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WRITTEN TESTIMONY OF MICHAEL G. WALLACE

On behalf of Eastern Navajo Diné Against Uranium Mining ("ENDAUM") and
Southwest Research and Information Center ("SRIC"), Michael G. Wallace submits the
following testimony regarding ground water issues regarding Hydro Resources Inc.'s
("HRI's") amended application for a source materials license.
Q.1. Please state your name and qualifications
A.l. My name is Michael G. Wallace. My education and experience as a professional
hydrologist are described in my vita, attached to this testimony as Exhibit A. I have a
master's degree in hydrology from the University of Arizona and extensive knowledge

and experience in the movement of contaminants in ground waier systems, as a consultant
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to industry and government agencies. My experience includes development of
hydrogeologic conceptual models and the application of those to the valid prediction of
contaminant transport through numerical modeling. For much of the past ten years, |
have been a consultant to the U.S. Department of Energy working on modeling
radionuclide movement through hydrogeologic formations at the proposed Waste
Isolation Pilot Project (WIPP) in southeastern New Mexico. I continue to work in this
capacity as a contractor within Sandia National Laboratories on an essentially full-time
basis.

All of my professional experience is relevant to ground water issues associated
with ISL mining. However, some experience seems particularly worthy of note, given
the groundwater issues that have received much attention on this case. First, | have
considerable expertise in the subject of deep well injection of chemicals and/or
contaminants into faulted stratigraphic units. This was the subject of my masters thesis
and of a paper presented at an international ground water modeling conference. I also
assisted three industrial firms in obtaining permits from the EPA for deep well injection
of hazardous wastes, through my hydrologic expertise.

Second, I have significant expertise in the evaluation of multi-dimensional
hydraulic effects and patterns in the subsurface. This concerns the subject of where
ground water goes, why it goes there, how much of it gets there, and how long it takes to

get there. ['have published numerous papers on this topic and have spent a considerable



percentage of my career {(and still do) concentrating on this particular field. Notably, I
recently conducted a study for Sandia National Laboratories which addressed the impacts
of nearby underground mine workings on ground water flow and radionuclide transport in
the Culebra aquifer, an underground stratigraphic sedimentary formation sandwiched
between two aquitards. The study underwent extensive review by a large vody of
professionals, including Sandia National Laboratories hydrogeologists, the National
Academy of Sciences, and the EPA, and the study played a role in helping to get an
historic environmental license for nuclear waste disposal.

Q.2.  What is the purpose of your testimony?

A2, [ have been retained by ENDAUM and SRIC as a technical expert in the field
of groundwater hydrology in the matter of the licensing proceeding for the application for
a source and byproducts materials license submitted by HRI for the Crownpoint Uranium
Solution Mining Project ("CUP"), Crownpoint and Church Rock, McKinley County,
New Mexico.

Q.3.  What materials have you reviewed in preparation of your testimony?

A.3. In this capacity, | have reviewed the following documents, correspondence and

professional literature:

Lohman, S.W. Ground-Water Hydraulics. U.S. Geological Survey Professional Paper

708, U.S. United States Government Printing Office, Washington, D.C. 1979, ["Lohman,
1979"]

Galloway, W E. Deposition and Early Hydrologic Evolution of Westwater C anyon Wet



Alluvial-Fan System. In: Geology and Mineral Technology of the Grants Uranium
Region, 1979, compi'ed by Christopher A. Rautman. New Mexico Bureau of Mines and
Mineral Resources, Memoir 38, 401 P. 1980. ["Galloway, 1980")

Wentworth, D.W., Porter, D.A., Jensen, H.N. Geology' of Crownpoint Sec. 29 Uranium
Deposit, McKinley County. In: Geology and Mineral Technology of the Grants Uranium
Region, 1979, compiled by Christopher A. Rautman. New Mexico Bureau of Mines and
Mineral Resources, Memoir 38, 401 P. 1990. ["Wentworth et. al, 1980"]

Groundwater Monitoring at Uranium In Situ Solution Mines, U.S. Nuclear Regulatory

Commission, Staff Technical Position Paper WM-8102, December 1981. ["Groundwater
Monitoring STP"]

Stone, W.J., Lyford, F.P,, Frenzel, P.F., Mizell, N.H., Padgett, E.T. Hydrogeology and 2
water resources of San Juan Basin, New Mexico, New Mexico Bureau of Mines and Mineral
Resources, Hydrologic Report 6, 70 p. plus plates, 1983. ["Stone et al., 1983"]

Staub, W.P., Hinkle, N.E,, Williams, R.E., Anastasi, F., Osiensky, J., Rogness, D. An
Analysis of Excursions at Selected In Situ Uranium Mines in Wyoming and Texas. Oak

Ridge National Laboratory, prepared for U.S. Nuclear Regulatory Commission
NUREG/CR-3967. July 1986. ["Staub et al., 1986"]

Turner-Peterson, C.E. Fluvial Sedimentology of a Major Uranium-Bearing Sandstone -
A Study of the Westwater Canyon Member of the Morrison Formation, San Juan Basin,
New Mexico, in American Association of Petroleum Geologists, Studies in Geology no.
22, Tulsa, Oklahoma. 1986. ["Turner-Peterson, 1996")

Environmental Assessment, Hydro Resources, Inc., Unit I Allotted Lease Program
Eastern Navajo District New Mexico. Hydro Resources, Inc., Albuquerque, New
Mexico. January, 1992. ["Unit [ EA, 1992")

Crownpoint Project, In-Situ Mining Technical Report. Hydro Resources, Inc., Albuquerque,
New Mexico, June 1992. ["Crownpoint Technical Report, 1992")

Geraghty and Miller, Inc. Analysis of Hydrodynamic Control, HRI, Inc., Crownpoint
and Churchrock New Mexico Uranium Mines. Prepared for H , Inc., Dallas, Texas,
October 7, 1993. ["Geraghty and Miller, 1993"]

Draft Environmental Impact Statement to Construct and Operate the Crownpoint Uranium



Solution Mining Project, Crownpoint, New Mexico. REG-1508, BLM -010-93- 02, BIA
EIS-92-001. Uranium Recovery Field Office, U.S. Nuclear Regulatory Commission, in

cooperation with U.S. Bureau of Land Management and U.S. Bureau of Indian Affairs.
October 1994. ("DEIS")

Johnson, M., Navajo Nation Department of Water Resources Management. Memorandum
to Peg Rogers, Navajo Nation Department of Justice, December 29, 1994, ["Johnson,
1994"]

Dalton, M.P., Navajo Tribal Utility Authority, letter to the Chief of the High-Level Waste
and Uranium Recovery Projects Branch, U.S. Nuclear Regulatory Commission, from
Docket No. 40-8968, Hydro Resources, Inc. February 17, 1995. ["Dalton, 1995"]

Rogers, P., Navajo Nation Department of Justice. Comments on DEIS to Construct and
Operate the Crownpoint Uranium Solution Mining Project, Docket No. 40-8968, Hydro
Resources, Inc. Letter to the Chief of the High-Level Waste and Uranium Recovery
Projects Branch, U.S. Nuclear Regulatory Commission. February 21, 1995. ["Rogers,
1995"]

Uranium Mining in Navajo Ground Water: The Risks Outweigh the Benefits, Southwest
Research and Information Center, Albuguerque, New Mexico. February 28, 1995,
["SRIC 1995"]

Kirk, AR., Condon, S M. 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, Tulsa, Oklahoma. 1995. ["Kirk and Condon, 1995"]

Kirk, A.R., Huffman, A.C., Jr., Zech, R.S. Design and Results of the Maria: o Lake-Lake
Valley Drilling Project, Northwestern New Mexico. In: A Basin Analysis Case Study:
The Morrison Formation Grants Uranium Region New Mexico. C.E. T'urner-Peterson,
E.S. Santos, N.S. Fishman, eds. American Association of Petroleum Geologists, Tulsa,
Oklahoma. 1995. ["Kirk et al., 1995")

Scott, J.H, Analysis of Geophysical Well Logs from the Mariano Lake-Lake Valley
Drilling Project, San Juan Basin, Northwestern New Mexico. In: A Basin Analysis Case
Study: The Morrison Formation Grants Uranium Region New Mexico. C.E, Turne -



Peterson, E.S. Santos, N.S. Fishman, eds. American Association of Petroleum
Geologists, Tulsa, Oklahoma. 1995. ["Scott, 1995"]

Turner-Peterson, C.E., Fishman, N.E. Geologic Synthesis and Genetic Models for
Uranium Mineralization in the Morrison Formation, Grants Uranium Region, New
Mexico. In: A Basin A alysis Case Study: The Morrison Formation Grants Uranium
Region New Mexico. C.E. Turner-Peterson, E.S. Santos, N.S. Fishman, eds. American
Association of Petroleum Geologists, Tulsa, Oklahoma. 1995, ["Turner-Peterson and
Fishman, 1995"]

William Ford and Ckris McKenney, U.S. Nuclear Regulatory Commission, Trip Report
of 11/27 - 11/29/95 Site Tour of Proposed Hydro Resources, Inc., In-Situ Leach Facility
in Crownpoint, New Mexico. Memorandum to Joseph J. Holonich U.S. Nuclear
Regulatory Commission. December 14, 1995. ["Ford and McKenney, 1995"]

Pelizza, M.S., Hydro Resources, Inc. Responses to NRC Requests for Additional
information, Questions 49 through 91, Letter to Joe Holonich, U.S. Nuclear Regulatory
Commission. Hearing Record ACN 9604030208 (April 1, 1996) ["Pelizza, 1996a"]

Pelizza, M.S., Hydro Resources, Inc. Crownpoint Project Wz ter Quality Information. Letter
to Mike Layton, U.S. Nuclear Regulatory Commission. June 18, 1996. ["Pelizza, 1996b"]

Crownpoint Uranium Project Consolidated Operations Plan, Revision 0, Hydro
Resources, inc., Albuquerque, New Mexico. September 1996. ["COP Revision 0.0")

Review Comiments to Hydro Resources, Inc. Responses to NRC Additional Information
Request (RAI), Navajo Nation Environmental Protection Agency, Window Rock, Arizona.
November 1996. ["NNEPA, 1996"]

Holonich, J.F., U.S. Nuclear Regulatory Commission. Proposed Requirements and
Recommendations for the Crownpoint, New Mexico Uranium Solution Mining Project.
Letter to Richard F. Clement, Jr., Hydro Resou:ces, Inc. December 20, 1996. ["Holonich,
1996"]

Final Environmental Impact Statement to Constiuct and Operate the Crownpoint
Uranium Solution Mining Project, Crownpoint, New Mexico, NTIREG- 1508, BLM W-
010-93-02, BIA EIS-92-001. Office of Nuclear Material Safety and Safeguards, U.S.
Nuclear Regulatory Commission, in cooperation with U.S. Bureau of Land Management
and U.S. Bureau of Indian Affairs. February, 1997, ["FEIS"]



Crownpoint Uranium Project Consolidated Operations Plan, Revision 2.0. Hydro
Resources, Inc., Albuquerque, New Mexico. August 15, 1997. ("COP Revision 2.0")

Intervenors ENDAUM and SRIC's Second Amended Request for Hearing, Petition to
Intervene, and Statement of Concerns, New Mexico Environmental Law Center, Santa
Fe, New Mexico, and Diane Curran, Harmon, Curran & Spielberg, Washingten, D.C.
August 15, 1997. ["ENDAUM-SRIC's Second Amended Request"].

HRI, Inc. Response to NRC RAI #99, Sensitivity Analysis of Modeled Unit 1 Site
Ground-Water Flow. Letter from C.S. Bartels, HRI, to W.H. Ford, U.S. Nuclear
Regulatory Commission. Hearing Record ACN 970108219 (August 18, 1997). ["Umt 1
Sensitivity Analysis, 1997"]

Farrell, D.J., U.S. Environmental Protection Agenc;, Region IX. Letter to Joseph J.
Holonich, U.S. Nuclear Regulatory Commission, transmitting comments on Final
Environmental Impact Statement to Construct and Operate the Crownpoint Uranium
Solution Mining Project. September 23, 1997. ["USEPA, 1997")

Draft Standard Review Plan for In Situ Leach Uranium Extraction License Applications.
Division of Waste Mangement, Office of Nuclear Material Safety and Safeguards, U.S.

Nuclear Regulatory Commission, Washington, DC, October 1997. ["Draft Standard Review
Plan")

Errata sheets to FEIS. U.S. Nuclear Regulatory Commission. November, 1997. ["FEIS
Errata Sheets")

Safety Evaluation Report, Hydro Resources, Inc. License Application for Crownpoint
Uranium Solution Mining Project, McKinley County, New Mexico, U.S. Nuclear
Regulatory Commission, Washington, D.C. December 5, 1997. ["SER"]

Numerous "Requests for Additional Information” (RAls) from NRC to and HRI's responses
to those RAls. 1996-1997. ["Response to NRC-RAI #X"]

Navajo Tribal Utility Authority. Resolution of the Management Board of the Navajo Tribal
Utility Authority, Stating the Position of the Navajo Tribal Utility Authority on Proposed

Uranium Solution Mining in Eastern Navajo Agency by Hydro-Resources, Inc., NTUA-11-
NTUA-11-97. December 11, 1997. ["NTUA, 1997"]

U.S. Nuclear Regulatory Commission. Source Materials License SUA-1508, issued to



Hydro Resources, Inc., Albuquercue, New Mexico, Docket No. 40-8968. Jan 5, 1998,
["NRC License SUA-1508"]

Memorandum from Joseph J. Holonich NRC Staff, to Peter B. Bloch, Atomic Safety and
Licensing Board, conceming “Supplement to February 27, 1998, Notification of New
lormation Potentially Relevant and Material to the Proceeding in the Matter of Hydro
Resources, Inc. (ASLBP Number 95-706-01-ML): March 19, 1998, Teleconference with
Professor Neuman (April 20, 1998) ("Holonich Memorandum I1"); and Memorandum from
Joseph J. Holonich, NRC Staff, to B. Paul Cotter, Atomic Safety and Licensing Board,
concerning "New Information Potentially Relevant and Material to the Proceeding in the
Matter of Hydro Resources, Inc. (ASLBP No. 95-706-01-ML", and attaching overheads from
a January 29, 1998, presentation to the NRC Staff by Professor Shlomo P. Neuman,
University of Arizona, titled, "Hydrogeologic Conceptualization for Environmental Safety
Assessment: Case Studies and Steps Toward a Strategy" February 27, 1998) (hereinafter,
"Holonich Memorandum I, Neuman Presentation").

Affidavit of William H. Ford, attached to the U.S. Nuclear Regulatory Commission Staff's
Response to Motion for Stay, Request for Prior Hearing, and Request for Temporary Stay,
along with some of the cited documents (February 20, 1998) ["Ford Affidavit")

Affidavits of Mr. Richard F. Clement, Jr., and Mr. Craig S. Bartels, attached to HRI's
Response to Petitioners' Motion for Stay ("HRI's Response") (January 26, 1998) along with
some of cited documents ["Clement Affidavit" and "Bartels Affidavit"].

Responses of counsel for the NRC Staff (Letter from Mitzi A. Young to Johanna Matanich
(November 13, 1998)), and of HRI (Letter from Mark Pelizza to Bob Carlson (October 16,
1998) and Letter from Frederick S. Phillips to Johanna Matanich (December 29, 1998)) to
an earlier request by counsel for ENDAUM and SRIC for certain geologic information,
including structural cross-sections and structure contour maps.

Hilpert, L.S., 1969, Uranium Resources of Northwestern New Mexico, U.S. Geological
Survey Professional Paper 603

Anderson, O.J., and S.G. Lucas, 1995, The Base Of The Morrison Formation ( Upper
Jurassic) Of Northwestern New Mexico And Adjacent Areas, from; The Continental Jurassic,
Michael Morales, ed., Museum of Northern Arizona Bulletin 60.

McCam, D.W., 1997, The Crownpoint and Churchrock Uranium Deposits, San Juan Basin,
New Mexico: An ISL Mining Perspective, IAEA, Technical Committee Meeting on Recent



Developments in Uranium Resources, Production and Demand - Vienna, 10-13 June, 1997

Peterson, R.J., 1980, Geology of Pre-Dakota Uranium Geochemical Cell, sec. 13, T. 16N.,
R. 17W., Church Rock Area, McKinley County, New Mexico Bureau of Mines and Mineral
Resources, Memoir 38, 1980

Freeze, A., and J. Cherry, 1979, GROUNDWATER, Prentice Hall publishers, Englewood
Cliffs, NJ

Affidavit of Mr. Mark S. Pelizza, attached to HRI's Response to Scheduling Conference
Briefs of all Petitioners ("HRI's Response b") (September 9, 1998) ["Pelizza Affidavit")

Transcript of Proceedings (Volume 1), In the Matter of the Application of HRI Inc., to
Change Place or Purpose of Use and Foints of Diversion of Underground Waters, before the
New Mexico State Engineer (March 24, 1998)

Hydro Resources, Inc., Albuquerque, New Mexico, March 1993 Church Rock Revised
Environmental Report ["Church Rock Revised Environmental Report"]

Q4. What is your evaluation of HRI's geologic and hydrogeologic
characterization of the mining zones and their surroundings?

Ad. HRI's assumptions about the hydrogeologic characteristics of the Westwater
Canyon Member are profoundly inaccurate. In fact, excursions of lixiviant from the WCM
are more likely than HRI has estimated because the WCM is a heterogeneous formation.
Furthermore, for the same reason, those excursions may travel much faster than HRI has
estimated, and they could well go undetected in light of HRI's proposed monitor well
configuration. In addition, claims of vertical confinement are generally unsubstantiated, and
in some cases belied by HRI's own data. In the following paragraphs [ detail the major

deficiencies under this topic heading.



Sluvial geomorphology, sand channels, heterogeneity, anisotropy

It is my view that NRC's and HRI’s conceptual model of the hydrology of the
Westwater is seriously flawed, and that the Westwater is in fact a series of thin, stacked and
criss-crossing sand channels bounded by less permeable siltstones and shales. The likely
existence of thin sand channels in the formation has wide-reaching implications for lixiviant
control, the efficacy of the monitoring well networks to detect excursions, the velocity of
groundwater carrying mining solutions, and, in the case of the Unit 1 and Crownpoint sites,
protection of the Crownpoint municipal water system located down gradient from the mining
sites.

HRI inaccurately describes the Westwater Canyon Member ("WCM") as a "massive"
sandstone. See Geraghty and Miller at 2-3, Hearing Record ACN 9312160178 (October,
1993). To geologists and hydrogeologists, the word "massive" refers to rock formations that
have the same geologic composition throughout, such as sandstones derived from ancient
sand dunes (called "eolian" rock). The WCM, however, is a "fluvial" sedimentary formation
derived from ancient streambeds. See Turner-Peterson, 1986. Figure 9. HRI and its
consultants also make inaccurate assumptions about the hydrology of the WCM. For
instance, they assume that the formation is of uniform thickness and infinite width across the
proposed mining areas (Unit [ Sensitivity Analysis at 3-4), and use aquifer models to predict
groundwater flows in the mining zones that are appropriate only for aquifers that are

homogeneous, isotropic and of vast areal extent (Pelizza, 1996a, Response to NRC-RAJ #77;

10



Geraghty and Miller, 1993, at 2-3). In hydrology, the term homogeneous refers to rocks that
vary little in their geologic composition, and the term isotropic means that the rocks are
identical or similar in all directions such that groundwater can flow with equal ease in
virtually any direction. The hydrogeology of the Westwater Canyon Member is exactly
opposite of these characteristics. In fact, HRI's view of the WCM as “massive" has no basis
in the professional, peer-reviewed literature with which I familiar. On the contrary,
according to one typical paper from the literature:

.. .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 lenticular geometry and stacking
of sandstone beds.

Kirk and Condon, 1995, at 111. Moreover, Wentworth (1980) illustrates quite clearly

how the WCM varies geologically throughout its entire thickness. These investigators
published an electric well log from an exploration hole drilled in the Crownpoint area,'
showing five different sand layers ranging from 20 feet to 75 feet in thickness, separated
by four mudstone or shale layers measuring 10 to 20 feet in thickness (Wentworth et al.,
at 140). To show this "layer cake" pattern, 1 have copied and slightly enlarged the

Wentworth weil log, labeling the thickness of each of the Westwater layers. See Exhibit

' The borehole from which the electric well log was derived was located in Section 29,
Township 17 North, Range 12 West. FEIS at 2-28. Figure 1 is provided as a general
illustration of the geological variaticn in the Westwater through the Unit I and
Crownpoint sites; the actual layering at any particular location certainly would not be
identical.



B attached hereto. This picture of the WCM as a series of ancient, buried streambeds,
stacked one on top of another and separated, to one degree or another, by mudstones,
siltstones, and shales, has remained remarkably consistent in the geologic literature over
the past 20 years, evolving only in refinement and detail. (See, e.g. , Galloway, 1980, at
59-59; Johnson, 1994, at 2-3; Kirk et al., 1995, at 236; and Turner-Peterson and Fishman,
1995, at 362-363.)

Geologists and hydrogeologists call rock formations with the characteristics of those
like that of the WCM "heterogeneous," meaning that they vary greatly in geologic
composition and in hydrologic properties in both localized occurrences, and over entire
regions, such as in the San Juan Basin of northwestern New Mexico where HRI is
planning to operate the Crownpoint Uranium Project. In the case of the WCM, this
characterization makes sense because the formation was deposited, some 140-150 million
years ago, by the overland flow of streams and rivers, each succession of which was
buried on top of the last. That depositional history is why the Westwater today contains
dozens of criss-crossing (i.e., "braided") sand channels, each having their own unique
hydrogeologic properties.

This mischaracterization of the Westwater is especially peculiar for at least three
reasons:

(a)the extensive professional literature that consistently describes the Westwater as a

series of stacked and braided stream deposits;



(b) the evidence from the literature that individual "ore pods” in the Crownpoint area
range "from a few feet to 200 ft (60 m) wide and from a few inches to 20 ft (6 in) thick";
(c) HRI's own graphic depiction of the LB Sand as a snake-like channel measuring
approximately 80 feet to 140 feet in width in Section 24 of the Crownpoint mine site.
See Exhibit C.

(d) Figure 8 from a paper by McCamn (1997), depicting stacked roll fronts at the
Crownpoint site, which obviously correspond to sand channei morphology. See Exhibit
D.

In the Church Rock area, the orientation of these sand channels is generally from
south to north. In the Crownpoint area, the orientation of the sand channels in the
Westwater is generally west-to-east (Galloway, 1980, at 60). Regionally, the
groundwater moves from southwest to northeast across the channels (Stone et al., Sheet 7,
Figures 72 and 74), and on a localized basis, south to north across the Unit 1 site (Unit 1
Sensitivity Analysis, Figure 5). Water can move much faster along the sand channels
than across the channels, where it encounters materials of a finer grain that bound the
sands. This condition is known to hydrogeologists as "anisotropy," it is typical of
heterogeneous rock formations. HRI's own calculations showed that the WCM in the
Unit 1 area has anisotropic conditions in which groundwater can move through the sand
channels, east to west, twice as fast as it can flow across the channels from south to north,

all other things being equal. (Unit ] Sensitivity Analysis at 10).




In summary, the Westwater 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 grained material
that surrounds them. The ore bodies reside within sand channels, and reflect that
condition in several maps of the very orebodies that HRI proposes to muiic. iater
sections of my testimony will detail how this mischaracterization by HRI has profoundly
influenced their analyses in support of their application, such that those analyses are
critically flawed.

Recapture Shale is not a shale in this region

HRI's application incorrectly identifies a confining unit below the Westwater at all sites.
This unit is the Recapture Shale. It is purportedly about 200 ft. thick at each area (this is
not true at the ore zone in section 8, as will be discussed later). According to HRI, this
unit is extremely impermeable and of course, thick, such that it should not be necessary to
monitor the Cow Springs aquifer that underlies it (for example, see Pelizza 1996a,
response NRC-RAI #63, page 1). Although NRC has required that the Cow Springs at
least be tested for hydraulic connections (to their credit), they have missed the point that
the Recapture Shale may be an aquifer itself. In any event, the Recapture Shale is
definitely not a confining shale at any of the four sites. To develop this point, | will first
explain what exactly a shale is, and second, I will clarify some characteristics of the

practice of geol.gic nomenclature.
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A shale is a rock that is very high in clay content. Because of this high clay content,
the rock is relatively impervious to water flow. Hence, the common understanding that
shale units serve as good aquitards (barriers to the vertical movement of water between
strata). Shales are often formed in initial environments of still, deep water, where fine
grade clays have an opportunity to settle. Lacustrine deposits (from ancient lake beds)
are usually associated with shales, for this reason. On the other hand, fluvial
environments do no! always have such shale deposits, because of many factors, including
the higher energy of sediment transport.

Geologic nomenclature can be very misleading. Lithologic strata often cover
thousands of square miles (even millions). Every attempt is made to correlate such strata
to cerfain time periods. However, locking a unit to a time period means that allowances
must be made for the fact that the depositional environment varied over time and space to
some degree for that unit. Therefore, the rock types associated with that unit vary as
well. But the rock must be given some name for identifiction, although no single name is
perfect. One tries to identify the name with a basic rock type that appears to be most
characteristic.

Many of the strata of the San Juan Basin were named many decades ago, based on
limited exposures in outcrops as far away as Utah and Colorado. The Recapture Shale is
such a strata. It was named a shale, based on exposed outcrops in Utah in 1938 (see Kirk

and Condon (1995), page 110), where in fact much shale was evident. That part of the
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Recapture has been correlated with a lacustrine depositional environment (see COP,
Revision 0.0, 1996, page 90). However, in the southern part of the San Juan Basin,
including all proposed HRI sites, the Recapture has been characterized as fluvial, not
lacustrine (see Kirk and Condon (1995), pages 109-110, and Hilpert (1969), pages 75-
76). This is notwithstanding the claims made by HRI (Pelizza 1996a, response NRC-RAI
#63, page 1), without reference to scientific evidence, that the lacustrine facies of the
Recapture is roughly 200 feet thick at all proposed sites. Therefore, one must £0 an extra
step to determine whether there is sufficient clay in the material before it can truly be
characterized as a real shale.

In the case of the mining sites in question, there is no documentation that
demonstrates that there are any clays in this unit’. In fact, there appears to be more clay
in the Westwater than there is in the Recapture. Even the FEIS characterizes the
Recapture as “Reddish-brown siltstone and white sandstone” (FEIS at 3-10). It would
seem that, in this part of the San Juan Basin, the Recapture is far more likely to be an
aquifer in its own right than a confining unit.

The NRC is obligated to see that the first underlying aquifer is protected.

* The Geraghty & Miller report on Analysis of Hydrodynamic Contro ( Geraghty and
Miller, 1993) claims to have reviewed “structural and lithologic cross-sections .. which
indicate that the upper 160 ft. of Recapture consis:s predominantly of shale” (p. 7).
However, as documented later in this report, HRI now states that G&M reviewed no such
data. In any event, I could not find this alleged data anywhere in the application.



Groundwater STP at 9, Exhibit 1-E. An aquifer is identified by its hydraulic
characteristics, not by an accident of naming conventions. To only consider units below
the Recapture as valid aquifers may endanger vast quantities of potable (drinkable) water.
f

In summary, the Recapture shale has been incorrectly identified as a lower confining
unit below the Westwater at each site, whereas in fact, the preponderance of evidence
points to the likelihood that this unit may be in parts an aquifer in its own right. The
license prescribes a focus on the Cow Springs Sandstone, an aquifer under the Recapture
(in most places), and effectively excludes the Recapture from any monitoring
requirements (see License Condition 10.32). This is a flawed condition, based on faulty

reasoning and virtually no site-specific evidence.

Necessary structural data has not been provided

| have already described how rock type can influence containment issues. For
example, sands are more permeable than clays. There is another class of geologic
features that can have just as important an influence on containment. This is the
structural class. Structural features basically concern the arrangement of the rock types in
space, among other things. Faults, fractures, and scour zones. from this perspective, are
all structural features

Faults are planes along which displacement of rock has occurred. Vertical fault

planes are common in the San Juan Basin. If vertical displacement is significant, then a




lower sand unit can end up in actual horizontal contact with an ‘upper’ sand unit. If, for
example, at one of the HRI sites, a sufficiently large vertical fault existed (70 feet or $0),
then the Westwater would be in direct contact with the Dakota. This would create
possibly overwhelming obstacles to the protection of the Dakota during ISL operations.

Fractures are broken zones of rocks with a generally planar configuration. They are
often a feature of faulting. However, they can exist in the absence of faults. Imagine the
‘break’ of the £>"1t without the movement of the rocks. Fractures can serve as barriers to
flow or conduits for flow, depending on the circumstances. For example, if the
surrounding material is high in clay, then fractures may be sealed, even during faulting
(although this is not generally taken for granted by regulators). On other occasions the
fractures may simply be areas where otherwise intact confining units are broken up, such
that water can easily move through them. If, for example, at one of the HRI sites, a set of
unsealed vertical fractures existed, then lixiviant might easily migrate up these fractures
into the Dakota. Once again, this would create possibly overwhelming obstacles to the
protection of the Dakota during ISL operations.

Scour zones are areas where overlying sand or gravel channels have carved into
underlying, softer material, such as a shale. If a scour zone is deep enough, and the
underlying zone is thin enough, then the scour zone may fully penetrate that unit, and
come into contact with the second unit down. Scouring is a ubiquitous feature of the

Morrison Formation environment (which includes the Westwater). The Westwater has
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scoured the Recapture below it at many places. The pre-Dakota erosional surface
represents scouring of much of the Brushy Basin shaie (which overlies the Westwater). If
for example, at one of the HRI sites, a deep enough scour zone existed, then the Dakota
might come into direct contact with the Westwater. Just as reasoned before, this would
create possibly overwhelming obstacles to the protection of the Dakota during ISL
operations.

There are numerous tools to aid a geologist in identifying such structures. Pump
tests, if properly implemented, are an excellent tool for the identification of breaches of
confining units, but they do not provide the ability to easily distinguish between a fault, a
fracture, a scour zone, or even a pcorly sealed borehole. Structural cross-sections, fence
diagrams and structure contour maps are the most reliable tools to determine whether
faults exist that juxtapose geologic units. Another useful tool for geologic assessment
and interpretation are the driller's logs that exist for the several hundred boreholes at the
three proposed mining sites. Driller's logs (which are also called “borehole logs”) contain
detailed descriptions of the strata encountered at each foot in a borehole based on the
written observations of the field geologist.

As stated before, a juxtaposition of two different geologic units could allow water (or
lixiviant) to easily travel from one unit to another. I prepared two figures in order to
demonstrate the difference between a structural cross-section, which is represented in

Figure 1, and a stratigraphic cross-section, which is represented in Figure 2, both of
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which are attached hereto in Exhibit E. A structural cross-section recreates the actual
elevations and thickness of each unit, measured from a common reference elevation (sea
level, in most cases). This type of cross-section honors the true elevations of each

geologic unit, thereby making it possible to determine if faulting causes one unit layer to

be juxtaposed against another. A stratigraphic cross-sect‘on, on the other hand, cannot be
used to (etermine whether or not one geologic unit is juxtaposed with another. This is

due to the fact that to create a stratigraphic cross-section, geologic units are shifted up or

down by the analyst in order to make a single layer have a perfectly horizontal top.
Stratigraphic cross-sections aid in re-creating aspects of the original depositional
environment of the buried geologic units of concern. They do not, however, provide
information on the displacements caused by faulting.

The license material repeatedly represents that structural data was analyzed to
determine whether significant faults existed at any of the sites, and that no such faults
were discovered.’ These analyses were even cited to counter evidence from the regional

literature that such faults did pass through one or more of the sites. However, based on

' For example, see FEIS at 3-15, 3-21, 4-42, 4-55, COP revision 0.0 1996, p. 90, and
Pelizza 1996a, response NRC-RAI #85). Also, the Geraghty and Miller report on
Analysis of Hydrodynamic Control (Geraghty and Miller, 1993) at pages 3 and 7 clearly
state that the analysts reviewed structural cross-sections. HRI recently wrote that its
consultants erred in referring to these cross-sections "as 'structural' when in fact those
were stratigraphic cross-sections.” Letter from Frederick Phillips to sohanna Matanich at
2 (December 29, 1998), a copy of which is attached hereto as Exhibit F.



recent acknowledgments by HRI (see, for example, Frederick Phillips letter, December
29, 1998, at 2), this was a gross and profound misrepresentation. In truth, no structural
cross-sections, ( and no structure contour maps, drillers logs, or fence diagrams for that
matter) are contained in the application.

HRI has extensive geologic data from more than 320 boreholes in the Unit I-Crownpoint
area and more than 600 boreholes in Sections & and 17 at the Church Rock site. (See Ford

Affidavit, Y10, at 9, and Clement Affidavit, §12 at 2). Many of these boreholes were drilled

for the purpose of delineating the uranium mineralization of the different strata (Clement

Affidavit, 92, at 2-3). Such geologic data can be, and routinely are, used to construct fence
diagrams, structural cross-sections and structure contour maps. They can also be used to
verify accuracy. It is standard industry practice to prepare such diagrams. Even HRI claims
to have prepared fence diagrams (COP revision 0.0, p. 90) and to have performed detailed

structual analyses ( Pelizza 1996a, response NRC-RAI #85) in support of this license. Yet




HRI aggressively persists in preventing review of this material*”,

In summary, the license clearly violated the rule against misrepresentations in 10
C.F.R. Section 40.9(a) which states "Information provided to the Commission by an
applicant for a license . . . shall be complete and accurate in all material respects." In this
particular case, among others, the misrepresentations HRI has made about its
hydrogeologic characterization, consist not of technicalities, but of crucial information

that is critical to the issue of lixiviant containment and health and safety

Neuman critigue

An internationally recognized hydrologist and part-time consultant to the NRC, Dr.
Shlomo P. Neuman, used the Crownpoint Uranium Project as one of three "case studies”
to illustrate "the complexity of hydrogeologic conceptualization, its numerous pitfalls and

potential to constitute a major source of uncertainty in assessing the expected safety

* On December 28, HRI offercd to provide geophysical logs and the location of surface
elevations for eight wells at Church Rock (Frederick Phillips letter December 29, 1998 at
2-3) . "The logs identified above and the surface elevations described below give
Intervenors what they need to generate structur:| cross sections.” This is much too little
information. This information only allows the preparation of a small cross-section that
penetrates an insignificant fraction of the site area. In any event, the main issue is that
ALL of the data should have been provided in the application

*A structure confour map may have been prepared at least for Unit 1 since the United
States Environmental Protection Agency requested such a map 1n their review of Unit |
However, this map has not been provided to us, if it in fact exists




performance” of a particular site. Holonich Memorandum 1, Neuman Presentation at |
attached hereto as Exhibit G. In a presentation to the NRC Staff on January 29, 1998,
Professor Neuman, a hydrologist at the University of Arizona, wrote that HRI's modeling
of the Westwater Aquifer as "hydraulically uniform, isotropic and perfectly confined"
failed to consider that drawdown effects of pump tests often are obscured in a
"multiaquifer" setting, as in the case of the CUP. |d., Attachment at 16. Professor
Neuman conclu. .d that the "hydrogeologic conceptual framework behind the FEIS [for
the CUP] is flawed (neither realistic nor conservative) and therefore indefensible.” | have
reviewed Dr. Neuman's findings and concur in his conclusion that the conceptual
framework is flawed and indefensible.

I was not present for Professor Neuman's January 29 presentation but examined
closely a NRC Staff memorandum to which was attached copies of the overheads from
his presentation. I also was not present at a March 19 teleconference between the NRC
Staff and Dr. Neuman. (It is my understanding that a request by counsel for ENDAUM
and SRIC to be present on that call was denied by the NRC Staff.) In a memorandum
summarizing Dr. Neuman's views during that call, the NRC Staff stated that Dr. Neuman:

“did not indicate it was his opinion that the Staff's conclusions were wrong regarding

the potential for vertical excursions to occur at the [Crownpoint] site. Furthermore,

he did not specifically identify anything in NUREG-1508 that he believed would
disqualify the site from ISL mining. Instead, he was concemed the staff had assumed
the aquifers beneath the proposed sites are not hydraulically connected, and that

NUREG-1508 does not contain a compelling argument showing the geologic
materials of the Brushy Basin Shale will adequately prevent vertical excursions.”



Holonich Memorandum II at 2, attached hereto as Exhibit H. There is no evidence in
Holonich's second memorandum whether Dr. Neuman acknowledges and accepts the

Staff's description.

Q.5. What is your evaluation of HRI’s claims (and supporting models) that the
proposed activities wiil not be harmful to ground water and/or underground sources
of drinking water?

A.5. I have given this issue considerable attention from many different perspectives. For
clarity, I have divided this topic into two major sections. First, I address HRI's
application materials in respect to horizontal containment, and then in respect to
horizontal containment. Naturally, other areas of my testimony also consider these
issues. However, this section deals with basic issues that lend themselves most ideally to
this category. The materials in HRI's application do not support any claims of

confinement.
Horizontal confinement

There are numerous issues and problems associated with the question of adequate
horizontal confinement of lixiviant. The following discussion treats the topics of

excursion monitoring, the purported bleed rate, ground water modeling, the nature of the

lixiviant, and projected travel times of lixiviant or other contaminants out of the mine
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zone and into the accessible environment.
5 el o i :

I concur with Dr. Abitz's and Dr. Staub’s testimony that HRI's perimeter monitoring
well network is not adequately designed to detect excursions moving laterally through

-ad channels narrower than 400 feet. Given the heterogeneous, anisotropic

hydrogeologic environment, in conjunction with the simple, arbitrary constant 400 ft.
spacings of the monitor wells, lixiviant is likely to escape the mining zones at the Church
Rock, Unit 1 and Crownpoint sites without warning, contaminate the high quality
groundwater at each site (used in fact for drinking water in Crownpoint) and endanger the
public health.

Mr. Ford asserts that the recommendation in the Groundwater Monitoring STP
that a higher density of monitor wells be placed downgradient from the mining zone
"appears to have been based on the faulty assumption that excursions will occur with a
greater frequency on the down-gradient side than ir: the up-gradient direction." Ford
Affidavit, §15. Mr. Ford's claim that the Groundwater Monitoring STP's apparent
assumption is faulty is based on his belief that "since the difference in head is so great
between an injection well and pre-mining water levels, an excursion should be able to
overwhelm the local ground water gradient in any direction." Id.

The presence of narrow sand channels, that can rapidly transmit flows past 400-

foot-spaced monitoring wells, alone calls for a higher density of down-gradient



monitoring wells. Mr. Ford also ignores the fact that the municipal wells would be
pumping during the operation of the Unit | site. (License Condition 10.27 only requires
relocation of municipal wells for the Crownpoizit mine to operate). The influence of
these municipal wells would be greater than normal ambient gradients. Furthermore,
groundwater can be shown to flow from the Crownpoint wellfield into NTUA-1, and any
horizontal excursions not detected by the perimeter monitoring wells would become
known only after they had reached the closest municipal water supply weil. Moreover,
replacement municipal wells could also influence flow at both the Crownpoint and Unit 1
sites, depending on the location of the replacement wells. Therefore, a greater density of
monitor wells down-gradient is needed.

Mr. Ford claims that License Condition 10.23 requires that wells would have to be
redrilled if they are not monitoring the same sand units into which lixiviant is being
injected and from which uranium is being produced. Ford Affidavit, §16. Mr. Ford's
conclusion rests on an erroneous statement of the requirements of License Condition
10.23. That condition does pot require that monitoring wells be placed in "the same sands
as the production zone" (id.), but rather that the monitoring wells be "completed in the
Westwater Canyon Aquifer." License Condition 10.23. The Westwater Canyon Aquifer,
in its entirety, is much thicker (250 feet to 350 feet) than any of its individual sand
channels or ore zones within those sands. Thus, the license condition does not mitigate

the problem.



e . hat i
HRI asserts that it will contain all contaminated mining solutions within the
boundaries of each wellfield during operations by maintaining a "bleed" rate of 1 percent,
or about 40 gpm (FEIS at 2-7; COP Revision 2.0, Figure 3. 1-1 and Section 6.5.1). In
other words, HRI plans to pump more fluid out of the Westwater Canyon Member
(approximately 4,000) gpm) than is pumped into it (approximately 3,960 gpm). This
“process bleed" (COP Revision 2.0 at 69) must account for the water that is moving
naturally through the formation, as well as the water that is being introduced artificially.
Large volumes of groundwater enter and leave the undisturbed ore zone every day, due to
the combined effects of regional flow and, in the case of two of the sites, the pumping of
nearby municipal v ells. As long as the aquifer is in a chemically reduced state, the
through-flowing water rumains essentially uncontaminated because the contaminants
indigenous in the rocks remain bound to individual grains of sand, silt and clay.
However, once the lixiviant (sodium bicarbonate and dissolved oxygen) is introduced
into the groundwater, this through-flowing water wil! mix with the injected lixiviant and
immediately begin mobilizing a variety of contaminants, including radium, uranium,
arsenic, molybdenum, and total dissolved solids (TDS). For two of the sites, these
contaminants will move toward Crownpoint's municipal water supply wells in the
direction of groundwater flow (from west to east) unless the through-flowing water i,

checked (Geraghty and Miller, 1993, at Figures 3 and 4). Under HR!'s
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conceptualization of ..c Westwater Canyon Member, the only way to begin to arrest
groundwater through-flow is to pump enough fluid from the aquifer so that water flows
inward trom all directions toward the mining production wells. The amount required to
create and maintain this cone-shaped fluid sink in the mining zones depends upon the size
and shape of the mine-related wellfields and the natural flow rates through them.

HRI has stated that to implement this bleed, it will pump out 1% more water from the
mine zones than it returns. They have stated that this will, in all cases, create a ‘cone of
depression’® around the mine zone, such that outside waters will not drift through the
mine zone and pick up and transport away harmful solutes. Yet, as is well known, this
bleed rate is only applied as an average over the entire zone being mined. Many wells are
injecting, others are producing, so the effect is an overall one, and is set at the bare
minimum that they can justify. Recently, HRI clarified what it actually is doing with the
39 gpm that is reinjected into the aquifer. In Hydro Resources Inc.'s Response to
Intervenors' November 9, 1998 Briefs in Opposition to Application for a Materials
License with Respect to Liquid Waste Disposal Issues (page 45) (December 9, 1998),
HRI stated that the excess production bleed will be "reinjected ouside the monitor well

ring."

¢ This is inacurrate, or misleading. A sink is what is required, not necessarily a mere
cone of depression. People commonly confuse the two, but it in fact is possible, even
common to have a cone of depression without creating a sink.




Proof of the efficacy of HRI's bleed effect was attempted in the GM modeling studies,
which made explicit simulations to demonstrate that a 1% bleed would function as
intended for all mine zones. Yet the models all fail to account for the fact that the 1%
bleed is actually re-injected into the very same zones, albeit on their ‘edges’ near the
monitoring wells. Every G&M model covers more than enough area to encowpass the
reinjection activity that HRI has acknowledged. Failure to put this critical feature 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 activity 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. Through the Principle of Superposition (see Freeze and Cherry,
figure 8.15¢ at page 330, attached hereto as Exhibit I), the aquifer ‘mound’ generated by
the reinjection will be added to the sink generated by the overall bleed, possibly canceling
out the sink in many areas. In some areas the effect may be neutral, but in all areas, the
sink will be diminished. In certain areas, the sink may be eliminated entirely, or even
reversed. 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.

To summarize, 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). Furthermore, they have failed to
provide any information, modeling, or arguments, which clarifies this plan, or which even
begins to substantiate that the imposed aquifer ‘sink’ around the mine zone will be
unaffected. Common hydrologic sense would dictate that the fluid must be transported to
another place completely outside of the zone of influence. Surface application or deep
well injection (far below the Westwater) come to mind as the common ISL practices for
disposal of bleed waters. I conclude that HRI has not demonstrated containment of

lixiviant for any site, if only for this reason.

Long before [ learned that HRI plans to actually reinject the bleed in close

proximity to the mine zones, I conducted a review of their aquifer modeling and found
numerous, critical misrepresentations of the results, as well as other serious deficiencies.
Notwithstanding HRI's failure to consider bleed reinjection in their models, the
simulations are seriously misleading, and critically flawed. Since I first reported these
misrepresentations, both NRC and HRI have had numerous opportunities to rebut my
criticism of the ground water modeling, but they have not done so.

Using data from HRI's pump tests, "Theis non-equilibrium equations” and a
computer modeling program called AQUASIM (Geraghty and Miller, 1993, at 4), HRI's

hydrologic consulting company, generated a series of hydraulic gradient and



potentiometric surface maps for the Crownpoint and Church Rock mine sites. These

computer-generated maps depicted groundwater flow lines and fluid contour lines defined

by elevations above sea level for different seasons of the year and for different phases of

production (id.). A bleed rate of 1 percent was used to model groundwater flow at the
end of production for each wellfield; a bleed rate of 12 percent was used to model
groundwater flow at the end of restoration for each wellfield (1d.)

The mode! used was analytic, which dictated assumptions that the aquifer was
homogeneous, isotropic, and of infinite lateral extent. [nitially it can be said that, due to
the well-established fact that the Westwater is heterogeneous, this model is not suitable
for evaluating lixiviant containment. Heterogeneity can play the most important role of
all in dictating final flow patterns. Furthermore, the model does not simulate actual
contaminant transport. Instead, the analyst is meant to infer actual lixiviant transport
based on groundwater path curves. i{owever, this ignores important chemical transport
phenomena such as dispersion, in which chemical species may actually disperse across
so-called groundwater divides or pathlines. Notw ithstanding those deficiencies, |
reviewed the model, if only to evaluate the flow regime that they purported to simulate.

In examining the flow modeling diagrams in the Geraghty and Miller report and the
assumption and input parameters for the AQUASIM model (Pelizza, 1996a, Response to
NRC-RALI #77), I determined that crucial model results were misrepresented. | must stress

that the problems I observed in the diagrams of the modeling resuits are not minor. On the




contrary, they are substantial because they contradict HRI's assertion that mining fluids wili
be adequately controlled during production and restoration.

To illustrate my concerns, I will focus on inaccuracies and mistakes I encountered
in Figures 9 through 11 of the Geraghty and Miller report (Geraghty and Miller, 1993),
attached hereto as Exhibit J. However, | encountered these problems for all sites that were
modeled.

These figures are important because they show the shape of the groundwater flow
system at the end of restoration and end of production for Crownpoint Wellfield 4 (Geraghty
and Miller, 1993, Figures 9, 10and I 1, respectively). Each of these diagrams purports to
present three distinct modeling results: (1) "groundwater pathlines," which are supposed to
indicate the direction(s) of groundwater flow: (2) elevation contour lines that define the
potentiometric surface and are called "head contours" or "hydraulic head contours"; and (3)

thick black lines indicating the location of the "groundwater divide." The groundwater

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

groundwater flows either toward the mining zoues in one direction or toward NTUA-1 in the
other direction.

Professional hydrologists adhere to strict rules about how pathlines and head contours
are drawn and interpreted and how the location(s) of groundwater divides are determined
Ground water flows from regions of high hydraulic head to low hydraulic head, much as

surface water flows "downhill" from high elevations on the land surface to lower elevations




In fact, a simplified description of overland flow of water over mountains and through
valleys provides a good illustration for understanding pathlines and head contours.

When rain falls on the land surface, it flows downhill from a point of high elevation to
a point of low elevation. If this rain were shown on a topographic map, the water would
cross consecutively lower and lower elevation contour lines, each at a right angle. Naturally,
the water would never spontaneously {low uphill, crossing higher and higher elevation
contour lines. The direction of this overland flow, perpendicular (i.e., at a right angle) to
surface contour lines is the same for the direction of groundwater flow: the pathlines cross
groundwater "surface" elevations at progressively lower and lower elevations.

Mountain ridges are surface water flow divides. In other words, water will not
spontaneously flow uphill and then downhill over the other side of a ridge. A surface
water divide can also be described as a river at the base of a valley. Water flowing down
a slope eventually meets the river and then joins it, flowing downstream; water does not
flow downhill, cross a river, and then flow up the opposite slope. In both of these
examples, these flow divides are also pathlines, and, since pathlines cannot cross each
other, they are also divides.

The surface water example illustrates the rules applied by professional hydrologists to
model groundwater pathlines and divides:

(a) A pathline must always cross a head contour at a right angle; and

(b) A pathline must always cross successively lower values of head contours,

33



and accordingly, a pathline cannot cross the same head contour line twice,
and

(c) Because of the lack of physical divide features in the flow domain, all
ground water divides depicted must be pathlines as well and must follow the

same rules above as for pathlines.

In examining the diagrams in the Geraghty and Miller report, | noticed that not all
pathlines crossed head contours at right angles. For example, in Figure 10, the lower
center pathline that forms a U shape crosses seven head contours, from left to right.
Clearly, the sixth contour it crosses, just below its arrowhead, is not crossed at a 90
degree angle, thereby violating Rule #1. Had the pathlirie been drawn correctly, it would
have indicated a significantly different trajectory. Many of these pathlines or others, if
drawn correctly, would show fluid leaving the mine zone and escaping into the general
aquifer. I can only conclude, as 2 professional in this field, that the pathlines were drawn
in a manner that could mislead a reviewer into believing that containment of lixiviant is
demonstrated, where in fact, it is not.

Another example is seen in Figure 9, where five pathlines are shown, all generally
converging upon a central location. The arrow of the long pathline located at the lower
center of the diagram is about to cross the same head contour (the 6439 value) twice.
This, of course, violates Rule #2. Even of more concern is the next pathline to the ri ght

that roughly parallels the so-called groundwater divide line. Clearly, at its arrowhead, it
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has just crossed the 6434 head contour line and is about to cross it again. In fact, it seems
bound for a course upstream, as there are no sinks evident. Once 1t crossed that 6434
line, it should have tumed right, and traveled across that so-called divide and directly
toward the NTUA-1 water supply well. This divide is the most flagrant violation of the
rules of all. Without a doubt it is shown crossing the 6434 contour line twice. Since
ground water divide lines are identical to pathlines, this is analogous in the surface water
example to water flowing down a valley and then sponianeously flowing up the other
side. In fact, looking along the length of the divide, it is clear that nearly all of the head
contours it crosses are crossed twice.

In my extensive experience as a groundwater modeler, I have never seen a computer

program make such blatant mistakes. I can only assume that these incorrect divide lines

were drawn on the diagram by hand, along with the pathlines, and the fact they were done
by band was not indicated on the diagram or in the text of the Geraghty and Miller report.
A reviewer who was unaware that the divide lines were hand drawn and w ho did not
suspect that the lines were misdrawn would likely be misled by the figures that the divide
lines would separate the mine zone from the water supply wells. Unfortunately, every
one of those divide lines is false

l'o illustrate the correct direction of water flow on Figure 9, 1 have drawn, by hand,
my best estimate of the correct flow pathlines and groundwater divide lines; this revised

Figure 9 is attached hereto as Exhibit K. My version of the diagram shows groundwater




divide lines that terminate at a single location: the NTUA-1 water supply well.” Of equal
importance are the groundwater pathlines that emerge from the mine area and flow
directly into NTUA-1 well. These flow paths are dictated by the contour lines generated
by the computer model used by HRI's consultant and by application of the strict rules for
drawing ground water divides stated above. The difference between my divide

lines and the faulty ones submitted by HR1 is that I have followed the rules, and | have made
clear that the divides are hand drawn.

That groundwater can be shown to flow from the Crownpoint wellfield directly into
NTUA-1, using HRI's own data and diagrams, is even more disturbing for two other reasons.
First, the pathiine I have drawn would occur at the end of restoration, when the bleed rate is
at its peak. And second, no intervening monitor wells that might intercept some
contaminated fluids moving toward NTUA-1 are planned. In fact, according to HRI's most
recent wellfield diagram for the Crownpoint mine site, the wellfields there would be
developed from east to west across the south one-half of Section 24 (COP Revision 2.0,
Figure 1.4-3). Thus, any horizontal excursions not detected by the perimeter monitoring

wells would become known only after they had reached the closest municipal water supply

"I took advantage of the well-known fact that flow lines are also divide lines. These were
merely flow lines, of course, but flow does not cross them, so they also represent divides.
I chose these two lines because they represent the bounds within which mine fluids near
NTUA-1 do not pass. They clearly show the fiction of the divide lines as drawn by
G&M.
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well *

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 local environment

One final point concerns the notion of lixiviant as a ‘benign’ material, as
characterized by HRI in their September 9, 1998 affidavit (Pelizza Affidavit, 9 8at6).
Wherever lixiviant goes, it mobilizes numerous hazardous constituents, which then move
freely through the ground water. Pelizza’s euphemistic characterization that “the leach
solution is not significantly different from native ground water present in the ore body” is
absurd. If that were so, then what is the need for injection of the expensive lixiviant in

the first place? More absurdly, if that were so, then the ore body would not be there in

* In 1996, HRI changed the boundaries of the Crownpoint mine site to consolidate all
wellfields within the southern one-half of Section 24, Township 17 North, Range 13 West
(Crownpoint Revised Technical Report, 1996, Figure 1.1-2), Geraghty and Miller, in
1993, had modeled groundwater flow from wellfields located in the southwest quarter of
Section 19,Township 17 North, Range 13 West -- a location approximately one-quarter
mile closer to NTUA-1. The relocation of the wellfield westward should not, however,
change the conclusions, as the same groundwater divide flows exist for the mining zones
as well.
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the first place, having become mobilized and transported out of that region long ago.
ground water travel times misrepresented as conservative

Water travel times from the mine sites are likely to be much faster than HRI has
estimated. In fact, contaminants may travel through the sand channels in the WCM to
drinking water extraction points, such as the Crownpoint municipal wells, in a just few years.
Thus, the project endangers human health. The following discussion draws from the earlier
section on the hydrogeologic nature of the Westwater. In that section, it was clarified that
the ore bodies reside in long, narrow buried sand channels. This sand channel environment
is a ubiquitous characteristic of the Westwater.

These sand channels are defined by the rocks, generally siltstones or clays, that
surround them above, below and on each side. Siltstones and shales are much more
impermeable (i.e., impervious) to water flow than are the sands. In that respect, sand
channels behave somewhat like buried pipelines. The sand channel is the interior of the
pipe, through which water flows. The siltstones and shales are the walls of the pipe,
through which water does not flow (or does not flow nearly so fast). Unlike the walls of
a pipe, however, the siltstones and shales are irregular, and often quite wide and thick.
That means that there is a significant portion of the geologic system through which water

flows very slowly, or for all practical purposes, not at all.

Although the sand channels most certainly are interconnected in some places, they are

separate channels where they are not connected, they contain separate mineralized zones, and




fluids travel faster through those channels because they are separated, or bounded, by less
permeable strata on all sides. My assumption that the channels are separated, and therefore
bounded, was based on HRI's own pump test data and consistent with the published
literature. Accordingly, my analogy of the sand channels acting as pipes that transmit water
at a faster rate is appropriate.

Using the pipeline analogy, water will flow more slowly through a wide-diameter pipe
than it will through a narrow-diameter pipe under influence of a constant pumping rate at the
end of the pipe. Differences in flow rates can be dramatic, depending on the dimensions (i.¢.,
geometry) of the pipe. For example, the velocity of water flowing at 100 gallons per minute
(gpm) through an 8-foot diameter pipeline is approximately 3 inches per minute, ignoring
friction losses. When that same volume of water is forced through a 1 inch diameter pipe,
the velocity increases to an astounding 612 feet per minute.

This same concept applies to a well pumping water from buried sand channels: the
narrower the channel in it’s lateral dimension (or the thinner in the vertical dimension, or
both), the faster the groundwater will move within it and toward the well. As I will soon
demonstrate, how fast the groundwater will move (i.e., its velocity) can vary over several
orders of magnitude, depending on the assumptions one uses when modeling aquifer flows.

To model the time for groundwater to travel from the Unit [ and Crownpoint mine
sites to the Crownpoint town wells under the influence of the pumping of those wells, HRI

made two critical assumptions: First, that the Westwater is one sand channel 200 feet thick
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in the vertical dimension, and second, that it is infinitely wide (Unit 1 Sensitivity Analysis
at 3-4). HRI chose an aquifer thickness value of 200 feet (1d.), which is at the low end of the
range of thickness known for the WCM (i.e., 236 feet to 350 feet thick [FEIS at 3-12 to 3-
15]), and only moderately conservative in light of the fact that the Crownpoint wells pump
from the entire thickness of the Westwater (FEIS at 3-22). But such an average thickness
is considerably greater than the thickness of the individual layers s=own in the Wentworth
well log. Under HRI's model, groundwater flows toward the wells, within the "channel”
from all points of the compass, and is constrained only by the thickness of the "channel"”.
This radial flow condition causes groundwater 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 for "particles" traveling from the Unit 1 site
to the town wells: a wide range of 689 years to 4,765 years under several different
assumptions (Unit 1 Sensitivity Analysis at 11) and a more narrow range of 2,103 years to
2,371 years under assumptions described by NRC as "average conditions” (id,; SER at 1-2).

To examine 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," | recalculated the travel
time from Unit 1 to the Crownpoint town wells using the same parameters and values that
HRI used in its sensitivity analysis: a 200-foot channel thickness, porosity of 0.21,

transitivity in the channel of 2,550 gpd/ft (gallons per day per foot), and one-half of the
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combined pumping rate from the town wells of 372 gpm.” In contrast to HRI's critical
assumption that the width of the channel is infinite, however, [ 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)."  This value for channel width also is reasonable given references in the
published literature that sand channels in the Westwater range from a few feet to 200 feet in
width. Furthermore, all other hydrologic parameters that I used in my travel-time analysis
(i.e., values for channel thickness, porosity, transitivity, and pumping rate for the town wells)
were identical to those used in HRI's traveltime calculations, save one, the width of the sand
channel. The assumptions i used in my travel-time calculations were based on real-world
data cited in HRI's application and in the peer-reviewed literature. [ also assumed that the
sand channel directly connects the eastern gdge of Unit 1 to approximately the center of the
main town municipal wells, a distance of roughly 13,200 feet. Using these parameters, the

groundwater velocity within the sand channel is approximately 8.5 feet per day. At that rate,

* Because the well receives water from both directions within the sand channel, | used
one-half the pumping rate (i.e., 186 gpm) to address the influence of the well on
velocities to the west of Crownpoint in the mining region.

* In addition, an HRI executive recently testified in a water rights transfer hearing before
the New Mexico State Engineer that the ore bodies at the Church Rock site range from
"8.6 feet to 14.9 feet" thick. See, Testimony of Mark S. Pelizza in Transcript of
Proceedings (Volume 1), In the Matter of the Application of HRI,Inc., to Change Place
or Purpose of Use and Points of Diversion of Underground Waters, before the New
Mexico State Engineer (March 24, 1998), a copy of which is attached hereto as Exhibit
L.
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a "particle” in the groundwater would take only about 4 years to move from the eastern edge
of the Unit 1 site to the town's municipal wells, a travel time more than 500 times faster than
the "average" travel times calculated by HRI using what NRC called "conservative"
assumptions (SER at 1).

I made this calculation to show the dramatic effect at the width of the channel alone
can have on travel time estimates ard to contrast the result with what I believe to be HRI's
nonconservative assumption that the channel is of infinite width. If I had chosen a smaller
value for the width, say 30 feet, my estimated travel times would be even shorter
(approximately, 1 year) and still well within the 20-year lifetime of production and
restoration at the Unit 1 site (COP Revision 2.0, Figure 1.4-1 at 14),

In summary, HRI's inaccurate characterization of the geologic and hydrogeologic
characteristics of the Westwater Canyon Member allowed for a nonconservative rate flow
model, which predicted unrealistically slow travel times. When a real-world value for the
width of any one of the many sand channels known to exist in the area of the Unit 1 and
Crownpoint mine sites are used, travel times decrease substantially to values clearly within
the projected lifetime of the proposed mines Accordingly, in my professional judgment, the
particle travel times estimated in the FEIS, in HRI's Unit 1 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 within the Church Rock mining zone




vertical confinement

It has been argued by HRI that the net impact of a mining event is a ‘decrease’ in
aquifer pressure due to the applied bleed rate. HRI develops this concept further to argue
that upper, overlying aquifers have higher heads than the mining zone aquifer, so flow
will always be from the overlying aquifer towards the mine zone, and not the reverse.
For example, see page 82 of the March 1993 Church Rock Revised Environmental
Report, in which, in addition to the above claims, it is stated that Dakota heads are 184
feet higher than Westwater heads.

Yet, as their own modeling and other data demonstrates, there will be points, directly
over injection wells, where pressures are extremely high. One might argue that these are
only at a few points. However, high pressure at specific points is precisely the principal
behind such tocls as nails, pickaxes, and jackhammers, and such pressure can have
similar effects on aquifers as these tools have on their subjects. Failing actual damage to
the host rock, these high pressures wili very likely push some lixiviant into overlying and
underlying units, and perhaps into overlying and underlying aquifers. In the same

document just referred to, on page 164, it is stated that expected pressure heads due to
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lixiviant injection will reach 289 feet. Therefore, at those locations, the mining zone
heads will be over 100 feet higher than the Dakota heads. This contradicts their earlier
claims, and demonstrates yet another mischaracterization upon which the license is based.

The pump tests only involve pumping at approx. 60 gpm for a few days, whereas, in
all mine zone cases, both pumping and injection are occurring at several thousand gpm
for years. The stresses experienced by the aquifers and intervening units under these
conditions are orders of magnitude more severe. This is akin to filling a balloon with
water from a typical sink tap, and then claiming that since the balloon did not burst, it
will easily accept water from a firehose at full pressure without bursting. In other words,
a successful test may be a positive first step, but it does not prove compliance. That is
precisely the reason that pump tests are performed on an operational scale prior to the
injection of any lixiviant.

Consider the reverse case. When even a mild pump test demonstrates aquifer
containment problems, as it did in the Crownpoint test, this is all the more reason to
remove such a site from further consideration for ISL mining. If a mild 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. This discussion was necessary to correct numerous mischaracterizations

in the record. In my earlier testimony, repeated in part below, I discovered evi fence of
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aquifer interconnections (in addition to other deficiencies). HRI responded that since
newer, larger tests were planned, my discovery was of no interest. The pertinent sections
of that earlier testimony follow:

To determine if the WCM is confined (i.e., isolated) from the overlying Dakota
Sandstone aquifer and the underlying Cow Springs Sandstone such that lixiviant will not
migrate vertically, HRI conducted an aquifer pump test at the proposed Church Rock
mine site in 1989, at Crownpoint mining site in 1991 (Crownpoint Technical Report,
1992, at 47-55; FEIS at 3-29, 3-35) and relied on aquifer pumn tests conducted at what is
now the Unit 1 site by Mobil Oil Corporation in 1982 (Unit 1 Sensitivity Analysis at 10;
FEIS at 3-31). Ireviewed the pump test data for the Crownpoint site and HRI's summary
of the results of Mobil's 1982 test at the Unit 1 site and Churchrock. Based on this
review, | believe that the tests themselves wi e inappropriately designed and
implemented in the field, and that the resulting data were analyzed using the wrong
hydrologic model. The effect of the poorly designed and analyzed pump tests was to give
a false sense of assurance that the Westwater is confined such that lixiviant will not
migrate vertically into overlying or underlying aquifers. Using a different model that
accounts for 2 wider range of hydrologic variables, I found that there is strong evidence

for hydraulic connection between the Dakota and Westwater aquifers in certain places.

The most straightforward way to establish whether or not an overlying, or "upper,"
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aquifer is truly separated from an underlying, or "lower," aquifer is to conduct an aquifer
pump test that meets the following minimum requirements:
a pumping well is completed in the aquifer one desires to test, and is pumped at a
significant rate for a significant period of time from that aquifer;
an observation well is completed in the upper aquifer pearly directly over the
pumping well completed in the lower aquifer, and water levels in the observation
wells are observed and recorded;
additional observation wells are completed in the lower aquifer at varying distances
from the pumping well, and their water levels are also observed and recorded: and
water-level "drawdown" data are analyzed using a method appropriate for assessing
hydraulic connection between aquifers.

A noticeable drop in the water level in the upper observation well during the
pumping test would confirm that the aquifers are connected. Secondary effects, such as
fluctuations in water levels due to such causes as periodic changes in barometric pressure,
are helpful to consider but are not essential to determining if the two aquifers are
connected. Most importantly, the upper observation well must be located laterally in
close proximity to the pumping well to observe the magnitude of water-level responses in
the observation well under the influence of pumping. A significant horizontal separation
between the wells, in conjunction with a large vertical separation, will dampen or obscure

the effects of pumping, especially during early stages of the test when drawdown will be
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greatest at points close to the pumping well.

In the Crownpoint test, initially, two upper observation wells, CP-4 and CP-1, were
completed in the Dakota Sandstone within 500 feet and 1,000 feet of the lower (i.e.,
Westwater) pumping well, CP-5 (Crownpoint Technical Report, 1992, at 46 and
Appendix A, Table 4). CP-4 was abandoned because of well completion difficulties (id.,
at 46). 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” (id.). A new upper (Dakota) observation well (CP-10) was installed more
than 1,860 feet from the Westwater pumping well (id, at 46 and Appendix A, Table 4)

HRI's reason for abandoning well CP-4 does not justify replacing it with a new well
located four times (i.e., 2,000 feet) farther from the pumping well. Nor is HRI’s reason
for abandoning well CP-1 adequate justification for two reasons. First, no verification of
how CP-1 performed poorly due to the influence of barometric pressure was given in the
HRI Crownpoint Technical Report. 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. Second, HRI also does not
provide any reason for replacing this well with a new well located so much farther from
the pumping well.

Based on the resulting drawdown data from CP-10, HRI concluded that the

Westwater was confined from the Dakota, that is, that there was no connection between
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them (id, at 49-55). This result was predictably misleading, however, because of the
great distance between the pumping well and observation well. In my professional
opinion, the distance alone should have invalidated the test and the data resulting from it
The NRC staff apparently accepted the results of the test, concurring with HRI that the
Westwater is confined from the Dakota (FEIS at 3-29, for example).
[nappropriate Model Used by HRI

To compound the problem, HRI used the "Theis Method" to analyze the drawdown
data (Sge, generally, Crownpoint Technical Report, 1992, at 49-55, and Appendix C,
Section 2). The basic assumptions of the Theis Method are that th > aquifer being tested
is of constant thickness and is fully confined above and below by impermeable
boundaries so that there is no "leakage" of water from overlying aquifers - that is, that
water "enters” the aquifer only horizontally. Theis results cannot be interpreted to infer
that a lower aquiier is hydraulically connected to an overlying aquifer because the model
itself is not designed for that purpose. The results shown by using the Theis Method may
appear plausible, but they do not prove and cannot be used to_jnfer that there is no
connection between the Dakota and the Westwater aquifers.

[he best analytical method for determining whether or not hydraulic connections
exist between two aquifers (such as the WCM and the Dakota Sandstone) is the Modified

Hantush Method (Lohman, 1979 at 32-34). The Modified Hantush Method

rmathematically accounts for the vertical flow (if any) of water downward from the upper




aquifer in response to pumping in the lower aquifer, along with horizontal flow within the

pumped aquifer.'' Even in the absence of an ideally located observation well in the upper

aquifer, the Hantush method provides a means to indirectly measure connections to that
zone. The NRC describes the overlying Brushy Basin Member as an "aquitard" in the
Unit 1 and Crownpoint area. FEIS at 3-25. By definition, an aquitard slows, or retards,
the flow of groundwater, but does not stop groundwater flow. Hence, it was reasonable
to assume that the Brushy Basin in the Unit 1-Crownpoint area allows "leakage" from the
overlying Dakota into the underlying Westwater. The Hantush Method is a more
technically appropriate method for analyzing pump test data than the Theis for such
conditions. The Theis Method is virtually useless for testing whether or not a unit is
leaking.

Commentator (and former NRC contractor) Dr. William P. Staub agrees that the
Modified Hantush Method is most appropriate under these conditions. And, he
previously recommended the Modified Hantush as an modification to the Theis Method
for leakage in a 1986 work commissioned by the NRC. (Staub et al., 1986). Thus. HRI's

use of the Theis method not only is inappropriate for hydrogeologic conditions at the

Because the method compensates for the effect of vertical flow or "leakage" from an
overlying aquifer into a lower aquifer, observation wells need not be completed in the
overlying aquifer to use this method. The method’s standard curves replicate the
drawdown (measured ir: feet in the observation wells) that would be expected over time,
given a constant pumping rate at a single well




Crownpoint, Unit 1 and Church Rock sites, but also is contrary to advice from NRC's

own consultants. In their analysis of excursions at selected uranium ISL mines. Staub et

al., (1986 at 21-22) concluded that other methods to assess "leaky aquifer conditions,"

including the Modified Hantush method, should be used (id., at 22). They found that
several ISL mines had vertical excursions because the mine operators, having used the
Theis Method in their in:tial studies, had not recognized or acknow ledged that lixiviant
could flow through "confining layers" and contaminate upper aquifers. Staub et al. (at
29-32). When Staub and his colleagues re-evaluated the pump test data for several of
those mines using the Hantush method, they consistently found that it predicted that the
upper and/or lower aquifers were indeed hydraulically connected. The consequence of
selecting the wrong analytical method was rapid: as shown in Table 1 below, initial
excursions occurred within weeks and months of initial injection at six different ISL
mines where a leaky aquifer was eventually detected using the Hantush Method.
Table 1.
Summary of Selected Excursions at Uranium ISL mines
Where a Leaky Aquifer Was Eventually Determined or Suspected
Using the Hantush Method for Pump Test Data
(Summarized from Staub et al.,1986)
OPERATION DATE, TYPE OF DATE OF FIRS1
OF ISL OPERATION EXCURSION

Bison Basin 1979, pilot scale May 1979
Bison Basin August 21, 1979, commercial September 3, 1979

Highland December 1978: pilot December 26, 1978
[rigary November 1978; commercial Spring 1979




Luenberger January 1980; pilot February 1980
9 Mile Lake September 1979; pilot November 15,1979

The NRC's Draft Standard Review Plan states at 2-25:
It is important for the reviewer to ensure that where fitted curves deviate from
measured drawdown, the applicant explains the probable cause of the deviation(e.g.,
leaky aquitards, delayed yield effects, boundary effects, etc.)." (emphasis added)
HRI's draw-down curves show a poor fit to the Theis-type, zero-leakage curve. HRI did
not explain these deviations, as recommended in the Draft Standard Review Plan. My
use of the Modified Hantush Method, which generated draw-down curves that matched
Hantush curves showing different degrees of leakage between the Dakota and the
Westwater, provides that explanation.
p ekt Leal
To verify or refute HRI's conclusion that the Dakota and Westwater are not
hydraulically connected,"? I used thc Modified Hantush Method to evaluate the
Crownpoint pump test results. This involved inputting HRI’s data for the aquifer
pumping rate and drawdown observed in two particular observation wells into an

equation and generating graphs called "drawdown curves." I selected drawdown data for

* My use of Modified Hantush is in the context of verifying or refuting HRI's conclusion,
reached from its Theis analysis, that the Dakota and Westwater are not hydraulically
connected. Thus, I have not use the Modified Hantush in a vacuum but as a scientifically
appropriate choice for the given hydrogeologic conditions.
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monitoring wells CP-2 and CP-3 because they are located on the proposed Crownpoint
mine site near where initial Crownpoint solution mining would occur (Crownpoint
Technical Report, 1992, Figure 2.3-3 at 33), and are located 946 feet and 545 feet,
respectively, from the pumping well, CP-5 (Id., Appendix A, Table 3). All of these wells
are completed in the WCM.

The results of my evaluation are shown in Figures 4 and 5, attached as Exhibit M to
this testimony. These figures show a series of computer-generated dots plotted on
logarithmic scales; the x-axis shows time elapsed (in minutes) since the beginning of the
pump test and the y-axis shows water-level drawdown (in feet) for each point in time.
For both plots, I overlaid the graphs on a series of Hantush-derived drawdown "type
curves" published by the U.S. Geological Survey (Lohman, 1979, Plate 4). These curves

represent the base case of zero leakage. Employing the prescribed methodology, and

starting with the Theis-type curve, I moved the plots for each well across each successive
curve until I found the curve that best "fit," or matched, th= dots on my graphs. Neither
of my plots matched the Theis-type, zero-leakage curve. For the plot for well CP-2, the
best match was the curve representing B = 10; for the plot for well CP-3, the best match,

especially for the point earliest in the test, was the curve representing B = 0.7." These

" Except for the first data point at time = approximately 7 minutes, the plot for
CP-3 also was a good match for the curve representing B = 10,



"beta" values represent the ratio of hydraulic properties of the overlying (ie., upper)
aquifer to those of the aquifer being pumped; the higher the value, the greater the leakage
between aquifers. Hence, my Modified Hantush-derived drawdown “type curves" for
monitoring wells CP-2 and CP-3, using HRI's test data, showed leakage between the
Dakota and Westwater aquifers

[ then examined HRI's "Theis Curve Fit" plots for the same two monitoring weils,CP-
2 and CP-3(Crownpoint Technical Report, 1992, Figure C.2-E and Figure C.3-E,
respectively). HRI's curves showed a poor "fit," or match, for drawdown points early in
the pump test for both monitoring wells. This poor match was particularly evident for the
first three data points for well CP-2, and for the first data point for well CP-3. This is an
important point because early-time data are an important feature to match, particularly
when investigating leakage. The curves are increasingly insensitive to each incremental
decrease as drawdown time progresses. Therefore, the fact that HRI's plots matched the
Theis-type curve, as pumping time elapsed, is not surprising. By contrast, the piots

derived from my use of the Modified Hantush method shows much better matches to

these early-time data than HRI's Theis-curve matches.

It is unlikely that additional aquifer testing, required by Licensing Condition 10.23,
will shed any new light on whether there is interaquifer communication. Notwithstanding

the proven efficacy of aquifer pump tests to determine aquifer characteristics and
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interaquifer connections, it is my professional opinion that the deficiencies observed in
the design and implementation of HRI's previous pump tests and in the interpretation of
the results of those tests will not be resolved by LC 10.23. The new groundwater pump
tests required by LC 10.23 are unlikely to change any of the aquifer parameters or yield
new information verifying geologic confinement, since aquifers do not evolve
hydraulically over such a short period of time.

Mr. Ford claims that the additional pun.p tesis required by License Condition 10.23
"will lessen the potential for vertical excursions to occur." Ford Affidavit, 432 at 20. 1
must disagree. License Condition 10.23 merely provides for the collection of additional
hydrologic data to confirm that monitor wells for a given wellfield "are completed in the
Westwater Canyon Aquifer." The purpose of monitoring wells is to detect excursions
when they occur so that measures can be taken to control and cleanup the excursion. A4
monitoring well cannot prevent an excursion. Similarly, there is no reason to believe
that the additional pump test data to be collected pursuant to License Condition 10.23
will not support my opinion that the potential for vertical excursions is quite high because
the Dakota and Westwater aquifers are connected, especially at the Crownpoint site. This
opinion is based on the pump test data that HRI has already submitted to the NRC, and on
the professional, peer-reviewed literature that describes the complex geology of the
project. Thus, the requirements of License Condition 10.23 wiil only provide additional

information, not reduce the potential for vertical excursions. In any event, the NRC has

54



not even conducted a review of currently available information (such as structural
information) that would expand upon the information these pump tests have already
provided.

In summary, my evaluation of HRI's pump test data using the Modified Hantush
Method strongly suggests that there is significant hydraulic connection between the
Dakota and the Westwater Canyon Member in at least one area of the proposed mining
zones. Implicit in these results is that the Brushy Basin Formation, which is sandwiched
between the Dakota and the Westwater, is not an impermeable barrier, but a moderately
transmissive pathway for groundwater flow between the two aquifers. In my professional
judgment, therefore, HR1's aquifer tests cannot be relied on to demonstrate that there is no
hydraulic connection between the Dakota and Westwater aquifers'®. In light of the
documented record of vertical excursions at uranium ISL facilities where the wrong
pump-test analytical method was used before operations began, I further conclude that
HRI has not demonstrated that lixiviant will not migrate into overlying or underlying
aquifers. License conditions 10.23, 10.31, and 10.32, which require additional aquifer

characterization, coupled with HRI's commitment to carry out Mine Unit Hydrologic

“ In comparison, | later evaluated a Church Rock pump test, using the Hantush Method,
and found for a singie 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. However, as stated before, confinement is relative to the applied
pressures, which are extremely weak in all of the HRI pump tests, and not indicative of
the pressures to be experienced during ISL operations.



Tests for each site (Consolidated Operations Plan, Revision 2.0 at .82-84), do not resolve
this issue. These additional pump tests and step-rate (i.e., fracture) tests should have been
conducted prior to licensing because they address the threshold issue of lixiviant
containment. To relegate such critical tests until after a license has been issued, ignores
important hydrologic acceptance criteria outlined in the Draft Standard Review Plan
(Section 2.7.3(4) at 2-25).

To fail to provide potentially detrimental information (such as the details of the first
two Dakota observation wells), then to decline to review additional relevant information
(such as fault data; this failure is well documented herein), and finally, to license a
potentially hazardous facility with the rationale that future testing will somehow show
something better is scientfically unsound. The issue of whether this aquifer is
appriopriate for ISL operations must be examined as a preliminary matter.

Line of Historic Water Lavals ia Not 4 :

In criticizing my use of the Modified Hantush Method to analyze HRI's aquifer pump-
test data for certain monitoring wells at the Crownpoint site, Mr. Ford revealed that,

The [NRC] staff did not rely on the cited pump tests in making decisions on vertical

confinement at the HRI project sites .... [T]he staff explained that the .est at

Crownpoint in question here did not involve enough wells, and was not run long

enough, to reach any conclusions that the Dakota Sandstone and Westwater Canyon

aquifers are separated hydrologically. Therefore, the NRC did not rely on the cited

Crownpoint pump test.

Ford Affidavit,§ 10 at 21.

While Mr. Ford did not indicate if NRC now disavows the results of all pump tests

56



conducted at the three sites, or only the test conducted at the Crownpoint site,"* the FEIS
misleadingly states in plain language, on three different pages, that "[n]o aquifer
interconnection were detected by the [pump)] test (i.e., no draw down was detected by the
Dakota Sandstone monitor wells)." FEIS at 3-29, 3-31 and 3-35."* Mr. Ford does not
clearly indicate what information NRC did rely on to draw its critical conclusions about
vertical confinement in the Westwater ore zones. However, based on information
elsewhere in the FEIS (at 4-42, 4-51 and 4-54), and on comments made by Mr. Bartels in
his affidavit of January 23, 1998 (19), I believe that NRC now relies solely on historic
water level data from site monitoring wells to support its conclusion that the overlying
Dakota Sandstone is not hydraulically connected to the underlying Westwater Canyon at
any of the sites.

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

Pump tests were conducted at the Unit I site in 1982, at the Church Rock site in 1989,
and at the Crownpoint site in 1991, FEIS at 3-31, 3-29 and 3-35, respectively.
** This quotation appears in identical form on pages 3-29 and 3-31 of the FEIS in the
context of separate discussions of the results of pump tests conducted at the Crownpoint
site in 1991 and the Unit I site in 1982, respectively. In regard to the results of a pump
test conducted at the Church Rock site in 1989, NRC stated, "No aquifer interconnection
was detected by the test (i.e., no draw down was detected by the Dakota Sandstone or
Brushy Basin "B" Sand monitoring wells.)" FEIS at 3-35.
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reasons). Evaluation of historic water-level data is useful to complement analysis of
pump test results, but never to supplant it. Exclusive reliance on water-level data is, in
my professional opinion, a totally insufficient basis upon which to conclude that the
Dakota and Westwater aquifers ire not interconnected.

However, based on my review of the historic water-level data charts provided by M.
Bartels (Bartels Affidavit, Figure | and Figure 2),coupled with my Modified Hantush
analysis of HRI's pump-test data for two Crownpoint site monitoring wells, | am even
more convinced that the Brushy Basin allows significant groundwater flow between the
Dakota and Westwater aquifers and that vertical confinement between these formations,
especially at the Crownpoint site, is seriously compromised.

Mr. Bartels claims that I overlooked historic differences in water levels between the
Dakota and the Westwater Canyon formations at the Unit 1 and Crownpoini sites in my
analysis of the potential for vertical excursions. Bartels Affidavit 49. He asscrts that
large differences in water levels (or, hydrologic "head") between the two formations
proves that leakage from the Dakota to the Westwater is not as "dramatic" as | suggested.
Id., at 4-5. Contrary to Mr. Bartels’ assertions, however, I in fact reviewed the water
level data he cites, and I re-reviewed the charts he provided with his affidavit. | found
nothing in this material that is inconsistent with my previous findings. The large
differences in water levels between the Dakota and Westwater at the Unit 1 and

Crownpoint sites exist because the two aquifers are separated by an aquitard, the Brushy
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Basin Member. Aquitards are lower in hydraulic conductivity than the aquifers that they
separate, but, as | noted above, they simply slow the flow of groundwater, they do not
stop it. This lower hydraulic conductivity is the source of the high head differences that |
and NRC observed. The incidental fact that the Dakota heads are higher than those of the

Westwater is irrelevant; that fact indicates only that flow is downward from the Dakota to

the Westwater. It certainly does not, in any way, indicate a lack of flow."”

Moreover, the decreasing trend of water-level differences between the Dakota
Sandstone and the Westwater Canyon from the Unit 1 site eastward through the
Crownpoint site toward NTUA-1, as referenced by Mr. Bartels in 49 of his affidavit,
provides additional support for my opinion that the Brushy Basin is seriously
compromised in the area of proposed mining at the Crownpoint. Using Mr. Bartels'
water-level data, I observed that the head difference between the two units drops in half
(from about 190 feet to about 90 feet) as one goes east from Unit 1 to Crownpoint. As
the head difference drops, the hydraulic conductivity of the Brushy Basin (i.e., its ability
to transmit groundwater flow) increases. As the Brushy Basin's hydraulic conductivity
Increases, so does its leakage potential. Therefore, Mr. Bartels' water-level data sugges

that there is greater and greater potential leakage from west to east. Instead of proving

[ note that the historic water levels plotted by HRI and cited by NRC to bolster their
views of confinement were recorded in monitering wells pot subject to the hydraulic
stress of a pump test or the stress that will be exerted by the Crownpoint municipal wells
during the actual mining operation




that the Dakota and Westwater are ot connected, HRI's water-level data, which the NRC
apparently relies on, are actually more consistent with my conclusion that the two
aquifers are in fact connected.

While the analyses discussed in the paragraphs above revolve around data relevant to
the Unit | and Crownpoint sites, | have no doubt that they are also relevant to hydrologic
conditions at the Church Rock site. NRC's apparent disavowal of all pump-test data,
including those for the Church Rock site (Ford Affidavit, n. 10 at 21), combined with its
requirements that additional aquifer characterizations will b2 conducted at all three sites
prior to lixiviant injection (NRC License Conditions 10.23 and 10.31), suggests to me
that NRC has no confidence in HRI's purported demonstration of vertical confinement at
each of the sites, including Church Rock. In addition, the unique characteristics of the
Church Rock site - underground mine workings and vertical shafts open to the Westwater
and Dakota strata - heighten the potential for interaquifer communication there.

In my view, a very important issue in this case is the proper interpretation of
aquifer pump test results. The NRC Staff, ai? the latervenors each take different general
positions on the use of pump tests, and the differences are significant. In my view,
despite deficiencies in the design and implementation of HRI's 1991 pump tests at the
Crownpoint site, the results indicated interaquifer communication. HRI interpreted the
same tests to show that there is no interaquifer communication. HRI Inc., Crownpoint

Project In Situ Technical Report (June 12, 1992), at 55. Reversing an earlier position that
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aquifer pump testing is necessary, the NRC distanced itself from relying on any previous
pump-test data in favor of much less reliable water level data that, in my professional
opinion, do not by themselves prove aquifer confinement.'"® The correct resolution of

these differing approaches is significant for all of the proposed mining sites.

Q.6. What is your evaluation of HRI's plan to begin operations at Section 8?

A.6. 1have evaluated several aspects of the current proposal concerning section 8.
Primariiy, | considered the geology, the hydrology, the groundwater modeling (all
discussed on a general basis earlier as well), and the new mining sequence, wherein
section 8 will be mined first, followed by section 17. Based upon my evaluation, I am of
the opinion that section 8 mining will have similar consequences as mining the other

sites. Namely, mining will have an adverse impact upon the environment and will be

" An NRC Staff hydrologist's statement in February that "[t}he staff did not rely on the
cited pump tests in making decisions on vertical confinement at the HRI project site"
(Ford Affidavit, n. 10 at 21) stood in stark contrast with the much-repeated conclusion in
the FEIS that "[n]o aquifer interconnection was detected by the [HRI pump] test[s)."
(FEIS at 3-29, 3-31, 3-35). What was troubling about this admission was not so much
NRC's back-tracking on a crucial component of the project, but on its insistence that
vertical confinement can be demonstrated on the basis of six different factors, none of
which include results of previous pump tests. The six factors cited by the NRC staff
were, in summary form, (1) thickness of "confining unit" between Westwater and
Dakota;(2)water level differences between the Westwater and Dakota, (3) sealed
boreholes in mining areas; (4) lined and grouted mine shafts at Crownpoint site; (5) "lack
of significant disnlacement” of sands in Westwater; and (6) "commitments by the
applicant" to conduct new pump tests, monitor overlying aquifers, and test wells for
integrity. Holonich Memorandum | at 2-3.



inimical to health and safety.
hydrogeologic problems

The license application takes pains to clarify underlying and overlying aquifers for all
sites. It follows with attempts to demonstrate that all such aquifers will be protected from
any contamination resulting from any ISL mining activities. Implicit in this discourse is
a commitment on the part of the NRC that a license would not be granted if protection of
such aquifers could not be demonstrated. Among the demonstrations offered are claims
about the thickness of the units that lie between the aquifers and the mine zone. These
units have been consistently characterized as aquitards or aquicludes; thick, intact,
resilient rock units through which virtually no water can pass.
Recapture Shale Does not Exist at Section 8

One such claimed unit is the underlying Recapture Shale, which separates the
Westwater Canyon Formation from the Cow Springs Aquifer. The license docket on
numerous occasions characterizes the Recapture Shale as a confining unit that is 180 ft.
thick at Section 8. Yet, not a single borehole in Section 8 in the mine zone was
referenced to support that claim. In fact, only one borehole is cited, out of 201. If the
Church Rock site is considered as a whole, then that is one borehole out of 623.
Surprisingly, my investigation revealed that this borehole actually lies over 900 feet
outside and to the west of the designated mining area. In all of the documents referring to

this thickness value, no mention is ever made that it is for a region far removed from the
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actu | site. This begs the question, given the fact that there are approximately two
hundred boreholes in the mining zone of Section 8, why couldn’t any of those be used to
support the thickness claim?

I believe the answer is that none of those holes support the claim. In fact, according
to Hilpert (1959), much of the mining zone in section 8 is a region where the Recapture
has virtually disappeared, such that the Cow Springs Aquifer comes into nearly direct
contact with the Westwater. This is demonstrated by his Figure 11, attached hereto as
Exhibit N, which uses many of the same Phillips borehole logs that HRI used. For
clarification, I should emphasize that these 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.

How can Hilpert say one thing and HRI another? There is a curious history regarding
this stratigraphic discrepancy. In the 1988 HRI Church Rock Environmental Report, HRI
reports a thin “AA’ clay underlying the WCM. This AA clay is underlain by an AA sand,
which is acknowledged as a good quality aquifer. Both the clay and the sand unit are
identified as units that are NOT part of the WCM.

For some reason unknown, the later 1993 Church Rock Environmental Report lists
those units as part of the WCM. A new claim is made that the AA sand contains uranium

mineralization, although this contradicts the FEIS statement (at 3-21) that only the upper
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portion of the WM is mineralized in that location. It is not explained why no attempt
will be made to mine the uranium from this region, nor is it explained why it has become
merely another part of the WCM. Yet this redefinition has profoundly changed the
conception of confinement of the WCM. Now, instead of the WCM separated from a
good quality aquifer by a few feet, it is separated from a different, unnamed aquifer by
the Recapture Shale that is allegedly 180 ft. thick.

Although it may be convenient for HRI to re-label units (and to make unfounded
claims of unit thicknesses) from its licensing perspective, stratigraphic nomenclature is a
serious business. It is clear that the very AA sand that HRI has called a unit of the

' Westwater is the aquifer identified by Hilpert as the Cow ¥ prings Aquifer'®. The
thickness, position, and stratigraphy match up perfectly.

There are clear, identifiable characteristics that separate Cow Springs lithology from
WCM lithology. The most obvious one is that Cow Springs sandstones are eolian
(ancient dunes) and Westwater sands are fluvial (ancient streambeds). Even a layperson

could easily learn to distinguish the difference.” HRI has not provided those details to

" Notably, the Cow Springs Aquifer is identified by NTUA as a soutce of drinking water
for the Navajo Nation. [Sge Abitz testimony Exhibit 1-M].

*Also see Peterson, 1980, p. 131: “In the Church Rock area, the Westwater Canvon is
underlain by the Cow Springs Sandstone, . .. The Cow Springs-Westwater Canyon
contact is easily recognized in both drill cuttings and »n electric logs, because of the
change to clean, well-sorted sandstone.”
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justify their renaming of this unit. Nor, apparently, has NRC requested such detaiis
(although ENDAUM has requested drillers logs, but HRI refused to provide them) (See
Phillips, December 29, 1998, and Pelizza, October 16, 1998).

It is not an acceptable scientific practice to rename a geologic unit that has already
been identified in the peer-reviewed literature (such as Hilpert), without providing sound
justification. Given the profound implications to vertical containment of this renaming, it
was critical for NRC to require (or provide publicly) evidence as part of the license
documentation. In fact, NRC did not require such evidence.

[ conclude that the NRC was not justified in accepting HRI's current representation
that the mining zone in Section 8 is underlain by 180 feet of Recapture Shale. HRI’s
original representation is more consistent with Hilpert; namely that the sole barrier
between the WWC and the Cow Springs Aquifer is a clay layer that in places is only 5
feet thick (perhaps less). It stretches credulity past the limit to claim that such a thin layer
is an effective barrier to mining effects over years of operation. It therefore follows that
the Cow Springs Aquifer cannot be protected from mining activities in Section 8.
Eractures at Section 8

There are additional problems with this area. For example, Hilpert (1969, p. 77)
reports a series of vertical fractures which extend from the mine workings area in section
17 through the ore zones in section 8. As | mentioned earlier, fractures can be conduits

for vertical flow between units.
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One cannot consider section 8 separately from section 17 and its associated mine
workings. Some reasons are straightforward. Unfortunately, others are not, and first
require rather extensive correction of the mischaracterizations of section 17 found in the
license material. HRI's proposal to split the Church Rock site into two units (i.e., Section
8 and Section 17), and mine Section 8 first, is not defensible scientifically, for several
reasons. First, the ore bodies, consisting of several stacked sinuous channels, form
continuous zones across Section 8 to the north and Section 17 1o the south. In fact, the
only "break” between the sections is the section boundary, which is a geographic and
political demarcation that has nothing to do with the subsurface environment. Otherwise,
the same aquifer, the Westwater Canyon Member, and the same overlying and underlying
formations are involved at both sections. See, generally, Section 2.7 of Church Rock
Revised Environment Report, HRI, inc. (March 1993). Moreover, as a practical matter,
HRI's license application has considered the Church Rock site as a whole at least since
1993 when Section 17 was added to the CUP. COP Revision 2.0 at 9.

Second, the mining sequence anticipated by HRI would have injection beginning in
the southern portion of Section 8 and working northward, in the general down-gradient
direction of groundwater flow and the dip of the beds. 1d., Figure 1.4-8 at 22. Mining
would then move to Section 17, progressing southward in an upgradient direction. Id.,

Figures 1.4-6 and 1.4-7 at 18-19.
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Mining Section 8 first and Section 17 second wauld be extremely imprudent and
could compromise the eventual cleanup of the site. This mining sequence is a bad idea
hydrologically, because the sequence would proceed in a direction north to south that is
opposite to that of the groundwater flow, which is south to north. Accordingly, a
lixiviant-mobilized contaminant plume escaping from a wellfield in Section 17 would not
be recaptured by the nearest wellfield in Section 8, which presumably would already have
been mined and restored.

Third, the extensive underground mine workings?' in Section 17 represent a major
hydrologic feature of the entire Church Rock site, and would have to be considered as
posing a risk of excursion from Section 8. In other words, the hydrology of Section 8
cannot be considered independent of the hydrology of Section 17 because a single,
hydraulically connected hydrologic system underlies the entire site. The mine workings
in Section 17 are hydraulically upgradient of the ore bodies in Section 8 and therefore are
assured of having a profound effect on the hydrology of Section 8.2 As an experienced,

professional groundwater modeler, I would account for the effect of the mine workings in

* The mine workings are shown in Figure 2.6-12 of HRI's ChurchRock Revised
Environmental Report (March 1993).

# Based on my inspection of various documents in this case, including HRI's Church
Rock Revised Environmental Report of March 1993, 1 do not believe that HRI has ever
conducted an aquifer test in Section 17 in or adjacent to the underground mine workings.
Thus, the aquifer properties that are in Section 17 are not actually known at this time.
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modeling groundwater flows at the Church Rock site. In my opinion, HRI's
determination that it was not necessary to account for the hydrologic effects of the mine
workings was a serious error in HRI's modeling of the hydrology of the Church Rock site,
and throws into question the accuracy and validity of those results.? See, HRI Response
to NRC Request for Additional Information RAI No. 87, attached to letter from Mark S.
Pelizza, HRI, to Joseph Holonich, NRC Staff (April 1, 1996) (NRC PDR ACN
9604030208).

Finally, because of the underground mine workings, Section 17 presents special
restoration problems that are not likely to be anticipated by the pilot restoration
demonstration, which would occur in Section 8 and is required by License Condition
10.28. Restoration in Section 8 will be done entirely in porous sandstone, not in flooded
mine cavems.

Based upon my review of the record, notwithstanding HRI's responses, most of the

original reservations expressed by the NRC (Pelizza 1996a, response NRC-RAI 87 and

88) appear to be valid. In particular, it is worth quoting the following from item RAI 88:

#  It's worth noting here that, in my opinion, the AQUASIM model used by HRI's
consultants is not appropriate for the geologic heterogeneity encountered at the Church
Rock site. See, Attachment 87-1 to HRI Response to NRC RAI No. 87. [ would note
further that HRI's consultants used aquifer parameters derived from pump tests conducted
in Section 8 to model groundwater flows in both Section 17 and Section 8. HRI
Response to NRC RAI No. 87 at 2. Those parameters may or may not be applicable to
flows in Section 17 because they were derived from hydrologic conditions particular to
Section 8.
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The creation of preferential pathways and the large volume of water stored in the
tunnels may create some unique restoration problems. For example, preferential
pathways may mean less water flows through the matrix, inhibiting cleanup of the matrix.
In addition, water in the tunnels may become contaminated. Since, the tunnels have for
all practical purposes a porosity of 100%, a large volume of water may be contaminated.
Since wells will not be directly monitoring the water quality in the tunnels, it is possible
that a large volume of contaminated water may be left behind in the tunnels. Such a large
volume of water could increase clean up costs and might require some novel approaches,
such as pumping the water in the shafts.

HRI's response consists of arguments based upon their claim that the mine workings
are completely surrounded by rock. If this is true, then what of the shafts? If shafts are
sealed, and no holes penetrate the workings, then how have water samples from the shafts
been obtained? However, this is a point I will have to defer in order to focus on a basic
problem. HRI went into somewhat detailed speculative arguments, all of which involved
treating the water-filled mine cavities as if they behave according to Darcy’s Law.

Darcy’s Law is the basis for analyzing water flow through porous media. It is a
simple relation between the permeability of the media, the hydraulic gradient, and the

cross-sectional area through which flow occurs.
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In its simplest form, it can be written as:

q = -K (dh/dl)
where

q = the volumetric flux [length/time], basically the flow rate

K = hydraulic conductivity [length/time] often called permeability, it 1s a measure
primarily of the resistance to flow caused by the porous media.

dh/dl = hydraulic gradient; change in head divided by distance. water flows from
high head to low head

h = hydraulic head, [units of length, commonly feet]. head is a measure of the
potential energy of water at a given point.
Furthermore, q can be divided by porosity to obtain an average groundwater velocity.

Darcy’s Law cannot be used to characterize flow that does not occur in porous media,

as the Reynolds number is simply too high**. Cavernous flows are examples of regimes

where Darcy’s Law gives totally inaccurate results. Such flows require alternative, more
complicated equations from other fluid mechanics disciplines. These equations
incorporate such features as turbulence, vorticity, eddies, convection cells. stagnation

zones, and the like. These phenomena are not found in porous media flow, and therefore

** The Reynolds number is a measure of the ratio of inertial to viscous forces in fluid
flow. It is well established that Darcy’s Law is only valid for very low Reynolds
numbers. See, for example, Freeze and Cherry, pp. 72-74




are not captured in such a simple equation as Darcy’s Law. The flow regime in the mine
workings is far more closely related to cavernous flow than it could ever be to porous
media flow, and would exhibit these turbulent phenomena under the operating ISL
conditions, including, in particular, restoration.

This condition is the reason for much of the confusion in item 88. For example, HRI
claims that the mine workings are essentially zones of infinite permeability and a porosity
of 1. NRC then, applying Darcy’s Law, asks, if this is so, then how does a porosity of 1
slow down flow, since infinity divided by 1 is still infinity? HRI, also applying Darcy’s
Law, then backtracks, and says that by infinite permeability, they merely mean a very
large number. But, in fact, the concept of permeability has no role in describing flow
within these zones, so the whole argument is absurd, and both parties are wrong.

Does this mean that one must employ turbulent-flow codes to evaluate these mine
workings? The answer depends upon the circumstances. If one is concerned with an
overall large region, such as the proposed ISL zone in section 17, and if the object is to
evaluate containment from the surrounding aquifer zones, then some simplifications may
be justified. However, the generalizations employed by G&M in their model study are
far too simple. The proper way to approximately model that site would be through a
model that can incorporate aquifer heterogeneity.

In such a model, the mine workings would be treated similarly to the way HRI

described them above; as high permeability zones with a porosity of 1. However, in



contrast to HRI's claims, modeling in this way would show important effects on the
overall and detailed flow patterns within the zone. That is because these zones will cause
significant local refractions in the flow field (HRI approached this concept in Figure
Q2/88-2, but did not develop it to its final conclusion). G&M’s simulation, as usual,
treated the entire area as one of uniform permeability (in addition to its many other
shortcomings). For that reason alone, the model outcomes are in significant error, and
cannot be used to substantiate a decision to license ISL mining there.

But the problems go much deeper than that. HRI argues that flow through the mine
workings in response to restoration would be the simplest type of flow of all; namely
piston flow. In this mischaracterization, all of the water in a tunnel moves directly
through, as if a giant piston were forcing it from one end to the other. This is how HRI
justifies that only 1 mine tunnel ‘volume’ is required to be pumped in order to achieve
restoration of those workings. Unfortunately, this is one of the cases where a turbulent
flow type of model actually is required.

Imagine a very large, built-in swimming pool, filled with water, and located in an area
where the water table is almost at the land surface. Imagine that the walls of the
swimming pool are porous and permeable, such that the ground water can move into the
swimming pool. Now imagine that the pool was somehow contaminated, but that no
pumps were allowed in the pool. A plan is implemented whereby wells are inserted into

the aquifer near to the pool and water is pumped out from these wells. Unfortunately, the



pool never gets clean. Although a gradient is applied through the pool, the inevitable
eddies, convection cells, and stagnation zones form within the pool, where much of the
contaminants linger, unaffected by the pumping. Fresh water from other parts of the
aquifer pass through the pool on their way to the pumping wells, but they merely satisfy
the hydraulic demand, allowing the stagnant areas to continue to be bypassed. This is a
far cry from the idealistic piston flow wished by HRI?.

It becomes clear that the only way using this method to guarantee that the pool gets
clean is to lower the water table to an elevation below the bottom of the pool. This will
dry out the pool entirely. This scenario is precisely that of the mine workings (with the
only significant differences being that the mine workings are much larger, and are below
the water table). Therefore, mine dewatering is the only way to guarantee that the mine
workings will be restored, even to their existing (apparently already somewhat corrupted)
condition.

I made a rough calculation of the required volume of water that would have to be
removed from the subsurface in order to dewater the mine workings. Accounting for
flaring, I estimated the mine working zone to be approximately 3400 feet long and 1400
feet wide. The bottom of the mine workings is approximately 600 feet below the water

table. Assuming a general porosity of 25%, this leads to a total volume of water

* The only way to achieve piston flow in the mine workings would be if HRI actually
had a giant piston




exceeding five billion gallons (actually, far more would be required, since incredible
quantities of water would be constantly flowing in from all directions outside of that area
in response to dewatering attempts; and of course one has to ask, where would all this
water be treated and released at?). Of course, this number is vastly larger than HRI's
optimistic estimate of 22 million gallons. If HRI wishes to contest this physically-based
argument, then they would need to conduct a modeling simulation or other experiment
that honors the physics and demonstrates their case. Otherwise, merely stating that piston

flow is the case doesn’t make it so, and runs counter to fundamental principles of fluid
mechanics®.

This finally leads to the problem with mining section 8 sirst, instead of 17 first.
Considering that section 8 will presumably have already been mined and restored, this
dewatering will lower the water table below parts of the ore horizon in section 8 as well.
That will re-introduce oxyvgen into that area. When the water table is allowed to rise
again, it will re-mobilize residual pockets of ore and heavy metals, undermining the
original cleanup effort.

In summary, because of the dynamic physical nature of water flow in large open

* Anyone who attempts to flush out very sudsy/soapy water from a pot by merely
running tap water into the vessel until roughly one volume has been displaced will have a
feel for this argument.
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cavities, the only way to restore the mine workings following ISL mining is to dewater
the mines. The only way to dewater the mines is to lower the regional water table below
the bottom elevation of the mine workings. This will also reintroduce oxygen into

section 8 ore zone areas, causing the creation and mobilization of more contamination.

Q.7.  Does the application demonstrate that an alternative water supply is available
if the Crownpoint municipal wells are replaced?

A.7.  The NRC has mandated that, prior to lixiviant injection at the Crownpoint mine, HRI
will replace the five Crownpoint municipal wells, construct the water system piping, and
provide funds to the system's operators to install and connect new water wells (NRC License
SUA-1508, Condition 10.27(A)). The new wells must be located so that uranium ISL
operations at the Crownpoint site will not cause exceedances of federal primary a+.. .econd
drinking water standards, or exceed a uranium concentration of 0.44 mg/L). To date, HRI has
not demonstrated that a suitable alternative water supply can be developed for the people
served by the existing municipal water supply wells in Crownpoint. Existing contamination
sources hydrologically upgradient from Crownpoint, deteriorating water quality in the WCM
hydrologically downgradient of Crownpoint, and the stated unwillingness of the Navajo
Tribal Utility Authority to allow its water wells to be replaced are significant obstacles to
HRI's compliance with License Condition 10.27.

The WCM is recharged at its outcrops south and southwest of Crownpoint by water

75



flowing off the Zuni Mountains (Scott, 1995, at 242). It would seem prudent, then, to
consider placing new water supply wells at locations hydrologically upgradient, and
topographically updip, south and south-west of Crownpoint. Two key factors limit this
option, however. First, locating wells anymore than a few miles from the main customer
population in Crownpoint may be prohibitively expensive. Second, a rapid elevation
increase from about 6,500 feet above sea level at Crownpoint to approximately 8,000 feet
above sea level in the Hosta Butte area only six miles south of ( ‘rownpoint could present
we'l siting difficulties. And third, dozens of abandoned uranium mines in the Church Rock.
Mariano Lake and Smith Lake areas are likely sources of localized contamination of
groundwater in the WCM (Chenoweth and Holen, 1980, Figure 2; attached hereto as Exhibit
0). Most of these mines are located hydrologically upgradient of Crownpoint, at distances
ranging from five to 25 miles. There is little published data on the effects of these mines on
regional geochemistry. Accordingly, it is reasonable to assume that finding a site for a new
water supply well or wells that would not be endangered by previous or future mining
activities (past or future) would prove difficult.

Locating new wells north and northeast (i.e., downgradient) of Crownpoint is likely to
be as challenging as finding suitable locations south of town. A well or wells sited

immediately north or east of Crownpoint would not be permanently protected from future

lixiviant excursions emanating from the Crownpoint or Unit 1 sites; they simply would be

separated by an additional amount of time afforded by a longer contaminant flow path. A




well or wells sites at greater distance from Crownpoint weuld likely encounter deteriorating

water quality as the Morrison Formation dips deeper into the San Juan Basin (Stone et al.,
1983, Figure 75).

[t shouid be noted that the NRC provides contradictory information on replacement of
the water supply. In some sections it claims that water of equivalent quantity and quality
will be provided. In others, such as the license condition, it merely states that water meeting
minimum drinking water standards (except uranium may be exeeded) must be provided.
Given the pristine nature of the water that people obtain from the Crownpoint wells
currently, this would be a very bad accommodation for that population.

Even if a suitable location for replacement wells can be found, the NTUA Board of
Directors bas gone on record as being unwilling to agree to plug and abandon any of its
Crownpoint wells (Dalton, 1997, at 2, attached hereto as Exhibit P). In a recent resolution,
the Board stated:

The Management Board of NTUA deems the response of the Nuclear Regulatory
Commission to be inadequate and not responsive to the needs of NTUA with respect
to its water system and the community of Crownpoint to maintain its existing high
qGuality water supply and to allow growth in its use .
(id). As a professional groundwater scientist dedicated to protecting water resources for the
use and enjoyment of current and future generations, 1 concur with the NTUA's Board intent
to ensure long-term protection of a werld-class, sole-source, pristine water supply. HRI's

proposed mining project will continue to endanger the public health, even if the town's water




wells eventually are replaced.

Q.8. Is HRI's application complete?

A.8. There are critical deficiencies in HRI's description and discussion of the
hydrogeology of the three mining sites in its application. In my view, these deficiencies raise
significant questions about HRI's ability to protect groundwater quality in conducting the
Crownpoint Uranium Project, such that they should have been resolved before the HRI
license was issued. Moreover, resolution of these deficiencies would require much more
than the "fine-tuning" asserted by HR1.’

Together, the deficiencies | have just described in my testimony leave substantial
doubt about whether HRI will be able to contain pregnant lixiviant within the mining zones,
detect excursions from the mining zones, and restore polluted groundwater to premining,
baseline conditions.

In my view, these problems are too serious and too numerous to be remedied by
license conditions. For instance, it was recently been revealed that virtually no structure data
were evaluated for faulting, even though numerous allusions to that evaluation were made
in the application. See Frederick Phillips Letter, admitting stratigraphic cross-sections were
misrepresented as structural cross-sections (December 29,1998). For another example, some

pump tests indicated hydraulic connections between the Westwater and the Dakota. By

7 See HRI Bifurcation Request at




imposing a license condition requiring further pump testing (LC 10.23), the NRC Staff has
effectively postponed until a later date resolution of a fundamental issue regarding the safety
of the project - whether the CUP has adequate confining layers overlying and underlying the
mining zones. Clearly the data already indicates this aquifer is inappropriate for ISL mining,
Yet, the Staff scems determined to move ahead with licensing. Moreover, the resolution of
this important issue is delegated to HRI's Safety and Environmental Review Panel, not to the
NRC Staff.

Q.9.  Does this conclude your testimony?

A9. Yes.
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Michael G. Wallace, Hydrogeologist
7820 Hendrix Ave. N.E., Albuquerque, NM 87110
phone h: (505) 237-2850 w: (505) 844-1831

Education:
M.S. in Hydrology, University of Arizona, Tucson, AZ, USA (1989)
B.S. in Plant and Soil Science, Southern Illinois University, Carbondale, IL, USA (1980)

Work History:

1997-present, Principal, Earth Science - Earth Art and contractor with the Plus Group
1990-1997, Senior Hydrogeologist, RE/SPEC Inc., Albuquerque, NM

1986 -1990, Staff Hydrogeologist, IT Corp., Albuquerque, NM

1982-1986, Hydrologic Technician, Research Assistant, University of Arizona, Tucson AZ

Technical Experience Summary:

Over 50 hydrogeologic projects since 1982. These projects have been roughly equally divided
between ground water site investigations and flow and transport analysis actvities.

Specific experience with a wide array of techniques in the quantitative and statistical analysis of
ground water problems. These techniques include 3-D modeling of flow and solute transport, vadose
zone modeling, multi-porosity flow and transport modeling, stochastic processes, probability
modeling, ground water resource optimization, NAPL transport in the subsurface, hydraulic test
analyses, coupling of rock mechanics with ground water flow codes, coupling of geochemical
analyses with ground water flow and solute transport analyses, and finite element numerical model
development.

Currently a principal analyst in a groundwater flow and transport modeling effort for the Waste
Isolation Pilot Project's (WIPP) Performance Assessment (PA) program. Responsibilities include
interaction with a large multidisciplinary body of earth scientists, physicists, and mathematicians;
assimilation of information and diverse concepts; and the design, implementation, and interpretation
of a model acceptable to the client, regulators, various scientific oversight panels, and other
stakeholders. Added experience at WIPP working on the consideration of nuclear criticality when
disposing of transuranic waste. This work involves simulations of the accretion of radionuclides,
including uranium, in a subsurface environment via groundwater transport.

Recently principal investigator on seven (WIPP) scenario screening efforts.  Although all of the
efforts were completed on schedule and within budget, one effort was successfully completed at less
than a tenth of the cost originally estimated by the project. That effort also led to the first water table
contour map for the WIPP vicinity.



Co-investigator in a 3-D paleohydrological / climate change conseqence modeling study of the upper
groundwater system in the WIPP region.

Extensive experience working as part of interdisciplinary teams to evaluate the hydrologic
performance of waste containment systems. On WIPP, helped develop a numerical simulator that
analyzed the coupled processes of salt creep and brine inflow, related to excavations into the Salado
Formation. On the Stripa project (Sweden) and the Finnish nuclear repository program, helped

develop rumerical simulators that analyzed the coupled processes of cement seal degradation and
ground water inflow.

Experience with a large number of additional ground water modeling projects. These projects
include a two dimensional study of ground water flow and contaminant transport through the Capitan
Reef aquifer of Southeastern New Mexico, several 3D flow and solute transport modeling projects
associated with injection of hazardous wastes into saline aquifers, and several modeling studies
associated with the design of ground water remediation systems throughout the U.S.

Contributor in Documents Related to Litigation, Public Hearings, and Rulemakings
(litigation support/expert witness experience)

State of New Mexico, Before the Oil Conservation Division, Case No. 10693. 1993, Santa Fe,
Exhibits and transcripts of proceedings. Representing Pronghorn Disposal
Systems, Inc. Client attorney: Karen Aubrey, Santa Fe, NM

State of New Mexico, Before the Oil Conservation Commission, Case No. 10436,

1992, Santa Fe. Exhibits and transcripts of proceedings. Representing Southwest Research and
Information Center. Client attorney: Doug Meiklejohn, President, New Mexico Environmental Law
Center, Santa Fe, NM

State of New Mexico, Before the Secretary of the Environment Department, No. SW 91-01, 1991,
Alamogordo. Transcripts of proceedings, solid waste permit hearings. Representing the U.S. Air
Force. Client attorney: Lt. Col. John Spurlin, U.S.A.F., Dallas TX

Waste Isolation Pilot Plant (WIPP) No-Migration Petition, 1989, prepared by International
Technology Corporation, Albuquerque, New Mexico, for Westinghouse Corporation, Carlsbad, NM.

Selected Publications and Abstracts

J.L. Ramsey, R. Blaine, J.W. Gamer, J.C. Helton, J.D. Johnson, L.N. Smith, and M. Wallace,
1998, Radionuclide and Colloid Transport in the Culebra Dolomite and Associated
Complementary Cumulative Distribution Functions in the 1996 Performance Assessment for the

Waste Isolation Pilot Plant paper submitted to the journal Reliability Engineering and System
Safety for 1999 publication



Wallace, M., J. Ramsey, A. Treadway, M. Tiemey, and D. Coffey, 1998, Aquifer Model Complexity
at the Waste Isolation Pilot Plant (WIPP), 1998 Spring Meeting of the American Geophysical
Union, Boston, MA.

Marani, M., G. Grossi, F. Napolitano, M. Wallace, and D. Entekhabi, 1997, Forcing, Intermittancy,

and Land Surfece Hydrological Partitioning, Water Resources Research, Vol. 33, No. | , pages 167-
175, Jan, 97.

Wallace, M.G., 1994, Three-Dimensional Groundwater Refraction Patterns in the Northern Portion

of the Delaware Basin. A Modeling Study. American Geophysical Union 1994 Fall Meeting, San
Francisco, CA.

Wallace, M. G., 1993, 4 Total Dissolved Solids Map for the Northern Portion of the Capitan
Agquifer, New Mexico Geological Society 44th annual field conference and Guidebook, sponsored
by the New Mexico Bureau of Mines and Mineral Resources, New Mexico Institute of Mining and
Technology, Socorro, NM.

Corbet, T., and M. G.Wallace, 1993, Post Pleistocene Patterns of Shallow Groundwater Flow in the
Delaware Basin, Southeastern New Mexico and West Texas, New Mexico Geological Society 44th
annual field conference and Guidebook, sponsored by the New Mexico Bureau of Mines and Mineral
Resources, New Mexico Institute of Mining and Technology, Socorro, NM.

Wallace, Michael G., and Tracy L. Christian-Frear, 1992, New Tools to Aid in Scientific Computing
and Visualization , 3rd International High Level Radioactive Waste Management Conference, April
12-16, 1992, Las Vegas, Nevada

Alcomn, 8. R., W. E. Coons, T. L. Christian-Frear, and M. G. Wallace, 1991, Theoretical
Investigations of Grout Seal Longevitiy. 1. Geochemical Modeling of Grout-Groundwater
Interactions - Flow and Diffusion Models, Stripa Project Technical Report - 91-24, Stockholm,
Sweden

Alcorn, S. R., T. L. Christian-Frear, and M. G. Wallace, 1991, Degradation Modelling for the
Concrete Silo in TVO's VLJ Repository, Report YIT-91-09, Nuclear Waste Commission of Finnish
Power Companies

Wallace, M., J. M. Pietz, B. Lauctes, J. B. Case, and D. E. Deal, 1990, Coupled Fluid-Flow
Modeling of Brines Flowing Through Deforming Salt Around the Excavations for the Waste
Isolation Pilot Plant (WIPP) in the Permian Salado Formation, Proceedings, Waste Management
90, Tucson, AZ.

Wallace, M., 1989. A Three Dimensional Analysis of Flow and Solute Transport Resulting from
Deep Well Injection into Faulted Stratigraphic Units, M.S. Thesis, University of Arizona. Tucson,



AZ.

Wallace, Michael G., and John Pietz, 1989. 4 Three Dimensional Flow and Solute Transport Model
of a Deep Well Injection System, Proceedings: "Solving Groundwater Problems with Models", Feb.
7-9, 1989, Indianapolis, Indiana, jointly sponsored by the

NWWA and the IGWMC.

Niou, 8., J. Case, J. Pietz, M. Wallace and J. Zurkoff, 1987. Coupled Fluid Flow and Salt Creep

Analysis for Room Saturation of a Salt Repository, Proceedings, International Waste
Management 87, Tucson, AZ.

Selected Consultant Reports

Wallace, M., 1996, Potential Long-Term Effects of Potash Mining on Hydrogeologic Conditions
in the Culebra Aquifer. Technical Report for Features, Events and Processes (FEP) package NS-11.
prepared for Sandia National Laboratories, WIPP Project.

Wallace, M., 1996, Impacts of Interconaections with other Units on Hydrogeologic Conditions in
the Culebra Aquifer. Technical Report for Features, Events and Processes (FEP) packages NS2,
NS3, and NS7b. prepared for Sandia National Laboratories, WIPP Project.

Wallace, M.. and others, 1995, Flow and Transport in the Dewey Lake/Dewey Lake Conceptual
Model. Te:hnical Report for Features, Events and Processes (FEP) package NS1. prepared for
Sandia National Laboratories, WIPP Project.

Wallace, M., 1995, Potential Impacts of Climate Change on Groundwater Flow and Ti ransport
Conditions in the Culebra Aquifer. Technical Report for Features, Events and Processes (FEP)
package NS-8b. prepared for Sandia National Laboratories, WIPP Project.

Corbet, T. and M. Wallace, 1993, Input from the Regional Flow Model to the WIPP Performance
Assessment. Monitored Milestone NS60M. prepared for the U.S. Department of Energy.

Comparative Analysis of the Multiphase Flow Models, PORFLOW, TOUGH. and TRACRN, 1993,
Draft technical report prepared by RE/SPEC Inc. for Benchmark Environmental Corporation,
Albuquerque, NM.

Holloman Air Force Base Landfill Application / Permit Plan Report (draft), 1992, Technical report
prepared by Tierra Engineering Consultants, Inc., and RE/SPEC Inc. for the U.S. Army Corps of
Engineers.

Degradation Modeling for the Concrete Silo in TVO's VL) Repository, 1990. Technical report
prepared by RE/SPEC Inc. for Teollisuuden Voima Oy, Helsinki Finland.




Engineered Alternatives Task Force, Culebra Far-Field Model 1990 report, prepared by

International Technology Corporation, Albuquerque, New Mexico, for Westinghouse Corporation,
Carlsbad, NM.

Ground Water Moni*oring Waiver U3ax/bl Land Disposal Unit, Nevada Test Site, Mercury
Nevada., 1989, Prepared by IT Corp. on behalf of REECo Inc. for the US. DOE, Nevada
Operations Office.

Brine Sampling and Evaluation Program, 1988 report, prepared by International Technology
Corporation, Albuquerque, New Mexico, for Westinghouse Corporation, Carlsbad, NM.

Application for Exemption to Continue Underground Injection of Banned Hazardous Waste,
prepared by International Technology Corporation, Austin, Texas, for confidential client, Texas,
1988.

Application for Exemption to Continue Underground Injection of Restricted Hazardous Waste,
prepared by Intemational Technology Corporation, Austin, Texas, for confidential client, Texas,
1988.

Application for Exemption to Continue Underground Injection of Restricted Hazardous Waste,
prepared by International Technology Corporation, Austin, Texas, for confidential client, Ohio,
1988.

Action Line Plan, Landfill Site, County, CO., September 1988. prepared by International
Technology Corporation, Denver, Colorado, for confidential client, Colorado.

Plume Remediation Plan, Landfill Site, County, CO., November 1988. prepared by
International Technology Corporation, Denver, Colorado, for confidential client, Colorado.

Program and Schedule for Ground-water Cleanup, Toluene Site, 1987 report, prepared by
International Technology Corporation, Denver, Colorado, for confidential client, Colorado.
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Figure 1. Electric log showing layering within the Westwater Canyon Member of the
Morrison Formation and thicknesses (in feet) of each layer. (Adapted from Figure 2 in
Wentworth gt al,, 1980 at 140.)
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HRI, INC.

(A Subsidiary of Uranium Resources, Ire.)

5656 South Staples 12750 Mertt Drive P.O Box 777
Sufte 250, LB 8 Sufte 1020, LB 12 Crownpoint, New Mexco 87313
Corpus Christl, Texas 78411 Dallas, Texas 75251 Telephone: (505) 786-5845
Telephone (512) 983-7731 Telephone (214) 387.77T7 Fax (505) 786-5855
Fax: (512) 993.5744 Fax (214) 387.7779
April 1, 1996
Mr. Joe Holonich, Chief 40 - 8? ¢ g

High-Level Waste and Uranium Recovery Projects Branch
United States Nuclear Regulatory Commission

Division of Waste Management

Office of Nuclear Materials Safety and Safeguards

Mail Stop T-7-J9

11545 Rockville Pike

Rockville, MD 20850

RE:  Request for Additional Information, Questions 49-91, Water Resources and Protection
and Cost/Benefit Analysis, Safety Analysis Review and Environmental Review for Hydro
Resources, Inc. (HRI) Uranium Solution Mining License Application, Crownpoint, New

Mexico.
Dear Mr. Holonich:

Please find attached the responses to the subject request for additional information. The response
to question #92 will be mailed under separate cover.

The responses addressed herein cover many different t=chnical concerns, however, they all are
centered around two basic questions pertaining to the proposed mining operations, namely:

1. Can water be controlled during mining?
2. Can restoration be accomplished after mining is completed?

In the case of the Crownpoint properties, these questions require careful consideration due to the
location of the community water supply wells.

We believe that our operations will not affect water supply wells because mine solutions cannot
reach them during mining activities. We have documented through conservative model output in
these responses, that under static conditions, (i.e., mine or restoration bleed is shut off) that water
in the Crownpoint mine zone would require 35+ years to migrate to the closest community water
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INTERNATIONAL ATOMIC ENERGY AGENCY
é ~ in cooperation with the Nuclear Energy Agency of the OECD
U Technical Committee Meeting on Recent Developments in Uranium Resources,
Production and Demand — 1997

Vienna, 10-13 June 1997

The Crownpoint and Churchrock Uranium Deposits, San Juan Basin,
New Mexico: An ISL Mining Perspective

D.W. McCARN
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Technical Committee Meeting on Recent Developmenis in

Uranium Resources, Production, and Demand - IAEA/ NEA, June 10-13, 199

THE CROWNPOINT AND CHURCHROCK URANIUM DEPOSITS, SAN JUAN BASIN,

NEW MEXICO: AN ISL MINING PERSPECTIVE

Dan W. McCarn
Innovative Projects International
102284 Admiral Halsey NE
Albuquerque, NM 87111 USA

+]-505-822-1323
1. ABSTRACT
The Crownpoint and Churchrock uranium deposits, San Juan Basin, New Mexico are
currently being developed by Uranium Resources, Inc. (URI) and its subsidiary Hydro
Resources. Inc. (HRI) with an anticipated startup in 1993. Both deposits will be developed using

advanced in situ leach (ISL) mining techniques. URI . HRI currently has about 14,583 tU

37.834 million pounds U;Oy of estimated recoverable reserves at Crownpeint and Churchrock.
at a cost less than $39 / kg U (815 /1b U;QOg). The uranium endowment of the San Juan Basin is

the largest of any province in the United States

In March, 1997, a Final Environmental Impact Statement (FEIS) for the Crownpoint and
Churchrock sites was completed by the Nuclear Regulatory Commission which recommends the
issuance of an operating license. The FEIS is the culmination of 9 year effort to license and

develop the deposits

The Westwater Canyon Member of the Jurassic Morrison Formation is an arkosic, fine
to coarse grained sandstone bounded by near basinwide confining clays deposited in a wet
alluvial fan environment within the San Juan Basin. The primary, trend-ore deposits are hosted

'

by the Westwater Canyon Member as humate-rich, syngenetic tabular deposits which were
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subsequently remobilized into roll fronts. Since deposition in the Jurassic, two phases of ‘
remobilization have occurred in the basin causing the formation of in situ leach amenable . B

monometallic uranium rolls free of organic debris.

Following in situ mining, ground water restoration of the Crownpoint and Churchrock

mines is required to provide a water quality consistent with pre-mining baseline conditions.

The development of in situ mining offers an environmentally sound and cost-effective
method for uranium extraction. URI / HRI anticipates a production of 385-1,156 Tonnes U/

year (1-3 million pounds U;Og) from the New Mexico properties.

(
2. STRUCTURAL SETTING

The Crownpoint and Churchrock uranium deposits are located in northwestern New
Mexico and are part of the Grants Uranium Region in the San Juan Basin (Fig. 1). The San Juan
Basin, regionally part of the Colorado Plateau, is bounded on the north by the San Juan Uplift, tc F\
the west by the Defiance Uplift, to the south by the Zuni Uplift, and to the east by the '
Nacimiento Uplift and the Archuleta Asrch. Fig. 2 presents an index map of the five mining
districts within the region including the Churchrock, Crownpoint, Smith Lake, Ambrosia Lake,
and Laguna districts as well as the locations of the three URI/ HRI sites. Historically, the Grants £ *
Uranium Region represents the largest of all uranium-bearing provinces in the United States.
Crownpoint is located in the central portion of the Chaco Slope and Churchrock is located 30 km
to the west, also on the Chaco slope. The location of the three URI / HRI properties is also

sho'vn in Fig. 2 and are referred to as Churchrock, Crownpoint, and Unit 1.

3. DEPOSITIONAL FRAMEWORK ’

The Jurassic Morrison Formation is the single most important uranium producer in the

United States and is the host for uranium deposits not only in the San Juan Basin, but also
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throughout the Colorado Plateau which covers 500,000 km? (200,000 mi?) including portions of
Arizona, Colorado, New Mexico and Utah. The deposition of Morrison Formation occurred at a
time in which large quantities of volcanic ash provided a source for uranium as the favorable
sandstone hosts of the Westwater Canyon Member were being deposited. In the San Juan Basin,

sub-aerial alluvial fans draining the Zuni Uplift to the south developed over Recapture Member

‘clays. Following the basin-wide development of the Westwater Canyon Member sandstones,

Brushy Basin Member bentonitic claystones and mudstones containing large quantities of

volcanic ash were deposited. (1,2,3,4,5,6].

Humate from the sediments was mobilized sygenetically (2, 3] and was reconcentrated
into the Westwater Canyon Member sandstones. This provided a reductant for the large
quantities of uranium in the Morrison system and gave rise to the humate-rich, tabular “trend-
ores” throughout the San Juan Basin. The geometric mean of the total carbon content of the
Ambrosia Lake “trend ores” is 0.60% [4]. Backgiound concentrations at Ambrosia Lake is

0.14% [4).

Following deposition of the Morrison, transgressive Dakota seas enveloped much of the
western United States depositing beach, barrier bar, and distributary deltaic sediments
unconformably over the Morrison Formation. This was followed by deposition of the thick

offshore sediments of the Mancos Shale.

Structural re-development of the San Juan Basin during Cretaceous and Tertiary times
allowed for the redistribution of the tabular trend ores into the remobilized ores occurring at
Crownpoint and Churchrock. This remobilization is responsible for the segregation of vanadium,
selenium, and mol&bdenum from the remobilized ores such as Churchrock [4]. The total carbon

is very low [4].
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4. LOCATION

@
4.1. Crownpoint and Unit 1 '

The Cro'vnpoint and Unit 1 sites covers 877 ha (2,192 acres) and is located on Sections
15, 16, 19, 21, 22, 24, and 25 of Township 17 North, Range 13 West and Section 29, Township
17 North, Range 12 West adjacert to the town limits of Crownpoint (Fig. 3). The Crownpoint
Trend lies on the central portion of the Chaco Slope to the south of the interior part of the San
Juan Basin near the regional redox front at a depth of about 700 m. The Crownpoint trend was
discovered in the late 1970’s by Conoco and Mobil. Conoco began engineering studies of for a

major underground mine in the late 1970s and three deep shafts were completed in 1982. ©

Unit 1 is located 3.2 km west of the town Crownpoint and covers 512 ha (1,280 acres) in
Sections 15, 16, 21, and 22 of Township 17 North, Range 13 West and has very similar
reological characteristics to the Crownpoint site. The Unit 1 Site is shown in Fig. 3. This forms -~
a portion of the area leased by Mobil which explored and discovered over 38,500 tU (100

million pounds U;Oy) within their leases.

Because of the leachable nature of portions of the ore in the area, Mobil completed an in
situ pilot operation near what HRI calls the Unit 1 area. This pilot demonstrated the economic £2,
viability for ISL production of the Crownpoint ores as well as demonstrating the ability for

restoration.

4.2. Churchrock

The Churchrock site is located in the northwest comer of the Zuni Uplift near the
boundary of the Chaco Slope and the depth to ore is approximately 250 m. The site is located in
Sections 8 and 17 of Township 16 North and Range 16 West and covers an area, as shown in‘

Fig. 4, of 145 ha (360 acres). HRI's mineral rights include 65 ha (160 acres) of pa.ented claims
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in Section 8, and 80 ha (200 acres) of leases on Section 17. A portion of the Churchrock site in

the northeast corner of Section 17 was previously mined for uranium.

§. RESERVES AND PRODUCTION IN THE GRANTS URANIUM REGION

In the Grants Uranium Region, the estimated total endowment of the Westwater Canyon

‘Member is 3.5 x 10° Tonnes U [6]. Cumulative production of uranium from the Grants Uranium

Region by January 1, 1997 has been 131,450 tU (341.8 million pounds U;Oy) (5, 7, 8, 9]. URI/
HRI currently has about 14,583 tU (37.834 million pounds Uj;Ojs) of estimated recoverable
reserves at Crownpoint and Churchrock. at a cost less than $39 / kg U (815 / 1b U;04). About

40% of all uranium produced in the United States is from the Grants Mineral Belt [5].

6. REGIONAL GEOLOGY

The San Juan Basin has been a regional depocenter since the Paleozoic. Approximately
3.000 m of section are present and range in age from Precambrian to Holocene. Strata from
Permian to upper Cretaceous are identified including the Jurassic Morrison formation which
hosts most of the uranium deposits in the basin. Formation Of minor importance are the
Cretaceous Dakota Sandstone and the Jurassic Todilto Limestone. Figure 5 is a cross-section
between Gallup and Grants, New Mexico showing the regional relationships of the Jurassic

Morrison [1].

6.1. Morrison Formation

The Morrison Formation consists of the Recapture, Westwater Canyon, and Brushy
Basin Members and may attain a total thickness of about 225 m. A typical section in the

Westwater Canyon Member along with a geophysical log is presented in Fig. 6 (1].
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6.1.1. Recapture Member

The Recapture Member of the Morrison Formation is composed dominantly of two
facies: aeolian and lacustrine. The eolian portion can be up 90 m thick and consists of white, tan,
and yellowish-gray, fine- to medium-grained, well sorted, large-scale trough crossbedded
sandstone [1]. The lacustrine facies is an interbedded sequences of alternating red and maroon
mudstones and white, light-gray, and reddish-brown, fine- to medium-grained, moderately well

sorted sandstone. It ranges in thickness in the San Juan Basin from 0 to 152 m (1].

6.1.2. Westwater Canyon Member

The Westwater Canyon Member is an artesian aquifer with a transmissivity of 3.676x10™
to 3.880x10* m%s (2,556-2,698 gal/day/ft) (8] and is tightly confined by aquicludes of the
overlying Brushy Basin clays and underlying Recapture Shale. As described by Kirk & Condon
(1], the Westwater Canyon Member is a sequence of vertically stacked and laterally coalesced
fine- to coarse-grained, arkosic to felspathic, poorly sorted, sandstone beds interbedded with
thin, discontinuous mudstone beds. The color ranges from pink to red, grayish-green, and
yellowish gray. The Westwater Canyon Member was deposited in a braided fluvial framework
and ranges in thickness from 30 to over 125 m and deposited in a synclinal area between the
Mogollon and Uncompahgre uplifts [3]. At Crownpoint, the Westwater Canyon Member ranges
in thickness from 72 to 105 m. At Churchrock, the average thickness of the Westwater is 80 m.
A shown in Fig. 2, the source of the sediment was from the southwest across the area of the Zuni

Uplift.
6.1.3. Bru v Basin Member

The Wesméter Canyon Member interfingers locally and regionally with the overlying
Brushy Basin Member mudstones which also serve as a regional aquiclude. Locally, the Brushy

Basin Member hosts braided fluvial sandstones sometimes referred to as “Poison Canyon". The
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Brushy Basin Member is composed of light greenish-gray betonitic claystune and mudstone and

ranges in thickness from 12 to 40 m (1, 8]. At Crownpoint, the Brushy Basin ranges from 20 to

35 m.

6.2. Dakota Sandstone

The Dakota Sanstone unconformably overlies the Morrison Formation and consists of
two distinctive units. The lower portion is a paludal shale and mudstone overlying the Brushy
Basin Member occasionally containing fluvial sandstone and locally coal. The upper portion of
the Dakota is a weil-developed white to light-brown, transgressive beach and barrier-bar marine
sandstone unit occasionally containing distributary sandstone channels which are occasionally
conglomeratic. These channels occasionally scour into the underlying Brushy Basin Member.

[1]. The thickness of the Dakota Sandstone is up to 60 m.

6.3. Mancos Shale

The Mancos shale was deposited in a transgressive offshore marine environment and is a
dark-gray claystone, mudstone and very-fine sandstone system and is up to 600 m thick (1, 8]. At

the Churchrock Site, the Mancos Shale is present at the surface.

A DEVELOPMENT OF URANIUM DEPOSITS IN THE WESTWATER CANYON

MEMBER

Uranium was deposited in the Westwater Canyon Member penecontemporaneously with
the deposition of volcanic ash in a humate rich environment. Syngentic concentration of humate
and uranium within tabular sandstone masses created the tabular “trend-ore™ deposits. Following
structural changes in the basin during Cretaceous times, the trend-ore containing vanadium,
molybdenum, and humate was redistributed into secondary “stacked™ ore rolls virtually free of

organics but containing some molybdenum. A later stage of basin development during Tertiary
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further redistributed the uranium into monometallic stacked ores. Both Crownpoint and

Churchrock are Tertiary stacked-ore deposits.

The Cretaceous and Tertiary remobilized uranium rolls are considered favorable for
bicarbonate-oxygen ISL methods currently employed by URI's Kingsville Dome and Rosita

plants.

7.1.  Regional Ore Controls

Clear regional controls of the uranium deposits in the San Juan Basin are evidenced by
the strong correlation between the regional redox fronts and the location of the ore deposits (1, 2,
3]. This regional redox front is presented in Fig. 7 [1]. The regional redox front is accompanied
by discrete zones of hematitic and limonitic alteration within the basin, the hematitic zone being
updip of the limomitic 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 more intensely oxidized zone of hematitic alteration.

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 which
allowed large quantities of uranium bearing solutions to pass through regional redox fronts and

be precipitated.

7.2. Local Ore Controls

L.ocal ore controls for the individual rolls within the Westwater Canyon Member appear
10 be the thin, laterally discontinuous clays within the sandstone. As 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.
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8. ISL PROCESS

In order to develop the Crownpoint and Churchrock ore deposits, two distinct producing
elements are necessary: the Well Field, and the lon Exchange Plant. The plant consists of ion

exchange columns containing resins with an affinity for uranyl carbonate ions. The flow of dilute

_ solutions of uranyl carbonate (about 50-1 50 mg U / L) from the extraction wells is maintained at

a rate of 10,000 - 20,000 L / m (2,500-5,000 gallons / m) through the plant. This yields between
230 kg U to 4,615 kg U per day (600 to 12,000 pounds of U308) for an annual production of
263 - 1,577 tU per year. Following extraction of uranium, oxygen and complexing agent such as
sodium bicarbonate is added and the solution is reinjected. Of course, the true key to ISL

development is the well field design.

8.1. Well Field Design

The well field is the mechanism by which the leaching solutions, or lixiviant, is
circulated through the ore body (Fig. 9). Well fielu design for the in situ leach mines at
Crownpoint and Churchrock will include up to 1,000-2,000 injection and extraction wells for
each mine site located as close as possible to the ore. Because of the sinuosity of each individual
roll front, wells as closely spaced as 10-50 meters will be used to extract the uranium. Each well
field will be surrounded by a ring of monitoring wells not more than 120 m (400 ft) from the
nearest production well and not farther than 120 m from each other. Leachate migration t0 the
monitoring wells is called an excursion. Excursion controls consist primarily of the initial
engineering design of the wellfield, balancing lixiviant flow in the wellfield, and maintaining a
slight production bleed of 1% to create a cone of depression around the ore zone. URI has never

had an excursion in its operating history.
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9. LICENSING ]

N\
URI / HRI is curreatly in the process of obtaining source material license as avthorize.

by the Atomic Energy Act for the Crownpoint, Churchrock, and Unit 1 sites. With the issuance
of the FEIS (8] in February, the lengthy re-evaluation by the U.S. Nuclear Regulatory Agency
(NRC), the Bureau of Indian Affairs (BIA), and the U.S. Bureau of Land Management (BLM)
was completed with a recommendation to issue a combined source and by-product material
license from the NRC and minerals operating leases from the BLM and BIA. The FEIS
recommended that the license and leases should be conditioned on the commitments made by
HRI in the license application and related submittals as well as various recommendations madd’s
by the NRC (8]. The FEIS is the culmination of a 9 year effort by HRI to license and develop the
deposits. The NRC license will be conditioned on a Safety Analysis Report (SAR) currently
being prepared by the NRC and Consolidated Operating Plan (COP) which is currently

—

undergoing review by the NRC.

Other required licenses and conferred rights include the Underground Injection Control
(UIC) License, and Surface Discharge Permit, land disposal of treated waste water, and air

quality licenses.

t

9.1. Underground Injection Coutrol License

In addition to a source material license, URI / HRI has obtained a UIC license from the
State of New Mexico Environmental Department. A UIC license allows for the injection of

mining fluids into an aquifer for the purpose of extraction of uranium.

&IAEATXT.DOC 10 6/5/97
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9.2. Land Application of Discharged Water

Surface application of treated discharge walers 1S licensed by the State of New Mexico
Environmental Department or the U.S. Environmental Protection Agency depending on the land

status.

9.3, Water Rights

Water rights in the State of New Mexico is administered through the New Mexico State
Engineer. Applications for water rights are required to be published and are subject to a hearing
if protested. Water rights may be approved subject to three conditions: That the application (1)
not impair existing water rights, (2) not be contrary 10 the conservation of water within New
Mexico, and (3) not be detrimental to the public welfare URI / HRI is currently in the process of

obtaining water rights for the anticipated projects.

9.4. Comparative Consumptive Water Use

Agricultural use of consumed water in McKinley County, New Mexico for 50 hectares
(123.5 acres) is compared to the total consumptive water use for all three proposed ISL projects
As can be seen in Fig. 10, the consumed water use for to support 50 ha of all commercial

agricultural products 1s greater than the average use for in situ uranium mining. By companson,

water use for the former Churchrock mines required at least 6 million m°’ (5,000 acre feet) per

annum to dewater the mines or at least 36 times the ISL water requirements

11. RESTORATION

Based on the experience <ained in the industry, three strategies (Table I) are considered
in ground water restoration inciuding (a) groundwater sweep (GS); (b) reverse 0smosis (RO),

and (¢) brine concentration (BC) depending on the water budget. Total water use 1s estimated 10

Z1AFATXT DOC




Technical Committee Meeting on Recent Developments in
Uranium Resources, Production, and Demand - [AEA / NEA, June 10-13, 1997

be 13-29 million m’ for groundwater sweep, 3.3-7.7 million m’ for RO, and 0.03-0.07 million ‘

.

m’ for BC. This represents the total water requirements for all currently foreseen projects.

12. RESOURCE & PRODUCTION BASE OF URI/HRI

12.1. Santa Fe Pacific Gold Corporation Agreement

URI / HRI recently signed an agreement with Santa Fe Pacific Gold Corporation in
which certain mineral rights were acquired covering 200,000 ha (500,000 acres). These rights
were obtained in exchange for 1.2 million shares of URI's common stock and a commitment for
$200,000 per year in exploration expendirures for the next 10 years (11, 12]. URI estimates there ‘:
is approximately 5,700 tU (14.7 million pounds Us;Os) of proven in-place uranium reserves
approximately 3,700 tU (9.6 million pounds U;0y) recoverable] that were drilled-out on the
acquired land. The potential for further development is very large based on the USGS
endowment study of the San Juan Basin completed in 1986 [6]. It is estimated from this study i

that the endowment at a cutoff grade of 0.10% of the Westwater Canyon Member is 1,392,000

tU (3,280 million pounds of U;Oy) at ISL minable depths.

12.2. URI/HRI Operations and Production

-

URI and its subsidiary HRI currently has uranium production operations in South Texas
in the Kingsville Dome and Rosita plants. Production in 1996 amounted to 524 tU (1.36 million
pounds U;0y) making URI one of the largest domestic producer of uranium in the United States

(11).

Based on the recent acquisition of Alta Mesa in Texas, the development of the Vasquez,
Texas property, a favorable FEIS for three uranium properties in New Mexico, and reccnt.
agreements with Santa Fe Pacific Gold Corporation (SFPGC), the in-place uranium reserves o

the company are 34,000 tU (88 million pounds U3;Os) of which 22,000 tU (57 million pounds
12 6/5/97
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U;04) are recoverable [12]. URI / HRI has been extremely active in licensing the Alta Mesa,

Texas and New Mexico deposits for production as early as 1998.
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Fig. 1 Location & Structural Setiing of the San Juan Basin
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Fig. 2: Grants Uranium Region Depositional Framework of Westwater Canyon Member
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Fig. 4: Churchrock Site Map
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Fig. 6 Typical section of the Westwat.r Canyon Member
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Fig. 7: Regional Redox Interface - From (1)
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._ Fig 8: Stacked Roll Fronts in the SE % of Section 24 at Crownpoint g
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Fig. 9: Typical Wellfield Design ﬁ’_.
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Figure 10: Comparative Consumptive Water Use
50 Hectares of Crops and ISL Mining
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Based on 3.3 x 10° m® water requirement for all foreseen rmining projects over 20 years

ﬂ Restoration by reverse osmesis - 4 pore volumes
4 Source: USDA, Natural Resources Conservation Service, Grants, New Mexico, 1997
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Table I:
Water Requirements for Crownpoint, Unit 1, and Churchrock (8]

(Millions M°) (Millions M?)

Restoration Method | 4 Pore Volumes i 9 Pore Volumes
i
} 29

Groundwater Sweep

Reverse Osmosis | . y : O

Brine Concentrator | . 0.07
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JAN ~ 8 1999
2300 N Sereet, N'W.
Washington, D.C. 20037.1128
202.663.8000
Facsimile 202.663.8007
FREDERICK S. PHILLIPS
202.663 8877 New York
frederick_phillips@shawpittman.com December 29. 1998 Virginia

Johanna Matanich

New Mexico Environmental Law Center
1405 Luisa Street. Suite 5

Santa Fe, NM 87505

Re: In the Matter of Hydro Resources, Inc.:
ENDAUM's and SRIC’s Requests for Documents

Dear Johanna:

On December 10, 1998, Intervenors Eastern Navajo Dine Against Uranium Mining
("ENDAUM?) and Southwest Research and Information Center (“SRIC™) (hereinafter, jointly,
“Intervenors”) brought a motion requesting that the Presiding Officer issue a subpoena requiring
Hydro Resources, Inc. (“HRI") and the U.S. Nuclear Regulatory Commiss:on (“NRC") Staff to
provide Intervenors with specified documents or, in the alternative, to supplement the hearing
record with the requested documents the “Motion™). Judge Bloch denied that Motion on
December 16, 1998.

As set forth in the Motion, Intervenors were seeking three sets of documents:

1. Structural cross-sections and structural contour maps for each of the sites at
which HRI proposes to mine pursuant to License No. SUA-1508,;

2. Drillers’ logs for each of the proposed 10 Crownpoint monitoring wells at the
Crownpoint site, for each of the 12 proposed Church Rock monitoring wells, and for a
representative sample (which ENDAUM and SRIC’s expert will assist in selecting) of the 100
plus boreholes at the Unit One site; and

4. The surface elevations for each of the boreholes at each of the sites at which
HRI proposes to mine.'

The information sought by Intervenors either is already in the hearing record, does not
exist, or does not pertain to Churchrock. HRI reminds Intervenors that the Presiding Officer's
September 22, 1998 Order limited the first phase of this hearing to matters pertaining to the
Crownpoint Uranium Project generally or to Section 8 specifically. Accordingly, to the extent
that Intervenors' requests concern site-specific information for sites other than Section 8 (each of
the requests seek site-specific, non-Section 8 information), HRI will not address such requests.

" Intervenors’ Motion at 2-3.
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l. Structural cross-sections and structural contour maps: Structural cross sections
have never been prepared for Section 8. Intervenors make an issue of the fact that Mr. Reed
referenced structural cross sections in the Geraghty and Miller “Hydrodynamic Control™ Report.
Reed erred by referring to the cross sections as “structural” when in fact those were stratigraphic
cross-sections. The cross sections described in the Geraghty and Miller report are the same cross
sections labeled as Figures 2.6-6 through 2.6-10 of the Churchrock Revised Environmental
Report, March 1993 (updated October 11, 1993). Structural contour maps have not been
completed for the Churchrock site. Intervenors reference the February 4, 1997 letter from Mark
Pelizza, HRI, to Jim Walker, U.S. EPA, as evidence that such contour maps exist. They ignore
that the purpose of that letter was to address Unit 1, not Churchrock. No permit application has
been submitted to EPA for Churchrock.

Intervenors state that they want the information that would be contained in structural
cross-sections and contour maps to determine if fracturing is present and would facilitate vertical
migration of fluids from the mine zone. As Intervenors are well aware,” pump tests are the most
reliable tool for determining fracturing resulting in aquifer interconnection. Geological cross
sectional analysis is potentially ambiguous and thus of limited value. Pump tests are the industry
standard.

A pump test has been conducted across the Section 8 orebody. As stated above, Intervenors
should depend on pump tests reports dated 12-1-88 in - Churchrock Project Revised
Environmental Report, March 1993. Appendix E. The Churchrock pump test demonstrates that
there is no leakage. The pump test results were presented at the New Mexico Environment
Department Hearing: SRIC was a party to that hearing. Faulting was addressed in the FEIS at 3-
18.

2. Drillers’ logs for each of the proposed 10 Crownpoint monitoring wells at the
Crownpoint site, for each of the 12 proposed Church Rock monitoring wells, and for a
representative sample (which ENDAUM and SRIC’s expert will assist selecting) of the 100 plus
boreholes at the Unit One site.

Again, [ntervenors ignore the bifurcation order by requesting data pertaining to portions
of the CUP other than section 8. There exist only 8 monitoring wells at Churchrock, not 12.
HRI has geophysical logs and lithology logs for these wells. HRI is not sure what Intervenors
mean by “drillers™ logs. Geophysical logs are reproduced on the stratigraphic cross sections
contained in the application. Specifically, geophysical logs of monitor wells CR1 through CR6,
along with logs from select exploration holes, are duplicated on Figures 2.6-6 through 2.6-8 of
the Churchrock Revised Environmental Report, March 1993. Full scale logs are provided in the
Churchrock Environmental Report, 1988, Appendix, for monitor wells CR1 ~CRé6.

The logs identified above and the surface elevations described below give Intervenors
‘ what they need to generate structural cross sections.

2SL¢ Wallace Affidavit I1 at paragraph 20; Affidavit [Il, paragraph 11.
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4. The surface elevations for each of the boreholes at each of the sites at which HRI
proposes to mine.

Location of surface elevations for the monitor wells CR1-CR8 have been provided in the
Pump Test Report dated December 1, 1988 - Churchrock Project Revised Environmental
Report, March 1993. Appendix E, Tables B.1 through B.7.

Although we have provided this information previously, I hope that this letter proves
helpful.

Sincesely,

Frederick S. Phillips

SHAW, PITTMAN, POTTS & TROWBRIDGE
2300 N. Street, NW

Washington, DC 20037

202.663.8000

cc: Judge Peter B. Bloch
John Hull
Mitzi Young
Diane Curran, Esq.
Douglas Meiklejohn, Esq.
Roderick Ventura, Esq.
W. Paul Robinson
Chris Shuey
Mr. Richard Clement, Jr.
Mr. Mark Pelizza

Document #: 697315 v |



SHAW PITTMAN
POTTS ¢« TROWBRIDCE

A PARTNERSHYP (NG LUOING PROVESSK ONAL CORPORATIONS

230 N Street, N W
Washington, DC. 200371128

"ll'llll!'l'lll"li'l'l'll'l'll
Johanna Matanich
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UNITED STATES
NJCLEAR REGULATORY COMMISSIO

WASHINGTON, D C 20855-0001 L?Ccﬁ ETED
February 27, 1998

=
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-
Preat

MAR - C:47
MEMORANDUM TO: B Paul Cotter. Presiding Officer Ly =4 AC:47
Atomic Safety and Licensing Board

Ol ¢
FROM Joseph J. Holonich, ChtefW ,éé,ﬂ...,éz

Uranium Recovery Branch

Division of Waste Management
Office of Nuclear Matenal Safety SERVED m =415
and Safeguards
SUBJECT NEW INFORMATION POTENTIALLY RELEVANT AND MATERIAL TO

THE PROCEEDING IN THE MATTER OF HYDRO RESOURCES, INC
(ASLBP NO. 85-706-01-ML)

Pursuant to Commission Poiicy on Notification to Licensing Boards of new relevant anc natenal
information, the attached document is considered potentially relevant and matenal to the Hydro
Resources, Inc. (HRI) proceeding, and is forwarded herewith. This information consists of a set
of slides developed by Professor Shlomo P. Neuman, Department of Hydrology and Water
Resources, University of Anzona. Professor Neuman' is the Pnncipal Investigator on a Nuclear
Regulatory Commission, Office of Nuclear Regulatory Research (RES) funded research project
entitied “Evaluating and Testing Conceptual Ground-Water Flow and Transport Models.” in that
role, Professor Neuman made an oral presentation to the NRC staff on January 29, 1998, (this
was not a public meeting, but rather an internal working meeting with the NRC staff). His
presentation focused on his new generic research project dealing with evaluation and testing of
conceptual ground-water flow and transport models. The purpose of Professor Neuman's RES-
funded research is to develop a methodoiogy which will have broad application to many
radioactive waste problems. Prior to his presentation, Professor Neuman requested that
general information be provided to him as background material to acquaint him with NRC
issues related to his research focus, and to familiarize him with uranium in situ leach mining. A
copy of NUREG-1508, “Final Environmental Impact Statement for the Crownpoint In Situ Leach
Mining Project,” (FEIS) was provided to him.

Professor Neuman prepared a sernes of talking points in the form of view graphs to discuss his
initial research strategies and to facilitate interaction with the NRC staff. The attached package
is from the background matenal that he used during the meeting. These particular view graphs
were neither shown nor discussed in the meeting. In particular, the detailed information and
conciusion on the last page of the package was not presented or discussed with the staff. The
Office of Nuclear Material Safety and Safeguards/Division of Waste Management
(NMSS/DWM) staff working on the Crownpoint Project were provided copies of the view

CONTACT: Robert Carison, NMSS/DWM
(301) 415-8165

- Aoy 2%y
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graphs, but have not discussed Professor Neuman's observations and conclusion with him
Professor Neuman was not requested to formally review or comment on the FEIS, as this was
outside the scope of his onginal work. His presentation discussed research strategies in the
context of NRC licensing applications, using the limited, publicly available information provided
to him on site decommissioning management plan reviews and in situ leach uranium mining,
and his extensive expertise in high-level radioactive waste

The information in the attached slides is considered potentially relevant and matenai to the
subject proceeding because they provide Dr. Neuman's view on the FEIS regarding the HRI
license application. Many of the questions raised in Professor Neuman's slides were also
raised by the petitioners in their petitions for leave to intervene. Essentially, the staff's
understanding of the slides is that Professor Neuman believes that the FEIS needed to consider
a number of other factors related to the pumping test used to determine the confinemeant of the
mining aquifer. The areas where Professor Neuman discussed that additional information on
pumping tests needed to be considered in the FEIS are given on the last page of his slides. In
addition, Professor Weuman concludes that the cc 1ceptual framework of the .S is
indefensible.

Because the NMSS/DWM staff was unable to attend Professor Neuman's briefing, he did not
present the information in the attachment. Instead, the slides were given to the NMSS/DWM
staff as information copies only The staff has done an evaluation of the information, and is
able to provide an assessment of it based solely on the content of the slides. |f the staff had
received a presentation of this work, it may have had better insight into what Professor Neuman
meant, and cou'd provide the best possible analysis of the slides. Based on its review of just
the information presented in Professor Neuman's slides, the staff is in general agreement with
the broad, individual points raised. However, the staff considers that Professor Neuman did not
have a complete understanding of all information evaluated by the staff to determine the
specific acceptability of HRI's application, since his review was limited to only the FEIS
Information not considered by Professor Neuman included: 1) the application filed by HRI
containing extensive data used as the basis for the staff's review; 2) results from other licensing
reviews conducted by staff and Agreement States, 3) experience from operating in situ leach
facilities at other licensed sites; ai:d 4) other data such as geologic bornings used to determine
the stratification of the min'ng units

As mentioned above, aithough the staff agrees with the general points in Professor Neuman's
summary slide that appear to fault pump tests that were used to demonstrate non-hydraulic
interconnection between the Dakota Sandstone and Westwater Canyon aquifers at the
Crownpoint site, the staff does not agree with Professor Neuman's overall conclusion that the
FEIS is seriously technically flawed and indefensible. This is based in part on his lack of
background information as enumerated above, and the fact that pumping tests conducted at the
Crownpoint site were not used by the staff to make its conciusion on vertical confinement as
summarized in the FEIS. Instead, the staff based its decision on the following information (See
FEIS Section 4.3 1.1, pages 4-42 and 4-43)

(1) The large thickness of the confining unit between the Westwater Canyon aquifer and the
overtying Dakota Sandstone Aquifer;



B Cotter -3-

(2)
(3)

(4)

(5)

The significant differences in water levels between the Dakota Sandstone aquifer and the
Westwater Canyon aquifer, indicating the two aquifers are not interconnected.

The possession of borehole sealing records by HRI, which increases the confidence that
the holes were sealed correctly and should not leak dunng ISL mining activities,

The observation tiat the Crownpoint mine shafts are lined with steel and grouted to the
surface and so that they do not present an avenue for the vertical movement of
groundwater;

The lack of significant displacement in the Westwater sands indicating that there s little
potential for faults to act as vertical pathways,

and the commitments by the applicant to: (a) perform groundwater pump tests to
determine if overlying confining units are adequate confining layers prior to injection of
lixiviant in a well field; (b) monitor overlying aquifers. and (¢) conduct well integrity tests

The staff recognizes Professor Neuman's expenence and contnbutions to the advancement of
ground-water science and does not dispute his crec entials. However, the staff is not clea' on
the specific basis Professor Neuman used to react: the conclusion of FEIS indefensibility
presented in the slides, given the staff's understanding that other pertinent information was not
reviewed by Professor Neuman. Therefore, the staff plans to discuss Professor Neuman's
concerns with him to gain a better understanding of his issues, and to ensure he has the full
breadth of information that the staff had to arnve at its conclusion

Docket Number 40-8968-ML

Attachment. As stated
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"Hydrogeologic Conceptualizauun for Environmental
Safety Assessment: Case Studies and Steps Toward a
Strategy"

speaker  Professor Shiomo P. Neuman
Department of Hydrology & Water Resources
The University of Arizona

Time 10:30 a.m. - 3:00 p.m, January 29, 1998
Room: T8'A1

Abstract:

Conceptual/mathematical hydrogeologic models of subsurface flow and transport are
Introduced and analyzed through case studies of a decommissioning site in Qhio, a
uranium solution mining project in New Mexico, the unsaturated and saturated zones
surrounding potential high-level nuclear waste repositories such as the Whiteshell
research area in Manitoba, Canada. These cases illustrate the complexity of
hydrogeologic conceptualization, its numerous pitfalls and potential to constitute a
major source of uncertainty in assessing the expected safety performance of such sites
These cases also demonstrate the need for a well-articulated and defined strategy that
one could follow in developing and evaluating conceptual/mathematical flow and
transport models in the context of performance assessment. Some key elements of
such a strategy are outlined in a preliminary fashion with emphasis on the postulation of
alternative conceptual models, the testing of such models and the process of
discniminating among then:.. The latter are illustrated qualitatively and guantitatively via
case studies concerning: the large apparent hydraulic gradient at a potential high-ievel
waste repository site; interaction between fractures and matrix during unsaturated flow
and transport at that site; type-curve interpretation and geostatistical analysis of single-
and cross-hole air-permeabilities at the Apache Leap Research Site in Arizona; inverse
modeling of pumping tests in fractured crystalline rock at Chalk River in Ontario,
Canada; and inverse modeling of ground-water flow in the semiarid evaponitic basin of
Los Monegros, Spain. Additional reievant examples can be found, among others, in
reports of the INTRAVAL Project.

Contact: T. Nicholson, WMB/DRA/RES at (301) 4156268 if you have any
questions.
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Proposal by Hvdro Resoress. Inc. (HRID to
conduct in-situ leach (ISL) uranium mining in
Westwater Canyon aquifer.

Aquiter restoration via sweep (pumping with
treatment) and permeate injection. balanced so
as to maintain tlow toward mining center.

[f evaporation pond capacity is exceeded
consider surface application/discharge or deep
injection into Abo/Y eso, TDS > 10,000 mg/L.
Wells to be plugged/abandoned. faciiities
decontaminated/decommissioned, solid waste
removed to licensed disposal tacility. site
restored and released for unrestricted use.
FEIS evaluates 4 alternatives: as proposed:
alternative combinations of sites and/or liquid
waswe disposal methods; as proposed with
additional mitigation measures; no action.
The NRC staff concludes that potential
significant impacts of proposed project can be
mitigated and recommends licensing subject
to specified requirements/recommendations.
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® Westwater Canvon iy high-quality regional
artesian aquifer of interbedded sandstone.
claystone. mudstone.

® Uranium as carbonaceous pore tilling/coating
in sandstone units: ore bodies several hundred
(0 a thousand feet long parallel to strike

® AtUnit] & Crownpomt Westwater Canyon
1s 72 - 105 m thick at Jdepth 560 m (at Che=ch
Rock its depth is 140 - 230 m): total length of
ore bodies exceeds 8 km. width 290 - 760 m.

® It is overlain at by Brushy Basin Member
(locally 20 - 35 m of shale or claystone
interbedded with sandstone lenses) and
underlain by Recapture Member (75 - 80 m).

@ Extensive mine workings at Church Rock:
believed not to extend beyond boundaries of
proposed solution mining area.

® Heads in overlying Dakota Sandstone aquifer
are higher than in Westwater Canyon.

® [ ocal faults have minor offsets.
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Figure 3.2. Structural setting of the San Juan Basin. Source: Kelley 1963; Kelley and
Clinton 1960.
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Potential for Contaminant Excursions
]

Monitoring to detect excursions long before
mining solutions seriously degrade ground-
water quality outside well field area.
Horizontal excursions easy to detect/ control.
Contamination due to vertical excursions
takes much longer to detect/correct.
Vertical excursion into Dakota Sandstone or
Cow Springs aquifers could coptuaninaie
Crownpoint water supply. Monitoring will
be done in aquifers above and below mine
zone; not in Cow Spring (poor producer:
drilling enhances possibility of excursion).
NRC staff consider that upper monitor wells
may not detect excursion if strong gradient.
They therefore propose to rely on pre-mining
pump tests to confirm aquifer confinement.
They associate vertical pathways with thin or
missing confining units; open faults, fractures,
boreholes; broken casings; high injection
pressures that fracture confining units; but
primarily with inadvertent leakage from

installed wells.



Alterngtives Including 'ne Proposed Actnr

Well Comple :n Method

__——Retrievadle Wei Screen

Liner (Ogtiona

Casing Point

Production Zone

Sandstone Underream Zone

(Optional)

Figure 2.2. Cross-section of a typical injection, production, or monitor well
completed using the underreamed method.
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® Wells in Dakota ur | incrvening Brushy
& Basin B sand aquilers did not respond to 3-
day pumping tests of underlying Westwater
Canyon: NRC staff concluded that Westwater
Canyoon is not hvdraulically connected to
either of the overlying aquifers in the area.
® Based on this, geology. borehole sealing and
Integrity testing programs, the statf considers
the ris': of verticai excursion to be low.

Modeling of ambient and operational flows in the
Westwater Canyon was conducted by HRI.
Though details are not given, it appears that the
unit was considered to be hydraulically uniform.

isotropic and perfectly confined.



§0S 1 -D3¥NN

8T-¢

955 000 days

S C’::‘."?,‘l‘.';]

Unit 1 Site

==
\

"

»

-

i
» -
Velochies @ s Areas Shown
1) 1968 per yeaw
1200 por your
(31170 par year
S8R per your
480 per yous
‘/ /7

”~

8

Crownpont Slte ——— ”?P

Paihways Indicats Wiharswal Arss i Weil Vs Time

Each Line Aspresants 10 GPM

Wahdraw2ls by Crowngsoust
Water Wels

P NTUA 271 7 ggun
2 NTUA 2 8 1 gpm
3 BIA 19 A gpm
4 BiA o5 € 2 gpm
5 BIA 06 100 C gpm

§ L mle Waler 100 3 gpn
Al Flowsates Aceiaye Suvmer

Valias 139

.t‘/’f;mm N'((
vl
|BIA<J \\ \ \

Pathline Simulatio

e B

13O fays
56y u\J

Section 29

n Run for

1,150,000 days (3,121 Years)

Assumptions

VA asndranals oM Westwaler

2 B0 aton Net Thckness 201 8

2 A ey 024

4 Bego .l Groundwster (vadera] ©
25N @ 10 depeen

S oale (V)

12 Mde ' O MU

Figure 3.10. Modeled groundwater flow pathways for the Unit 1 and Crownpomt sites

0
.

IV WVONIAUS Pa; oAy




Lhe above fails to consider

® The multiaquiter theory (WRR 5(4). 1969,
and large-scale long-term field experiment
(WKR  8(3). 197 of Neuman and
Witherspoon which demonstrate that

® During a standard pumping test. drawdowns
in overlying/underlying aquifers take weeks
or months 5 develop and are hard to detect
due to ubiquitous cackground noise:

® Drawdowns in pumped aquifer. especially
within/near pumping well, are often not
sufficient to detect leakage or establish
hydraulic properties of confining units:

® To do so unambiguously may necessitate
installing monitoring wells in confining
units and interpreting drawdowns using the
ratio method of Neuman and Witherspoon.

® Injection at high pressures may cause major

leakage/vzijhmnueaﬁnghy‘dr_aulic fractures.
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MEMORANDUM TO Peter B. Bloch, Presiding Officer

Atomic Safety and Licensing Board 2 7
FROM Joseph J Holonich, Chiet = 2

Uranium Recovery Branch

Division of Waste Management

Office of Nuclear Material Safety
and Safeguards

SUBJECT SUPPLEMENT TO FEBRUARY 27, 1998, NOTIFICATION OF
NEW INFORMATION POTENTIALLY RELEVANT AND
MATERIAL TO THE PROCEEDING IN THE MATTER OF
HYDRO RESOURCES, INC. (ASLBP NUMBER 95-706-01-ML)
MARCH 19, 1998, TELECONFERENCE WITH PROFESSOR
NEUMAN

Pursuant to Commission policy on notifying Licensing Boards of new information that is
potentially relevant and material to an ongoing proceeding, the U.S Nuclear Regulatory
Commission (NRC) staff provides this supplemental notification and assessment of the subject
information

On March 19, 1988, the NRC staff held a teleconference with Professor Shlomo Neuman of the
Department of Hydrology and Water Resources at the University of Arizona, who is also an
NRC consuitant. As previously indicated in the February 27, 1998, Board Notification. and in
the letter to Susan Jordan dated March 18, 1998, this teleconference was made to gain a better
understanding of Professor Neuman's views on NUREG-1508, and to ensure he had the full
breadth of information that the staff used to arrive at the conclusions stated therein

Consistent with the Final Policy Statement on N.eetings Open to the Public, 59 FR 48340
(September 20, 1994), the teleconference was not open to the public. The teleconference was
attended by the following NRC perscnnel.

Ralph Cady Office of Nuclear Regulatory Research (RES)

Robert Carison Office of Nuclear Material Safety and Safegu.rds (MMSS)
William Ford NMSS

Dan Gillen NMSS

Joe Holonich NMSS

John Hull Office of the General Jounsel

Mike Layton NMSS

Tom Nicholson RES

In the teleconference, Professor Neuman stated tiat his opinions about NUREG-1508 for the
Crownpoint in situ leach (ISL) mining project were shaped by his review of. (1) NUREG-1508:
(2) the Draft Standard Review Plan fo- /n Situ Leach !Uranium Extraction License Applications
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(Published October 1997, NUREG-1569), and (3) other generally relevant hydrologic literature
Regarding the bases for the staff's conclusicn that the potential for vertical excursions to oceur
in the Dakota Sandstone aquifer is low at the Crownpoint site (see NUREG-1508. at 4-42 and
4-43), Professor Neuman stated that he did not disg ute the staff's findings, with one exception
the significant difference in water levels between the Dakota Sandstone aquifer and the
Westwater Canyon aquifer does not indicate a lack of connection between these two aquifers

Professor Neuman's opinion is based on his conceptual model of groundwater, where in his
view, it is appropriate to consider all geologic materials as having some permeability to ground
water -- no matter how small. Therefore, given enough time, water will move through any
geologic material, hence making it appropriate to view all aquifers as being in hydrologic
communication. This conceptual view was Professor Neurnan's basis for the conclusions
presented in his slides. However, Professor Neuman did not indicate it was his opinion that the
staff's conclusions were wrong regarding the potential for vertical excursions to occur at the
site. Furthermore, he did not specifically identify anything in NUREG-1508 that he believed
wouid disqualify the site from ISL mining. Instead, he was concerned the staff had assumed
the aquifers beneath the proposed sites are not hydraulically connected, and that NUREG-1508
does not contain a compelling argument showing the geologic materials of the Brushy Basin
Shale will adequately prevent vertical excursions.

Professor Neuman could not find where the rate of water movement through the Brusny Basin
Shale was described in NUREG-1508. He is concerned that during solution mining, lixiviant
could slowly move through the Brushy Basin Shale and cause a vertical excursion into the
overlying Dakota Sandstone aquifer. Professor Neuman opines that if monitor wells were
located in the Brushy Basin Shale, they would be well situated to identify the vertical movement
of lixiviant before it could reach the Dakota Sandstone aquifer during an excursion. He also
observed that sandstone layers interbedded within the shales and siitstones of the Brushy
Basin Shale would be excellent locations for vertical monitor wells. In conclusion, Professor
Neuman stated it was his “gut feeling” that the proposed ISL operation was safe. however, in
his opinion, NUREG-1508 does not adequately demonstrate a complete tecinical
understanding by the staff of vertical hydraulic communication

The NRC staff agrees with Professor Neuman's observation that the geologic materials of the
Brushy Basin Shale contain measurable permeabilities. At the Unit 1 and Crownpoint sites, the
Brushy Basin Shale is predominantly composed of siltstone, mudstone, and shale layers with
discontinuous, comparatively thin beds of sandstone. The siltstone, mudstone, and shale
layers have low permeability levels, and water movement through this medium is considered
exiremely slow when compared to the much more permeable sandstone beds of the Dakota
and Westwater Canyon aquifers. Moreover, the permeability of the siltstone, mudstone, and
shale bed. is so low that it does not require a creat thickness of this material to prevent the
movement of lixiviant between aquifers over the relatively short period of time (3-4 years) that
ISL mining takes place in a well field. Some solutich mines routinely mine in sandstone
aquifers that are overlain by 25 to 30 feet of siltstone and shale without causing vertical
excursions from lixiviant movement through the confining unit. At the Crownpoint property, the
Brushy Basin Shale appears to range in thickness frorn 100 to 250 feet, while at the Unit 1 site,
the thickness appears to be on the order of 250 to 300 feet. At the Church Rock site, there is
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16 to 32 feet of mudstone between the Westwater Canyon Aquifer and the first overlying
aquifer (Brushy Basin ‘B" Sand)

During the teleconference, it became apparent that confusion existed over what the NRC staff
meant by the word “interconnected” when referring to the stratigraphy of the Brushy Basin
Shale. As used in NUREG-1508, the term “interconnected’ means that siltstone. mudstone.
and shale layers are absent or extremely thin, such that for all practical purposes, the Dakota
and Westwater Canyon aquifers are connected by sandstone beds. This term was used in
recognition of the practical considerations concerning the very low permeabilities of the
siltstones, mudstones, and shales, and the short period of mining relative to the extremely low
rate of water movement through these geologic materials. Historically, almost all vertical
excursions at ISL mining operations have been caused by faulty well completions or unsealed
exploration boreholes. The staff is aware of only one ISL site (Ingaray, Wyoming) where
vertical excursions may have been caused by stratigraphic interconnections. In this instance,
the licensee tried to prevent lixiviant from moving across a confining unit of one to 3 feet in total
thickness. However, even in this case, it could not be established that the failure of the
confining unit was the cause of the excursion. This was because open exploration boreholes
and badly constructed injection welis were also found to be contributing to the excursion.

To quickiy detect excursions, vertical monitor wells are placed inside the well fields so they will
be near the injection wells which coulid be the cause of vertical excursions. If monitor wells
were placed within the siltstones, mudstones, and shales of the confining units, there is a high
probability that vertical excursions caused by open exploration holes, faults, or fractures would
go undetected because the permeability of these materials is so low. Similarly, if monitor wells
are placed in the comparatively thin sandstone layers within the confining unit, the
discontinuous nature and low rate of ground-water movement within these layers means that
there is an increased probability vertical excursions would go undetected. In addition, the
completion of monitor wells into the siltstones, mudstones, shales, and thin sandstone layers of
the confining unit would make it very difficult, if not impossible, to obtain good water-quality
samples. This is because wells completed in this medium would have very low production
rates.

The identification of excursions through geochemical means may also be more difficult if
monitor wells are placed in the confining units. This is because the water quality of the
interbedded sands, siltstones, mudstones, and shales will probably contain much poorer water
quality than either the Westwater Canyon or Dakota Sandstone aquifers. Therefore, this might
make it difficult to derive effective upper control limits. Also, the large clay content of siltstones,
mudstones, and shales, and the increased clay content of thin bedded sands could significantly
retard, if not for all practical purposes stop, the movement of many of the dissolved chemical
constituents in (e lixiviant. Again, this would increa..e the difficulty of identifying excursions.

Injection and production wells are cased and cemented through the confining unit. However, in
order to obtain water quality samples, the completion of monitor wells within the confining unit
would require the creation of open, uncemented voids over several feet within the confining
unit. Placement of such wells would have to be accomplished with special care so that the
confining unit is not compromised. For the foregoing reasons, the NRC staff does not require
or recommend that monitor wells be placed in confining units to monitor for vertical excursions
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it is important to note that in NUREG-1508, the staff did not assume vertical excursions cannot
occur at the Crownpoint site. Instead, at 4-17, the NUREG contains a description of the causes
of vertical excursions. Additionally, at 4-40 to 4-58, for each of the three sites, a description of
the relative potential for vertical excursions to occur as the result of each cause is provided.
The NUREG concludes that given the tests to be conducted prior to lixiviant injection in each
well field, the potential for verticai excursions to occur is considered low. However, the NUREG
further states that should a vertical excursion occur, it would be detected by the overlying
monitor wells and the licensee would be required to (1) stop the excursion, and (2) restore the
water quality in the upper aquifer.

During the licensing of an ISL uranium mine, not all of the detailed information required to fully
describe a project is available at the time of licensing. As well fields are developed, final well
locations are adjusted as additional data from previously drilled wells is obtained. Therefore,
prior to licensing, only enough well field information is required to adequately describe the
environmental impacts and make a decision concerning the safety of the proposed activities.
Given the license requirements and commitments made by Hydro Resources, Inc. (HRI) to
mitigate environmental impacts as documented in its license and application, the staff
determined that HRI had submitted enough well field information to satisfy the aforementioned
objectives.

In summary, the staff agrees with Professor Neuman's observation that the geologic materials
of the Brushy Basin Shale possess some measurable level of permeability. However, the staff
believes that the Brushy Basin Shale contains more than adequate thickness of siltstones,
mudstones, and shale beds to prevent the movement of lixiviant between aquifers over the
relatively short period of time (3-4 years) that mining takes place in a well field.
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Physical Properties and Principles | Ch 2
permeability k. Bear (1972) summarizes the experimental evidence with the state-
ment that “Darcy’s law is valid as long as the Reynolds number based on average
grain diameter does not exceed some value between | and 10" (p. 126). For this
range of Reynolds numbers, all flow through granular media is laminar.

Flow rates that exceed the upper limit of Darcy's law are common in such
important rock formations as karstic limestones and dolomites, and cavernous
volcanics. Darcian flow rates are almost never exceeded in nonindurated rocks and
granular materials. Fractured rocks (and we will use this term to refer to rocks
rendered more permeable by joints, fissures, cracks, or partings of any genetic
origin) constitute a special case that deserves separate attention

Flow in Fractured Rocks

The analysis of flow in fractured rocks can be carried out either with the continuum
approach that has been emphasized thus far in this text or with a noncontinuum
approach based on the hydraulics of flow in individual fractures. As with granular
porous media, the continuum approach involves the replacement of the fractured
media by a representative continuum in which spatially defined values of hydraulic
conductivity, porosity, and compressibility can be assigned. This approach is valid
as long as the fracture spacing is sufficiently dense that the fractured media acts in a
hydraulically similar fashion to granular porous media. The conceptualization is
the same, although the representative elementary volume is considerably larger for
fractured media than for granular media. If the fracture spacings are irregular in a
given direction, the media will exhibit trending heterogeneity. If the fracture
spacings are different in one direction than they are in another, the media will
exhibit anisotropy. Snow (1968, 1969) has shown that many fracture-flow problems
can be solved using standard porous-media techniques utilizing Darcy's law and an
anisotropic conductivity tensor.

If the fracture density is extremely low, it may be necessary to analyze flow in
individual fissures. This approach has been used in geotechnical applications where
rock-mechanics analyses indicate that slopes or openings in rock may fail on the
basis of fluid pressures that build up on individual critical fractures. The methods
of analysis are based on the usual fluid mechanics principles embodied in the
Navier-Stokes equations. These methods will not be discussed here. Wittke (1973)
provides an introductory review.

Even if we limit ourselves to the continuum approach there are two further
problems that must be addressed in the analysis of flow through fractured rock.
The first is the question of non-Darcy flow in rock fractures of wide aperture.
Sharp and Maini (1972) present laboratory data that support a nonlinear flow law
for fractured rock. Wittke (1973) suggests that separate flow laws be specified for
the linear-laminar range (Darcy range), a nonlinear laminar range, and a turbulent
range. Figure 2.28 puts these concepts into the context of a schematic curve of
specific discharge vs. hydraulic gradient. In wide rock fractures, the specific dis-
charges and Reynolds numbers are high, the hydraulic gradients are usually less
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Wilu,,ug,m)

I

" / v PR Type B curve

Figure 8.12 Theoratical curves of W (u,, vy ) versus 1 vqand/up for an
unconfined aquifer (after Neuman, 1975a

and S, is the specific yield that is responsible for the delayed release of water to
the well

For an anisotropic aquifer with horizontal hydraulic conductivity K, and
vertical hydraulic conductivity K,, the parameter n is given by

K, (8.15)

If the aquifer is isotropic, K, = K,, and n = r?/b* The transmissivity T is defined
as T = K.,b. Equations (8.12) through (8.15) are only valid if S,>» § and h, ~
h&€ b

The prediction of the average drawdown at any radial distance r from a pump-
ing well at any time ¢ can be obtained from Egs. (8.13) through (8.15) given Q,
S, S5,.K,,K,, and b

Multiple-Well Systems, Stepped Pumping Rates,
Well Recovery, and Partial Penetration

The drawdown in hydraulic head at any point in a confined aquifer in which more
than one well is pumping is equal to the sum of the drawdowns that would arise
from each of the wells independently. Figure 8.13 schematically displays the draw-
down h, — h at a point B situated between two pumping weils with pumping rates
Q= 0, If O, 3 Q,, the symmetry of the diagram about the plane 4 — A’
would be lost but the principles remain the same
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and ¢, is the time since the start of the pumping rate Q,.

A third application of the superposition principle is in the recovery of a well
after pumping has stopped. If ¢ is the time since the start of pumping and ¢’ is the
time since shutdown, then the drawdown at a radial distance r from the well is
given by

) y Q (¥ g { | )
h n T__‘IL‘;) ”-U;); (8.18)
where
u r_‘_f_i and u f; S.,
: a7t . 471

Figure 8.14 schematically displays the drawdowns that occur during the pumping
period and the residual drawdowns that remain during the recovery period

: | Z
c / \ .-
o sl § \ Recovery R
‘ //:';H-..- \ ™ a

. d

L in..
~ M WENEEY. WETTR, ~ - b . ot \.

Figure 8,14 Schematic diagram of the recovery in hydraulic head in an
aquifer after pumping 15 stopped

It is not always possible, or necessarily desirable, to design a well that fully
penetrates the aquifer under development. This is particularly true for unconfined
aquifers, but may also be the case for thick confined aquifers. Even for wells that
are fully penetrating, screens may be set over only a portion of the aquifer thickness

Partia! penetration creates vertical flow gradients in the vicinity of the well
that render the predictive solutions developed for full penetration inaccurate.
Hantush (1962) presented adaptations to the Theis solution for partially penetrating
wells, and Hantush (1964) reviewed these solutions for both confined and leaky-
confined aquifers. Dagan (1967), Kipp (1973), and Neuman (1974) considered the
effects of partial penetration in unconfined aquifers
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imaginary system of infinite areal extent (Figure 8.15(b)]. In this system there are
two wells pumping: the real well on the left and an image well on the right. The
image well pumps at a rate, Q, equal to the real well and is loczied at an equal
distance, x,, from the boundary. If we sum the two component drawdowns in the
infinite system (in identical fashion to the two-well case shown in Figure 8.13,
it becomes clear that this pumping geometry creates an imaginary impermeable
boundary (i.e., a boundary across which there is no flow) in the infinite system at
the exact position of the real impermeable boundary in the bounded system. With
reference to Figure 8.15(c), the drawdown in an aquifer bounded by an imper-
meable boundary is given by

hy — h = _i—gf[u'u.,) - W(u)) (8.19)
where
u r,{S and w £S
ol o it

One can use the same approach to predict the decreased drawdowns that
occur in a confined aquifer in the vicinity of a constant-head boundary, such as
would be produced by the slightly unrealistic case of a fully penetrating stream
[Figure 8. ' 5(d)]. For this case, the imaginary infinite system [Figure 8.15(e)] includes
the discharging real well and a recharging image well. The summation of the cone
of depression from the pumping well and the cone of impression from the recharge
well leads to an expression for the drawdown in an aquifer bounded by a constant-
head boundary:

hy — b = L W) — Wi 8.20)
o« —h 4nTW“‘" W(u,)) (8.20)

where u, and u, are as defined in connection with Eq. (8.19)

It is possible to use the image well approach to provide predictions of draw-
down in systems with more than one boundary. Ferris et al. (1962) discuss several
geometric configurations. One of the more realistic (Figure 8.16) applies to a
pumping well it a confined aliuvial aquifer in a more-or-less straight river valley
For this case, the imaginary infinite system must include the real pumping well
R, an image well /, equidistan: from the left-hand impermeable boundary, and an
image well /, equidistant from the right-hand impermeable boundary. These image
wells themselves give birth to the need for further image wells. For example, /,
reflects the effect of 7, across the left-hand boundary, and /, reflecis the effect of
I, across the right-hand boundary. The result is a sequence of imaginary pumping
wells stretching to infinity in each direction. The drawdown at point P in Figure
8.16 is the sum of the effects of this infinite array of wells. In practice, image wells
need only be added until the most remote pair produces a negligible effect on
water-level response (Bostock, 1971)
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HRI, INC. S -§5G6F

‘ (A Subsidiary of Uranium Resources, Inc.) XL0¢ 7 é
12750 Ment Dnve
5‘555&)"’ SQIDM miz‘onu‘z
Suite 250 LB 8 Dailas. Texac 75251 Post Otfice Box 777
Corpus Chnsti, TX 78411 Teisphone (214) WB7-7777 Crown Point. New Mexico 87313
Telepnone (512) 993-771 Telecopy (214) 377779 Teiepnone (505) 786-5845
Telecopy (512) 993-5744 TWX 910-867. 1701

October 18, 1993

Mr. Ramon Hall

U.S. Nuclear Regulatory Commission
P.O. Box 25325

Denver, Colorado 80225

e v

RE:  Geraghty and Miller Report, "Analysis of Hydrodynamic Control, HRI, Inc,,
Crownpoint and Churchrock New Mexico Uranium Mines

Dear Mr. Hall:

You are on the distribution list for the subject report. Three copies are attached
HRI, Inc. requests that this report serve as a supplement to the Applicant's Environmental
Report, which is currently under review for the HRI New Mexico uranium production

operations.

Please feel free to contact me with questions pertaining to this matter.

Yours very truly,
P
&
A
~ Mark S. Peli
Environmental MQje

MSP/dig
Encl.

3ClAL L _,{l-(,([ &’%
- 0033
A2 ENDO X i
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ANALYSIS OF HYDRODYNAMIC
CONTROL, HRI, INC.
CROWNPOINT AND CHURCHROCK
NEW MEXICO URANIUM MINES

October 7, 1993

Prepared for

HRI, Inc.
12750 Merit, Suite 1210
Dallas, TX 75251

Prepared by

Geraghty & Miller, Inc.
American Bank Plaza
711 North Carancahua, Suite 1700
Corpus Christi, TX 78475-1801
(512) 883-1353
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Figure 4. Revised groundwater divide and groundwater pathlines for modeled groundwater

flows at the end of restoration at Crownpoint site Wellfield No. 4. Adapted from Geraghty
and Miller, 1993, Figure 9.
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Application of HRI, Inc., for Permit Multi-Page ™ Before the NM State Engincer
Application No. G-11-A Taken on March 24, 1998 Vol. |

1
BEFORE THE NEW MEXICO
STATE ENGINEER

IN THE MATTER OF THE
APPLICATION OF HRI,
INC., FOR A PERMIT TOC
CHANGE LOCATION OF WELL
AND PLACE AND PURPOSE

OF USE AND POINTS OF
DIVERSION OF UNDERGROUND
WATERS IN THE GALLUP
UNDERGROUND WATER BASIN

APPLICATION NO. G-l1l-A

B e e e

Gallup City Courthouse
City Commission Room
Gallup, New Mexico

TRANSCRIPT OF PROCEEDINGS
March 24, 1998
9:00 a.m.
Volume I

BEFORE: Robert Q. ROGERS, Hearing Examiner

REPORTED BY. AUGUSTINA J. MARTINEZ, CCR #215
Paul Baca Professional Court Reporters
400 Gold Avenue, Southwest, Suite 200
Albuguerque, New Mexico 87102

Augustina J. Mariincz, CCR #215
Paul Baca Professional Court Reporter:




Application of HRI, Inc., for Permit Multi-Page OIS Ml SN st Sesbgysssn
Application No. G-1 1-A Taken on March 24, 1998 Vol. |
Page 26 Page 28
1 Ow hydrology expert will testify that | MR. INDALL: Mr. Hearing Examiner, we
2 despite a very conservative model that he 2 would move the admission of Exhibit 7 at this time.
1 constructed, drawdowns in wells of nearest other 3 HEARING OFFICER ROGERS: Any objection? ‘
4 ownership are small and that the Westwater Canyon 4 MR. FRYE: No objection.
s Aquifer will not he dewatered through the pumping on | § MS. DOOLEY: No objection.
6 the pait of HRI that they proposed under G-11-A. 6 HEARING OFFICER ROGERS: Exhibit 7 is
7 Thank you. 7 accepted.
8 HEARING OFFICER ROGERS: Thank you. 8 (Applicant's Exhibit 7 was admitted.)
9 Well, that concludes opening statements. 9 Q. (By Mr. Indall) Mr. Pelizza, can you tell
10 Are you ready to begin? 10 me, is your employer, Uranium Resources, publicly
1 MR. INDALL: Yes, we are, Your Honor. We i1 traded?
12 would like to call Mark Pelizza. 12 A Uranium Resources is a publicly traded
13 MARK S. PELIZZA 13 company.
14 was called as a witness by the Applicant, 14 Q. And can you describe the relationship between
15 after having been first duly sworn under oath, 15 HRIand URI?
16 was questioned and testified as follows: 16 A. HRIis an operating company which is fully
17 DIRECT EXAMINATION 17 owned by the parent Uranium Resources, Incorporated.
18 BY MR. INDALL: 18 HRI is the company that is registered to do business
19 Q. Would you please state your name for the 19 as an operating company in New Mexico
20 record. 20 Q Would you describe URI'S business”?
21 A. My name is Mark S. Pelizza. 21 A URIis an in situ leach recovery company. We
22 Q. And what is your address? 22 specialize in identifying uranium ore bodies that are
23 A. My address is 3217 Breton Drive, Plano, 21 amenable to the in situ leach process, whether it be
24 Texas. 24 through acquisition or exploration and discovery. We
25 Q. And how are you employed, Mr. Pelizza? 25 develop these properties through the permitting
Page 27 Page 29
I A 1am Vice President of Health, Safety and | process and then the in situ recovery process, and
2 Environmental Affairs with Uranium Resources, Inc. | 2 then we sell the material that is produced as a
3 Q. Okay. Can you briefly describe your 3 product.
& educational background? 4 Q. And how long has the company been doing this?
s A 1have a Bachelor's Degree in Geology from s  A. Twenty years.
6 FonuwisColkgc,lhavelMasm'sDewin 6 Q.Andcanyoudescribeu\epropenicstlmum
7 Geologic Engineering from Colorado School of Mines. | 7 is currently operating?
8§ Q. How about your employment background? 8 A URIhas two operations ongoing in South
9 A 1have been with Uranium Resources in either 9 Texas. We have an operation called Kingsville Dome
10 a management or an officer-type position for 18 years |10 Mine, which is in Kleberg County, Texas, which is
11 in the environmental area. Prior to that, I was with 11 operational. We havea mine called our Rosita Mine,
12 Union Carbide at an in situ leach operation. 1have 12 which is in Duval County, Texas, which is
13 been actively working in the in situ leach business 13 operational.
14 for some 20 years. 4 Q Okay. Do you have anything that you're
i Q. And how many ISL properties have you been ¢ currently permitting in Texas?
16 involved with in the permitting process? 16 A We have two properties in Texas that are in
17 A. Eleven. 17 various phases of the permitting cycle. One is
18 Q. Would you please look at binder number 1 18 called our Vasquez. It is essentially completely
19 there and turn to Exhibit 77 19 permitted. We have a few details there, but that is
20 A Seven, did you say? 20 a property that is in the permitting process. It is
21 Q. Seven, please. And can you describe what 21 slated to go into production mid-year this year.
22 that exhibit shows? 22 We also have a property called the Alta Mesa
23 A. This is a copy of my resume. 23 property. It is in the permitting process. 115
24 Q. Did you prepare that? 24 not quite as far along as Vasquez It 15 slated t
25 A Yes, 1did. 25 go into production after the \ asquez property
Augustina J. Martincz, CCR #215 Page 26 - Page =
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| question again. 1 piece of paper that ] gave you?
2 HEARING OFFICER ROGERS: Yes. Ask the 2 MS. ATCITTY. Yes.
3 question again. 3 MR. FRYE. Can we number that?
4 Q. (ByMs. Atcitty) So if we convert 4,000 GPMs B MR. INDALL: 1am going to call it
5 into acre-feet per year, wouldn't that number be s Exhibit 57, 1 think is the next number.
6 6,450 acre-feet | i year? 6 (Applicant's Exhibit 57 was marked for
7 A If this process was operating -- let me be 7 identification.)
8 very slow in the way that I explain this because you 8 Q (By Ms. Atcitty) Mr. Pelizza, did you
9 are leaving out 50 percent of the equation in the way 9 prepare this document?
10 you are viewing this. If this process were operating 10 A I supervised its preparadon.
11 and we were extracting 4,000 gallons per minute, i1 Q. Is this your latest and best known
12 according to our NRC license, and running the water 12 calculation for the rcsource volume?
13 to an arroyo continuously over a period of a year at {3 A This is a numbcr that, as a result of the
14 a rate of 4,000 gallons per minute -- and I am not 14 deposition, I went back and looked at my records and
I5 going to use the 1.6 because I would have to figure 15 pulled out of my files.
16 that out in my own mind. But if you were to take - 16 Q. And from the column labeled "Feet," our
17 and 1.6 may be the simple conversion. 17 calculations are that the feet is now about 10 feet?
18 But to get to that number and the way I would 18 The thickness of the ore is 10 feet and not 80 feet,
j9 do it in a more detailed way is 1 would take those 19 as testified to in the deposition?
20 gallons. 1 would use some arithmetic and calculate 20 A. Well, what ] think I said in the deposition
21 the number of minutes in a year and convert from 21 is that the overall thickness of the ore zone was -
22 gallons to feet and come up with 2 number. And 22 and my recollection is that you asked me if it was 80
23 assuming that the 1.6 was the proper conversion, then |23 feet, and I said, "Well, approximately 80 feet."
24 that would say that we are extracting on an annual 24 So that was the context of what 1 said in the
25 basis 6,500 acre-feet per year. 25 deposition. At the deposition, we were talking in
Page 111 Page 113
I Q. And that is my question t0 you. | generalities. 1 didn't have these numbers in front
2 A Yes 2 of me. I think I said that in the deposition. We
3 Q. Is that the amount that is being withdrawn? 3 were talking about the general thickness of the
4 A That is the amount that is being withdrawn, 4 Westwater Formation in the deposition, and that's
s but ~ 5 what | was referring to there.
6 Q. Thank you. That was my question. 6 Q. So what does the column refer to in this
7 MR. INDALL: Your Honor, I think the 7 document?
8 witness ought to explain his answer. 8 A What we have here is the detailed analysis
B MS. ATCITTY: Ithink he was able to 9 that I referred to in the deposition. What this
10 explain it on direct, and this is cross. 10 shows is ~ you notice under the column called
1 MR. INDALL: Well, I think the proper 11 "Zones" - and for example, let's take Section 8.
12 form of question and answer, Mr. Hearing Officer, is |12 This is how a uranium geologist would break down
13 that the witness - 13 individual uranium bearing ore zones in the Westwater
14 HEARING OFFICER ROGERS: She asked the 14 Formation. For example, on that model I depict two.
15 question and he answered the question. That is fine. 15 1 wouldn't do this many zones in that because |
16 MR. INDALL: Okay. 16 didn't have patience to build the model to that many
17 Q. (By Ms. Atcitty) Earlier this morning, 17 zones, but -
18 counsel for the Applicant dropped off on our table 18 Q. Are you saying there are more than two zones”
19 what is called Church Rock Project-Groundwater Volume (19 A. I am saying that, according to this
20 Calculated By Zone. And in your deposition, there 20 tabulation, there are more than two zones. Each zone
21 were a number of questions raised regarding the 21 is - we can take the data fromn exploration bore
22 corpus amounts, the 780 number, the 6,500 acre 22 holes and map the uranium ore body analogous to the
23 diversion, and | believe you submutted this to 23 gray uranium ore body in that model zone by zone
24 clarify some of those points; isn't that true? 24 What this shows is that the thickness ot
25 MR. INDALL: Excuse me. Is that this 25 these zones in Section 8 now, because there 1S €Sy

Augustina J. Martincz, CCR #215
Paul Baca Professional Court Reporters

Page 110 - Page 113




Application of HRI, Inc., for Permit Multi-Page BCIOTE MIG INirh Osain astsgaiavns
Application No. G-11-A Taken on March 24, 1998 Vol. |
Page 114 Page 116

O 00 N0 s LN

of them, ranges from somewhere around 8.6 feet to
14.9 fect thickness of individual zones.

Now, some of those zones may be superimposed
upon each other, where if you were 1o drill an
exploration bore hole in any one place, you may
encounter more than one within the straight vertical
plane, and this would be analogous to various levels
in a conventional mine. But this is a very accurate
representation of the volumes at the Church Rock
site.

Q. We did some quick calculations of these
numbers. For the Section 8 ore body or ore zone, our
calculation of the volume would be 930 acre-feet.

A. Okay. That disagrees with this number. This

one shows it at 508.

Q. No, I'm looking at the Volume category. The
number we have is 930 acre-feet. if you add those up
and divide them by -

A. 1 guess | could just say okay. Your witness
will have to explain what he did.

Q. Okay. And " will just represent to you,

based on our calculations, the volume for Section 17
is about 1429.3 acre-feet per year.

MR. INDALL: Mr. Hearing Officer, 1 would
like to object to that question. What they represent

O 00 N3 O WA s W N -
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and coming up with ten. This mine will take place
over a number of years. 780 is the entire amount.
We will affect only a fraction of that amount per
year, If it is only one-fourth - I think I said
one-fourth or one-fifth in my deposition - | have
reviewed some information, and it is actually six
mine blocks if you look in the EIS. Six divided by
780 is less than 650

Q. But didn't you state that the 780 represents
a fraction, not the total?

A No, 1 did not. What I said -- and if 1 did
say that, let we withdraw my statement and say *
mean. The 780 - what the geologist did on this
sheet of paper is mapped from our information each
and every zone that exists at the Church Rock
property. He has calculated an area. He has
calculated a thickness, an average thickness, for
each zone, which gives us a volume. And if wew ¢
to look at this model, the volume would be the
permitted area in cross-section of that uranium ore
times its depth.

HEARING OFFICER ROGERS: Thickness?
THE WITNESS: Yes. It wouid be the

average thickness times its depth.

A. Now, that is not a solid void. That is

®
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has no foundation. I inean, I don't think that is a
proper question.
HEARING OFFICER ROGERS: Okay.
You can have your expert discuss that.
MS. ATCITTY: Okay.

Q. (By Ms. Atcitty) We will go through this in
detail with our expert. But the bottom line here is
the 780 on your document is more than the 650
acre-feet per year that has been applied for?

A. The 780 represents the quantity or the
volume, pore volume, of the entire mine. We will not
ever mine that entire quantity in any one year. It
is a physical impossibility. It is completely
contrary to the proposed mine plan, and it is an
assumption which has no beaning with the realities of
the plan that is vroposed in this EIS.

What I mem:oned early on to one of the
questions, 1 can't remember which one, is that we
plan on producing 800,000 to a million pounds per
year. You will also note in my earlier testimony
that ] showed the Churcih Rock reserves in the excess
of 8 million pounds.

In order to produce 800,000 to a million
pounds per year, and if you have a total reserve --
we are not just going to - we are adding two and two
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sandstone. Much like all the sandstones, it has a
porosity number. That is the volume of water in the
rock. We take and multiply that volume by the
porosity, and that gives you the quantity of water.

We convert that to gallons with a standard
7.48 conversion factor on a zone-by-zone basis. We
put in what we believe are industry standard
horizontal and dispersion factors to allow for flare
outside that ore zonc.

You can see on this chart we have a
horizontal dispersion of 1.5, We have a vertical
dispersion of 1.3. That gives us a restoration
volume in gallons which we have in the chart, and
then we have it converted to acre-feet. That is done
for the entire lease area. If you do it for the
entire lease area, you come out, according 10 this
calculation, to 780.

NRC has done a separate evaluation of what
they consider this number to be. And I believe they
used similar information in their analysis, but I
can't guarantee it because I didn't do the analysis.
But as it turns out and subsequent to the peer review
that this EIS underwent, their number of 780 1s the
same as this numbe: of 780 when they dctcrmmc,
impacts of water us. on the surrounding environment.
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NAVAJO TRIBAL UTILITY AUTHORIT®FF.

AN EN)CRPRISE OF THE NAVAJO NATION RU_="":

December 23, 1997

Office of the Secretary

Attn: Rulemaking and Adjudications Staff
U.S. Nuclear Regulatory Commission
Weshington, D.C. 20555

Re: Docket No. 40-8968-ML
Dear Sir or Madam:

This is to advise the Nuclear Regulatory Commission that the Navajo Tribal Utility
Authority Management Board has enacted Resolution NTUA-11-97 (copy enclosed),

opposing the proposed in situ leach mining of uranium by Hydro Resources, Inc., at
Crownpoint, New Mexico.

Sincerely yours,

] : [,é_(,{//u\'k»—

Maicolm P. Dalton
General Manager

MPD/imb
Enclosure
Home Ofice KAYENTA TUBA CITY SHIPROCK CHINLE FORT DEFIANCE DILCON CROWNPOINT
PO BOX 170 PQ BOX 37 PO 8OX 398 PO BOX 1206 PO BOX 549 PO BOX 587 HC 63BOX D PO BOX 1825
FT DEFIANCE AZ 86504 KAYENTA AZ 88030 TUBACITY AZ 86045 SHIPROCK NM 87420 CHINLE AZ 86503 FT DEFIANCE AZ 86504 WINSLOW AZ 88047 CROWNPOINT NM 877
5201 ¥29-3721 (520) 8972574 $20) 283-542" 50%) 168 4839 5201 §74-5470 8201 729.5727 820/ £57.3268 375 *36 536#
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7. The Nuclear Regulatory Commission’s proposal does not address
future operation and maintenance expenses that NTUA may incur due
to calcification of its water distribution system, nor does it
address future water quality and quantity concerns in connection

with the relocated water supply wells and restoration of ground-
water after mining; and

8. The Management Board of NTUA deems the response of the Nuclear
Regulatory Commission to be inadequate and not responsive to the
needs of NTUA with respect to its water System and the community of
Crownpoint to maintain its existing high quality water supply and
to allow growth in its use; and

9. It is in the best interest of NTUA and its customers that the
Management Board state a position on the Nuclear Regulatory
Commission’s requirement that HRI plug and abandon NTUA’Ss
Crownpoint wells and replace its water supply wells and parts of
its distribution system affected by solution mining.

NOW THEREFORE BE IT RESOLVED THAT:

1. The Management Board of the Navajo Tribal Utility Authority
states its opposition to the proposed in situ leach mining by
Hydro-Resources, Inc., in Eastern Navajo Agency at Crownpoint.

2. The Management Board directs NTUA management to inform HRI and
the Nuclear Regulatory Commission that it will not agree to plug
and abandon its Crownpoint wells.

e etder i AT I ON

I hereby certify that the foregoing Resolution was duly
considered by the Management Board of the Navajo Tribal Utility
Authority at a duly called meeting at Tucson, Arizona, at which a
quorum was present, and that same was passed by a vote of 7 in
favor and 0 opposed, this 11th day of December, 1997.

Benja%n Hanley

Assistant Secretary, NTUA




UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

In the Matter of

HYDRO RESOURCES, INC. Docket No.(s) 40-8968-ML

CERTIFICATE OF SERVICE

I hereby certify that copies of the foregoing NTUA RESOLUTION ENACTED 12/11
have been served upon the following persons by U.S. mail, first class, except
as otherwise noted and in accordance with the requirements of 10 CFR Sec. 2.712.

Administrative Judge

Office of Commission Appellate B. Paul Cotter, Jr.
Adjudication Presiding Officer
U.S. Nuclear Reguiatory Commission Atomic Safety and Licensing Board Panel
) Washington, DC 20555 Mail Stop - T-3 F23

U.S. Nuclear Regulatory Commission
Washington, DC 20555

Administrative Judge John T. Hull, Esq.
Thomas D. Murphy Mitzi A. Young, Esq.
Special Assistant Office of the General Counsel
Atomic Safety and Licensing Board Panel Mail Stop - 0-15 B18

Mail Stop - T-3 F23 U.S. Nuclear Regulatory Commission
U.S. Nuclear Regulatory Commission Washington, DC 20555

Washington, DC 20555

Diane Curran, Esq. Susan G. Jordan, Esq.

rarmon, Curran & Spielberg Douglas Meiklejohn, Esq.

2001 § Street, N.W., Suite 430 New Mexico Environmental Law Center
Washington, DC 20009 1405 Luisa Street, Suite 5

Santa Fe, NM 87505

Jep Hill, Esq. Mervyn Tilden
Attorney for Hydro Resources, Inc. Mary Lou Jones

Jep Hill & Associates Zuni Mountain Coalition
P.0. Box 2254 P.0. Box 39

Austin, TX 78768 San Rafael, NM 87051




Docket No.(s)40-8968-ML
NTUA RESOLUTION ENACTED 12/11

Lila Bird

Executive Director

Water Information Network
P.0. Box 4524
Albuquerque, NM 87106

Wm. Paul

Chris Shuey

Southwest Research and Information
Center

P.0. Box 4524

Albuquerque, NM 87106

Robinson

Anthony J. Thompson, Esq.

Paul Gormley, Esq.

Shaw, Pittman, Potts and Trowbridge
2300 N Street, NW

Washington, DC 20037

Mervyn Tilden
P.0. Box 457
Church Rock, NM 87311

Dated at Rockville, Md. this
5 day of January 1998

Lori Goodmar,
Dine' CARE
Navajo Nation
10 A Town Plaza, S-138
Durango, "0 81301

Mitchell
ENDAUM

P.0. Box 471
Crownpoint, NM 87313

Capitan, President

Bernadine Martin
P.0. Box #370

Crownpoint, NM 87313

Grace Sam
Marilyn Sam
P.0. Box 714
Thoreau, NM 87323

W//T—gg/w&dwz~

0ffice of the Secretary of the Commission




UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

Before Administrative Judge Peter B. Bloch

In the Matter of

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

Docker No. 40-8968-ML
ASLBP No. 95-706-01-ML

N N ' S S

INTERVENORS WRITTEN PRESENTATION IN OPPOSITION TO
HYDRO RESOURCES, INC.'S APPLICATION
FOR A MATERIALS LICENSE
WITH RESPECT TO:
GROUNDWATER PROTECTION

January 11, 1999

VOLUME V
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TABLE 8).15

Records of Welln and Springs in the Vicinity
of Church Rock Mill Sitefl)

Yield
During (%)
Rofrrence 2) BiA Eiev. Depth 3 Vster Leve! Teer, Use of
_Somber Location Number (Feet) (Feet) Aguifer (Feet ) (Date) (gpm? Vater
i 15.15.17 157-348 4300 L &lo K flow 19%7 & 0.5
87 1974
2 15.18. 1} i5-K319 7128 %3 xé J20 1948 7 D.S
1 15,18, & Tan-70 1010 - Ked e e 0.% D,§
A 15.16. 6§ 1019
5 151611 68755 Qat |
& 15.15.16 LLB L Qal |
’ 16.16.16 5903 323 Jow e 197 0.5 |
B 15.16.1% 167-51) 6R75 38 Iy 18 A:-ou¢ n n,s
2759 1976
9 i6. 15,18 5799 Qal
164 1968
in 16,1517 6R08 Jww nsy 1974
1" In. 04,17 167-332 AR10 &5n LG
12 17.15.m 157-30) 7038 616 Kz Jos 1932 23 D.S
Jisp 1974
i3 17.16.32 16x-31) 1010 622 Kz 23 1953 20 o,§
16 17.16.3% 7180 1650 Jm—Kd %00 1969 n 4]
(1) Shenaker, (1972).
. €2) See Fipure B)-KR for locations. *

(3) Agquifere: Qal, salluvium, Kcc - Crevacas Canvon Formation, Ked - Delton Sandstone Member of Crevesse
Canvnn Formatinn, Amf - Menefee Formation, Kpl - Point Lookout Sandstone, Kg -~ Callup Sendstons,
¥m - Mancos Shale, Kd - Dakota Sandetone, Jww - Westwater Canvon Sendstone Member of Kerrinon Format ion,
Jen = Cow Springs Sandstone

(&) D = Prmcetic.
S = Stack Wateriog.

{3) P = Puwp level data




NAVAJO NATION /OSE
' HEARING G-11-A

SIMULATED LOADING OF EXISTING

WELLS

i x |
TS |
| A"
:'\A—.;.‘u, 7 EXH'B" 30 ‘ (3
e u

BALLEAU GROUNDWA TER, INGC




DANOTA WELLS WITH SIMULATED 20 YEAR LOADINCS

ORAWDOWN
STATC 30 YFAR AS
ELEVATION WATER DAKOTA PERCEMTAQE
WELL FEET DEPTH LEVEL MODEL DRAWDOWN [OF STATIC
NUMBER INUMBEA (WELL NAME WELL US§ OFPERATOR MEL) (FERT) FEET) DATE ROW_COL FEET WATERLEVI!
1]167-540 MANUELITO oom TRIBE D&M 8278 400 n/» a/s s8- 1 00 -
2 MASSEL JSIS HASSEK WELL UNK HASSEL 7140 1000 n/e n/e 31-43 0o -
IITIDEWATEROO Y TIDEWATER OlL CO IND TIDEWATER 7420 494 n/s n/a 30 -39 01 -
411871328 18 0905 10x18 70 DOMm TRIBE OB 8740 1368 n/a n/e 66 -7 o1 -
61180878 NA 86795 oom MS/0EME 83230 1916 n 9/20/98 64 - 12 o8 -
6ji8T-644 SPENCER VALLEY oom TRIBE OaMm 239% 1180 n/a n/s 84 .12 o8 -
7] 14 UNK-OOO4 O8N 17W 05 411 Lv SRAUTON 8550 406 n/a n/a 28 - 12 8-
8lieT 588 CASAMERA LAKE MUN NTUA 7080 700 443 7/20/78 29 - 46 Q08 o0
9j187.80% L TRIBE Oam 7270 936 e8s 8/28/59 28 - 47 o1 o0
TOSMIT LAKE O SMITH LAKE MISSION oom MISSION 7250 679 366 8/8/6% 33 - 42 o1 002
11§187-687 SMITH LAKE #2 MUN NTUA 7228 1839 4740 11718778 31 - 42 01 003
12§ve8.37 v PRIVATE 71986 812 380 n/e 28 - As o1 Qo0e
13J187 6594 SMITH LAKE # MUN NTUA 72186 2024 407 2/27/78 30 - 42 02 004
14K Snaweid 18N 1OW 18 1338 OTH CONOCO 8924 1202 3808 @/6/82 24 - 45 03 o1
isj10K.318 TIDEWATER OR CO WELL UNK UNKNOWN 7410 282 230 10/3/48 33 -39 03 01
18187682 16N 14W 112223 UNK TRIBE O&M 73086 1400 202 6/1/77 27230 14 02
17180071 oom MANUELITO 8278 4235 15 7/28/04 56 - 1) oo 03
18] 15 UNK G009 1IN I1IW 28 141] O™ MOBR Onl 887 17860 2199 $/6/82 24 - 40 o7 03
19318P- 101 ITNIIW I8 482 oTH MO8 Ol 8785 V800 238 8/1/83 26 -37 13 10
2016 UNK.O002 1IN T4W 13 1184C OTH NUCLEAR 8757 1728 792 8/4/82 26 3% e 24
21]187 808 v TRIBE O6M 8780 a1 7% 7/3/80 4124 34 43
221187 510 NOSE ROCK WELL LIV TRIBE O6M e818 380 103 § 8/30/60 44 13 77 74




WESTWATER WELLS WITH SIMULATED 30 YEAR LOADINGS

DRAWDOWN
BTATIC 30 YEAR AS
ELEVATION ATER WESTWATER [PERCENTAGE
WELL FEET DEPTH LEVEL MODEL DRAWDOWN |OF BYATIC
MNUMBER INUMBER WELL NAME WELL USE OPERATOR AMEL) {FEET) FEET) DATE Qihﬂnv— FEET) ATER-LEVEL
118K 6286 L TRIBE OBM ; 7240 1221 n/e n/a 31-42 o9 -
2§28U-327P 17N 12W 28 1413 o™ MOBR OiL LLAL] 2108 n/s n/a 24 .40 23 -
IJPATH 320 17NRIIW 3220 OTH PATHFINDER 7160 2000 n/e n/s 28 -37 60 -
“ C-1 17 14W 13 114HA O NUCLEAR 6768 & 2228 n/s n/e 26 -36 73 -
BIBANMM WSW1 NRAO48 400X 1890 L EPNG 5748 5260 n/s n/a 9-15 o8 -
GBRAGO PS PMI RORREGO PASS PM3 oom 81A 7300 2023 7890 87772 20 - 44 oe 01
FISMIT LAXKE D3 SMITH LAKE TP TEST WELL OTH TRDG POST 7260 1100 600 11/30/72 32 - 42 oe o1
815 UNKOO12 16N 10W 18 1330 OTH CONOCO 8524 21 4248 4/1/83 24 - 4% c8 02
sjier 588 uv TRIBE O&M 7686 1800 790 @/6/71 28 -38 3e 06
10§15 UNX 0010 17N 12W 28 1413 ND MO8 On 8870 2140 374 0/26/86 24 - 40 23 ose
) .F.)!hm 8J2 LANCE CORP BLACKJACK -2 IND LANCE CORP 7426 3s0 210 T/01/61 27 -39 P4 o7
12416058 CONOCO #2 (NTUA) MUN NTUA e87% 237 4432 8/21/83 24 -39 29 07
131760879 CROWNPOINT ¢ MUN NTUA 6950 2345 423 3/93/76 24 .39 29 o7
1441160680 IBUNK-COO08/7N 12W 173333 OTH CONOCO a874 245" Ja98 12/13/76 24 -39 29 oe
1sfPu 279 1IN 13W 09321 oM MOBK On 8702 2080 2742 8/28/86 24 - 37 45 te
18118173 MO8 15173 OTH 87862 2100 29389 8/1/83 26 .37 a8 18
17194 202 17N 13W 093212 OTH MO8 Ol 80899 2120 2897 8/28/8% 24 -37 a5 17
16116 UNK OO0 1IN 14W 13 11448 OTH NUCLEAR 8787 2228 3324 /4792 26 -3% 73 22
19IKM CRN W2 KERARMCOGEE W2 o™ XERR MCGEE 7290 2614 13706 4/24/80 32-23 340 2%
204187 634 NR 108 OB20OX 070 Dom TRIBE O6M 882% 410 250 7/28/06 47 -17 LR 23
215160888 STANDING ROCK 1 MUN NTUA LLS 2 2888 873 6/7/80 24 -23 8e LR
22]161 613 18N 18w 15 4322 DOM TRIBE O6M 887% 318 182 7/27/69 4028 42 3 233
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OFFICE OF THE
GENERAL COUNSEL

Chief Administrative Judge

B. Paul Cotter, Jr., Esq.*

Presiding Officer

Atomic Safety and Licensing Board
Mail Stop T-3 F23

U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

NUCLEAR REGULATORY COMMISSION| |

WASHINGTON, D C. 20555-0001

UNITED STATES |

January 5, 1998 l‘“ I 0

| AR

Administrative Judge

Thomas D. Murphy*

Special Assistant

Atomic Safety and Licensing Board
Mail Stop T-3 F23

U.S. Nuclear Regulatory Commission
Washington, D. C. 20555

In the Matter of

HYDRO RESOURCES, INC.

——Rocket No, 40-8068-ML,

Dear Judges Cotter and Murphy:

The Staff is issuing a source material license to Hydro Resources, Inc. (HR!) in the

above-captioned matter. The Staff's letter to HR| dated January 5, 1998 and a copy of the

license are attached.

Attachments. As Stated

cc w/attachments: Service List

Wlbp,’,

John T. Hull
Counsel for NRC Staff

C—— -



UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 205850001

January 05, 1998

Mr. Richard F. Clement, Jr. President
Hydro Resources, Inc.

2929 Coors Bivd., NW

Suite 101

Albuquerque, NM 87120

SUBJECT: ISSUANCE OF SOURCE MATERIAL LICENSE SUA-1508, FOR THE IN SITU
LEACH URANIUM MINING PROJECT AT CROWNPOINT, NEW MEXICO

Dear Mr. Clement:

The U.S. Nuclear Regulatory Commission staff has completed its review of Hydro Resources,
Inc.'s (HRI's) license application, dated April 25, 1988 (as supplemented by the licensee
submittals listed in Attachment A of the enclosed source material license SUA-1508), and the
Crownpoint Uranium Project Consolidated Operations Plan (COP), Rev. 2.0, dated August 15,
1997 Based on its review of these documents as discussed below, the NRC staff hereby
issues HRI a source material license SUA-1508 for its in situ leach uranium mining project at
Crownpoint, NM, effective January 5, 1998

The NRC staff determined, in accordance with 10 CFR 51 20 and 10 CFR 51.25, that
preparation of an environmental impact statement (EIS) was necessary to document its review
The NRC staff issued a final EIS (FEIS) for the Crownpoint Project in February 1997
documenting its environmental review. Based on its review. the NRC staff concluded that HRI's
proposed Crownpoint Project was environmentally acceptable, and that potential impacts of the
proposed project could be mitigated. These mitigative measures are enumerated as conditions
in the enclosed source material license

in addition, the NRC staff conducted its safety review of the Crownpoint Project, and
documented its analyses in the Safety Evaluation Report, dated December 4, 1997. Based on
its review, the NRC staff concluded that issuance of a source mate-ial license, with certain
conditions specified in the enclosed license, would not be inimical to the common defense and
security or to the public's health and safety, and otherwise meets the applicable requirements of
10 CFR Parts 19, 20, 40, and 71, and the Atomic Energy Act of 1954, as amended.

The SER and the FEIS provide the bases for the NRC's decision to issue a 10 CFR Part 40
source material license to HRI. As such, HRI's source material license SUA-1508 is enclosed,
and is valid for five years from its effective date. HRI will be required to submit a license
renewal application six months prior to the expiration date of January 5, 2003



' R. Clement -2-

If you have any questions concerning this subject, please contact Mr. Robert Carlson of my
staff at (301) 415-8165.

Sincerely,

Joseph J. Holonich, Chief

Uranium Recoveiy Branch

Division of Waste Management

Office of Nuclear Material Safety
and Safeguards

Enclosure: As stated

Docket No. 40-8968
License No. SUA-1508
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MATERIALS LICENSE

ursuant (o the Atomic Energy Act of 1954, as amended. the Energy Reorganization Act of 1974 (Public Law 93-438), and Title 10, Code ol
Federal Regulanons. Chapter 1. Parts 30, 12,33, 34, 35, 36. 39, 40, and 70, and in reliance on statements and representations heretofore made
by the hcemsee, a license iy hereby issuec  Jonzing the hicensee to recenve, acquire. possess, and transfer byproduct, source, and special nuclear
material designated below: 10 use such matenal for the purpose(s) and at the place(s) designated below, (o deliver or transfer such material o |
persons authorized to receive it in accordance with the regulations of the apphcable Part(s). This license shall be deemed 1o contain the conditions |
specified in Section 183 of the Atomic Energy Act of 1954, as amended. and 15 subject 1o all apphcable rules, regulations, and orders of the
Nuclear Regulatory Commission now or hereafter in effect and to am conditions specified below

Hydro Resources, frigsnsee
2929 Coors Blvd, NW SUA-1508
! Suite 101 3. License Number

Albugquerque, NM 87120

2 . January 5. 2003
. . Expiration Date

5 Docket or 0-8968

Reference No.

6. Byprpduct. Source. and/or 7. Chemical und/or Physical 8 Maximum Amount that Licensee
Special Nuclear Matenal Form May Possess at Any One Time
Under Th )
Uranium Any ’ s 'Ur'\lﬁfcnrfigd
SECTION 8: ADMINISTRATIVE CONDITIONS
91 The authorized place of use shall be the licensee's Crownpoint Uranium Project which

includes the Crownpoint, Unit 1, and Church Rock uranium recovery and processing facilities
in McKinley County, New Mexico

92 All written notices and reports required under this NRC license (with the exception of effluent
monitoring reports required under License Condition (LC) 12.3 and 10 CFR Part 40.65, which
shall also be submitted to Region 1V) shall be addressed to the Chief, Uranium Recovery
Branch, Division of Waste Management. Office of Nuclear Material Safety and Safeguards,
U.S. Nuclear Regulatory Commission, Mail Stop T-7J9, Washington, DC 20555. Incidents and
events that require telephone notification shall be made to the NRC Operations Center at (301)
816-5100.

93 The licensee shall conduct operations in accordance with all commitments, representations,
and statements made in its license application submitted by cover letter dated April 25, 1988
(as supplemented by the licensee submittals listed in Attachment A), and in the Crownpoint
Uranium Project Consolidated Operations Plan (COP), Rev. 2.0, dated August 15, 1997 -
except where superseded by license conditions contained in this license. Whenever the
licensee uses the words “will” or “shall” in the aforementioned licensee documents, it denotes
an enforceable license requirement

94 A) The licensee may, without prior NRC review or approval: (i) make cha.ges in the Crownpoint
Project’s facilities or processes as described in the COP (Rev. 2 0), (i) make changes in its
standard operating procedures; and (iii) conduct tests or experiments, if the licensee ensures
that the following conditions are met

(1)  the change, test, or expenment does not conflict with any requirement specifically stated
in this license, or impair the licensee's ability to meet all applicable NRC requlations;
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there s no degradation in the safety or environmental commitments made in tr
Crownpoint Uranium Project Consolidated Operations Plan (COP), Revision 2.0, or in
the approved reclamation plan for the Crownpoint Project; and

the change, test, or experiment is consistent with NRC's findings in NUREG-1508, the
Final Environmental Impact Statement (FEIS, dated February 1997) and the Safety
Evaluation Report (SER, dated December 1997) for the Crownpoint Project

If any of these conditions are not met for the change, test, or experiment under consideration,
the licensee is required to submit a license amendment application for NRC review and
approval. The licensee's determinations as to whether the above conditions are met will be
made by a Safety and Environmental Review Pane! (SERP). All such determinations shall be
documented, and the records «ept until license termination  All such determinations shall be
reported annually to the NRC, pursuant to LC 12 8 The retained records shall include written
safety and environmental evaluations. made by the SERP, that provide the basis for
determining whether or not the conditions are met

The SERP shall consist of a minimum of three individuals employed by the licensee, and one
of these shall be designated the SERP chairman One member of the SERP shall have
expertise in management and shall be responsible for managerial and financial approval
changes; one member shall have expertise in operations and/or construction and shall have
responsibility for implementing any operational changes; and, one member shall be the
Environmental Manager, with the responsibility of ensurng that changes conform to radiation
safety and environmental requirements Additional members may be included in the SERP as
appropriate, 1o address technical aspects such as health physics, groundwater hydrology,
surface-water hydrology, specific earth sciences. and other technical disciplines. Temporary
members or permanent members, other than the three above-specified individuals, may be
consultants

As a prerequisite to operating under this license, the licensee shall submit an NRC-approved
surety arrangement to cover the estimated costs of decommussioning, reclamation, and
groundwater restoration. Generally, these surety amounts shall be determined by the NRC
based on cost estimates for a third party completing the work in case the licensee defaults
Surety for groundwater restoration of the initial well fields shall be based on 9 pore-volumes
Surety shall be maintained at this level until the number of pore volumes required to restore
the groundwater quality of a production-scale well field has been established by the restoration
demonstration described in LC 10 28 If at any time it is found that wel! field restoration
requires greater pore-volumes or higher restoration costs, the value of the surety will be
adjusted upwards Upon NRC approval. the licensee shall maintain the NRC-approved
financial surety arrangement consistent with 10 CFR Pant 40, Appendix A, Criterion 9

Annual updates to the surety amount, required by 10 CFR Part 40, Appendix A, Criterion 9,
shall be provided to the NRC at least 3 months prior to the anniversary date of the license
iIssuance. If the NRC has not approved a proposed revision 30 days prior to the expiration
date of the existing surety arrangement. the licensee shall extend the existing arrangement,
pror to expiration, for 1 year. Along with each proposed revision or annual update of the
surety the licensee shall submit supporting documentation showing a breakdown of the costs
and the basis for the cost estimates with adjustments for inflation (1. , using the approved
Urban Consumer Price Index), maintenance of a minimum 15 percent contingency, changes in
engineerng plans, activities performed. and any other conditions affecting estimated costs for

site closure
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The licensee shall provide an NRC-approved updated surety before undertaking any planned
expansion or operational change which has not been included in the annual surety update.
This surety update shall be provided to the NRC at least 90 days prior to the commencement
of the planned expansion or operational change

The licensee shall aiso provide the NRC with copies of surety-related correspondence
submitted to the State of New Mexico, a copy of the State's surety review, and the final
approved surety arrangement. The licensee must also ensure that the surety, where
authorized to be held by the State, identifies the NRC-related portion of the surety and covers
the above-ground decommissioning and decontamination, the cost of off-site disposal, soil and
water sample analyses, and groundwater restoration activities associated with the site The
basis for the cost estimate is the NRC-approved site closure plan or the NRC-approved
revisions to the plan

The licensee shall dispose of 11e (2) byproduct material from the Crownpoint Project at a
waste disposal site hicensed by the NRC or an Agreement State to receive 11e.(2) byproduct
material. Al each project site, the licensee shall maintain an area within the restricted area
boundary for storing contaminated materials prior 1o their digposal. The licensee's approved
waste disposal agreement must be maintained on-site. Should this agreement expire or be
terminated, the licensee shall notify the NRC pursuant to LC 126, A new agreement shall be
ratified within 90 days of expiration or termination of the previous agreement, or the licensee
will be prohibited from further lixiviant injection

The licensee shali implement and maintain a training program for all site employees as
described in Regulatory Guide 8 31, and as detailed in the COP of the approved license
application All training materials shall incorporate the information from current versions of
10 CFR Part 19 and 10 CFR Part 20 Additionally, classroom training shall include the
subjects described in Section 2 5 of Regulatory Guide 8 31  All personnel shall attend annual
refresher training, and the licensee shall conduct regular safety meetings on at least a bi-
monthly basis. as described in Section 2 5 of Regulatory Guide 8 31

The Radiation Safety Officer (RSQ), or his designee, shall have the education, training and
experience as specified in Regulatory Guide 8 31 A Radiation Safety Technician (RST) shall
have the qualffications specified in Regulatory Guide 8.31. Any person newly hired as an RST
shall have all work reviewed and approved by the RSO as part of a comprehensive training
program until appropnate course training is completed, and at least for 8 months from the date

of appointment

Witten standard operating procedures (SOPs) shall be established and followed for (1) all
operational activities involving radioactive materials that are handled, processed, stored, or
transported by employees, (2) all non-operational activities involving radioactive materials
including in-plant radiation protection and environmental monitoring, and (3) emergency
procedures for potential accident/unusual occurrences including significant equipment or
facility damage. pipe breaks and spills, loss or theft of yellowcake or sealed sources. and
significant fires The SOPs shall include appropriate radiation safety practices to be followed
in accordance with 10 CFR Part 20 SOPs for operational activities shall enumerate pertinent
radiation safety practices to be followed A copy of the current written procedures shall be
kept in the area(s) of the production facility where they are utilized All SOPs for activities
described in the COP shall be reviewed and approved as presently described in the COP

Release of equipment, matenals, or packages from the restricted area shall be in accordance
with NRC staff position, "Guidelines for Decontamination of Faciities and Equipment Prior to
Release for Unrestricted Use or Termination of Licenses for Byproduct or Source Materials.”
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dated May 1987, or suitable alternative procedures approved by the NRC prior to any such
release

Any corporate organization changes affecting the assignments or reporting responsibilities of
the radiation safety staff as described in the COP of the approved license application shall
conform to Regulatory Guide 8 31

The licensee is hereby exempted from the requirements of 10 CFR Section 20.1902(e) for
areas within the process facility, provided that all entrances to the facility are conspicuously
posted in accordance with Section 20 1902(e). and with the words, "ANY AREA WITHIN THIS
FACILITY MAY CONTAIN RADIOACTIVE MATERIAL "

Before engaging in any construction activity not previously assessed by the NRC, the licensee
shall conduct a cultural resource inventory. All disturbances associated with the proposed
development will be completed in compliance with the National Historic Preservation Act of
1966, as amended, and its implementing regulations (36 CFR Part 800), and the
Archaeological Resources Protection Act of 1979, as amended. and its implementing
regulations (43 CFR Part 7). ]

In order to ensure that no unapproved disturbance of cultural resources occurs, any work
resulting in the discovery of previously unknown cultural antifacts shall cease. The antifacts
shall be inventoried and evaluated in accordance with 36 CFR Part 800, and no disturbance
shall occur until the licensee has received written authorization to proceed from the State and
Navajo Nation Historic Preservation Offices

Prior to injection of lixiviant, the licensee shall have all applicable Memoranda of Agreements
(MOAs) between the licensee and local authorities, the fire department, medical facilities, and
other emergency services, ratified and in effect. At a minimum, the MOAs shall identify
individual party responsibilities, coordination requirements, and reporting procedures for all
emergency incident responses

Prior to injection of lixiviant, the licensee shall obtain all necessary permits and licenses from
the appropriate regulatory authonties

OPERATIONS, CONTROLS, LIMITS, AND RESTRICTIONS

The licensee shall use a lixiviant composed of native ground water, carbon dioxide gas or
sodium bicarbonate, and dissolved oxygen or air, as specified in the COP of the approved
license apphcation.

The processing plant flow rate at each site (Church Rock, Unit 1, or Crownpoint) shall not
exceed 4000 gal/min (15,140 L/min), exclusive of restoration flow. Total yellowcake
production from ail three sites shall not exceed 3 million Ibs (1 36 million kg) annually

injection well operating pressures shall be maintained at less than formation fracture
pressures, and shall not exceed the well's mechanical integrity test pressure

Only steel or fiber glass weil casing shall be used at the Unit 1 and Crownpoint sites for all
wells completed into the Dakota Sandstone, Westwater Canyon, and Cow Springs aquifers.

A leak detection monitoring system shall be installed for all retention ponds The licensee
shall measure and document pond freeboard and fluid levels in the leak detection system
daily, including weekends and holidays If fluid levels greater than 6 in (15 2 c¢cm) are detected
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in the leak detection sumps, the fluid in the sumps shall be sampled and analyzed for specific
cenductance and chloride  Elevated levels of these parameters shall confirm 3 retention pond
liner leak, at which time the licensee shall take the following corrective actions (a) analyze
standpipe water quality samples for leak parameters once every 7 days durning the leak period.
and once every 7 days for at least 14 days following repairs: and (b) locate and repair the
area of iner uamage After a confirmed lea’ the l.censee shall also file a renort pursuant to
LC 122 At all imes, sufficient reserve capacity shall be maintained in the retention pond
sysiem to enable transferring the contents of one pond to the other ponds. In the event of a
leak and subsequent transfer of iquid. the freeboard requirements may be suspended during
the repair period

At the Crownpoint site, from initial lixiviant injection through the completion of groundwater
restoration activities, the hicensee shall at all times maintain sufficient emergency generator
Capacity to provide a 50 gal/min (189 L/min) bleed from the Westwater Canyon aquifer. The
licensee shail document all required uses of the emergency generator, pursuant to LC 11.1

Liquid oxygen tanks shall be located within the well fields Other chemical storage tanks shall
be located on the concrete pad near a waste retention pond All yellowcake shall be stored
inside the designated restncted area ] '

For all required types of surveys, the licensee shall, at a minimum, use the survey locations,
frequencies, and lower limits of detection established in Table 2 of Regulatory Guide 8 30
Additionally, all radiation survey instruments shall be operationally checked in conformance
with Regulatory Guide 8 .30

The licensee shall ensure that the manufacturer-recommended vacuum pressure is
maintained in the drying chamber during all periods of yellowcake drying operations. This shall
be accomplished by continuously n * aring different:al pressure and installing instrumentation
which will signal an audible alarm if the air pressure differential falls below the manufacturer's
recommended levels The alarm's operability shall be checked and documented daily.
Additionally, yellowcake drying operations shall be immediately suspended if any emission
control equipment for the yellowcake drying or packaging areas is not operating within
specifications for Cesign performance

All iquid effluents from process buildings and other process waste streams, with the exception
of sanitary wastes, shall be disposed of in accordance with the requirements of 10 CFR Part

20, Subpart K
Within restricted areas, eating shall be allowed only in designated eating areas

An excursion shall have occurred if, in any monitor well (a) any two upper control limit
parameters exceed their respective upper control limits; or (b) a single upper control limit
parameter exceeds its upper control imit by 20 percent. A venfication sample shall be taken
within 24 hours after results of the first analyses are received If the second sample shows
that either of the excursion critena in (a) or (b) are present, an excursion shall be confirmed. |
the second sample does not shcw that the excursion criteria in (a) or (b) are present, a third
sample shall be taken within 48 tiours after the second set of sampling data was acquired If
the third sample shows that either of the excursion criteria in (a) or (b) are present, an
excursion shall be confirmed. If the third sample does not show that the excursion criteria in
(a) or (b) are present, the first sample shall be considered to be an error

If an excursion 1s not corrected within €. days of confirmation, the licensee shall either (a)
terminate injection of lixiviant within the well field until aquifer cleanup is complete or (b)
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Increase the surety in an amount to cover the full third-party cost of ¢

the excursion The surety increase for honzointal and vertical excursic

using the method described on page 4-22, Section 4.3.1 of the FE}S T crease
shall remmain in force until the NRC has verified that the excursion has teerl corrected and
cleaneJ up. The written 60-day excursion repon, filed pursuant to LC 12.1, shall identify whict
course of action [(a) or (b) listed above] the licensee is taking

At the Unit 1 or Crownpoint sites, if a vertical excursion is confirmed in the Dakota Sandstone
aquiter, the licensee shall complete and sample monitor wells to determine if the vertical
excursion has i/mpacted any other cverlying a:‘:u:fer‘ that Cu'Jld SuS’ in yields greater than 15
gal/day (568 |/day). The specific aquifers to be monitored shall be ident f.e.. in the licensee's
60-day excursion repon, filed pursuant to LC 12.1

~

oint site, from initial lixiviant injection through the completion of groundwater
' activities, the licensee shall maintain a continuous bleed zpunwpfflgl until the
undwater quality in the well fields has been determined by the NRC to be fully restored to

1N 91

rr e required imits established pursuant to LT 10.21

Ouring groundwater restoration activities at production- scalg well fields within either the Unit 1
or Cre -wnprm sites, the licensee shall reimburse the operators of the Crownpoint water supp
wells for any increased pumping and well work-over costs associated with a dren in water
evels due to groundwater restoration activites This reimbursement requirement does not
apply to restoration demonstrations of small-scale well fields

Prior to imjjection of ix'viant in a well field, monitor wells shall be c"\mplereﬁ in the Westwater
-anyon aquifer and shall encircle the well f:etd at a distance of 400 ft (122 m) from the edge o
the production or injection wells and 400 ft (122 m) between each rrton;t:r wen The angle
‘;'meﬂ by ines drawn from any production w*-“ 1o the two nearest monitor wells shall not

y
ceed 75 degrees. At the Church Rock site, Westwater Canyon aquifer monitor wells shal
: by 'eatmc production mine workings as if they were injection or production wells
or ail monitor wells completed in the Westwater Canyon aquifer shall be

on of lixiviant in a well field at the Unit 1 or Crownpoint sites, monitor wells sha
, 2ted in the Dakota Sandstone aquifer. Such wells shall be placed at a minimum
density of one weill per 4 acres (1.62 ha) of well field. Sampling frequencies for these wells
shall be as stated in LC 11

Prior to injection of lixiviant at the Unit 1 site, the licensee shail complete a minimum of three
monitor wells in the overlying Dakota Sandstone aquifer between the well fields and the town
of Crownpoint water supply wells, in addition to the weils required by LC 10.18 Groundwater
restoration goals and upper control imits for these wells will be established pursuant to LCs
10.21 and .J 22, excep!t that upper control limits shall be established for these wells on a well-

11 1

by-well basis Sampling frequencies for these wells shall be as stated in LC 11.3

field at the Church Rock site, monitor wells shall be
, B" sand aquifer, and (b) the Dakota Sandstone aquifer

Is completed in the Brushy Basin "B" sand aquifer shall be placed at a minimum
density of one well per 4 acres (1 62 ha) of well field Monitor wells completed in the Dakota
sandstone aquifer shall be placed at a minimum density of one well per 8 acres (3.24 ha) of
well field. Any openings of the existing mine workings into the Brushy Basin "B" sand, or
Dakota Sandstone aquifers, shall be mc 'Wfre-d by Brushy Basin "B" sand or Dakota
Sandstone monitor wells placed within 40 ft (12 m) of the openings These wells shall be

S S S SIS 5 B
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placed down-gradient from the openings. Sampling frequencies for all monitor wells
completed in the Brushy Basin and Dakota Sandstone aquifers shall be as siated in LC 11.3

Lixiviant shall not be injected into a well field before groundwater quality data is collected and
analyzed to establish groundwater restoration goals for each monitored aquifer of the well
field, as follows

A)  The licensee shall establish groundwater restoration goals by analyzing three
independently-collected groundwater samples of formation water from: (1) each monitor
well in the well field, and (2) a minimum of one production/injection well per acre of well
field Samples shall be collected a minimum of 14 days apart from each other
Groundwater restoration goals shall be established on a parameter-by- pararneler basis,
with the primary restoration goal to return all parameters to average pre-lixiviant injection
conditions. If groundwater quality parameters cannot be returned 10 average pre-
lixiviant injection levels, the secondary goal shall be to return groundwater quality to the
maximum concentration limits as specified in the U S. Environmental Protection Agency
(EPA) secondary and primary drinking water regulations. The secondary restcration
goal for barium and fluoride snall be set to the State of New Mexico primary drinking
water standard. The secondary restoration goal for uranium shall be 0 44 mg/L
(300 pCi/L).

In establishing restoration goals, the following parameters shall be measured alkalinity,
ammonium, arsenic, barium, bicarbonate, boron, cadmium, calcium, carbonate,
chioride, chromium, copper, fluoride, electrical conductivity, iron, lead, magnesium,
manganese, mercury, molybdenum, nickel, nitrate, pH, potassium, combined radium-
226 and radium-228, selenium, sodium, silver, sulfate, total dissolved solids, uranium,
vanadium, zinc, gross Beta, and gross Alpha (excluding radon, uranium, and radium).
The restoration goal for each of these parameters shall be established by calculating the
baseline mean of the data collected. Prior to calculating a groundwater restoration goal
for a parameter, outliers shail be eliminated using methods consistent with those
specified in EPA's 1989, "Statistical Analysis of Ground-Water Monitoring Data at RCRA
[Resource Conservation and Recovery Act] Facilities, Interim Guidance.” Parameter
concentrations determined to be high or low outliers will not be used in establishing
groundwater restoration goals

Lixiviant shall not be injected into a well field before groundwater quality data is collected and
analyzed to establish upper control limits for each monitored aquifer of the well field, as
follows

A) The licensee shall analyze three independently-collected groundwater samples of
formation water from each monitor well in the well field. Samples shall be collected a
minimum of 14 days apart from each other

The upper control limit parameters shall be chloride, bicarbonate, and electrical
conductivity [corrected to a temperature of 25°C (77°F)]. The concentrations of these
upper control imit parameters shall be established for each well field by calculating the
baseline mean of the upper control limit parameter concentration, and adding 5 standard
deviations  Prior to calculating upper contro! imits, outliers shall be eliminated using
methods consistent with those specified in EPA's 1989, "Statistical Analysis of
Ground-Water Monitoring Data at RCRA Facilities, Interim Guidance". Values
determined to be high and low outhers will not te used in the calculation of upper control

limits
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10.23 Prior to injection of lixiviant in a well field, groundwater pump tests shall be performed to

determine if overlying aquitards are adequate confining layers, and to confirm that horizontal
monitor wells for that well field are completed in the Westwater Canyon aquifer.

10 24 The licensee shall perform mechanical well integrity tests on each injection and production
well (a) before the well is first used for in situ leach uranium extraction: (b) after each time the
well has been serviced with equipment or otherwise subjected to procedures that could
damage well casing, and (c) at least once every 5 years the well is in use. After a well has
been completed and opened into the aquifer, a packer shall be set above the well screen and
each well casing shall be filled with water. The well shall be pressurized with either air or
water 10 125 psi (862 kPa) at the land surface, or 25 percent above the expected operating
pressure, whichever is greater A well shall have passed the test if a pressure drop of no
more than 10 percent occurred over 30 minutes

1025 If it is determined that a vertical connection exists in a well field between the Westwater
Canyon aquifer and the Cow Springs aquifer, monitor wells will be completed in the Cow
Springs aquifer within that well field at a minimum density of one well per 4 acres (1.62 ha) of
well field. Groundwater restoration goals and upper control limits will be established for these
wells, pursuant to LCs 10.21 and 10.22 Sampling frequencies for all monitor wells completed
in the Cow Springs aquifer shall be as stated in LC 11.3.

1026 Prior to injecting lixiviant at a site, or processing licensed material at the Crownpoint site, HRI
shall provide and receive NRC acceptance - for that site - information, calculations, and
analyses to document the adequacy of the design of waste retention ponds and their
associated embankments (if applicable), liners, and hydrologic site characteristics. HRI shall
demonstrate that the cnteria described in the following documents have been met: 10 CFR
Part 40, Appendix A, Criterion 5A regarding surface impoundment design; Regulatory Guide
3.11, "Design, Construction, and Inspection of Embankment Retention Systems for Uranium
Mills", WM-8201, "Hydrologic Design Criteria for Tailings Retention Systems,". and Final Staff
Technical Position, "Design of Erosion Protection Covers for Stabilization of Uranium Mill
Tailings Sites." As applicable, based on the designs selected, HRI shall provide information in
the following areas:

A) maps and detailed drawings outlining drainage areas of principal water courses and
drainage features at the site,

B) drainage basin characteristics, including soil types and characteristics, vegetative cover,
local topography, flood plains, geomorphic characteristics, and surficial and bedrock

geology,

C) maps and detailled drawings showing the location of site features, particularly the
location of the retention ponds and diversion channels;

D) analyses and calculations for peak flood flows, including the PMF, and documenting the
methods and assumptions used to compute the floods:

E) analyses and calculations for water surface profiles and velocities associated with thg
ability of the retention ponds or diversion channels to resist or limit erosion and flooding,

TRURTATTATIRTTTATTATST TR IST THT IAT TET TR 18T 10T T4T TRT TR 78T 7H" 'R

F) analyses and computations of nprap or erosion protection needed 1o proiect the
retention ponds;
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10.27

10 28

1029

10 30

G) specific details on the design, construction, maintenance, and operation of the waste
retention ponds and embankments (where applicable),

H) specific details on the design, construction. maintenance, and operation of the liners and
leak detection system

1) any other analyses and computations which demonstrate that applicable design criteria
have been rnet

Prior to the injection of lixiviant at the Crownpoint site, the licensee shall

A)  Replace the town of Crownpoint's water supply wells NTUA-1, NTUA-2, BIA-3, BIA-5,
and BIA-6, construct the necessary water pipeline, and provide funds so the existing
water supply systems of the Navajo Tribal Utiity 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 pCi/L) uranium, as a result of in situ leach
uranium extraction activities at the Unit 1 and Crownpoint sites. To determine the
appropriate placement of the new wells, the licensee shall coordinate with the
anproprate agencies and regulatory authorities, including BIA, NTUA, the Navajo Nation
Department of Water Development and Water Resources, and the Navajo Nation EPA

B) Abandon and seal wells NTUA-1. NTUA-2, BIA-3, BIA-5, and BIA-6 in accordance with
applicable requirernents so these wells cannot become future pathways for the vertical
movement of contaminants

Prior to the injection of lixiviant at either the Unit 1 or Crownpoint site, the licensee shall submit
NRC-approved results of a groundwater restoration demonstration conducted at the Church
Rock site. The demonstration shall be conducted on a large enough scale, acceptable to the
NRC, to determine the number of pore volumes that shall be required to restore a
production-scale well field

Before starting uranium extraction operations beyond the first well field at the Church Rczk
site, the licensee shall submit an NRC-approved groundwater restoration plan for the entire
project. At a min‘mum, this plan shall include (a) a proposed restoration schedule; (b) a
general description of the restoration methodology, and (¢) a description of post-restoration
groundwater monitoring

Prior to injecting lixiviant at any of the sites, the licensee shall submit an NRC-approved
procedure-level, detailed effluent and environmental monitoring program. In addition, the
licensee shall develop and administer its radiological effluent and environmental monitoring
program consistent with Regulatory Guide 4 14  The licensee shall maintain, at a minimum,
three airborne effluent monitoring stations at each site, at the locations described in COP
(Rev 2 0) Tabie 9 5-1

Prior to the injection of lixiviant at the Church Rock site, the licensee shall conduct a
Westwater Canyon aquifer step-rate injection (fracture) test within the Church Rock site
boundarnes, but outside future well field areas One such test at the Unit 1 or Crownpoint site
shall also be performed before lixiviant injection begins at either of these sites
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10.32 Prior to the injection of lixiviant at any of the sites the licensee shall: (a) collect sufficient

water quality data to generaily characterize the water qualty of the Cow Springs aquifer
beneath each of the project sites, by completing and sampling wells for the following water
quality parameters: alkalinity, ammonium, arsenic, barium, bicarbonate, boron, cadmium,
calcium, carbonate, chloride, chromium, copper, fluoride, electrical conductivity, iron, lead,
magnesiurm, manganese, mercury, molybdenum, nickel, nitrate, pH, potassium, combined
radium-226 and radium-228, selenium, sodium, silver, sulfate, total dissolved solids, uranium
vanadium, zinc, gross Beta and gross Alpha (excluding radon, uranium, and radium); and (b)
conduct sufficient pumping tests to determine if the Cow Springs aquifer beneath each of the
sites 1s hydraulically confined from the Westwater Canyon aquifer

SECTION 11: MONITORING, RECORDING AND BOOKING REQUIREMENTS

1.

12

118

The results of the following activities, operations, or actions shall be documented. sampling,
analyses, surveys or monitoring, survey/ monitoring equipment calibrations, reports on audils
and inspections, emergency generator use and maintenance records, all meetings and training
courses required by this license, and any subsequent reviews, investigations, or corrective
actions Unless otherwise specified in a license condition or applicable NRC regulation, all
documentation required by this license shall be maintained for a penod of at least five (5)
years by the licensee at its facility, and is subject to NRC review and inspection.

Flow rates on each injection and production well, and injection manifold pressures on the
entire system, shall be measured and recorded daily.

Formation water, from monitoring wells at well fields undergoing uranium extraction or
groundwater restoration activities, shall be sampled for upper control limit parameters at least
once every 14 days, and the results documented pursuant to LC 11.1. During corrective
action for a confirmed excursion, sample frequency shall be increased to once every seven
days for the upper control limit parameters until the excursion is concluded. An excursion shall
be considered corrected when all upper control imit parameters are reduced to their upper

control hmits

Radiation Work Permits shall include, at a mnimum, the information described in Section 2.2
of Regulatory Guide 8 31

Site inspections and reviews shall be completed and documented by the licensee as described
in Section 2.3 1 and 2 3 2 of Regulatory Guide 8 31

The licensee shall implement a comprehensive bioassay sampling program that conforms to
Regulatory Guide 8 22

iUntil hcense termination, the licensee shall maintain documentation on all spills of source or
11e.(2) byproduct matenals, and all spills of process chemicals. Documented information shall
include date, volurne of spill, total activity, survey results, corrective actions, resuits of
remediation surveys, and a map showing spill location and impacted area. After any spill the
licensee shall also determine whether the NRC must be notified, pursuantto LC 12 4

Prior to land application of waste water, the licensee shall submit and receive NRC
acceptance of a plan outlining how the licensee will monitor constituent buildup in soils
resulting from the land application. The plan should identify the constituents resulting from
land application that will be monitored, constituent threshold values for discontinuing land
application and justification for the values selected
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SECTION 12: REPORTING REQUIREMENTS

121 The hcensee shall notify the NRC by telephone within 24 hrs of confirming a lixiviant excursion
and by letter within 7 days from the time the excursion is confirmed, pursuant to LC 1012 A
written report describing the excursion event, corrective actions taken, and the corrective
action results shall be submitted to NRC within 60 days of the excursion confirmation If wells
are still on excursion when the report is submitted, the report shall also contain a schedule for
submitting additional reports to the NRC describing the excursion event, corrective actions
taken, and results obtained. In the case of a confirmed vertical excursion, the report shall also
contain a projected completion date for characterization of the extent of the vertical excursion

12 2 The licensee shall notify the NRC by telephone within 48 hours of confirming a retention pond
iner leak, pursuant to LC 10.5 A wnitten report shall be submitted to the NRC within 30 days
of the leak confirmation. This report shall include analytical data, describe the corrective
action taken, and discuss the results of that action

CAUATATIA TR TR TATIAT AT I 0T IR T 10 8

123 The licensee shall submit the required effluent reports in accordance with 10 CFR Part 40 65
The licensee shail submit the information specified in Section 7 of Regulatory Guide 4 14, in
addition to the repors required by 10 CFR Part 40 65

124 The licensee shall notify the NRC by telephone within 48 hours of any spill of source or 11e (2)
byproduct materials, and all spills of process chemicals, that might have a radiological impact
on the environment The notification shall be followed, within 7 days, by submittal of a written
report detailing the conditions leading to the spiil, corrective actions taken, and results
achieved This shall be done in addition to meeting the requirements of
10 CFR Part 20 and 40

LIRT T IR AT IR T TR T IR IR T IR T IR T AT

125 in addition to reporting exposures of individuals to radioactive matenal in accordance with
10 CFR Part 20 2202, the licensee shall submit to the NRC a written report within 30 days of
such reportable incidents, detailing the condihons leading to the incident, corrective actions

taken, and results achieved

126 In the event the licensee's approved waste disposal agreement expires or is terminated, the
licensee shall notify the NRC in writing within 7 working days after the expiration date

127 As part of the licensee's decommissioning activities for a site, the licensee shall submit to the
NRC for review and approval a detailed site reclamation plan. The plan shall be submitted at
least 12 months prior to the planned final shutdown of uranium extraction operations at the
site. If depressions appear at the land surface due to subsurface coliapse from in situ leach
uranium extraction activities, the licensee shall return the land surface o its general contour as
part of the surface reclamation activities Before release of any site to unrestricted use, the
licensee shall provide information to the NRC verifying that radionuclide concentrations, due 10
licensed matenals, meet radiation standards for unrestricted release

CTRTTRT AT IR AT IR TR AT IR T 1T I T IRT IRT MY

128 The licensee shall provide in an annual report to NRC, a description of all changes, tests, and
experiments made or conducted pursuant to LC 9 4, including @ summary of the safety and
environmental evaluation of each such action As part of this annual report, the licensee shall

include any COP pages revised pursuantto LC 9.4
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ATTACHMENT A

The licensee shall conduct its operations in accordance with ail commitments, representations, and
statements made in the following submittals, which are hereby incorporated by reference, except
where superseded by license conditions in this license

May 8, 1989 (Crownpuint Facility Supplemental Environmental Report)

July 13, 1989 (Crownpoint Cultural Resources Survey)

January 6, 1992 (Unit 1 Allotted Lease Program Environmental Assessment (EA))
July 31, 1992 (Unit 1 and Crownpoint Project Environmental Reports)
October 9, 1992 (Unit 1 Underground Injection Control (UIC) Application)
October 30, 1992 (Cultural Resources-Environmenta! Assessment and Management Plan for
Crownpoint, NM)

March 16, 1993 (Churchrock Project Revised Environmental Report)

March 16, 1993 (Section 9 Pilot Summary Report)

April 5, 1993 (page changes)

April 6, 1993 (page changes)

July 26, 1993 (page changes)

October 11, 1993 (page changes)

October 18, 1993 (Analysis of Hydrodynamic Control at Crownpoint and Churchrock)
October 19, 1993 (Churchrock Surface Hydrology Analysis)

October 19, 1993 (Churchrock and Crownpoint Aquifer Modeling Supplement)
November 11, 1993 (page changes)

January 24, 1994 (page changes)

November 20, 1993 (Response to NRC Request for Additional Information)
February 23, 1994 (Description of Radon Emission Controls)

January 6, 1995 (EA Allotted Lease Program Unit 1)

Octeber 9, 1995 (Unit 1 UIC Application)

February 20, 1996 (Response to NRC Comments)

April 10, 1996 (Response to NRC Comments)

May 3, 1996 (Response to NRC Comments)

June 18, 1996 (Unit 1 Water Quality Information)

August 15, 1996 (Response to NRC Comments)

August 16, 1996 (Response to NRC Comments)

August 21, 1996 (page changes)

August 30, 1996 (Response to NRC Comments)

September 5, 1996 (Surface Water Drainage Analysis at Churchrock)
September 6, 1996 (page changes)

September 13, 1996 (Response to NRC Comments)

September 27, 1996 (Response to NRC Comments)

September 30, 1996 (Crownpoint Uranium Project COP, Rev 0.0)

October 15, 1996 (Response to NRC Comments)

October 18, 1996 (Restoration Standards Commitment)

October 20, 1996 (Response to NRC Comments)

October 29, 1996 (Response to NRC Comments)

November 18, 1996 (Response to NRC Comments)

November 26, 1996 (Response to NRC Comments)

December 20, 1996 (NRC Proposed Requirements and Recommendations)
December 26, 1996 (HRI Acceptance Letter to NRC Proposed Requirements and
Recommendations)

April 1, 1997 (NRC Proposed Requirements)

April 25, 1997 (HRI Acceptance Letter to NRC Proposed Requirements)

May 15, 1997 (Crownpoint Uranium Project COP, Rev 1.0)

June 16, 1997 (Churchrock Design Specifications for Surface Water Diversion Channel)
July 9, 1997 (HRI Electric Power Supply Commitment)

August 18, 1997 (Response to NRC Comments)

October 24, 1997 (HRI Commitment on Groundwater Baseline Sampling)
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November 23, 1993
REPLY TO: (6W)

Ms. Kathleen Sisneros, Director
Water and Waste Management Division
New Mexico Environment Department
1190 Francis Drive

P.0. Box 26110

Santa Fe, New Mexico 87502

Dear Ms. Sisneros:

On April 7, 1993, we were requested by your office to approve a
Temporary Aquifer Designation (TAD) extension, into Sec%ion 17 of
the previously exempted portion of the Westwater lanyon Member
for Hydro Resources, Inc.’s (HRI’s) proposed operations at Church
Rock. Subsequent to this, we b.~ame aware of a jurisdictional
issue on the mining site which would involve the Navajo Nation.
Therefore, we would like to clarify any confusion that may exist
concerning HRI’s proposed operations under the Underground
Injection Control (UIC) program pursuant to the Safe Drinking
Water Act, 42 U.S.C. §300f, et seq.

Based on our review of available information, all of Section 17,
Township 16 North, Range 16 West, (excluding minerals) is held in
trust by the United States for the Navajo Nation. Land held in
trust for an Indian tribe is part of "Indian Country" (18 U.S.C.
§1151) and, therefore, meets the definition of "Indian lands" (40
C.F.R. §144.3). Our determination is that a- :xtensie amount of
Indian land is involved in HRI’s proposed operations, and because
of disputes over this land it may be prudent for EPA to oversee
these lands as stated in 40 C.F.R. §147.1603 and 53 Federal
Register 43097 (IV) (B), of October 25, 1988. It is our
conclusion that HRI should submit its permit application to EPA.
We plan to notify HRI in the near future of our decision.

If you have any questions, please contact me or David Abshire of
my staff at (214)655-7188.

Sincerely yours,

ik L}J/

Q/hyron 0./ Knudson, P.E.

Director
Water Management Division (6W)

=~ Prnted 01 Recycled Paper



cc:

Harry Seraydarian, Director, Water Management Division, EPA
Region S

Mark 8. Pelizza, Environmental Manager, HRI

Sadie Hoskie, Director, Navajo Environmental Protection Adm.

Peg Rogers, Attorney, Natural Resources Unit, Navajo Nation

Susan McMichael, Attorney, New Mexico Environment Department

Phyllis Hedges, Hearing Officer
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—~pPeg Rogers, Attorney, Natural Resources Unit, Navajo Nation
/ ~~Susan McMichael, Attorney, New Mexico Environment Department
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bcc: Mark Chandler, Asso. Region Counsel, (6C)
~Doris Betuel, Region 9, Water Hanagement Division
(/, ~Richard Ohrbom, Groundwater Section, New Mexico Environment
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REQIONAL ADWMIETAATOR

Mark E. Weudler, Secretary

New Mexico Egvironment Department
1190 St. Francis Drive

P.O. Box 26110

Sania Fe, NM 87502

Dear Mark:

Thank you for your response to my February 11, 1997 letter regarding the proposed in-
situ uranium mining project of Hydro Resources, Inc. (HRI) a1 Church Rock, New Mexico. In
this letter, [ want to follow up on our conversauon at the All-States Meeting, address the issues
raised in your resent Jetiers and talk about the next steps that we should take.

Before discussing your specific points, let me express my Jeep concern that NMED
bebicves that EPA's actions are contrary to the mient of Congress and recent coun decisions, and
that EPA may be inappropriately mierfering with NMED's issuance of & staie permit pursuant 1o
state law. | want to reassure you that EPA is as commitied as NMED to following Congressional
direction and apphicable coun decisions. Further, our focus over the last several years has been
on the requirements of the federal Safe Drinking Water Act (SDWA). We have not questioned
NMED's independent authority or obligations to issue a permit to HRI under state law.

What | believe we have is a basic disagreement about what Congress and the courts have
said. As explained in the enclosure to this letier, EPA does not share NMED's interpretation of
the federal case law. We believe the federal coun decisions that NMED cites did ot resolve the
status of Sections 8 and 17 but rather have indicated that the Indian country status of land within
the Executive Order 709/744 area is 10 be determined on 2 case by case basis. Accordingly, from
our perspective, EPA’s actions are fully consisient with federal law and Congressional itent.

You hs ¢ also indicated that the Indian country status of Sections 8 and 17 was
adjudicated in the coniext of NMED processing HRI's permit application for Section 17 and in a
state count decision concerning water rights. As explained in the enclosure, &t appears that the
mnmm;ofﬁcammmmmnuwmnmmmmmm
auMyW:utebwwmmmutotheMudSDWA Further, the hearing did
pot address the status of Section 8. However, 1o the extent NMED interprets that decision as
lppty‘m;toEPA.nnd«weﬂuub&shedfeduﬂwehwcomunhghdnnﬁghu.mw
NMEDpetmhﬁn;deciﬁonnonhewcconnwawn';hudedsionmdu.hefederdgovemmem
since it was not a party 10 the proceedings.

Printed on Recwoled Paiper
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For these reasons and those explaned m my last letter, EPA's position remains that HRJ
must obtain s federal SDWA permit for Section 17 from EPA. not NMED. Although EPA
believes that Section 17 clearly is Indian country, we have also cited a second basis for EPA
perrutung HR1's proposed project on Section 17 under the federal SDWA - EPA's retained
authority 1o issue permits oo disputed lands. Our decision to treat the status of Section 17 as in
MdemmquwamMmmdmimmeajonm
junsdiction. W,EPAMdaumdon}ymmmha&pmemmuEPAwmmueme
permit untll the status of Section 17 is resolved.

Addiuonally, EPA has determined that a dispute exists regarding the Indian country status
of Section 8, and, therefore, HRI must obtain its federal SDWA permit for Section 8 from EPA as
well Aslindiutedbmyprcviomlmu,EPAwunotrudywooncbde:haudispmem
based simpty on the assertion of the Navajo Nation. However, after carefully reviewing the
materials submutted by the Navajo Nation and NMED, EPA beheves the Navajo Nation has
presented substantial arguments to support its claim that Section 8 is within Indian country. (See
the attachment for further analysis) EPA would pot be discharging EPA's trust responsibilities 10
the Navajo Nation if we were 1o ignore the information submitied by them. Consequently, given
the different positions of NMED and the Navajo Nation, EPA is wreating the status of Section 8 as
in dispute. Clearly, it would have been much preferable if the Section 8 issue had been brought to
EPA’s attention prior to NMED issuing a permit. Nevertheless, that did not happen, and EPA has
an obbigation to examine the status of Section 8 when requested by the Navajo Nation. | want to
emphasize, though, that EPA has not taken a final position on the Indian country status of Section
8. only that the status is an dispute.

You have mdicated that NMED debeves that EPA's retention of permituing authority is
inapplicable because NMED has the cleas authonity to regulate all UIC wells outside the formal
boundaries of the Navajo Reservation. From our perspective, however, # is that very authority
under the federal SDWA that is in dispute. Further, it is EPA's position that the UIC regulations
do authorize EPA to retain permitting authority in cases bike this. The regulations at issue, 40
CFR Part 147, subpan HHH, were specifically promulgated for Indian country and clearly stated
EPA’s intent that EPA would retain SDWA permitung authority over disputed lands. Unlike the
type of dispute you referred 10 between two staies and a private party (where EPA would not get
involved), EPA has a direct and vital mierest where Indian tribes and the federal SDWA are
mvolved.

1 would like 10 reiterate that EPA bas never indicated that our authority under the SDWA
would prevent NMED from issuing » perzut 10 meet apphcable state requirements. | remain
willing to work closely with youwcoordhmowpem‘umdmnhkmbdbyy«ym
perception that EPA is unwilling to do so. Given the overlapping technical and policy issues for
the Church Rock, Crownpoint, and Unit 1 portions of HRI's proposed project, EPA has made
several written and oral requests 10 arrange meetings with NMED, but your staff has not taken us
up on our offers. 1 would Bke 10 stant these discussions as 5008 as possible.

With respect 0 pursuing discussions on joint permitting, you asked me to clarify why EPA
concluded that it did not make scnse 10 pursue that path at this time. There are several reasons,
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which | am happy 10 review. First, you may remember that 4 major premuse of .rsuing a joint
permituog approach was that there would be 3 three-way agreement between NMED. El’io and
the Navajo Nation, o that the three sovereigns would not devote substantial resources Lo an
agreement odywhaveichnengodbcounbyouolmm As | stated in my previous
ketiers, the Navajo Nationdidnmbc&nthuiwn'n'ninumweuue'mtmscﬂon
Without the parucipation of the Navajo Nation, the jomt permuat approack would not achieve the
goals we set out.

Smﬁ.unymmwwhmmﬂmmﬂm.EPAdﬁwt
mmmp«mmwwmmmwmmmw. Given
u:eheightmdbvelofcoocemthmm’spm'pahumud.wthouhtm:hwouldbe
MloWMwawwmwmmmthmmw
proceedings on both jurisdictional and technical grounds. If the agencaes or courts reached
different conclusions on the junsdictional issue, we would be in the untenable position of having
conflicting versions of the “same” permut. In addition, in order 10 implement the permit, it would
be necessary 10 know which provisions were enforceable by EPA under the SDWA and which by
NMED under state law. For these and other reasons, ft sscmed to us that joint permitting was not
likely 10 reduce sigruficantly jurisdictional confbicts.

Thurd, I have been pessimistic about the Bkelihood of our agreeing op a joint permitting
approach 1o thus problem. Despite 2 number of attempts, NMED and EPA had made little
progress in this area. In addition, NMED staff seer.ied 1o believe that having HRI submit a permit
application 1o EPA mfninged on New Mexico's jurisdiction, even though t is the company, not the
State, which would submit the application. Moreover, under any of the approaches that EPA and
NMED have discussed, HRI must apply 10 EPA for a SDWA UIC permit. Given all of these
factors, I thought that it would be besi to begin the EPA permittmg process now.

EPA. iherefore, is informing HRI of the need 1o submit 8 SDWA permit application to
EPA for its proposed project on Section 8 and, as previously requested, for Section 17. To the
exient we can, we will use the mformation already submitied 10 NMED. However, some type of
application is 8 legal prerequistie for federal law as it is for state law. Whether EPA and NMED
proceeded under a joint gr dual permitting approach, HRI would peed, as a matter of law, 10
submat 2 SDWA permut apphcauon to EPA. This course of action does pot prechude the
possibibity of an agreemeant later. If NMED is sull merested, EPA is willing to engage i further
legal discussions with NMED and the Navajo Nation concurreat with the start of our permitung
process.

I realize that requiring a federal permit for Section 8 will be disruptive to some degree,
WmNmmmmvemwmmmmm-mmww
be effecuve for the purposes of the federal SDWA. However, since HRI must sl obuun u
beense and other approvals from the Nuclear Regulatory Commission, the Bureau of Indian
Affarrs, and the Bureau of Land Management before it can operaie, | am optimistic that EPA'can
assure compliance with the SDWA and act in » timely manner, especially with your cooperation.
Moreover, 1 will be asking HRI 10 meet with EPA 1o discuss the schedule for reviewing HRI's
permut appbcations for Sections 8 and 17,
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HRI's proposed project involves a number of complex legal, pohcy and technical issues
that cannot be resolved by a continuing exchange of letters Whatever permitting scheme will be
in place. all of the agencies will need (o work together. I hope you will cooperate with wme 10
mkzmcmnmontoEPASDWApermmto:Schonlumoothupoaibktommthe
impact on HRI. To meet our mutual goal of maximizing environmental protection, sur stafls (and
the Navajo Nation EPA) need 10 start talking about the permits for HRI's proposed project.

Apart from Church Rock, EPA is reviewing the permit apphication for Uit 1, and will need to
coordinate with the Navajo Nation EPA and NMED. Therefore, | am agam asking my staff 10
wrange a meeting between Region 9, NMED, and the Navajo Nation.

Please don't hesitate 10 call me  you would ke 10 discuss this maner further. If your

staff has any questions, piease have them contact Jim Walker at (415) 744-1833 on technical
tssues, and Greg Lind at (415) 744-1376 for legal questions.

Yours,

-

(luss

Felicia A Marcus
Regiona! Administrator

Enclosure

¢s: Bennie Cohoe
Executive Director
Navajo Nauon EPA

James Bellis
Navayp Nation DOI

Jerry Chfford
Acting Regional Administrator
EPA Region 6



UNITED STATES COURT OF APPEALS
FOR THE TENTH CIRCUIT

DOCKETING STATEMENT

Case Name: HRI, Inc., Petitioner v. United States Environmental Protection

Agency, Respondent

Court/Agency Appeal From:  United States Environmental Protection Agency

Court/Agency Docket No. __None District Judge: Kot applicable

Party or Parties filing Notice of Appeal/Petition: HRI, Inc.

L TIMELINESS OF APPEAL OR PETITION FOR REVIEW

A.  APPEAL FROM DISTRICT COURT

1. Date notice of appeal filed:

a, Was a motion filed for an extension of time to file the notice
of appeal? If so, give the filing date of the motion, the date of

any order disposing of the motion, and the deadline for filing
notice of appeal:

b. s the United States or an officer or an agency of the United
States a party to this appeal?

r B Authority fixing time limit for filing notice of appeal:

Fed. R. App. 4 (a)(1) . Fed. R. App. 4(a)(4)
Fed. R. App. 4 (a)(2) . Fed. R App. 4a) s
Fed. R. App. 4 (a)(3) . Fed. R App. &b

Other:
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.' ~~ VIIl. PLEASE IDENTIFY ON WHOSE BEHALF THE DOCKETING
STATEMENT IS FILED:

g Appellant
L Petitioner

O Cross-Appellant

B.  PLEASE IDENTIFY WHETHER THE FILING COUNSEL IS

& Retained Attorney
O Court-Appointed

O Employed by a government entity
(please specify )

O | Employed by the Office of the Federal Public Defender.

9/injag
Si Date
Attorney at Law

NOTE: A copy of the court or agency docket entries, the final Jjudgment or

order appealed from, any pertinent findings and conclusions. opinions,

or orders, any motion filed under Fed. R. Civ. P. 50(b), 52(b), 59,

60(b), including any motion for reconsideration, for judgment of

acquittal, for arrest of judgment, and for new tnal, and the dispositive

. order, any motion for extension of time to file notice ~* appeal and the

D-2 Docketing Statement 4/97 Page 7



IN THE UNITED STATES COURT OF APPEALS FOR THE TENTH CIRCUIT

HRI, INC., §
£
Petitioner §
§
V. § PETITION FOR REVIEW
. §
UNITED STATES ENVIRONMENTAL §
PROTECTION AGENCY, §
§
Respondent §
DOCKETING STATEMENT
Attachment B

IV. ISSUES RAISED ON APPEAL
Subjoatotwciptmdmiewofthekespoodmt'sDockeﬁngsmunmtandmbjecttorweiptofthe
record from EPA, HRI ideatifies the following issues raised in this proceeding. HRI respectfully
mqumthcﬁghttoammdthislixtofissuesaﬁerithashadoppommitytoreviewkupondent’s
Docketing Statement and the record:

1. Whetha.mthefawofthkasqtheUSEPAhuuoeedediuuuhoﬁtymdaﬁxeFeduﬂSafe
Drinking Water Act (SDWA) in mquiﬁngHRItoaewredirwdyﬁ'omUSBPAoneormore
lddiﬁmﬂundammdiqiecdmommlaHC)pammmdathcfedaﬂSafeankinngAa
fortHC-mhtedw&vitieutlml'sQmmhrockminesiteforwhichlmlalreadyholdsoneormom
UIC permits issued by the New Mexico Environment Department under its USEPA-approved UIC
regulatory program.

2. Whether, on the facts of this case, there exists any legitimate dispute as to whether any portion
of the HRI Churchrock mine site lies within “Indian lands” as that term is defined at 40 C.F.R. §
144.3 for the purposes of the federal Safe Drinking Water Act.

3. Whether the USEPA has erred in invoking or applying its “jurisdictional dispute” rule, as stated
at 53 Fed. Reg. 43095, 43097 (October 25, 1988), to summarily revoke or amend the effect of a
previously issued permit (DP-558), where, as here, (i) New Mexico is elready exercising primary
enforcement responsibility for the lands in question, (ii) there is no question of a gap in regulatory
coverage on the Churchrock site, (iii) the lands in question do not lie within “Indian country” and
(iv) the lands in question have already been determined judicially and administratively to lie within
the jurisdiction of the State of New Mexico.



4. Whether after i-suance by the New Mexico Eavironment Department (NMED) of its permit Dp.
558, authorizing "HRi’s proposed underground injection activities at HRI's Churchrock mine in
McKinley County, New Mexico and after USEPA's grant of an aquifer exemption covering the
portion of HRI's Churchrock mine site lying on Section 8, Township 16N, Range [6W, USEPA
may revoke or amend the effect of the NMED permit by summarily finding or declaring the site o¢
the issued permit 15 lie wholly or partly upon “Indian lands” or by summarily finding or declaring
State regulatory jurisdiction over such site to be “in dispute” between the State of New Mexico and
the Navajo Nation.

5. Whether USEPA has, on the facts of this case, violated HRI's Due Process or property rights by
summarily curtailing or revoking the force and effect of HRI's permit DP-558 by requiring HRI to
obtain one or more additional permits from USEPA under the federal Safe Drinking Water Act to
cover the same activities already authorized by HRI's DP-558, issued by the New Mexico
“nvironment Department uader its Underground Injection Control (UIC) program as expressly
approved by USEFA under the SDWA.




NAVAJO NATION
FPRIMARY DRINKING WATER
REGULATIONS ¥

\”\ Public Water Systems Supervision Program

[/ ) \ Navajo Nation Environmental Protection Agency
' / Post Office Box 339
' / Window Rock, Arizona 86515
(520) 871-7755




A.

! B .

§ 209

93~72~1 2,4,5-TP 0.05 ‘—]
50~32-8 Benzo(a)pyrene 0.0002 l
75-99-0 Dalapon 0.2 4]
103-23~-1 Di(2-ethylhexyl)adipate 0.4 I
117-81~7 Di(2-ethylhexyl)phthalate 0.006
88-85-7 Dinoseb 0.007
85~00~7 Diguat C.02
145-73~-3 Endothall 0.1
72-20-8 Endrin 0.002
1071-53~6 Glyphosate 0.7
118-74~1 Hexachlorobenzene 0.001 *]
77=47-4 Hexachlorocvclopentadiene 0.05
23135-22-0 | Oxamyl (Vydate) 0.2
1818-02~1 Picloram 0.5
122-34~9 Simazine 0.004
1746-01~6 2,3,7,8~TCDD (Dioxin)

MAXIMUM CONTAMINANT LEVELS FOR INORGANIC CONTAMINANTS

[Reserved)

The MCLs for inorganic contaminantg (2)-(6), (10), and (11)=-(15) of
Table 200.7 appiy to community water systems and non-transient, non-
community water ﬁ{ctems. The MCL specified in (1) of Table 200.7 only
applies to commun ty water systems. The MCLs specified in (7), (8), and
(9) of Table 200.7 apply to community water systems; non-transient, non-
community water systems; and transient non-community water systems.

TABLE 200.7 MAXIMUM CONTAMINANT LEVELS FOR INORGANIC CONTAMINANTS

£

CONTAMINANT NCZ.‘g!gl})
FLUORIDE 4.0 l

ASBESTOS 7 (million fibers/liter
(longer than 10um)

BARIUM 2

CADMIUM 0.005

CHROMIUM 0.1
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6 MERCURY 0.002
7 NITRATE 10 (as N:trogen)
8 NITRITE 1 (as Nitrogen)
9 TOTAL NITRATE AND 10 (as Nitrogen)
NITRITE
10 SELENIUM 0.05
11 ANTIMONY 0.006
12 | BERYLLIUM 0.004
13 CYANIDE (as free 0.2
Cyanide)
14 NICKEL 0.1
THALLIUM

The following are identified as the best technology, treatment
technique, or other means available for achieving compliance with the
maximum contaminant levels for inorganic contaminants identified in
subsection (B) of this section, except fluoride:

TABLE 200.8 BAT FOR INORGANIC COMPOUNDS LISTED IN TABLE 200.7

BAT (s)
2,7
Asbestos 2,3,8
Barium 5,6,7,9
Beryllium 1,2,5,6,7
Cadmium 2,5,6,7
Chromium 2,5,6% 7
Cyanide 5,7,10
Mercury 2',4,6',7
Nickel §.6,7
l Nitrate $,7,9
l Nitrite $,7
Selenium 1,2°,6,7,9
Thallium 1,5

' BAT only if influent Hg concen-
trations <10 micrograms/liter.
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