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BOB MILLER STATE OF NEVADA ROBERT R. LOUX
Governor Executive Director

AGENCY FOR NUCLEAR PROJECTS
NUCLEAR WASTE PROJECT OFFICE

Capitol Complex
Carson City, Nevada 89710
Telephone: (702) 687-3744

Fax: (702) 687.5277

December 22, 1992

John W. Bartlett, Director
Office of(Civilian Radioactive
Waste Management

U.S. Department of Energy
1000 Independence Avenue
Washington, D.C. 20585

Dear Dr. Bartlett:

The State of Nevada has reviewed the DOE Study Plan
"Hydrochemical Characterization of the Unsaturated Zone" (Study
Plan 8.3.1.2.2.7, Revision 0) and is providing its comments in this
letter and attachment. The State's comments address the adequacy,
completeness, and technical accuracy of the Study Plan to meet the
Department's objective in site characterization.

The Study Plan describes the plans for gaseous - and aqueous -
phase chemical investigations at Yucca Mountain. The activities
involve the collection of water and gas samples from surface-based
boreholes, preparation of the samples for analysis, and methods of
hydrochemical analyses to be employed.

General comments relative to the Study Plan are as follows:

1. Although there appears to be a reasonable amount of time
(7 years) to perform the proposed activities and the
analytical methodologies and techniques appear solid (at
least for those specified), this Study Plan will not
achieve its objectives for a number of reasons, most of
which are related to its sampling philosophy.

For gas samples, although wells will be shut-in most of
the time, if individual geohydrologic units are not

050054 isolated most if not all the time, cross-contamination
and mixing of gas will occur in the units around the
borehole. An unknown amount of time will be needed to
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draw a pristine gas sample if units within a particular
borehole are packed off only during sampling. Multiple
samples will be needed to determine when and if a
representative sample has been collected. Additionally,
what effect will the gas phase circulation study (Study
Plan 8.3.1.2.2.6) have on this plan (boreholes will be
left open for a time). The Study Plan presents
insufficient information to fully evaluate this concern
and therefore the State must assume the gas phase portion
of this Study Plan will fail to satisfy its objectives.

Aqueous phase samples apparently will be almost
exclusively from the rock matrix and not fractures in the
vadose zone. Too much emphasis has been placed on
extraction of water from cores, which is predominately
matrix water. If predominantly matrix waters are
analyzed, a biased and non-conservative result will be
obtained for travel times and flow paths in the
unsaturated zone. The ultimate objective must be to
characterize hydrochemistry along the transport pathways.
The methodology for extraction of water from fractures in
core or rubble is doubtful and the amount of water
uncoverable extremely small - too small to satisfy all
analytical requirements. An insufficient number of
samples are planned from perched water zones (if any are
encountered) in the vadose zone and there is no provision
for sampling the free water of perched zones during
drilling or for collecting water samples from dripping
fractures underground.

As proposed, this Study Plan will obtain its cores by air
drilling. It appears the air drilling technique
described incorporates no provision for detecting
moisture i.e. free water in fractures or perched water
during the drilling process. This is a serious oversight
if the objective of the study is to sample all
occurrences of moisture in each borehole.

2. What strategy is there to resolve the possible conflict
among data obtained from several studies, each of which
has an objective to define flux and flow times in the
unsaturated zone? Specifically, there could be
inconsistencies among data obtained during the
unsaturated zone infiltration study (Study Plan
8.3.1.2.2.1) and the results of the geochemistry sampling
described in this Study Plan.

3. Will the geochemistry of fluids obtained at Yucca
Mountain from this study be compared to other Nevada Test
Site data such as that from Rainier Mesa and the Tunnels
to compare and contrast possible recharge and flow
mechanism? Will that analysis be performed within this
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Study Plan or within Study Plan 8.3.1.2.3.1.1
"Characterization of the Yucca Mountain Regional - Ground
- Water Flow System", or some other Study Plan?

Should you have questions, this Office is available to meet
with the Department to discuss the State's comments at any time.

Sincerely,

Robert . Loux
Executive Director

RRL: cs
Attachment

cc: Carl Gertz, YMPO
NJoe Youngblood, NRC

Dade Moeller, NRC-ACNW
Steve Kraft, EEI
John Cantlon, NWTRB
Dwayne Wiegel, GAO
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ATTACHMENT

State of Nevada specific comments on Study Plan 8.3.1.2.2.7

"Hydrochemical Characterization of the Unsaturated Zone".

1. On page 1.1-3, the State agrees with the need for prototype

testing and development of procedures but with the following

reservations:

(1) Is the prototype testing to be performed at Yucca

Mountain, elsewhere on the Nevada Test Site, or some

other analog site?

(2) The nature of the published reports in which the result

will be presented should be specified, such as

publication in peer-reviewed journals, U.S.G.S. open-file

reports, or some form of DOE publication?

(3) Will these published reports or prototype testing be

available for review by the State of Nevada and others in

a timely fashion before the actual characterization work

begins?

2. Table 1.2-1 (page 1.2-5) lists chemical and isotopic analyses

for the hydrochemical tests. Why are specific rare-earths

and/or other trace elements not listed? Certainly some



thought went into this item for it to be listed, but the

result is not apparent.

The exact organic compounds to be analyzed are not specified

either. Why not? There must be some literature information

as to which organic compounds might be expected in thick

vadose zones of arid regions.

Under "Contamination Check", certain species such as N02 and

B03 may occur naturally and perhaps in measurable

concentrations. For these to indicate contamination,

background (i.e. uncontaminated levels) must first be

established.

Sulfur and nitrogen isotopic analyses of the vadose-zone

ground water are not mentioned and there is no discussion of

the omission. If compounds containing these elements are at

significant concentrations in the water, isotopic analyses can

provide information on their sources and thus indirectly on

potential flow paths.

3. On page 1.3-3 under Performance Issue 1.6 (Pre-waste

emplacement ground water travel time), the "performance goal

for ground water travel time for all geohydrologic units

between the disturbed zone and the accessible environment is

1,000 years or more at a very high confidence level." There
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are at least a couple of problems with this statement:

(1) The fastest pAth, not, for example 100% of the flow paths

at 95% confidence level, must have ground water travel

time greater than 1,000 years.

(2) The word golJ has been misused in the past and continues

to be misused (see the State of Nevada comments on the

DOE Site Characterization Plan for the Yucca Mountain).

The phrase "performance goal" containing the word goal

implies that man can control and obtain an objective. In

reality, all engineering occurs in the disturbed zone of

the repository and thus there are no engineered barrier

systems, only natural ones, between the disturbed zone

and the accessible environment. A different term and

phrase should be used that does not imply any engineering

capabilities.

4. On page 1.3-4 under Design Issue 4.4, what exactly is meant by

the phrase "waste-package liner"? The State presumes that the

authors mean the waste-package canister. The State is not

aware that the canister is lined with any material, except for

those that contain defense waste glass. Defense waste glass

is poured into a 304L stainless steel can which will then be

placed inside the waste-package--canister. This phrase is

ambiguous and requires clarification.
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5. Page 2.1-5 contains the following statement: "The.6D values

would not have been affected even if there were high-

temperature events (200 to 300 C) in the past because the

tuff contains no hydrogen atoms." The tuff may have a low

water content, but doubtful that it contains n hydrogen

atoms. This statement is incorrect and misleading; it should

be corrected or supported by a reference.

6. On page 2.1-4, the following statement is made: "All these

evidences of profile inversions of tritium concentration with

depth point to the fact that vertical percolation was not

occurring at Yucca Mountain, while either fractures or bedded

units were transporting moisture laterally." Quite to the

contrary, all evidences of profile inversions of tritium

concentration points towards a strong vertical component of

movement of water in the vadose zone. How else are these

modern waters able to reach the bedded tuff units where they

are able to travel with a more lateral component? Fractures

and fault zones with more of a vertical than lateral

orientation provide infiltrating water of percolation an

avenue to reach the bedded tuff units. These bedded tuff

units then allow more of a lateral component to the flow

paths. The original statement which can be traced to the

Environment Assessment for Yucca Mountain that "vertical

percolation was not occurring at Yucca Mountain" seems to be

more of a policy statement than one that is based on
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reasonable geologic sense and the meager scientific data

available.

7. Page 2.1-6 contains three provisional conclusions which are

drawn from the Section 2.1.2 Interpretation Discussion. The

first provisional conclusion dr4wn by the authors "there is

no significant recharge from the unsaturated zone to the

saturated zone beneath Yucca Mountain"] appears to be rather

dogmatic given the available scientific data presented in the

Study Plan for the following reasons:

(1) Tritium concentration profiles show reversals that

suggest significant vertical movement of infiltrating

precipitation see previous comment, #6J.

(2) The stable isotope data for ground water, Fortymile wash,

and the unsaturated zone (UE-25) are within the range for

precipitation on Yucca Mountain and surrounding areas.

Partial evaporation (Raleigh fractionation) of

precipitated waters in the soil zone or by gas

circulation (caused by barometric pressure changes) in

the vadose zone could cause depletion of infiltrating

waters in oxygen-18 and D.

(3) Los Alamos scientists have found evidence of bomb-derived

chlorine-36 at a depth of several hundred feet in a
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borehole. The authors have made no mention of this

discovery nor the rapid filtration, probably along

fractures, that this implies. The authors should review

Study Plan 8.3.1.2.2.2 "Water Movement Tests" for a

discussion of chlorine-36 in the unsaturated zone.

8. The State is supportive of the statement at the bottom of page

2.1-6: "In order that the study produces valid conclusions,

it is essential that (1) there be a sufficient number of

moisture samples obtained as a function of both depth and

spatial distance to represent a statistical sampling of tuff

moisture, (2) the chemical composition of the moisture be

accurately known, and (3) the effects of air introduced to the

system (natural or man-made) can be evaluated." The key point

for drawing valid conclusions is that samples be obtained from

all environments at the site which may provide a path for

rapid flow within the unsaturated zone. The sampling must be-

spatially representative.

9. At the top of page 2.1-7, the text still refers to an

exploratory shaft (ES-1), an outdated underground exploratory

concept. The Study Plan should be revised to reflect the

present concept of exploratory studies facility ramps and

drifts.

Given that the access to the underground has changed, will
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there now exist additional opportunities to sample fracture

water? How has the change in access location and method

impacted the unsaturated-zone geochemistry sampling? The

Study Plan should be revised to reflect changes.

10. Section 2.1.-3 (page 2.1-7) discusses parameters and testing

strategies. The authors make the statement that "a common

requirement of the parameters is that sufficient confidence

can be placed in their numerical values to permit the

construction of hydrologic modeling and hypotheses testing."

The flow paths are considered to be parameters and thus

according to the quoted statement should have numerical

values. This bit of apparent terminology needs some

explanation. Normally flow paths are not directly measurable

unless one can inject a tracer at the surface of the mountain

and detect its presence somewhere else (underground in the

exploratory study facility?) on the flow path in one's

lifetime. The State presumes that the flow paths determined

by this study result from interpretation of the data obtained

by analyses of samples collected.

11. Relative to Table 21-1 Activity Parameters Derived From This

Study, all entries within the second and within the third-

columns are the same (within each column]. Therefore, the

State fails to see that the table serves much of a purpose.

Site parameters such as flow paths are not generally directly
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determinable but are interpreted entities from other

quantities measured from collected samples. A similar

reasoning applies to travel times; these are interpreted from

other directly measured data (such as hdrochemistry and

isotopes). The question is why are interpreted results such

as flow paths and travel times included with directly

measurable quantities and called site parameters?

12. On page 2.1-11 the following statement is made: "If the

numerical models do not prove adequate to provide the

information required by the performance and design issues,

then the original conceptual model will be revised or

expanded."

If the models do not provide the information required for

performance and design issues, is there a provision to collect

additional data as well as revise the model(s)?

13. Also on page 2.1-11, the statement is made that: "Because

input parameters for modeling cannot be known explicitly

everywhere throughout the modeled area, the parameters must be

expressed as statistical distribution functions." Where is a

discussion, procedure, or reference to the construction of

statistical distribution functions from parameters? The same

question may be asked of the "calibration of the model to

observed conditions..." in the same paragraph.
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14. Given that under the new ESF underground configuration, no

radial boreholes are planned (opposite of what is stated on

page 2.1-12), how has the new access configuration and methods

affected the proposed radial borehole concept and subsequent

gas sampling presented in this Study plan? What provisions

have been made to obtain that data with the ramp access?

15. On page 2.1-12, regarding the collection of gas samples twice

a year from isolated intervals, are these intervals isolated

at all times or only during sampling? If the intervals are

not isolated at all times but only during sampling, the

possibility exists for mixing and flow of gas within the shut-

in borehole. Gas from one geohydrologic unit may flow from

the borehole into another unit. Results arising from analyses

of such samples may be dubious if there has not been

sufficient pumping and sampling to establish lack of

contamination. Otherwise, how might this cross-contamination

and mixing be handled?

16, Again on page 2.1-13, planned tests focus on boreholes in an

exploratory shaft. Has the proposed change in access using

ramps and the additional drifting, resulted in changes in the

boreholes to be sampled? Has this also changed the proposed

sampling of the Calico Hills units from the surface now that

there is a proposed Calico Hills drift?
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17. Reference to Table 2.1-2 SamRling Scheme From Different

Lithologic Units For Each Borehole on page 2.1.-14. Sample

frequency appears inadequate for the Topopah Springs units

(only 20 samples, one every 50 feet); a higher sampling

frequency is needed for this unit. What rationale determined

sampling frequency?

Perched water zones are very important and only one sample per

zone is planned. This is totally inadequate as at least two

or three per zone are needed and more realistically perhaps

many samples should be taken to define the size of the zone.

Water levels should be measured between samples. Because

these zones represent free water most likely from fracture

flow, multiple samples are needed for replicate determinations

and to prevent against the loss or destruction of the "only"

sample.

Furthermore, there appears to be no provision for the sampling

of free flowing seeps in the underground workings. If the

authors are truly interested in obtaining fracture water,

provision must be made to sample flowing seeps (fractures)

underground.

18. Page 2.1-15 discusses a methodology for collection of fracture

water. Regarding the sampling of small fractures by chiseling

away material from both sides and collection of water by
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centrifugation, there are a number of important questions left

unanswered by the plan:

(1) Is there any precedence for this procedure?

(2) How will one ensure only fracture water is collected?

(3) From the standpoint of the volume/mass of water sample

needed for analyses, has there been a calculation of the

size of rock sample needed?

Without supporting information to justify its use, this

procedure appears unscientific and doomed to failure.

19. Relative to Table 2.2-1 Summary Of Procedures For Analysis Of

Parameters For. The Unsaturated-Zone Hydrochemistrv Tests on

page 2.2-2. Table entries are incomplete, specifically those

for C1-36, Ar-39, and He-3/He-4.

20. *Reference to

page 3.2-1.

information

touched upon

the major obj

Study Plan.

interpreted

Section 3.2.2 Rationale For Activity Selection on

How data will be interpreted to obtain

such as flow paths and travel times is only

very briefly in this section yet these items are

ective of all the data collection efforts of this

A more detailed explanation of the derivation of

parameters (flow paths and travel times) is
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needed.

21. In Section 3.1.3.1 on page 3.1-4, the statement is made that:

"Available information suggests that this does not cause a

problem with interpretation, howev~er, there are. plans to test

the validity of this assumption using tracer gases applied to

surrounding intervals."

What "information suggests that this drilling effort and

equilibration time] does not cause a problem with

interpretation..."? Statements such as this should be tied to

a reference, i.e. a published document.

22. The following statement is made at the top of page 3.1-7:

"Also, sample sizes will be large enough to use nonstandard

procedures during degassing."

What is implied by "sample sizes will be large enough to use

nonstandard procedures during degassing."? Usually very small

samples require so-called nonstandard procedures.

23. In Section 3.2.3 on page 3.2-3, the approach is to obtain pore

water extracted from unsaturated-zone drill cores of rock

matrix and near fractures. It is difficult to imagine how

fracture and/or near-fracture water will be collected from 4

inch cores without contamination from the surrounding matrix.



The State would propose that the testing of cores for

extraction of water by uniaxial and triaxial compression only

applies to matrix water, unless the core is from a perched

water zone. The Study Plan is silent on how the authors will

determine from a drill core when one is "near a fracture"

appropriate for sampling. Fracture water must be obtained in

the field either as perched water samples or collected

underground from seeps in the exploratory study facility. An

insufficient number of samples is assigned to perched water

zones and there is no mention anywhere in this Study Plan for

the collection of free-flowing water samples from fractures

underground. This omission is a very serious defect in this

-Study Plan and its omission suggests that the DOE authors are

not concerned with the collection of water samples from

fractures.

Cores from perched water zones, samples of perched water from

a borehole, and the sampling of seeps are samples of

opportunity and as such require immediate decisions in the

field by a responsible geoscientist. The sampling of perched

water requires pumping. None of these activities appears to

be covered by any quality assurance or technical procedures

mentioned in this Study Plan document.

24. The Study Plan on page 3.2-4 indicates that the preparation of

samples for triaxial compression tests is in a nitrogen-
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atmosphere glove box to prevent atmospheric contamination.

The question is will the low-humidity atmosphere cause some

drying out of the sample prior to testing? Has this

possibility been considered and evaluated?

14


