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RE1.0 INTRODUCTION

The Department of Energy's Site Characterization Plan, Yucca Mountain Site,
Nevada Research and Development Area, Nevada, 1988 (SCP) contains, in Volume 1,
Part A, Chapter 1, several references that deal with natural resources.

Among these is one, and apparently the only one, that deals with resource
assessment at a repository for high-level radioactive waste:

Mattson, S.R., 1988. "Mineral Resource Evaluation: Implications of Human
Intrusion and Interference on a High Level Nuclear Waste Repository", Waste
Management Eighty Eight, Vol. 2, pp. 915-924.

The purpose of this review is to examine Mattson, S.R., 1988 and to comment on
the discussion, therein, of the natural resources requirements in 10 CFR Part
60, Disposal of High-Level Radioactive Wastes in Geologic Repositories.

In this review, Mattson, S.R., 1988 is referred to as "the paper". References
to it are cited by page number, column number (except for the Abstract),
paragraph number, and line number. A reprint of the paper is attached. The
seven review comments are keyed by numbers to the reprint.

10 CFR Part 60 is referred to herein as "Part 60". References to it are cited
by number of the appropriate section or sub-section.

The overall programmatic value of this work will be in the compilation of
background information to be used in the development of a Technical Position on
Natural Resources. Information and techniques contained in the Mattson article
will be factored into the Technical Position on Natural Resources.

RE2.0 OVERVIEW

The paper treats five main topics as follows:

1. The provisions of Part 60 that deal with natural resources.

2. Comparison of traditional mineral exploration with the
assessment of natural resources required in Part 60.

3. A proposed assessment approach to identify a commodity for
detailed investigation by examination of chemical values in
comparison with crustal abundance.

4. Preliminary data and analyses from work at Yucca Mountain.

5. Mineral commodities that are potential resources in silicic
tuff, the most common rock at Yucca Mountain.

RE3.0 DISCUSSION OF REVIEW COMMENTS

Seven comments were developed during this review of the paper. They appear on
the following pages, and they are keyed, by number, to the attached reprint of
the paper.
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As detailed in comments 1, 2, 4 and 5, the paper does not clearly and accurately
depict the portions of Part 60 that deal with natural resources. In part, this
is a matter of literary style; in part, it is a matter of inaccuracy in
discussing Part 60. Comment 1 points out that the extensive use of paraphrasing
-- rewording of the meaning of the language in Part 60 -- may not be helpful to
a reader. Care should be taken in paraphrasing 10 CFR Part 60, direct
quotations of phrases is preferable to any type of paraphrasing. Comment 2
notes that all references to Part 60 are to the document as a whole, which
occupies 32 pages in the Federal Register. A reader would be better guided by
use of appropriate numbers already identified in the sections and sub-sections
of Part 60. Comments 4 and 5 point out two items of inaccuracy. First, - Part
60 does not contain a favorable condition related to natural resources, as
suggested in the paper (Comment 4). The author was probably referring to
characteristics (i.e."attributes") that would generally be considered as
favorable for a given repository site rather than to specific favorable
conditions as specifically mentioned in 10 CFR Part 60.122(b) and Second, - Part
60 calls for an assessment of resource values between the site and "areas of
similar size that are representative of and are within the geologic setting"
[60.21(c)(13)], not "the local surrounding area", as expressed in the paper
(Comment 5). The "local surrounding area" may not display all the attributes of
the regional geologic setting, thus, the paper should discuss the "geologic
setting" and its resource potential not just the "local surrounding area."

The paper aptly points out that the assessment of resources in Part 60 is
different from traditional mineral exploration. However, the paper suggests that
there is a difference in the length of time to be considered, which is not borne
out by an examination of Part 60 (Comment 3).

Comment 6 indicates that the classification of resources by geochemical values
in the paper does not satisfy current standards for classification of resources,
especially with respect to reserves. The author ties chemical concentrations to
"reserves" and his choice of the term "reserves" for these unproven assets is
questionable.

Finally, Comment 7 calls attention to a premature, and probably erroneous,
conclusion that "Resources known not to occur in silicic tuffs... need not be
evaluated by the site characterization process", (page 921, c. 2, p. 3, 1. 5-7).
On the contrary, rock units other than silicic tuff must be a part of the
resource assessment at Yucca Mountain because the lithologies underlying the
tuffaceous units may be targets for future resource exploration/exploitation.

RE4.0 REVIEW COMMENTS

RE4.1 Comment 1 - Inaccurate paraphrasing of 10 CFR Part 60

A reader may be handicapped by the extensive paraphrasing of the meaning
expressed by the words in Part 60. In the abstract, lines 2-13, provide an
example of inaccurate paraphrasing.

RE4.1.1 Discussion

The paper would be more useful, to a reader, without the widespread paraphrasing
of Part 60. In places, the meaning given in the paper and in 10 CFR Part 60 is
substantially the same, whereas elsewhere it is not.
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To illustrate the point, Table 1 on the following page presents a comparison of
phrases in Part 60 and in the Abstract of the paper. In the left column are
phrases from Part 60 that deal with resources. In the right column are the
equivalent phrases from sentences 2, 3 and 4 of the Abstract, which discuss
"regulatory compliance."

RE4.2 Comment 2 - Incomplete references to 10 CFR Part 60

A reader may be handicapped by the form of the references to Part 60 which
reference the total of the entire 32 pages of 10 CFR Part 60 in the Federal
Register. As an example, paragraph 1 under Introduction, page 915 in the paper,
contains 4 distinct references to the entirety of "10 CFR Part 60".

RE4.2.1 Discussion

All references in the paper to Part 60 direct a reader to the document as a
whole, rather than to specific sections, or sub-sections, by number. This is
not too helpful to a reader contemplating a document that occupies 32 pages,
with 2 columns each, in the Federal Register. The references in the paper
should have been to appropriate numbered sections and subsections of 10 CFR Part
60.

RE4.3 Comment 3 - Length of time to be considered in resource assessment

The paper presents three "sharp" contrasts between traditional mineral
exploration and the resource assessment during site characterization. One
contrast -- the length of time to be considered -- appears to be misrepresented.
Quoting from the paper:

"Traditional mineral exploration efforts differ from a repository
characterization process in the length of time considered,..." (Page 915,
c. 2, p. 1, 1. 12-14).

And in traditional explorations:

n ... projections for the future worth of a defined resource... typically are
extended only for a few years to tens of years." (page 915, c. 2, p. 1, 1.
9-12).

RE4.3.1 Discussion

In the above passages, and in the accompanying discussion, a contrast is drawn
between the time frame to be used for evaluating resources in traditional
mineral exploration and a different time frame to be used in resource evaluation
during site characterization. This is particularly true when considering the
performance objectives which are to be met at a site for 10,000 years, however,
the evaluation of the future worth of the resources must be limited to only a
few "tens of years" if the cost projections are to be defensible.

In estimating the value of resources, including future value, the estimate is
based on the facts at hand at the time of estimation. In evaluating resources
with current markets, under Part 60, current costs are used [60.21(c)(12)].
Resources without current markets are to be evaluated, provided they would be
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Table 1

Correlation of Phrases in the Abstract
With 10 CFR Part 60

Page 4

Phrases from
Part 60

Phrases from
The Paper

Types of siting criteria:

Favorable conditions
(60.122(b)). Potentially
adverse conditions
(60.122(c)).

... potentially favorable or
unfavorable characteristic...
(1. 1-2).

Subject of the resource assessment:

... natural resources of
the geologic setting,
including estimates as to
undiscovered deposits...

...known reserves or poten-
tially economic resources.
(1. 6)

An element in regulatory compliance:

There is no equivalent pro-
vision in Part 60.

... an evaluation and assessment
of the likelihood that
a repository site is, or
someday could be considered, a
likely exploration target...
(1. 8, 9).

Basis for comparison of the site with other areas:

...gross value or net value...
(60.122(c)(17)(ii)).

...perceived resource potential

... (1. 10, 11).

Comparison of resources at the site with:

... other areas of
similar size that are
representative of and located
within the geologic setting.
(60.122(c)(17)(ii)).

...the local surrounding area.
(1. 11).
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marketable "given credible projected changes in economic or technological
factors" [60.21(c)(13)]. A "credible" projected change would be a change that
is demonstrable and defensible in terms of the trends in industry at the time of
the evaluation.

This approach does not differ significantly from the approach used in
traditional exploration, with respect to the length of time considered for an
economic analysis of a resource. Thus, the suggested contrast in time frame
appears to be misleading when considered in the traditional economic context of
resource evaluation.

RE4.4 Comment 4 - Lack of resources not identified as a favorable condition in
10 CFR Part 60.

The paper treats the lack of resources as a probable favorable attribute. 10 CFR
Part 60.122(c)(17) treats resources only as a potentially adverse condition. In
the paper the author states the following:

"Favorable attributes of a site include 1) the lack of any reserves or
potentially economic resources and 2) the lack of evidence to suggest the
potential for the new discovery of resources." (page 915, c. 2, p. 2, 1.
8-9, continuing on page 916, c. 1, p. 1, 1. 2).

RE4.4.1 Discussion

In Part 60.122, Siting Criteria, 60.122(b) specifies eight favorable conditions
and 60.122(c)(1) to (24) lists 24 potentially adverse conditions. "Resources"
appears only as a potentially adverse condition in 60.122(c)(17). "Resources"
is not identified as a favorable condition in 60.122(b) by the Commission.
However, it is likely that a site with a lack of economic resources, a lack of
potentially economic resources, and the lack of evidence to suggest the presence
of any unknown economic resources would be considered as a more favorable
location for repository siting than a site exhibiting known economic resources,
potentially economic resources, and/or evidence suggesting the presence of
unknown economic resources because of the diminished potential for human
intrusion designed to acquire such natural resources at the site thought to be
devoid of same.

RE4.5 Comment 5 - Areas for comparison of resource values not identified
similarly in Raper and in 10 CFR Part 60

The areas to be compared for resource values, with respect to the site, are
described differently in the paper and in 10 CFR Part 60. As stated in the
paper:

"The area of the repository is considered in detail and then is compared to
the regional geological and geophysical signature of the surrounding area
and to areas of similar geologic and geophysical characteristics with known
occurrences of resources or ore deposits." (Page 916, c. 1, p. 1, 1. 2-7).
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RE4.5.1 Discussion

To determine whether a potentially adverse condition exists, Part 60 calls for
an assessment of natural materials (i.e. resources) at the site and a
determination as to whether these

"...materials have greater gross value or net value than the average for
other areas that are representative of and located within the geologic
setting." (60.122(c)(17)(ii)].

A comparison of resource values is central to the determination as to whether
resources at the site constitute a potentially adverse condition. The nature of
that comparison is described in the passage from Part 60 cited above. A
comparison of resource values, under these terms, would differ from a comparison
made under the terms described in the paper. The author should have been more
precise and true to the term "geologic setting" as defined in 10 CFR Part 60.2,
Definitions, and included in 60.122(c)(17)(ii).

RE4.6 Comment 6 - InapDropriate Classification of Resources

The classification of resources that is proposed in the paper differs from
current standards of classification with respect to the term "reserves". The
paper states the following:

"Ignoring other critical factors, such as the availability of large
tonnages and shallow depths to the resource, concentrations below 0.16 ppm
would not be considered to become economic in the foreseeable future (i.e.,
non-resources), concentrations above 0.16 ppm would be considered to carry
the potential to become reserves (i.e., resources), and concentrations
above 1.25 ppm would be considered defined reserves." (Page 917, c. 2, p.
3, 1. 3-11).

RE4.6.1 Discussion

The passage cited above is part of a proposed approach that classifies resources
on the basis of chemical values. The example cited above concerns
concentrations of gold, expressed in parts per million (ppm).

The tie between ppm gold and classes of resources, especially "reserves", is
faulty when compared with the classical usage of the term "reserves" which is a
term of long-standing usage in mineral classification and assessment. It
denotes a resource that 1) is identified and 2) could be economically extracted
or produced at the time of assessment (page 2, Principles of a Resource/Reserve
Classification for Minerals, U.S. Bureau of Mines and the U.S. Geological
Survey, Geological Survey Circular 831, 1980). Hence, to be classed as
reserves, a resource must be 1) identified and 2) commercial at the time of the
assessment. The classification in the paper is strictly linked only to chemical
values and contains neither of these two key provisions. The scheme of
evaluation which the author proposes has merit for undiscovered resources and is
applicable to economic assessments which define the nature of "reserves" in a
non-classical sense.
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RE4.7 Comment 7 - Restriction of Resource Investigations to Silicic Tuff

The investigation of mineral resources during site characterization of Yucca
Mountain is prematurely restricted to silicic tuff. The paper states the
following:

"Resources known not to occur in silicic tuffs (e.g., diamonds, nickel
ores, salt) need not be evaluated by the site characterization process"
(Page 921, c. 2, p. 3, 1. 5-7).

RE4.7.1 Discussion

This view of the resource potential at Yucca Mountain is too narrow. It ignores
the possibility of resources, such as gold, silver and base metals, in the
carbonate rocks below the tuffs. Even though metallic elements such as nickel
are not expected to be found as an ore body resource at Yucca Mountain the
presence of nickel and other metallic elements is important to any geochemical
study of sorption and solubility at the site.

A broader view of the necessity to study minerals other than those associated
with the volcanic tuffs is presented in the SCP. The SCP discusses gold, silver
and base-metal deposits in Paleozoic carbonate rocks and states:

"This kind of deposit might occur in the Paleozoic carbonate rocks beneath
the tuffs at Yucca Mountain..." (SCP, p. 1-278).

RE5.0 REFERENCES

U. S. Bureau of Mines and U. S. Geological Survey, 1980, Principles of a
Resource/Reserve Classification for Minerals, U. S. Geol. Surv. Circ. 831.

U. S. Department of Energy, 1988, Site Characterization Plan, Yucca Mountain
Site, Nevada Research and Development Area, Nevada, DOE/RW/0199.
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CNWRA RESPONSE TO NRC COMMENTS ON THE CNWRA REVIEW OF THE NATURAL
RESOURCES-RELATED REPORT ENTITLED "MINERAL RESOURCE EVALUATION:

IMPLICATIONS OF HUMAN INTRUSION AND INTERFERENCE ON A HIGH-LEVEL
NUCLEAR WASTE REPOSITORY" BY STEVEN R. MATTSON

(PPSAS 161313; 411121 NATURAL RESOURCE ASSESSMENT METHODS)

REC1.0 INTRODUCTION

The Center received from Dr. David Brooks the NRC comments on the Center review
of the Mattson paper. The NRC comments are dated April 19, 1990. The Center
document was reviewed by NRC staff members J. Bradbury, T. Cardone, N. Coleman,
And K. McConnell. Mr. Cardone had no comments. The comments of the remaining
staff members are herein responded to by the Center. Each comment is numbered
and treated individually and is identified as a part of a given individual's
comments. The Center was able to resolve the NRC comments without major change
in the document.

REC2.0 COMMENTS OF KEITH I. MCCONNELL

Comment (1). I have quickly looked over the Center's review of Mattson's (1988)
report on "Mineral Resource Evaluation..." I am not an expert on all of the
topics addressed, however, the review comments, except #7, appear to me to be of
minor, if -any, significance. Review Comment #7 basically repeats an SCP
open-item (SCA Comment #53).

I also must again strenuously disagree with the Center's use of what appears to
be its own definition of the term "Geologic Setting." As far as I am aware, the
NRC staff has not changed the definition given in Part 60 for Geologic Setting
and there is no indication in the rule that different natural resources will
have different Geologic Settings as implied by the Review Overview. In fact,
the part of the rule quoted in Table 1 on page 5 (under "Subject of the resource
assessment:") states fairly clearly that there is only one Geologic Setting.

REC2.1 Center response to comments of Keith McConnell

The Center acknowledges the remarks made in the first paragraph. Relative to
the meaning of the term "geologic setting", the Center did not intend to infer a
meaning other than that provided in the definitions in 60.2 of 10 CFR Part 60.
Wording has been changed in the Center review to alleviate the perception that
the Center was suggesting a meaning other than the widely accepted meaning for
the term "geologic setting."

REC3.0 COMMENTS OF JOHN BRADBURY

I have reviewed the CNWRA comments and the natural resource paper by S. Mattson
to which the comments pertained. There is little geochemical information, but I
have the following observations:

1. Comments 1 and 2 are of minor importance. Comment 2 refers in the
last sentence to the author instead of the paper.

2. Comment 3 correctly describes that time of "a few years to tens of
years" seems arbitrary.
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3. Comment 4 is correct but discussing what the Commission will consider
as a more favorable location for the repository siting is premature.

4. Comment 5 appears valid. I suggest the phrase "Mattson should have
been more precise" be changed to "the paper should more precisely
describe..."

5. Comment 6 is correct. I see little sense in putting numbers on the
concentrations of gold in ore. The use of the author's name is again
too personal. Refer instead to the paper.

6. Comment 7 does not express the concern logically. The sentence before
the one quoted states:

"A general mineral evaluation and assessment approach includes
the evaluation of resources which are known to occur in silicic
tuffs based upon a vast literature on mineral deposits, mineral
occurrences, and the geochemical characteristics of deposits and
occurrences" (p.921, c. 2, p.3, 1. 1-5).

Coupling this quote with the one in the comment then implies site
characterization will not involve estimating natural resources in the
Paleozoic carbonates below the tuffs in Yucca Mountain. One
additional point to be considered is that the paper refers to a lack
of "nickel ores" in silicic tuffs. Nickel is one of the elements to
be studied in sorption and solubility activities. Determination of
the background concentrations of nickel would be appropriate.

REC3.1 Center response to the comments by John Bradbury

REC3.1.1 Response to Bradbury Comment 1

The comment in the review has been changed to refer to the paper.

REC3.1.2 Response to Bradbury Comment 2

The comment is acknowledged.

REC3.1.3 Response to Bradbury Comment 3

The review comment has been modified to exclude any surmise as to the
future actions of the Commission.

REC3.1.4 Response to Bradbury Comment 4

The comment is acknowledged and the review has been changed to the
suggested wording.

REC3.1.5 Response to Bradbury Comment 5

The agreement of Mr. Bradbury with the CNWRA review comment is
acknowledged. The text of the CNWRA review has been modified to remove
the name of the author in the discussion.

//
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REC3.1.6 Response to Bradbury Comment 6

The CNWRA text has been changed to reflect the concern of Mr. Bradbury.

REC4.0 COMMENTS OF NEIL COLEMAN

In Comment 7 on page 11, the reviewers state that Mattson ignored the
possibility of groundwater resources in fault zones independent of rock type.
However, Mattson's report (by its title) clearly focuses only on mineral
resources and therefore its scope does not include water resources. The
references to groundwater in Comment 7 should be deleted. I have no other
hydrogeology-related comments on the CNWRA review.

REC4.1 Center resDonse to comment of Neil Coleman

The Center agrees and has removed the word "groundwater" from the discussion in
Comment 7 of the review.


