-
depositionally faulted, as evidenced by seismic data from Brister & Gries (1994). This
faulting has rotated the basement upwards in the area of the Alamosa Horst and downwards
along the bounding normal fault of the Sangre de Cristo Mountains. Faulting continues up
through the Late Tertiary-Quaternary unconfined aquifer. Depositional features of the Monte
Vista Graben are missing completely in the Baca Graben demonstrating that the area was not
active during the early history of the Monte Vista Graben. The Baca Graben contains over
3,000 m of Santa Fe Group sediments directly overlying the thinning welded tuff compared to
only 750 m of sediments in the Monte Vista Graben. The Monte Vista Graben was active
earlier than the Baca Graben.

10. Agricultural wvater use in the Alamosa Basin, Colorado

In the Alamosa Basin and throughout the western United States, agricultural water use is an
important aspect of local economies. Thousands of agricultural wells are present within the
basin supporting one of Colorado's most important intensive agricultural areas. The primary
crops are alfalfa, hay, potatoes, barley and wheat as shown in Table 1. Leafy vegetable
production includes lettuce, spinach and carrots. Total production value per year is USS 300-
400 million. Figures 6 shows a typical central-pivot irrigation system in operation, and Figure
7 is an aerial view of a portion of the area showing the intensity of agriculture and irrigation.

FIG. 6. Central-Pivot irrigation in the San Luis Valley.

The Alamosa Basin contains the single largest resource of water in Colorado and researchers
of the U.S. Geological Survey including Siebenthal (1910) and Powell (1958) have reported
these resources. The basin has provided for local agricultural irrigation for over 100 years.
Because of the artesian character of the basin, agricultural wells have water levels above
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ground level. Powell (1958) documented over 7,500 flowing artesian wells
Valley.

in the San Luis

Table 1. Primary crops of the San Luis Valley (2001 Preliminary Figures).

Crop Hectares Tonnes KgY'1eld/m 2  Tonnes SIlonne Crop Value/Hlectare Crop (Millions)
Alfalfa 67,582 9.30 0.93 628,724 SI 10.23 S69.3
Grains 37,717 6.15 0.61 231.936 S128.60 S29.8
Other Hay 37,636 4.26 0.43 160.300 S104.72 S16.8
Potatoes 27,478 35.32 3.53 970,416 S205.03 S199.0
Leafy Vegetables 9.200 11.52 1.15 106,027 S150.00 S15.9
Totals 179.613 2.097.402 S330.8
Source: Colorado Agricultural Statistics. 2002.

FIG. 7. Aerlalphotograph of the Alamosa Basin.

For the past 50 years, irrigation has been accomplished by large, central-livot irrigation
systems, and previously by flooding the fields. Approximately 925 x 106 m are extracted
from the basin each year to meet the consumptive requirements. Approximately 180,000
hectares are currently under irrigated production.
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In Powell's 1958 study, pumping tests on 8 free-flowing artesian wells (Table 11) revealed that
both the Santa Fe and Alamosa formations in the confined aquifer have high permeability.
The average estimated permeability is about 5 darcies for the confined zone as defined by the
Santa Fe formation. As shown in Table II, the transmissibility of the confined aquifer
averages 22,125 gal/day/ft. By comparison, the Westwater Canyon Member of the Morrison
Formation, Grants Mineral Belt, New Mexico, an excellent candidate for ISL mining (Pelizza
& McCam, 2003) [31], has a transmissibility of 2,556 to 2,698 gal/day/ft (McCarn, 1997) or
about 400 millidarcies permeability. The thickness of the Westwater is comparable to the
thickness of the confined aquifer.

Table 11. Estimated transmissibility and permeability of the confined aquifer.
Coefficient of Jacob - Theis Estimated Estimated
Transmissibility Lohman Recovery Average Effective GPD/Ft2  Millidarcies
(Gal/day/fl) method method Thickness

Santa Fe Formation
37-8-13dcl 30,800 28,600 29,700 375 94.3 4,599
378-13dc2 60,300 63,100 61,700 375 195.9 9,554
37-9-20ccl 12.800 16.700 14,750 375 46.8 2.284
37-9-34cc 30.200 30,800 30,500 375 96.8 4,723

Alamosa Formation
37-8-3bc 7,000 7,000 375 22.2 1.084
37-8-6dcS 14,500 14,300 14,400 375 45.7 2.230
37-8-7bc5 13,000 11.400 12,200 375 38.7 1.889
38-8-29dd2 6.600 6.900 6,750 375 21.4 1.045
Average 24,029 22,350 22,125 375 70.2 3,426

From Powell (1938. p.42 and Table 10).

11. Recent studies in the San Luls valley

As part of the Rio Grande water-quality assessment in 1996 by the U.S. Geological Survey, a
study of groundwater quality of the upper, unconfined aquifer (Anderholm, 1996) [1]
demonstrated the presence of high concentrations of aluminum, barium, iron, manganese,
molybdenum and uranium. These parameters exceeded the maximum contaminant levels set
by the U.S. Environmental Protection Agency (EPA). All samples in the study exceeded the
EPA proposed standard for 22211n, which ranged from 700 to 1,900 pCiIL. This study area
coincided with the "near-field" zone of the proposed project. It is postulated that much of the
uranium in the upper aquifer originated in roll-fronts in the lower, confined aquifer
remobilized by agricultural well pumping. Anderholm (1996, p.51) found that uranium
anomalies in the surficial aquifer were located in the eastern part of the San Luis Valley,
which correlate with the favourable zone from Johnson, McCarn et al (1982).

12. Conceptual model of uranium remobilization in the Alamosa Basin

High-volume, artesian, agricultural wells in the near-field reduced zone or within the redox
zone create a groundwater depression and consequent axial flow from all directions towards
each well. As flow is established during the peak irrigation season, mildly oxidizing waters
move across the redox zone and the associated zone favourable for uranium mineralization,
causing the mobilization of soluble uranyl carbonate aqueous phases.

As the uraninite and other mineral phases are leached, radium trapped within the mineral
structure is released and moves with the uranium towards the well. In a similar fashion, other
redox sensitive metals such as arsenic, selenium and molybdenum are mobilized. Figure 8
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shows the conceptual model of uranium remobilization potentially caused by agricultural
water use in the near-field zone.

Conceptual review of the location of the agricultural wells with respect to a mineralized zone
is critical. Wells located in the oxidized zone may cause reduced waters to flow across the
redox front, causing minimal remobilization.

Wells located too far to the east of the redox zone, in the oxidized zone, may cause flow
across the zone, but the chemical kinetics of uranium may not cause re-reduction. Mobilized
radium may continue to the well.

Wells located at the redox zone or slightly into the reduced zone would provide optimal
locations for the remobilization of metals and radium from mineralization. Following
extraction by the producing well, analytes are distributed to large areas via central-pivot
irrigation systems.

Potentlometric Surface
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FIG. 8. Model of uranium remobilisation.

and2. Reconcentration of radionuclides in soal [29]

Intuitively, agricultural water contaning trac-metal analytes will concentrate in the upper
soil zone due to evapotranspiration of over 95% of the water volume. Over decades of water
use, the concentrations will depend on a number of factors including: the partitioning
coefficient, Kd (ml/g), of an analyte and the soil; the water balance, the years of irrigation, and
other soil parameters.

Baes and Sharp (1981) [2], Napier et at 1988, IAEA (1994), and CRWMS M&O (1999a, b
and 2000a, b, c, doce, , fg, h, i) discuss methods and mechanisms for radionuclide and heavy
metal reconcentration in soils which includes the biosphere process model report for Yucca
Mountain. As shown in Equation 1, the theoretical basis derives from the soil characteristics
including density p (glcm3), moisture 0 MI/CM3) , depth of soil d, (cm), and the partitioning
coefficient, Kd (ml~g) of an analyte and the soil. The calculation uses the water balance, which
includes precipitation, P (cm), irrigation, l, (cm), and evapotranspiration, E (cm), to calculate
a leaching coefficient, XL, for the soil.
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d06(1+K K)

In order to calculate buildup of an analyte through time (Equation 2), the rate of change of the
concentration of the analyte is defined as a function of the irrigation water per day (cm), the
concentration of the analyte (pCi/L), air deposition per day, less the concentration of the
analyte times the sum of the soil leaching coefficient, XL, and the radioactive decay constant
X-Rad.

Equation 2:

M (1) = I(t) x 0.01 X C.,atr X 1000 (t) + Adrp (0) - M Wt X (AL (1) + ARad

As the M(t) term approaches saturation, the derivative, M'(t) term approaches zero. The
source term buildup M(t) and the M'(t) are in units of pCi / m2. The source term C, is in units
of pC / L. No air deposition is modeled, but the term is left in for completeness. The 1000
factor allows for an appropriate conversion between liters and cubic meters.

12.2. Source term estimates [6,32]

Source term concentrations for radium and uranium for the entire Alamosa basin are not
available at the present time. Johnson, McCarn et al (1982), performed sampling of the
northern part of the zone favourable for uranium in 1979, although no radium values were
measured. Measurements made in the upper, unconfined aquifer by Anderholm (1996) for
uranium and radium demonstrated a high correlation with the zone identified by Johnson,
McCarn et al (1982). Based on these data, a nominal estimate of 36.6 pCi/l was used for the
scoping calculation, and is intended only as a "starting point" for more rigorous analysis.

Because of the spatial correlation of uranium in the upper, unconfined aquifer with the zone
identified by Johnson, McCarn et al (1982) in the underlying, artesian aquifer, the source of
the uranium in the upper aquifer may be directly related to historical irrigation activity.

A compilation of baseline, water quality data from similar, regional redox-controlled, roll-
front uranium deposits in Texas, New Mexico, Wyoming, and Kazakhstan is being developed.
These data represent published baseline water quality data from ISL mining units. When the
data compilation is completed, the distribution of radium, uranium and radon will be
statistically analyzed, and a stochastic risk model will be developed using distributions
conditioned by these data.

Initial review of these data indicates that the 36.6 pCi/I value used in the present scoping
calculation may underestimate the source term. Additionally, the high radon concentrations
(700 to 1,900 pCi/L) within the Alamosa Basin may also be used to validate the range of the
in situ concentration of radium.

A second issue for the calculation of risk that is not fully accounted for in a scoping
calculation is the length of time fields have received water. A review of the data from Powell
(1956) reveals that 50% of the wells have produced water for 95 years, with the 75h
percentile of 110 years and a 25'h percentile of 65 years. Therefore, a scoping estimate of 50
years tends to significantly under-estimate the total source term deposited.
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GEOLOGY OF CROWNPOINT SEC. 29 URANIUM DEPOSIT,
McKINLEY COUNTY

by D.W. Wentworth, Conoco Inc.. 9301 Indian School Rd. N.E., Albuquerque. lew lMexiko87112.
D. A. Porter, Conoco Inc.. 355 17th Street. Denver. Colorado 80202. and

H. N. Jensen, Conoco Inc.. 9301 Indian SchoolRd. NV.E.. Albuquerque. New XeAtico 87112

Abstract
The Crownpoint Sec. 29 deposit, located in the west-central

part of the Grants mineral belt, represents a relatively recent
uranium discovery in the Westwater Canyon Member (Jurassic)
of the Morrison Formation. This deposit, estimated as contain-
ing up to 10 million pounds of uranium oxide. occurs in four ver-
tically separate sandstone units. The average depth of the ore
mineralization is approximately 2.000 ft (610 m) below the
ground surface. Present-day structure of the Crownpoint Sec. 29
area is relatively simple and consists of gentle north-northeast-
dipping strata with no known faulting. This deposit is located in
an east-southeast-trending Westwater Canyon depocenter, whose
course is believed to have been influenced by subtle Jurassic
structure, which was penecontemporaneous with sedimentation.
The deposit has been delineated by drilling on 200-ft (60-m)
centers, involving approximately 348 holes and is awaiting shaft
sinking and mine development.

Introduction

east of the village of Crownpoint. The deposit is in the Grants
mineral belt, approximately 100 air mi (160 km) northwest of
Albuquerque and 35 air mi (56 km) northeast of Gallup. The area
has excellent road access from NM-57. which crosses the section
(fig. I).

This paper discusses geological observations about the Crown-
point Sec. 29 deposit-a major uranium discovery. The deposit
occurs as a series of tabular ore pods at a depth of approximately
2,000 ft (610 m). This exploration-oriented report is based on
data interpreted from the electric and gamma logs of rotary drill
holes and a limited number of cores. More detailed information
will be obtained during the mine development and production
phases of the project.

ACINOWLEDGmENTs-We appreciate permission given by
Conoco to publish this paper, and we thank the many people in
the Minerals Department who assisted in its preparation. Special
thanks are extended to L. W. Heiny. who provided encourage-
ment and support over the years for the Crownpoint project. and
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Exploration history
The Crownpoint Sec. 29 uranium deposit Is located In sec. 29. Conoco became interested in the Crownpoint area in the early

T. 17 N.. R. 12 W., McKinley County, New Mexico, immediately 1970's as a result of a regional study of the Grants mineral belt.

(New Mexico Bureau of Mines & Mineral Resources, Memoir38, 19801
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These studies indicated a good possibility of finding economic
uranium deposits to the north and downdip Of the known ura-
nium orebodies Of the region. Another company had drilled
uranium test holes immediately to the east and west Of the village
of Crownpoint. Six of these holes were drilled in sec. 29. and two
penetrated strongly mineralized zones at a depth of about 2,000
ft (610 m). Electric logs Of these holes showed that the host rocks
are stratigraphically similar to those in the Ambrosia Lake min-
ing district.

Mineral leases in sec. 29 were acquired in August 1972 as a
result of a successful bid for a group Oa properties offered by the
New Mexico and Arizona Land Company. These properties con-
sisted of both fee and Indian-allotted leases. Shortly after ac-
quisition. Conoco initiated a first-phase drilling program on the
sec. 29 properties. Three north-south fences with 800-ft (245-m)
spaced holes were drilled across the northern pan of the section
to determine the extent of the previously discovered mineraliza-
tion. This program was unusually successful; seven of the nine
holes drilled penetrated ore-grade mineralization. At this time, a
major multi-horizon deposit seemed to have been discovered
trending east-west across the northern part of the section. A
potential ore-reserve estimation was made, based on 15 wide-
spaced holes, which did not vary appreciably from reserves calcu-
lated after the deposit had been completely delineated on 200 ft
(60 m) centers. The additional drilling of 333 holes confirmed the
presence of a major uranium deposit and provided necessary in-
formation concerning the configuration of the individual ore
pods, distribution of grade, and other data needed for mine plan-
ning. Ore delineation was carried out in two phases conducted on
400-ft (120-m) and 200-ft (60-m) centers. This deposit Is now
awaiting shaft sinking and mine development.

Current ore-reserve estimates indicate that the deposit may
contain up to 10 million pounds (4.500 metric tons) of In-place
uranium oxide. The actual number of pounds that may be real-
ized is dependent on several factors, some of which are: royalty
burdens, severance taxes. environmental restraints, capital and
production costs, and the future price of uranium.
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Geologic setting
Stratigraphy

Sandstone units of the Westwater Canyon Member of the Mor-
rison Formation (Upper Jurassic) are the hosts for the Crown-
point Sec. 29 uranium deposit (fig. 2). Overlying the Morrison
Formation are approximately 1,750 ft (530 m) of Cretaceous
rocks that include the Dakota Sandstone, Mancos Shale, and
MesaverdeGroup. Rock units below the Morrison Formation are
interpreted to consist of approximately 3.900 ft (1,180 m) of Up-
per Jurassic, Triassic, and Paleozoic sediments resting on a
Precambrian crystalline basement.

In the subsurface of the Crownpoint area, three members of
the Morrison Formation are recognized (in ascending order):
Recapture Member, Westwater Canyon Member, and Brushy
Basin Member. The regional depositional patterns and source
areas for these members have been described by Craig and others
(1955), Saucier (1976), and Galloway (1978).

The Recapture Member has a thickness of 255-270 ft (78-82
m). This unit is composed of red-brown and grayish mudstones
and siltstones with interbeds of fine- to medium-grained white
sandstone. The contact between the Recapture and overlying
Westwater Canyon Member appears to be conformable in the
Crownpoint area.

The Westwater Canyon Member Is the host unit for the
uranium deposits of sec. 29 and is 250-350 ft (76-107 m) thick. It
consists of a series of gray- to light-red, fine- to medium-grained.
feldspathic sandstones with a number of well-defined mudstone
beds of variable thickness. The sandstones are generally
crossbedded, poorly sorted, and only moderately well cemented.
Subsurface studies made with electric logs show that the member
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FIGURE 2-ELECTRtC LOG SHOWING THE RELATIONSHIP OF THE MAJOR ORE
ZONESTO THE WESTWATER CANYON MEMBER OF MORRISON FORMATION.
sEc. 29,T. 17 N., R. 12 W.

is separated by mudsione beds into five distinct sandstone units
that are informally termed, in descending order, the A. B, C, D,
and E sands (fig. 2). The sandstones are 30-100 ft (9-30 m) thick
and are correlated across sec. 29, with only an occasional inter-
ruption resulting from the erosion or the intervening mudstone
unit. The mudstone units are colored pale green with sparse red
mottling and range from a few inches to more than 30 ft (9 m)
thick. The most persistent mudstone bed separates the B sand

(New Mexico Bureau of Mines & Mineral Resources, Memoir 38.1980]
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Structure
The area containing the Crownpoint Sec. 29 deposit is located

on the Chaco slope, a gently dipping structural terrace between
the Zuni uplift to the south and the inner San Juan Basin to the
north. The strata in sec. 29 have north-northeast dips of 1-2°.
Northeast-trending normal faults with limited displacements
have been mapped in the Crownpoint area, but no faults are
known to cut the ore-bearing beds in sec. 29.

A structure map contoured on the top of the Twowells sand-
stone (Upper Cretaceous) shows a gentle northward dip of 1-2°
(fig. 3). A similar structure map contoured on the base of the CP
mudstone of the Wcstwater Canyon Member also shows a gentle
northward dip that is interrupted by local anticlinal nosing in the
north-central part of sec. 29 (fig. 4). This nosing does not appear
to have affected the main Westwater Canyon depositional pat-
terns, and no significant evidence of this structure has been
found above the base of the Dakota Sandstone. This structural
feature probably was formed during the period of deformation
that occurred on the Colorado Plateau near the end of the Juras-
sic Period (Kelley, 1955).

Paleostructural-depositional relationships
The Morrison Formation in northwest New Mexico Is a se-

quence of fluvial and lacustrine sedimentary rocks that were
deposited in a series of coalescing alluvial fans on the northern
slope of the ancient Mogollon Highland (Craig and others.
1955). The Mogollon Highland is believed to have been located in
southeastern and southern Arizona. The general direction of
stream flow in the Crownpoint area was east-southeast, roughly
parallel to the axis of the ancient Zuni uplift on the south. The
configuration of the Westwater Canyon depositional fan In the
area of the Grants mineral belt probably was Influenced by wide-
spread but subtle tectonic processes that were active during
deposition. The Influence of tectonic movement penecontempo-
raneous with Westwater Canyon deposition has been recognized
previously (Hilpert and Moench, 1960; Moench and Schlec,
1967; Saucier, 1976).

A series of normal, east-southeast-striking basement step
faults Is believed to lie parallel to the Zuni uplift. These faults
also are believed to be downthrown to the north and occur at
relatively regularly spaced intervals. Initiation of the faulting is
thought to be pre-Morrison and may be as old as Precambrian.
Recurrent movement along these basement faults may be re-
flected in the depositonal patterns of several overlying sedimen-
tary units, including the Westwater Canyon Member.

Movement along these basement faults is believed to have in-
fluenced Morrison Formation paleotopography. Subtle down-

FIGURE 3-STRucruRE MIAP CONTOURED ON THE TOP OF THE TWOWELLS
SANDSTONE.

from the C sand in the upper part of the Wcstwater Canyon and
Is designated the CP mudstone.

The Brushy Basin Member consists of 80-125 ft (24-38 m) of
pale-green, bentonitic mudstone with lenses of siltstone and gray,
fine- to medium-graincd sandstone. It conformably overlies the
Westwater Canyon Member, and its basal mudstone units inter-
tongue with the upper sandstones of the Westwater Canyon. The
Brushy Basin Member is separated from the overlying Dakota
Sandstone (Cretaceous) by a regional unconformity that shows
considerable relief in the Crownpoint area.
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warping, produced by subsiding fault blocks, was transmitted to
the surface and formed broad, shallow troughs that affected the
overall depositional patterns of the Westwater Canyon sandstone
units. Regional subsurface mapping of the Westwater Canyon
fluvial systems shows that sedimentation was influenced by
subtle positive and negative structural movements. Subsidence
along these fault trends appears to have accelerated moderately
during deposition of the uppermost Westwater Canyon Member
and to have resulted in thick accumulations of channel sand-
stones confined to the broad troughs. The result of this deposi-
tion was development of an extensive system of southeast.
trending structurally influenced depocenters, up to 2 mi wide,
across the western part of the Grants mineral belt.

The Crownpoint Sec. 29 deposit is associated with such a depo-
center. Isopach mapping (fig. 5) shows that the axis of the
depocenter follows a nearly east-west course across sec. 29,
where the maximum sandstone thickness in the Westwater Can-
yon is approximately 350 ft (106 m). In places near the southern
limit of the section, total Westwater Canyon thickness decreases
to approximately 250 ft (76 m); north of the section, the West-
water Canyon Member also thins significantly. The increase in
sand thickness is mainly the result of an increase in number and
thickness of sandstone units deposited In the upper part of the
Westwater Canyon Member. These upper sandstone units inter-
tongue with the basal Brushy Basin Member mudstone units.

Ore deposits
The Crownpoint Sec. 29 deposit is similar in host rock, ore

geometry, and uranium minerals to other large deposits in the
Grants mineral belt. Uranium minerals were Identified by x-ray
diffraction and microprobe studies of core. Coffinite is the
major uranium mineral, with sparse to minor amounts of amor-
phous urano-organic clay complexes. Secondary uranium miner-
als are sparse; they Include carnotite, zippcite, and schroeking-
erite. The zippeite and schrockingerite probably were derived
from the oxidation of core samples (Lee, 1976).

Uranium concentrations occur as a series of pods in well-
developed channel sandstones composing the upper three-fourths
of the Westwater Canyon Member. The individual pods are ir-
regular in configuration and are elongated and parallel to the
regional sedimentary trends (N. 70-80 W.). Ore pods occur in
the A, B. C, and D sandstone units (fig. 2), and within each sand-
stone unit the pods may overlap, coalesce, or occur en echelon.
Individual pods range from a few feet to 200 It (60 m) wide and
from a few inches to 20 ft (6 m) thick. Collectively, the ore pods
compose the Crownpoint Sec. 29 deposit, which is approximately
2,000 It (610 m) wide and extends across the length of the section
(rig. 6).

In sec. 29, uranium occurs in successively lower sandstone
units from south to north. Thus, deposits in the D sand are far-
ther north and structurally deeper than those in the upper three
sandstone units (fig. 7). The opposite occurs at Ambrosia Lake,
where the ore deposits ascend in stratigraphic level downdip to
the north. The Crownpoint deposits seem to be the result of
dissolution and differential movement of uranium downdip by
oxygenated ground waters. The main ore deposits In the C and D
sands appear to have been moved northward from their original
location. Small remnants of C and D ore are preserved along the
south side of the Crownpoint Sec. 29 deposit (fig. 6). Studies of
Westwater Canyon drill-cuttings samples suggest that the north-
ward movement of the ore in the C and D sands was impeded by
a decrease in grain size and permeability in the northern part of
the Crownpoint depocenter. The ore deposits in the upper, more
lenticular A and B sands seem to have been less affected by ox-
idizing ground waters, and their ore deposits remain very close to
where they were emplaced originally. '

The oxygenated ground waters that apparently moved the ore
in the C and D sands may have been associated with a regional
oxidation front. Westwater Canyon Member sandstone units
have been altered by a northward encroaching front covering a
15-mi (24-km) distance from the outcrop to the southern edge of
the Crownpoint Sec. 29 deposit. In the southern part of sec. 29,
the gray pyritic sandstones of the Westwater Canyon Member
have been altered by oxidation to a reddish, hematitic color.
Here the alteration pattern is complex, and vertically separate
sandstone units in a single drill hole generally exhibit different
degrees of oxidation. The oxidation represents a dissipating and
destructive force and is believed to have destroyed uranium
trends previously existing south of the present front. Saucier (this
volume) believes that this front was formed during the Miocene-
Holocene cycle of erosion.

Ore genesis
Rubidium-strontium age dating of ore-stage clay minerals sup-

ports a Late Jurassic age (139 m.y.) of uranium mineralization
for the Crownpoint Sec. 29 deposits (Lee and Brookins, 1978).
Squyres (1972) postulates a similar age for deposits at Ambrosia
Lake. The deposits probably began to form during the time of
Westwater Canyon deposition. The uranium in the sec. 29 area
was introduced by ground water migrating down-gradient in an
east-southeast direction along the strike of porous sandstone
units. These ground waters probably were slightly alkaline and
carried uranium in the form of carbonate complexes (Hostetler
and Garrels. 1962). The uranium could have been derived both
from the weathering of volcanic ash in the Mogollon Highland
source area and from volcanic material deposited in the West-
water Canyon Member.

FIGURE 5-lsorACHMAr OF WESTWATER CANYONNMUNBECaoNsrc.29. T. 17 N.. R.t 2W.

INew Mexico Bureau of Mines & Mineral Resources, Memoir 38.19801
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The ground waters migrating through the Crownpoint region
had a relatively uniform uranium content at the time the deposits
were emplaced In sec. 29. The controlling factor for ore emplace.
ment seems to have been the presence of large buried masses of
organic derivatives. Evidence for the association of organic
material with the ores of the Grants mineral belt is well known
(Granger, 1963; Kelley, 1963; Moench and Schlee, 1967), and the
presence of organic material in these ores has caused minor mill-
ing problems over the years (Matthews, 1963). This organic
material appears in the form of humates, which are humic-acid
derivatives that contribute to the dark color of the ores.
Examination of cores has shown that many of the high-grade
mineralized zones at sec. 29 are black, which is similar to the ore
produced in the Ambrosia Lake mining district.

The uranium deposits In sec. 29 are thought to have been em-

placed originally as a result of a chemical reaction between
uranium-bearing ground waters and elongate humate masses
located along the southern margins of several east-southeast-
trending channels within the Crownpoint depocenter. An addi-
tional factor appears to have been the proximity of well-
developed mudstone beds associated with this part of the
depocenter; they may have controlled the localization of the
humate masses and also acted as adsorbants.

Summary
The Crownpoint Sec. 29 deposit represents a significant

uranium discovery in the western part of the Grants mineral belt.
Conoco acquired the sec. 29 leases in 1972 and subsequently
delineated an east-west trending deposit, which involved the drill-
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ing of 348 holes on a 200-ft (60-m) grid. The widespread holes
of the first phase of exploration were unusually successful and In-
dicated that a major ore deposit might be present in the section.
The results of additional drilling using closer spacing dem.
onstrated that the deposit may contain up to 10 million pounds
(4,500 metric tons) of in-place uranium-oxide reserves. The ac-
tual amount recovered will be determined by a number of
economic factors, some of which are difficult to predict at this
time.

The uranium mineralization in sec. 29 occurs in multiple hori-
zons in the Westwater Canyon Member of the Morrison Forma-
tion (Upper Jurassic) at depths of approximately 2.D00 ft (610
in). Regional subsurface studies in the western part of the Grants
mineral belt have shown that the ore-bearing sandstone units of
the Crownpoint Sec. 29 deposit were deposited In an cast.
southeast-trending fluvial depocenter. Original mineralization in
sec. 29 probably was emplaced parallel to the fluvial trends soon
after deposition. Mineralization is believed to have been localized
by the presence of masses of humic material in the Westwater
Canyon Member. The individual uranium deposits occur in
elongate pods and usually are located in successively lower sand-
stone units from south to north. The deposits in the lower sands
appear to have been shifted northward from their original site of
emplacement. These deposits have been encroached upon from
the south by a destructive regional oxidation front.
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AFFIDAVIT OF RONALD CHRISTENSEN REGARDING STATISTICAL
ANALYSES

PERSONAL INFORMATION AND PROFESSIONAL QUALIFICATIONS

I1. My name is Ronald Christensen. I am proprietor of Kea Statistical Consulting
and Publishing, 9112 Onate NE, Albuquerque, NM, 87109. I am also Professor of
Statistics at the University of New Mexico, Albuquerque, NM 8713 1, however this work
in no way relates to my duties at the University of New Mexico.

2. My education and experience as a professional statistician are described in my
vita attached to this testimony as Exhibit A, I have a doctor of philosophy in statistics
from the University of Minnesota and more than 25 years of experience as a professional
statistician. I have written four books on statistical theory and methodologies. These
books are used for graduate student instruction and by researchers around the world. I
-have also written over 40 articles in peer reviewed journals. For the past 10 years I have
served on the editorial board of the most prestigious peer reviewed j ournal in statistics.
In recognition of my professional accomplishments, I have been designated a fellow of
both the American Statistical Association and the Institute of Mathematical Statistics.

TESTIMONY

3. The purpose of my testimony is to provide a statistical evaluation of the
declaration of Dr. Richard J. Abitz (labeled EXHIBIT N). My analysis is based on
pages 20 through 29 of his declaration and is restricted to discussion of what I consider to
be some misapprehensions presented in the declaration. I will not discuss either the
merits of the case or my own views on the best way to collect and analyze the data.



4. With reference to paragraph 25, 1 have not seen the guidance documents referred
to. While it is true that many statistical methods are developed for data that follow a
normal distribution, contrary to the declaration, such procedures often retain their
statistical validity for other distributions when sample sizes are reasonably large. Sample
sizes of 20 or 25 observations are often considered sufficient for use of these procedures.

5. With reference to paragraph 27, while it is good statistical practice to use a
Shapiro-Wilk test for normality, in no way does the associated p value determine whether
the data follow a normal distribution. In fact, it is impossible to determine whether the
data have a normal distribution from any finite amount of data. A small p value suggests
that something is wrong with the assumptions and good statistical practice would involve
looking at transformations, including but not limited to the log distribution, that could
make the data appear to be more normally distributed.

6. It is categorically false that "the mean and standard deviation are meaningless
because these parameters are defined ONLY for a normal distribution." It would be
much nearer the truth to say that the mean and standard deviation are defined for any
distribution of practical significance in the real world. While statisticians do sometimes
use distributions for which the mean and standard deviation do not exist, the
nonexistence of these parameters depends entirely on mathematical details that do not
apply in the real world (in which no data can become either infinitely large or small).
Not only are means and standard deviations defined quite generally, rough probability
statements can be made concerning them through the use of Chebyshev's inequality.

7. With reference to paragraph 28, while the paragraph generally describes
reasonable statistical practice, it is an overstatement to say that results for asymmetrical
distributions "must" be analyzed with nonparametric techniques. There are standard
parametric techniques available for the analysis of several asymmetrical distributions.
Often these methods involve use of the mean and standard deviation. Frankly, there is no
universally accepted idea of what one should try to estimate as a measure of the center of
a distribution when dealing with asymmetrical distributions, so it is an overstatement to
say that one must use the median as an estimate.

8. With reference to paragraph 34, a criterion of the mean plus five standard
deviations will always have only a small probability of being exceeded. The probability
depends on the actual distribution of the data. With normal data, the probability is zero
(to five decimal places). A distribution that is often used to model asymmetric
distributions is the gamma distribution. Using means and standard deviations picked
haphazardly from Table 3, the probability of exceeding this limit for a gamma
distribution with mean 104 and standard deviation 10 is .00001 and for a gamma
distribution with mean 33 and standard deviation 5 it is .000016. The worst case scenario
is given by Chebyshev's inequality in which the probability is certainly below .04 and,
with a minor additional assumption that would apply to almost any reasonable model for
asymmetric distributions, the worst case drops to .02. I am not aware of methods to
compute similar worst case probabilities for procedures based on the median and IQR
nor does Dr. Abitz cite any. There is a large body of work based on creating control



limits using the mean plus some multiple of the standard deviation. It is Dr. Abitz's
proposal of an upper control limit of the median plus a multiple of the IQR that requires
justification. All of these probability calculations are based on known population values
for the mean and standard deviation. In practice, such values must be estimated
(imperfectly) from data.

9. For the type of data considered here, population mean values tend to be larger
than their medians, so using the mean rather than the median in forming an upper control
limit (UCL) will tend to cause the UCLs to be more conservative (have a smaller
probability of being exceeded). Averaging the data is certainly a reasonable procedure
for estimating the population mean, contrary to paragraph 39. While the standard
deviation and the IQR are both measures of variability for a distribution, their
relationship changes from distribution to distribution. They are not comparable
measures. I do not see a basis for arguing that the UCL needs to be constructed using
five IQRs rather than 5 standard deviations. For example, with normal data, it seems to
be accepted that the mean plus 5 standard deviations is an appropriate UCL. Using the
IQR implicitly raises this standard. When the data are normal, the population median and
mean are the same number but the IQR is 1.348 times larger than the standard deviation.
As a result, the median plus 5 IQR is the same interval as the mean plus 6.74 standard
deviations.
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PROFESSIONAL SERVICE:

Editorial Board for Statistical Science, 2001-2003.
Associate Editor for Journal of the American Statistical Association The-

ory and Methods, 1996-1999, reappointed 2000-2002, reappointed 2003-
2005.

Member, Committee on Publications, American Statistical Association, 1996-
1998, reappointed 1999-2001.

Search Committee, Journal of the American Statistical Association Reviews
Editor, 2000.

Search Committee, Journal of the American Statistical Association Theory
and Methods Editor, 1998.

Council of Sections Representative, Section on Bayesian Statistical Science,
American Statistical Association, 1999-2001 (elected).

Secretary-rleasurer, Section on Bayesian Statistical Science, American Sta-
tistical Association, 1996-1997 (elected).

Program Chair, Institute of Mathematical Statistics Western Regional Meet-
ing, Seattle, Washington, June 27-29, 1999

NSF Panel Member, GOALI (Academic - Industrial Cooperative Research),
1999.

NSF Panel Member, DMS (Statistics), 1997.
Editorial Collaborator: Annals of Statistics; Journal of the American Statis-

tical Association; The American Statistician; Journal of Econometrics;
Special Topics Index on Linear Models; Technometrics; Statistics and
Probability Letters; Journal of Agricultural, Biological and Environmen-
tal Statistics; Biometrika; Journal of Forecasting; Issues and Controver-
sies in Statistical Inference; Communications in Statistics; Mathemati-
cal Geology; Linear Algebra and Its Applications; Bayesian Statistics in
Science and Technology: Case Studies; Statistical Science; Forecasting,
Prediction and Modeling in Statistics and Econometrics; Behaviour Re-
search and Ther;apy incorporating Behavior Assessment; American Jour-
nal of Public Health; Sankhya A; Journal of the Royal Statistical Society,
Series B; Metrika; Tatra Mountain Mathematical Publications; Compu-
tational Statistics and Data Analysis; Statistics in Medicine; Journal
of Time Series Analysis; Journal of Statistical Planning and Inference;
Biometrics.

Montana representative to the American Statistical Association Council of
Chapters, 1988 (elected).
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PRESENTATIONS:

Invited Presentations

Variance Component Tests, Seely Conference on Linear Models, Oregon State
University, Corvallis, OR, 2003.

Testing: Fisher, Neyman-Pearson, and Bayes, Oklahoma State University,
Stillwater, OK, 2003.

Significantly Insignificant F Tests, Oklahoma Chapter of the ASA, Stillwater,
OK, 2003.

Significantly Insignificant F Tests, Los Alamos National Laboratory, Los
Alamos, NM, 2002.

Significantly Insignificant F Tests, University of Missouri, Columbia, MO,
2002.

General prediction theory and the role of R2 , Northern Arizona University,
Flagstaff, AZ, 2001.

General prediction theory and the role of R2 , University of California, Davis,
CA, 2001.

General prediction theory and the role of R2 , Kansas State University, Man-
hattan, KS, 2001.

General prediction theory and the role of R2, Purdue University, West Lafayette,
IN, 2001.

General prediction theory and the role of R2 , University of Missouri, Columbia,
MO, 2001.

General prediction theory and the role of R2, Graybill Conference on Linear
Models, Ft. Collins, CO, 2001.

General prediction theory and the role of 12, Los Alamos National Labora-
tories, Los Alamos, NM, 2001.

General prediction theory and the role of 12, University of Iowa, Iowa City,
IA, 2001.

General prediction theory and the role of R2, University of Canterbury,
Christchurch, New Zealand, 2000.

Evaluating the independence assumption in linear models, Eighth Interna-
tional Workshop on Matrices and Statistics, University of Tampere, Fin-
land, 1999.

Parametric modeling of competing risks, Arizona State University, Tempe,
AZ, 1999.

Parametric modeling of competing risks, Purdue University, W'est Lafayette,
IN, 1999.
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Conference on Probability and Mathematical Statistics, Bratislava, Slo-
vakia, 1998.

Statistical directions for Rocky Mountain statistics groups in the 21st cen-
tury, ASA Montana chapter, Butte, MT, 1997.

Testing lack of fit and the independence assumption in linear models, Mon-
tana State University, Bozeman, MT, 1997.

Bayesian binomial regression: The rest of the story, Montana State Univer-
sity, Bozeman, MT, 1997.

How to survive doing everything wrong, North American New Researcher's
Conference, Laramie, WVY, 1997.

Testing the independence assumption in linear models, University of Mis-
souri, Rolla, MO, 1997.

Testing the independence assumption in linear models, Conference on Infer-
ence and Applications, Minneapolis, MN, 1996.

Testing the independence assumption in linear models, Colorado State Uni-
versity, Fort Collins, CO, 1996.

Testing the independence assumption in linear models, University of Wyoming,
Laramie, WY, 1996.

Testing the independence assumption in linear models, University of Mis-
souri, Columbia, MO, 1995.

Testing the independence assumption in linear models, Arizona State Uni-
versity, Tempe, AZ, 1995.

Testing the independence assumption in linear models, University of Florida,
Gainesville, FL, 1995.

Testing the independence assumption in linear models, University of Georgia,
Athens, GA, 1995.

Testing the independence assumption in linear models, University of Canter-
bury, Chch.,.New Zealand, 1994.

Tests for precision and accuracy of multiple measuring devices, University of
Georgia, Athens, GA, 1993.

Tests for precision and accuracy of multiple measuring devices, Mississippi
State University, Jackson, MS, 1993.

Tests for precision and accuracy of multiple measuring devices, Northern
Illinois University, DeKalb, IL, 1993.

Tests for precision and accuracy of multiple measuring devices, ASA Chapter
Meeting, Santa Fe, NM, 1993.
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Case deletion diagnostics for spatial linear models, Oregon State University,
Corvallis, OR, 1992.

Case deletion diagnostics for general Gauss-Markov models, Kansas State
University, Manhattan, KS, 1991.

Case deletion diagnostics for general Gauss-Markov models, University of
Iowa, Iowa City, IA, 1991.

Case deletion diagnostics for general Gauss-Mark-ov models, University of
California, Davis, CA, 1990.

Case deletion diagnostics and variable selection methods for generalized lin-
ear models, ASA Chapter Meeting, Albq., NM, 1988.

Near replicate lack of fit tests, Cornell University) Ithica, NY, 1987.
An introduction to Bayesian statistics, Batelle Northwest, Hanford, WVA,

1986.
Sequential sampling without recall from a Dirichlet process, University of

California, Davis, CA, 1984.
Noninformative priors, ASA Chapter Meeting, Helena, MT, 1982,

Contributed Presentations

Bayesian nonparametric regression, Joint Statistical Meetings, Indianapolis,
IN, 2000. (Topic Contributed.)

Bayesian nonparametric analysis of the accelerated failure time model, NSF-
NBER Seminar on Bayesian Inference in Statistics and Econometrics,
ITAM, Mexico City, Mexico, 1986.

Bayesian nonparametric survival analysis for life tables, NSF-NBER Seminar
on Bayesian Inference in Statistics and Econometrics, Rutgers Univer-
sity, Newark, NJ, 1985.

Sequential sampling without recall from a Dirichlet process, NSF-NBER
Seminar on Bayesian Inference in Statistics and Econometrics, Univer-
sity of Florida, Gainesville, FL, 1982.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ATOMIC SAFETY AND LICENSING BOARD PANEL

Before Administrative Judge
E. Roy Hawkins, Presiding Officer

Dr. Richard F. Cole, Special Assistant
Dr. Robin Brett, Special Assistant

In the Matter of: )
) Docket No.: 40-8958-ML

HYDRO RESOURCES, INC. )
P.O. Box 777 ) ASLBP No. 95-706-01-ML
Crownpoint, NM 87313 )

_) April 21, 2005

AFFIDAVIT OF MICHAEL J. MAXSON

I. Personal.

1. My name is Michael J. Maxson I am of sound mind and body and competent to make this
affidavit. The factual statements herein are true and correct to the best of my knowledge, and the
opinions expressed herein are based on my best professional judgment.

II. Qualifications.

2. I am a Licensed a Licensed Professional Geoscientist in Texas.

3. I have a Bachelors of Science Degree in Geology from Monmouth (1966) and have 38 years
experience, predominantly in the uranium industry. I have work in various capacities including:
exploration geology, production geology, production engineer, Radiation Safety Officer, and
various other management positions. A copy of my resume is within Attachment A.

.4. URI, INC. employs me as the Radiation Safety Officer in Texas. The responsibilities and
qualifications for this position are like those described in HRI, Inc.'s Consolidated Operations Plan
Rev. 2.0 §9.12.2.

III. Purpose of this Affidavit.

5. This Affidavit will contain a description of drilling experiences in New Mexico where I
conducted uranium exploration in the Church Rock and Crownpoint areas and URI, Inc. experience
in decommissioning buildings at the Texas projects.

IV. Exploration Drilling.

6. From the fall of 1972 through 1976, I worked in the Crownpoint and Church Rock areas,



southern San Juan Basin, New Mexico where Mobil Oil Corporation employed me as an
exploration geologist.

7. During the initial phases of Mobil's exploration drilling on their leases, both on the Navajo
Reservation and on the allotted lands the total depth (TD) of the holes were determined by
examination of the samples. Drilling was conducted just north of HRI's Church Rock property and
on Unit 1. The objective was to drill through the Westwater into the Recapture, bottoming the hole
in the Recapture. This is because the Recapture was universally accepted as a clear lithologic
change from the Westwater and was easily recognized by the texture of the drill cuttings.

8. The procedure was to drill 200-ft below the base of the Brushy Basin and then to drill until
there was a drilling break, stop drilling and circulate bottoms up and look for the presence of
Recapture. The drill crew called a geologist sufficiently ahead of time so that the geologist would
be on site when the apparent TD was reached and would examine the samples for the presence of
Recapture. If no Recapture were observed in the bottoms up sample drilling would continue in 10-
ft to 20-ft increments circulating bottoms up each time until a sample of Recapture was observed. I
remember this sequence well because the geologist was on call 24/7 and I was called to the drill site
many times at 2:00 a.m.

9. The drillers recognized the Recapture as a drilling break. When the bit hit the Recapture the
pump pressure would increase, penetration rate would decrease and torque would increase. These
are common indicators drilling in clay (shale).

10. The Recapture was a dark green to blue shale slightly silty to silty. The Recapture was
present across the entire area.

11. Based on memory and experience the Recapture is sufficiently clayey (i.e. low
permeability), thick and pervasive to act as an aquitard at the base of the Westwater.

V. Building Decommissioning

12. During the spring and summer of 2004 URI's Kingsville Dome Facility underwent a major
reconstruction in preparation to resume mining. A large portion of the dryer building,
superstructure, piping, pumps and tankage was dismantled and disposed of. Having enclosed the
dryer for years, the building required decontamination before it could be released for unrestricted
use. As on site RSO, I surveyed the material from the dismantling.

13. The steel purloins and I beams from the dryer building were cleaned using a pressure
washer and a light acid (HCI) scrub. All of the steel was cleaned sufficiently for unrestricted
release to the public.

14. The corrugated steel and plastic siding of the dryer building was cleaned by pressure
washing and an occasional spot acid wash. All of this material was cleaned to unrestricted release
to the public levels.
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15. Structural steel from the plant super structure was cleaned as described above and all pieces
could be released for unrestricted use.

16. The steel pregnant lixiviant tank was cut into pieces, pressure washed and was cleaned
sufficient for unrestricted release.

17. Pumps were dismantled, washed and spot washed with acid. All were able to be released to
the public.

18. Piping, both steel and PVC were cut into 3 to 4 foot lengths, washed and spot washed with
acid. All the piping was clean enough for unrestricted release.

19. This ends my affidavit.

I declare on this Wl At c& AJ~Al 2oOV, at Corpus Christi, Texas, under penalty of perjury

that the foregoing is true and correct.

Micht'le; vaxsonL'

ACKNOWLEDGEMENT

SUBSCRIBED and SWORN TO before me, the undersigned authority, on April a 2005 by
Michael J. Maxson.

M=WEGONEM
N s NW [ ignature of Motary] 0

[Seal] STAT.EOFTEAS TS=- loo8-J~6IcA

Printed/typed name of Notary 1yas NofaK
Nupceu 6Tasr

Notary public for the State of Texas. My commission expires Ogb a in ) 5
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Michael J. Maxson
810 Lum Avc.

Corpus Christi, TX 78412
Phone: 361-992-1695

Cell: 361-813-0053
E-mail: mimaxson(&)swbell.net

Summary

More than 30 years experience in the mining, petroleum and environmental industries. Responsibilities have
included management, design, installation and operation of oil and gas wells, uranium in-situ leach plants and
wellfields. This includes feasibility studies for uranium in-situ leach mining along with environmental studies and
meeting all permitting and other regulatory requirements. Supervised the design and implementation of
geophysical, hydrologic, field mapping and drilling programs for mineral, environmental, oil and gas projects. Have
also acted as a radiation safety officer, MSHA instructor and taught borehole geophysical interpretation.

PROFESSIONAL EXPERIENCE

URI, Inc.
Geological Engineer and Radiation Safety Officer: 1994-Present

National Well Supplies Co.
Sales/Consultant: 2002-2004
* Outside sales.
* Consulting on drilling and drilling fluids.

URI, Inc.
Geological Enzineer and Wellfield Superintendent: 1995-2002
* Design and supervision of uranium in-situ leach wellfields at both Kingsville Dome and Rosita Projects.
* Supervised trunk line and booster pump design and installations
* Supervising up to 15 drilling rigs for the drilling and completion of monitoring, injection and production wells,

including well design and mud programs.
* Supervising, analyzing and report writing the hydrologic section of two Production Area Authorizations.

Environmental Design International
Senior Geologist: 1991-1995
* Project management of various environmental and construction projects.
* Supervision and design of soil and groundwater remediation projects
* Hydrogeologic assessment of a major landfill expansion.

Maxson Geological Services
Principal: 1990-1991
* Geological and geophysical consulting to environmental engineering firms, industry and the public

sector.

Patrick Drilling, Inc.
Operations Manager:1989-1990
* Managing a 5 rig environmental and engineering drilling company.
* Managed drilling projects in 5 states, including Super Fund sites and landfills.

Mittelhauser Corporation
Prolect Geologist: 1989
* Coordinating field activities and report preparation for ground water investigations and remediation.
* Conducted groundwater investigations associated with litigation.

IDS Financial Services
Financial Planner and Stockbroker: 1987-1989

Resume of M. J. Maxson
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* Worked with individuals and businesses to set financial goals and develop plans to achieve the goals.
* Proposed solutions to financial problems.

Resume of M. J. Maxson
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Tenneco Oil Comnanv
Drilline Engineer and Geological Engineer: 1982-1987
* Designed and supervised the drilling of oil and gas wells in West Texas and Southeastern New

Mexico.
* Oil and Gas field evaluations, proposing field extensions, production acquisitions, deeper and

shallower production zones.

Tenneco Uranium, Inc.
Manaeer, Geological Supervisor and Senior Exploration Geoloeist: 1980-1982
* Responsible for all exploration, production and administration of Tenneco's uranium activities.
* Oversight of the geologic evaluation, wellfield and plant design and operation for the West Cole in-situ

leach mine.
* Established the Corpus Christi office and developed the staffing.

Amoco Minerals
Senior Staff Mining Engineer and Senior Geologist: 1978-1980
* Project manager for a pilot in-situ leach uranium mine.
* Supervised exploration activities is several western states.

Geoscience Associates, Inc.
Vice President. Operations and Partner: 1977-1978
* Responsible for marketing, scheduling and maintenance of 12 uranium and coal geophysical logging

trucks operation throughout the United States.

Intercontinental Energy Corporation
District Geologist: 1976-1977
* Initiated a South Texas uranium exploration program.

Mobil Oil Corporation
Various Positions from Junior Geologist to Operations Coordinator: 1969-1976
* Coordinated all phases of uranium exploration field activities throughout the Unites States, supervising

20 field geologists.
* Developed uranium prospects in the Northern Plains and Wyoming Basins.
* Supervised uranium exploration drilling projects, airborne surveys and geochemical surveys

throughout the western United States including Alaska.

PROFESSIONAL
Professional Geologist, Texas Board of Professional Geoscientists: License Number 5099

EDUCATION
University of Iowa, Iowa City. Iowa: 1967-1969
Monmouth College. Monmouth, Illinois: 1961-1966

CONTINUING EDUCATION (partial list)
Mud School for Water Well Drilling
Basic Mud School
Drilling Fluids and Well Control
Basic and Advanced Formation Evaluation
Basic Reservoir Engineering
Drilling Engineering
Well Log Analysis
Sandstone Reservoirs
Carbonate Reservoirs
Economic Evaluation and Decisions Methods
Geostatistics
Geophysical Interpretation

Resume of M. 1. Maxson
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