) )

' PHASE I REVIEW: DOE STUDY PLAN FOR CHARACTERIZATION OF THE
UNSATURATED-ZONE INFILTRATION
(STUDY PLAN 8.3.1.2.2.1 REV. 0)

by
Rex G. Wescott

Hydrologic Transport Section
Geosciences & Systems Performance Branch
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April 19, 1991

Introduction

The purpose of the DOE "Study Plan For Characterization of the
Unsaturated-Zone Infiltration" is to investigate the mechanisms,
paths and quantities of infiltration at the Yucca Mountain Site.
The study plan contains three activities: (1) Characterization of
hydrologic properties of surficial materials (8.3.1.2.2.1.1),

(2) Evaluation of natural infiltration (8.3.1.2.2.1.2), and (3)
Evaluation of artificial infiltration (8.3.1.2.2.1.3). The
specific objectives of these three activities are to:

1) determine present-day net-infiltration rates (fluxes) in
response to natural-precipitation events;

2) determine the range of net-infiltration rates, flow
velocities, and flow pathways that can be expected under
simulated wetter climatic conditions; and

3) characterize the infiltration-related hydrologic properties
for the surficial materials on Yucca Mountain.

The study plan was reviewed with respect to (A) DOE/NRC agreements
on the content of study plans, (B) Identification of objections,
(C) Closure of NRC open Items, and (D) The need for a detailed
review (See review plan for NRC staff Review of DOE Study Plans,
Revision I, 12/6/90).

Evaluation of Study Plans Relative to the Adreement and to the
Responsible DOE Contractor's OA Program (Obijectives 1 and 5)

Criterion 1- The content of the study plan under review is
reasonably consistent, as appropriate for the
activities, tests and analyses described, with the
Agreement (NRC-DOE meeting on the level of detail for
site characterization plans (SCP) and study plans May
7-8, 1986)

Staff Review: Attached (Attachment A) is an itemized checklist of
the study plan content versus the agreement on content
resulting from the level of detail meeting. The study plan
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contains three activities, characterization of the hydrologic
properties of surficial materials, evaluation of natural
infiltration, and evaluation of artificial infiltration. The
study plan lists field tests and analysis methods that will
be used to carry out the activities. Because of the nature
of the activities, much of the information required in the
Level of Detail Agreement can not be provided until prototype
testing (part of the study plan) is completed. In our
judgement these deficiencies do not compromise our ability to
review the study plan for impacts and effectiveness.

Criterion 2 - All study plan references have been provided when the
study plan was issued.

Staff Review: The study plan lists 75 references in addition to
the DOE Site Characterization Plan (SCP) and the USGS Quality
Assurance Program Plan for Nevada Nuclear Waste Storage
investigation. Of these only 11 were listed as references for
Chapter 3, Hydrology, of the SCP. Of the remainder, most
appeared to be available as government reports, articles in
widely circulated journals, textbooks, or ASTM standards. A
few, however, were in the category of papers still in the
review process, unpublished thesis, and foreign conference
proceedings. These references are expected to be difficult
to obtain. Attachment B is a copy of the list of references
from the Study Plan with all references marked either SCP
(referenced in the SCP), AA (assumed to be available), or NAA
(not assumed to be available. DOE should provide copies of
all references marked NAA to NRC. Copies of references marked
AA may be requested later if required for future reviews or
exchanges.

Criterion 3 - Open items relative to the QA program of the DOE
contractor responsible for the study plan that could
call into question the quality of the study plan,
have been resolved.

Sstaff Review: [TO BE DETERMINED BY THE QA REVIEWER]
Identification of Objections (Objectives 2 through 6)

Criterion 1 - Potential adverse effects on repository performance:

Staff Review: Adverse effects are not expected. Activities which
could affect the site are limited to the drilling of boreholes
for neutron logging and use of water sprays for artificial
infiltration experiments. Of the 98 neutron-access boreholes
listed in the study plan, only 24 are proposed, the remainder
are existing boreholes. Some of the existing boreholes extend
to depths of 120 ft. The planned depth for the proposed holes
is 50 ft. No holes will penetrate the repository block. In
regard to the artificial infiltration experiments, the
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rainfall simulation plots will only affect a small amount of
surface area. According to the study plan, there will be 23
small plot rainfall simulation sites covering about 1 square
meter each. There will be 15 large plot rainfall simulation
plots covering about 60 square meters each. The amount of
water to be used in the experiments will be less than 30 cm.
over the test areas or about two years rainfall.

Criterion 2 - Potential significant and irreversible/unmitigable
effects on characterization that would physically
preclude obtaining information necessary for
licensing.

Staff Review: None. No interference is expected between these
tests and other characterization activities, nor will these
tests affect any other activities.

Criterion 3 - Potential significant disruption to characterizatioh
schedules or sequencing of studies that would
substantially reduce the ability of DOE to obtain
information necessary for licensing.

Staff Review: Disruption of schedules is not expected. This study
includes the monitoring of meteorologic and hydrologic
parameters over many years and should be initiated as soon as
permitted and continued through the performance confirmation
period. Accordingly, the schedule for this study should be
independent from other studies and not disrupt other
schedules.

Criterion 4 -Inadequacies in the QA program which must be resolved
before work begins.

Staff Review: [TO BE DETERMINED BY THE QA REVIEWER]

Closure of NRC Open Items (Objectives 8 and 11)

Staff Review: Not applicable - DOE did not propose to close any
open items with this study plan in its transmittal letter.
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>ueeg for Detailed Technical Review

A study plan is a candidate for detailed technical review if it
meets any of the following criteria from step 6 of part 4.2 of the
Review Plan.

Criterion 1 - The study plan may be related to one or more key site
related issues.

Staff Review: Determining the range of net infiltration rates,
flow velocities, and flow pathways that can be expected under
present day and simulated wetter conditions are key site
related issues in regard to regulatory requirements such as
performance assessment, groundwater travel time, EBS release
rates, and waste package integrity.

Criterion 2 - The study plan pertains to some NRC open items.

Staff Review: NRC Staff Comment 13 on the DOE SCP regarding
locations of stream flow, precipitation, and meteorological
stations listed Study 8.3.1.2.1.2 (Characterization of Runoff
and Streamflow) and Activity 8.3.1.2.1.2.1 (Surface-water
Runoff Monitoring) along with Study 8.3.1.2.2.1
(Characterization of Unsaturated-Zone Infiltration) and
Activity 8.3.1.2.2.1.2 (Evaluation of Natural Infiltration).
The comment and recommendation are primarily concerned with
the first listed study plan and activity, however. The status
of Comment 13 will be discussed in the detailed technical
review of Study Plan 8.3.1.2.1.2 (Characterization of the
Yucca Mountain Regional Surface-water Runoff and Streamflow).

Criterion 3 - The study plan describes unique, state-of-the-art
tests or analysis methods that therefore do not have
a supportive scientific history of providing data
usable in licensing.

Staff Review: The study plan describes a number of techniques that
are relatively new investigation methods or have not been used
on the scale being proposed by the study plan.

Criterion 4 - The study plan describes a study critical to the
evaluation of site performance that cannot be
repeated for a number of years due to its disruption
of the natural baseline.

Staff Review: The natural baseline will be disrupted, possibly for
a number of years, at the sites of the large plot rainfall
simulation studies. At many locations, however, the large
plot simulations can be moved to another location if they
should need to be repeated.
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‘criterion 5 - The study has some other critical relationship to
potential licensing concerns.

Staff Review: The staff has no licensing concerns in regard to
this study plan other than those listed above.

This study plan is a candidate for a detailed technical review
based on criteria 1, 3, and 4. However, many procedures will not
be finalized until after the prototype testing phase. Therefore,
we suggest that a detailed technical review not be conducted. As
an alternative, we suggest that technical exchanges, possibly with
accompanying field visits, be used to monitor the progress of the
data collection program.
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'~ ATTACHMENT A

Phase I Review of Study Plan 8.3.1.2.2.1
Characterization of the Unsaturated Zone-Infiltration

Rex G. Wescott, Hydrologic Transport Section
April 15, 1991

I. Purpose and Objective
Describe the information to be obtained in the study.
Yes_ X  No N/A
Provide the rationale for information to be obtained.
Yes_ X No N/A
IXI. Rationale for Study/Investigation
Provide rationale for tests and analysis, indicating
alternatives considered and options, advantages, and
limitations.
Yes__ X  No N/A
A multiple approach strategy is being pursued with test designed
to compliment one another.

Provide the rationale for the number, location, duration
and timing of tests, considering uncertainty, and
identify obvious alternatives.

Yes_ X = No N/A

Describe the constraints for the study, considering:
- Potential site impacts
Yes__ X No N/A

Approximately 100 neutron access boreholes will be drilled into
surficial units. Planned depth for new holes is about 50 feet.
Some existing holes are down to 120 ft. Less than 30cm water to
be used in infiltration studies, equivalent to about two years
rainfall.

- Need to simulate repository conditions
Yes No N/A_X_
Stated as being test dependent. It is understood that parameters
determined from this study may have to be adjusted in performance
assessment for climatic changes or the effects of the repository.

- Required Accuracy and precision
Yes_ X  No N/2&

- Limits of Analytical Methods
Yes_ X No N/a
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- Capability of Analytical Methods
Yes X No N/A

The limits and capabilities of each analytical method are not
described explicitly in the text but are included in the discussion
of most of the various methods.

- Time required vs. time available
Yes_ X  No N/A

- Scale of Phenomena and Parameters
Yes_ X No N/A

- Interference among test
Yes X No N/A

- Interference between tests and ES
Yes X No N/A

III. Description of Tests and Analysis

Steps of
testing.

For each Type of Test

Describe general approach that will be used.

Yes_ X No N/A

Describe key parameters that will be measured in test and
experimental conditions under which the test will be
conducted.

Yes_ X No N/A

Indicate number of tests and locations.

Yes_ X __ No N/Aa

Summarize test methods if non-standard procedure,
summarize steps of test, how it will be modified, and
reference technical procedure.

Yes No__X  N/A

non-standard tests will be formalized after prototype

Indicate level of QA and provide rationale for any tests
not QA level.
Yes No N/A

Reference the applicable specific QA requirements applied
to test.
Yes No N/A

[TO BE DETERMINED BY QA REVIEWER]
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- Specify tolerance, accuracy, and precision required in
test.
Yes No_X  N/A
The accuracy and precision of the tests can not be accurately
quantified prior to the implementation of prototype testing.

- Indicate range of expected results and basis for those

results.

Yes_ X No N/A

- List equipment requirements, briefly describing special
equipment.
Yes No__ X N/A

Equipment selection and development is a major objective of the
prototype testing. As such, specification of equipment to be used
during site characterization cannot be completely defined until
this testing is complete. For standard testing methods, equipment
lists may be found in the technical procedures noted for each
activity described in Section 3 of this plan.

- Describe techniques to be used for data reduction and
analysis.
Yes_ X No N/A

- Describe representativeness of test, indicating
limitations and uncertainties that apply to use of
results.

Yes No_ X  N/A
The representativeness of the test is discussed in general terms,
limitations and uncertainties are not explicitly listed.

- Provide illustrations of test locations.
Yes_ X No N/A

- Discuss relationship of test to set performance goals and
confidence levels.
Yes_ X No N/A

For Each Type of Analysis

- State purpose of analysis, indicate conditions to be
evaluated and describe any uncertainty analysis.
Yes_ X = No N/A

- Describe methods of analysis, including analytical
expressions and numerical models to be used.
Yes_ X No N/A

3



/ —/

- Reference the technical procedures document that will be
followed during analysis.
Yes__ X No N/A
- Indicate levels of QA applied.
Yes No N/A
(TO BE DETERMINED BY QA REVIEWER]

- Identify data input requirements.
Yes X No N/A

- Describe expected output and accuracy.
Yes No_X  N/A
The accuracy of the various analysis will depend, to a large part,
on the accuracy of the input parameters.

- Describe representativeness of analytical approach,
indicating limitations and uncertainties that apply to
results.

Yes No_ X N/A
The limitations and uncertainties of each analytical approach were
not explicitly listed, however, representativeness of each can
usually be ascertained from the discussion.

IV. Application of Results

Briefly discuss where results from study will be used for
support of other studies.
Yes_ X  No N/A

Refer to specific performance assessment analyses.
Yes_ X  No N/A

Describe where information from study will be used in
construction equipment and engineering system design and
development.

Yes_ X  No N/A

Describe where information from study will be used in
planning other characterization activities.
Yes_ X 2 No N/A

V. Schedules and Milestones

Provide durations of and interrelationships among
principal activities associated with this study.
Yes_ X No N/A
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List key milestones including decision points associated
with study activities.
Yes_ X  No N/A

Describe timing of study relative to other studies and
other program activities.
Yes_ X No N/A
Provide dates for activities for the study plans:
reference section 8.5 in SCP.
Yes No_X  N/A
Dates are expressed in terms of fiscal years after inception of the
study plan.
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