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FOREWORD

The Basalt Waste Isolation Project (BWIP) is part of the national effort
by the U.S. Department of Energy (DOE) to identify a site suitable for a
nuclear waste repository. The objective of the BWIP is to assess whether or
not a nuclear waste repository can be sited in the basalts beneath the Hanford
Site. Studies to date on the project are summarized in the BWIP Site Charac-
terization Report (SCR) which was submitted by the DOE to the State of
Washington in November 1982.

The purpose of the SCR was to provide the status of the preliminary site
characterization work and identify the data yet to be obtained for detailed
site characterization. The plans for acquiring the needed data during the
detajled site characterization phase were also included in th2 SCR. The SCR
focused on the preliminary geology and hydrology studies and included some of
the initial work in the development of nuclear waste packages and repository-
engineering studies. Special emphasis was placed on the early work in
development of performance standards for radionuclide release that would be
required of the geologic, waste package, and repository systems.

The State of Washington reviewed the SCR and submitted comments to the DOE
in a letter report dated May 24, 1983.* In this letter report, the State of
Washington and its geotechnical consultant, Golder Assaociates, Inc. (GAI),

offered a detailed chapter-by-chapter critique of the SCR in the followin
format: .

o Executive Summary

Synopsis

e Summary of Technical Content Presented by the DOE in the SCR

¢ GAI Evaluation of Technical Adequacy of the SCR.

In order to systemmatically respond to the State of Washington (and GAI)
comments, the DOE produced disposition/response tables. The tables listed
verbatim each specific concern raised in the letter report. In addition, the
DOE presented its disposition (agreement, disagreement, or need for further
clarification) regarding each comment and followed with a narrative explana-
tion of the disposition, including commitments to resolve the comment at
defined points in the next site characterization document, the Site
Characterization Plan (SCP).

*Gould, S. E. Nuclear Waste Policy and Review Council State of Washington
Department of Ecology, "Comments of the State of Washington on the U.S.
Department of Energy Site Characterization Report for the Basalt Waste ,
Isolation Project," (letter to R. L. Morgan, Project Director, Nuclear Waste
Policy Act Project Office, May 24, 1983).
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These disposition/response tables were submitted in draft form by the DOE
to the State of Washington in October 1983. A meeting of the DOE, State of
Washington, and GAI was held on February 10, 1984, in order to attain con-
census on the documented comments, disposition, and responses. The compil-
ation that follows represents this concensus. It is intended to comprise a
tool that systemmatically approaches resolution of the State of Washington
comments and concerns as site characterization proceeds and the SCP is
prepared.
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CHAPTER 2 (REPOSITORY SITING PROCESS)

ITEM REFERENCE: Section 2.1, page 2-1, paragraph 3

GAI COMMENT: “In GAI's opinion, the site selection methodology presented by
00E in Chapter 2 of the SCR has the following limitations:

o The site selection methodology used by DOE was constrained at the outset
by the requirement that only basalts underlying the Hanford Reservation,
and to a minor extent the Pasco Basin, would be the focus of the reposi-
tory siting effort. As a result, although DOE may have identified a
qualified or suitable basalt site(s) within the Hanford Reservation, they
may not have identified the best basalt site(s) within the Hanford
Reservation, the State of Washington, or the continental U.S. It must be
emphasized however that the site selection methodology needs only to pro-
duce a qualified site, and not necessarily the best site."

STATUS: Agreed

BWIP RESPONSE: The U.S. Department of Energy's (DOE's) overall plan for
selecting sites is presented in its public draft, national siting plan.* In
this plan, DOE has outlined several approaches to identify starting points for
screening. One of these approaches is to identify federally owned Tands, such
as the Hanford Site, that have been committed to ruclear activities and may
have suitable host rock. Input regarding the intent of this approach, i.e.,
to identify a potentially "qualifiable" site rather than the "best" site, will
be added to Chapter 2 of the Site Characterization Plan (SCP).

[TEM REFERENCE: Section 2.3, pages 2-5 and 2-6, paragraph 4

GAL COMMENT: "GAI's [sic] believes that the application of the site selection
methodology is inconsistent. Two examples of inconsistencies are the consid-
erations .of environmental impacts and new data within the methodology.
Although 0OE states that one of its major siting objectives is to minimize
adverse environmental impacts, no weight is given in the final siting decision
to environmental considerations. Although certain environmental factors have
been considered in area screening, GAI believes that by not considering envi
ronmental impacts in the final siting decision DOE is implying that ali

*U.5. DOE, 1982, National Plan for Siting High-Level Radicactive Waste
Repositories and Environmental Assessment: Public Oraft, DOE/NWI5-4,
DOE/EA-151, National Waste Terminal Storage Program, Battelle Memorial
Institute, Columbus, Ohio (February 1982).
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CHAPTER 2 (REPQSITORY SITING PROCESS)

candidate sites are environmentally equivalent and/or that environmental
protection is not a siting factor but rather may be a design factor. Simi-
larly, DOE does not consider new data in their siting methodology. This fis
evidenced by the continuation of shaft activities at the reference repository
location in spite of the drilling results of the principal borehole, which
showed only about 85 feet of dense basalt. If this thickness had been input
into the decision process, then presumably the current reference repository
location would have been rejected. DOE avoids this eventuality by shifting
its focus to the Middle Sentinal Bluffs as a candidate repository horizon. As
stated earlier, the consequence of the inconsistencies in the siting process

may be small, provided the reference repository location proves to be a quali-
fied site."

STATUS: Agreed

BWIP RESPONSE: While environmental factors are clearly viewed to be important
in the site selection of a nuclear waste repository, they were not found to be
good discriminators except during the early stages of screening. The environ-
mental factors are similar for all candidate sites on the Hanford Site and, as
such, were not discriminators for the ranking of candidate sites. Application
of environmental guidelines as set forth in the Nuclear Waste Policy Act of
1982* and in the final version of the Proposed General Guidelines for Recom-
mendation of Sites for Nuclear Waste Repositories: Proposed Rule** (10 CFR
Part 960) will be done in the Environmental Assessment.

We agree that new data are not considered in the siting methodology. Because
of the weighting of lineament and thickness criteria, the substitution of a
thick Grande Ronde Basalt flow, other than the Umtanum flow, as the reference
horizon is not expected to alter the results of the siting process. The thick
flow top in the Untanum flow at the RRL-2 site does not preclude the possi-
bility of the Untanum flow as a candidate repository horizon in the reference
repository location (RRL) inasmuch as the horizon meets the minimum thickness
of dense interior at the principal borehole (RRL-2).

ITEM REFERENCE: Section 2.3, page 2-6, paragraph 2

GAl COMMENT: ™"In GAI's opinion, the selection methodology is subjective. For
example, DOE assigns twelve times more importance to the distance from a line-
ament than to the groundwater traveltime from the repository to the environ-
ment, and has assigned no weight to the environmental impacts of project

*PubTic Law 97-425, Nuclear Waste Policy Act of 1982, January 7, 1983.
*%{),S. Nuclear Regulatory Commission, Disposal of Radiocactive Wastes in
Geologic Repositories; Licensing Procedures, 10 CFR 60, June 30, 1983.
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CHAPTER 2 (REPOSITORY SITING PROCESS)

development. Although the relative weighting is clearly subjective and
subject to differences in technical opinion, the consequences on the defensi-
bility of the siting process should be minimal provided the RRL is subse-
quently shown to be qualified."

STATUS: Disagreed

BWIP RESPONSE: The importance assigned to the distance from linears does not
imply that this measure is inherently more "important" than groundwater
traveltime. Importance relates only to a consistent basis for comparing the
sites while taking the differences between sites and the tradeoffs into
account. Determination of the weight or "importance" of measures is deter-
mined by a systematic evaluation of professional judgment.*

Lineaments represent potential structural features that may have an impact on
waste isolation and, due to their aerial distribution and a preliminary inter-
pretation of their significance, were judged to be good discriminators.
Groundwater traveltime differences between sites were minimal and, therefore,
not good discriminators.

ITEM REFERENCE: Section 2.3, page 2-6, paragraph 3

GAI COMMENT: "In conclusion, GAI believes that given DOE's requirement to
constrain the potential site to the Hanford Reservation and the minimal site
specific data related directly to performance whicn was available, the siting
process could not have been condycted in any other significantly different
manner. However, the siting process does not, in GAI's opinion, address the
1ikelihood of subsequently demonstrating that the selected site will be
licensable."

STATUS: Agreed

BWIP RESPONSE: The results of the screening and ranking that lead to the
selection of the RRL does not represent an assessment that the site meets the
draft siting guidelines {Proposed General Guidelines for Recommendation of
Sites for Nuclear Waste Repositories, Proposed Rules (10 CFR Part 960) or
those called for in the Nuclear Waste Policy Act of 1982 (PL97-425, January,
1983). Application of these gquidelines to the BWIP will be made in the
Environmental Assessment to be prepared at a later date. The screening and
rank ing process merely recommends that the RRL and the preferred candidate
horizon be the site and basalt flow to which these guidelines are applied.

*Kenny, R, L. and H. Raiffa, Decisions with Multiple Objectives, John
Wiley and Sons, Inc., New York, New York (1976).
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CHAPTER 3 (GEOLOGY)

ITEM REFERENCE: Section 3.1, page 3-1, paragraph 4

GAI COMMENT: "In GAI's opinion, the geologic data presented by DOE in
Chapter 3 of the SCR is accurate, sufficient, and comprehensive, except
(as recognized by DOE) regarding the stratigraphy and lithology, including
lateral variability, of the candidate repository horizons. Furthermore,
based on the presented data, GAl concurs in general with DOE's present
geologic interpretations.”

" STATUS: Agreed

BWIP RESPONSE: Additional stratigraphic and 1ithologic data will be presented
in the SCP, Chapter 3. Plans for additional geologic work will be presented
in Chapter 13.

ITEM REFERENCE: Section 3.3, page 3-5, paragraph 1

GAI COMMENT: "In GAI's opinion, the geologic conditions of the site should be
adequately assessed, especially as a basis for repository design, (e.g., depth
and thickness of the repository horizon, including the potential variability
over the area of interest) and to establish the geometric framework for the
groundwater model. Thus, the lateral geologic variability of basalt flows
should be assessed not only for the candidate repository horizon(s), but also
for those horizons which will affect performance."

STATUS: Agreed

BWIP RESPONSE: Data collected and analyzed since the publication of the Site
Characterization Report (SCR) will be presented in Chapter 3 of the SCP.
Additional work required to address this concern will be reflected in our
plans in Chapter 13 of the SCP.

[TEM REFERENCE: Section 3.3, page 3-5, paragraph 2

GAI COMMENT: "In GAI's opinion, the large body of geologic data presented
{and referenced) by DOE and DOE's iaterpretations are adequate for the purpose
of an SCR, with the qualification (as noted by DOE in the SCR) that additiona:
data need to be acquired regarding stratigraphy and lithology of the candidate
repository horizons and all horizons where a geologic understanding is neces-
sary to predict groundwater transport conditions. GAI believes that this

10
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CHAPTER 3 (GEOLOGY)

additional information is necessary to predict groundwater transport condi-
tions. GAI believes that this additional information is necessary to improve
understanding of intraflow structures and thereby allow refinement of design
and performance parameters. Secondarily, GAI believes that the attractiveness
of the RRL for subsurface mineral exploration should be reassessed in light of
recent exploratory oil and gas drilling within the region."

STATUS: Agreed

BWIP RESPONSE: Additional data needs on stratigraphy and 1ithology of the
preferred candidate horizon and on all horizons as required for groundwater

transport predictions and plans for securing these data are presented in
Chapter 13 of the SCR. .

The BWIP is closely monitoring 0il/gas exploration in the area surrounding the
Pasco Basin. The petroleum companies are currently investigating anticlinal
structures. The RRL is in a syncline and, based upon Shell 0il Company
exploration, is nat interpreted to be a desirable area for future explora-
tion. Upon the release of Shell 0i1 Company data, an updated assessment of
the relative attractiveness of resource exploration in the Pasco Basin will be
made. Reference to exploration activities will be made in Section 3.9.2 of
the SCP.

N
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CHAPTER 4 (GEOENGINEERING)

ITEM REFERENCE: Section 4.3, page 4-4, paragraph 4, item 1

GAI COMMENT: “The use of a linear stress failure criterion (i.e., Mohr-
Coulomb in terms of cohesion and friction angle) to describe strength of rock
(intact, discontinuities, or rock mass) and linear elastic parameters (Young's
modulus and Poisson's ratio) to describe deformability are generally poor
approximations of rock's typical non-linear nature, and thus result in addi-
tional uncertainty."

STATUS: Agreed ]
BWIP RESPONSE: The conceptual design, discussed in the SCR, was prepared to
meet a specific purpose dictated by the DOE. T..is purpose was to establish
budgets and schedules for congressional funding. Many decisions were made to
complete the conceptual repository design without the benefit of engineering
trade studies which would reflect licensing considerations. The design pro-
cess does provide ample opportunity for upgrading and incorporating changes as
additional information becomes available. The decision to use linear elastic
analysis for describing strength or deformability has not been made. A more
sophisticated rock mass nonlinear constitutive model will be developed from
the results of the block test at the Near-Surface Test Facility (NSTF) and
load-deformation results from laboratory triaxial testing of intact and
jointed specimens for various confinement pressures. In addition, a discrete
block model analysis of a jointed columnar basalt is being considered as a
method for establishing the load-deformation response of the rock mass for
various confinement stresses. Future evaluations of rock mass strength wil}
be based on a nonlinear representation of the failure envelope and not from a
single strength value or from a linear failure envelope. An initial estimate
of a rock nmiss failure envelope will be established by factorizing the labora-
tory strength results of intact rock to account for the presence of discon-
tinuities in the rock mass. Later attempts will be made to verify or improve
the failure criteria based on resuits from large-diameter triaxial lahoratory
testing of jointed specimens, in situ field testing and observations, and
discrete block modeling of proposed excavations. The methodoloay described
above will bc elaborated upon in Section 10.5 of the SCP.

ITEM REFERENCE: Section 4.3, page 4-4, paragraph 4, item 2

GAl COMMENT: "There is much more scatter in the strength and deformability
measurements on intact rock from laboratory test [sic] especially for the
Untanum (Table 4-2, Figure 4-2), than would be expected from natural varia-
bility, which suggests that either the samples used may not have been repre-
sentative (e.g., containing fractures) or that testing errors may have
occurred.”

12
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STATUS: Agreed

BWIP RESPONSE: Discussions relating to the strength and deformability scatter
are included in the SCR Section 4.1.3. The large scatter in strength and
deformability measurements for the Untanum flow are expected to be due to a
lack of adequate pre- and post-test-specimen visual characterization. Jointed
specimens were probably tested and classified as intact. Presently, the
pre-test-specimen visual characterization has been improved and the post-test-
specimen visual characterization capability has been impraved by stiffening
the lcading system and providing for strain-control loading near the peak
strength,

PrelimMinary analysis of the RRL strength and deformability results show
noticeably less scatter. This information will be contained in Chapter 4 of
the SCP.

[TEM REFERENCE: Section 4.3, page 4-5, item ]

GAl COMMENT: "The deformation modulus values determined from the borehole
jacking method are suspect in that the scale of the sample is small and
strongly affected by undetected joints; there is wide scatter in the results
(Table 4-4) probably due to such joints and the results are somewhat incon-
sistent (low in comparison with other generally more reliable tests, e.g.,
flatjack tests)."

STATUS: Agreed

BWiP RESPONSE: Deformation module values from the flat jack test and the
Jointed block test are considered more reliable than the borehole jacking
tests. Correlation between all methods will be presented in the SCP.

ITEM REFERENCE: Section 4.3, page 4-5, item 2

GAl COMMENT: "The determination of stress in the wall of an opening by the
single-slot flatjack test using vibrating wire stressmeters entails signi-
ficant uncertainty as shown in the wide range of results (Figure 4-8);
although the deformation modulus determined by the flatjack test has been
reported, the method by which this determination was made (apparently non-
standard) has not been discussed."

STATUS: Agreed

BWIP RESPONSE: There are uncertainties involved in measuring stress around
openings using the vibrating wire stress meter. The single slot test at
step 1 of the jointed block test was not intended to measure the stress

13
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redistribution around the tunnel opening. The odjectives of Step 1 of the
block test were to:

¢ Determine preliminary mass properties as a function of pressure and
temperature

o Evaluate rock instruments and test techniques for use in followup
thermomechanical field tests

e Provide test data for use in finalizing the instrument layout and
test design for Step 2 of the block test.

The test yielded the information on stress redistribution as a byproduct.
Further clarification of the reljability of the data and the test method will
be included in Section 4.3.2 of the SCP.

[TEM REFERENCE: Section 4.3, page 4-5, item 3

GAl COMMENT: "“The determination of peak shear strengths for individual
discontinuities by triaxial lab tests (Tables 4-6 and 4-7) include some
aberrant results, specifically inconsistent trends (in DC-8/1, 112.1 and
DC-8/1, 100.2 the stress ratio at failure should monotonically decrease
towards a residual value with increasing confining stress; these results
suggest possible test errors) aid unrealistically low results (in DC-4/1,
111.9 and DC-4/1, 123.2 the results indicate efther a very weak undetected
infilling material, e.q., clay, or possible test errors)."

STATUS: Agreed

BWIP RESPONSE: Tables 4-6 and 4-7 in Section 4.3.3 of the SCR generally show
a decrease in the coefficient of friction with an increase in confinement
stress. However, there are a few exceptions to these expected results. The
fncrease in coefficient of friction with confining stress could be due to the
roughness or curvature of the joint causing a different effective friction
coefficient as deformation across the joint proceeds. These tests were
conducted on somewhat frregular surfaces. The specimen 0C-4/1,111.9 that
indicated low friction angles is described as "some amygdules partially

filled with silky, fibrous zeolite, probably natrolite or thomsonite; frac-
tures at various angles to core axis.” The other low result, DC-4/1,123.2, is
described as "several tight airviplanar fractures and veins of silica minerals
and montmor illonite up to 0.08 inches (2 mm) wide at 25° to core axis; less
fractures approximately parallel to core axis." With this sample, it is pos-
sible that dehydration of the montmorillonite occurred at 100°C, so the tests
above this temperature reflect shearing of different materials. In the SCP,
details of joint infillings will be presented where possible.

14
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ITEM REFERENCE: Section 4.3, page 4-5, item 4

GAI COMMENT: "The heat flow properties are not properly defined, in that
specific heat and mass heat capacity appear to have been used interchangeably;
although the definition of specific heat is essentially correct, it is dimen-
sionless (mass heat capacity has the dimensions shown) and the definition of
thermal diffusivity in terms of specific heat is incorrect (it should be in
terms of mass heat capacity). This confusion leads one to suspect data
regarding this property.”

STATUS: Agreed

BWIP RESPONSE: The comment on nohenclature and dimensions is valid and the
confusion will be corrected in the SCP.

ITEM REFERENCE: Section 4.3, page 4-5, item 5

GAI COMMENT: "“The determination of in situ stresses by hydraulic fracturing
involves significant uncertainties, especially in the maximum horizontal
stress and to a lesser extent, in the minimum horizontal stress, due to the
assumptions finvolved. The assumption that no fluid intrudes into the rock
prior to fracturing may be invalid so that the actual pore pressure is not
known, as assumed.”

STATUS: Agreed
BWIP RESPONSE: The assumptions used in hydraulic fracturing data analysis and

the uncertainties associated with the method will be discussed in Section 4.6
of the SCP.

[TEM REFERENCE: Section 4.3, page 4-5, item 5

GA] COMMENT: "Also the assumption that the stress paraliel to the borehole
(i.e., the vertical stress) is the intermediate principal stress and has no
effect on the results (so that [a] fracture will initiate and propagate in a
plane along the axis of the borehole perpendicular to the minimum principal
stress) may be invalid. Rather, it has been concluded that the vertical
stress is the minor principal stress so that, although the crack initiates
parallel to the axis of borehole, it may twist undetected to a plane perpen-
dicular to both the axis of the borehole and the vertical stress (rather than
the minimum horizontal stress), as suggested by the horizontal cracks in the
borehole wall (Figure 4-19)."

15
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STATUS: Open

BWIP RESPONSE: The vertical stress was not assumed to be the intermediate
principal stress. It was assumed to be one of the principal stresses. The
test results indicate that the vertical stress calculated by the weight of
overburden is the least (minimum) principal stress. We would 1ike to discuss
this comment with GAl to better understand the intent.

ITEM REFERENCE: Section 4.3, page 4-5, item 5

GAl COMMENT: "Also, the summary of test results (Table 4.11) is inconsistent
with the typical example test results (Figure 4,17 and 4.18), which suggests
additional uncertainty in the data; interestingly, the shut-in pressure shown
in the typical example test results is approximately equal to the vertical
overburden pressure, which would also suggest that the crack may have prop-
agated in a horizontal plane."

STATUS: Disagreed

BWIP RESPONSE: No inconsistency exists between the data presented in
Table 4.11 and the Fiqgures 4.17 and 4.18. It should be noted that the
shut-in pressure shown in the Figure 4.18 is the pressure measured on the
surface, and, therefore, less the hydraulic head. 1

ITEM REFERENCE: Section 4.3, page 4-5, item 5

GAl COMMENT: "In addition, the in situ stress determinations made at NSTF
(Table 4-12) differ significantly in magnitude between methods (overcoring
versus hydrofracturing), and the orientations derived from both methods are
perpendicular to those observed in DB-15 and DC-12 and to what would be
expected from the anticlinal structure, again suggesting additional uncer-
tainty in the data."

STATUS: Agreed

BWIP RESPONSE: The potential causes of the difference between the principal
stress magnitudes obtained in the NSTF by the two measurement methods will be
explained in Section 4.6 of the SCP. The discrepancy between the principal
stress orientations in the near surface and at depth is attributed to the
effect of topography which is also called the "skin effect."

Further explanation will be included in Section 4.6 of the SCP.
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ITEM REFERENCE: Section 4.3, page 4-6, paragraph 2, item 1

GAI COMMENT: "Regarding determination of mechanical properties of disconti-
nuities, direct shear tests could have been performed on core and on large
scale samples obtained from the NSTF and exposures.”

STATUS: Agreed

BWIP RESPONSE: Future laboratory testing plans include both direct-shear
testing of jointed core and large-diameter triaxial testing of jointed
specimens to be obtained from the NSTF and Exploratory Shaft sites. These
test plans will be addressed in Section 14.3 of the SCP.

ITEM REFERENCE: Section 4.3, page 4-5, paragraph 1, item 2

GAI COMMENT: "Regarding determination of rock mass mechanical characteristics
{strength and deformability), there are empirical methods available for
assessing these as well as analytical models which combine the more easily
determined behavior of the components {intact rock, discontinuities, and pore
fluid). "Such methods which often entail significant uncertainty, could have
been used to estimate and then partially verify the characte~istics.”

STATUS: Agreed

BWIP RESPONSE: Future plans include the use of a rock mass classification
system and numerical modeling analyses (discrete block modeling method and
finite element method) to help verify the rock mass strength and deformability
characterization as established from the methodology presented in the previous
item. These will be addressed in Chapter 14 of the SCP.

ITEM REFERENCE: Section 4.3, page 4-6, paragraph |

GAl COMMENT: "Regarding the determination of rock mass thermal properties,
the single-slot flatjack test data could have been used."

STATUS: Agreed

BWIP RESPONSE: Rock mass thermal properties, thermal conductivity, have been
determined from back analysis of the single-slot flat jack test and will be
included in Section 4.5 of the SCP. The deformation response of the rock mass
is discussed in Section 4.2.
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ITEM REFERENCE: Section 4.3, page 4-6, paragraph 1, item 4

GAI COMMENT: “"Regarding determination of the in situ stress field, the
presence of core discing yields more information than has been presently
utilized, and the determination of stresses around an opening (e.q., by
single-slot flatjack test) could have been used; standard deformation _
measurements could have been made to support the determination of stress in
the wall at NSTF."

-

STATUS: Agreed

BWIP RESPONSE: Core discing is an indicator of high stress. It is difficult
to obtain quantitative inference regarding the stress magnitude from the core
discing information. The stress redistribution around an opening caused by
excavation will be assessed by small-scale flat jack tests. Further details
on the test plan will be included in Chapter 17 of the SCP.

ITEM REFERENCE: Section 4.3, page 4-6, paragraph 1, item 5

GAI COMMENT: "Observation/monitoring during construction of the NSTF offered
an opportunity to accurately assess rock mass characteristics, as well as
excavation/support methods under certain conditions."

STATUS: Agreed

BWIP RESPONSE: During the construction of the NSTF, opening stability was
observed visually. Tape extensometers were installed in strategic locations
in the NSTF during excavation of drifts. Various support methods including
steel sets, shotcrete, and friction stabilizer rock bolts (split set) were
used. Due to the relatively low-stress level, a meaningful comparison of the
support method was difficult to make. A study of excavation and support
methods will be made in the Exploratory Shaft Phase II. A description of the
plan is included in Chapter 17.

ITEM REFERENCE: Section 4.3, page 4-6 and 4-7, paragraph 2

GA] COMMENT: ™"Certain significant characteristics... There is also no data
regarding the characteristics of intact rock or discontinuities of any horizon
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except the Untanum, middle Sentinel Bluffs, and Pomona, and even in these
flows no data has been acquired for the following significant character-
istics/relationships:

¢ Shear strength of intact rock from the middle Sentinel Bluffs and
non-entablature zones of the Umtanum

o Residual shear strengths or creep for intact rock in any zone or flow

s Mechanical properties of discontinuities in any flow except the Umtanum,
and even in the Umtanum data is available only for peak shear strengths
(and not residual shear strengths or stiffnesses)

o Temperature effects on any mechanical properties of middle Sentinel Bluffs

o Thermal properties of intact rock from any but the entablature zones, and
even these do not include the effect of confining pressure.or of jointing

o Anisotrophy of properties in any flow or zone (except in the Pomona
where modulus anisotropy and heat flow anisotropy in the horizontal
plane were determined from borehole jacking and full scale heater tests,
respectively)

» Correlation of properties with density/porosity of intact rock or
roughness/aperture of discontinuities, or with scale of sample

¢ Secondary minerals contained within fractures, and the possibly
detrimental effects of heat on their mechanical properties.”

STATUS: Agreed

BWIP RESPONSE: Data are presently being acquired to adequately address the
referenced properties and relationships that are lacking. Those properties or
relationships that are not being acquired at this time will be presented as
work elements in Section 14.3. The existing data base will be updated in the
SCP. Plans for further characterization will Se expanded to cover Golder's
comment .

ITEM RFFERENCE: Section 4.3, page 4-7, paragraph 1

GAl COMMENT: "In addition to ignoring certain significant material character-
istics, there is no data (or references) presented by OOE in this chapter
regarding in situ temperatures anywhere at Hanford or in situ stresses other
than in limited zones in the Umtanum and Roza (eight or more km away) and
Pomona (NSTF)."

STATUS: Agreed

BWIP RESPONSE: Hydraulic fracturing tests have been conducted in the prin-
cipal borehole in the Cohassett and Grande Ronde flows in addition to the
Untanum flow. The test results will be included in Section 4.6 of the SCP.
The temperature data will be included in Chapter 10 of the SCP.
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[TEM REFERENCE: Section 4.3, page 4-7, paragraph 2

GAl COMMENT: "DOE's plans for future testing are only alluded to here (see
SCR Chapter 17 - Site Characterization Program). It is GAI's opinion that
this additional testing should produce high quality data (i.e., with low
uncertainty) and result in a comprehensive and sufficient data base, which can
be readily and defensibly interpreted and then applied to repository design/
construction. It is especially important that rock mass characteristics
(especially strength) of the repository horizon(s), as well as all other
affected zones, and the in situ stress field be adequately assessed, using
data from a variety of available sources. This will require access (by
exploratory shaft) and subsequent in situ testing. Suitable site-specific
correlations should be developed between the significant characteristics
(e.g., rock mass strength) and more easily measured physical properties (e.g.,
joint spacing, orientation, aperture), so that these physical properties can
be determined over wide areas to assess the variability of the rock mass
characteristics. Predictive performance models should also be site-verified.
In terms of test details, as developed at NSTF, the conditions (especially
stresses) at depth may be very different so that conclusions drawn from NSTF
regarding test methodology may be invalid; e.g., although flatjacks worked
well at NSTF, they may not have sufficient capacity to reestablish high
stresses, whereas overcoring may be more reliable at such higher stresses.”

STATUS: Agreed

BWIP RESPONSE: Chapter 17 will be completely updated based on the Exploratory
Shaft (ES) Test Plan which is in preparation. This test plan will address
those concerns raised by Golder.

[TEM REFERENCE: Section 4.3, page 4-8, paragraph 1

GAl COMMENT: "Due to the deficiencies in the existing gecengineering data
base, D0E has justifiably been reluctant to draw conclusions regarding
geoengineering, i.e., interpretation and application. However, in GAI's
opinion, these deficiencies should not preclude preliminary interpretations of
the existing geoengineering judgment; i.e., the deficiencies in the existing
geoengineering data base {especially uncertainty in individual data) should
first be assessed and then the data combined in a coherent manner consistent
with accepted engineering principles. This interpretation should assess and
incorporate all sources of uncertainty (including possible errors/biases in
data and ignorance), as well as natural variability, preferably in the form of
probability distributions for each characteristic/relationship. Statistical
distributions of data, as presented by DOE, may be misleading in predicting or
estimating the actual distribution of values of characteristics, as the data
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on which they are based may be biased and insufficient. Where the data base
is insufficient (e.g., complete ignorance or lack of data), there would
clearly be large uncertainty (expressed as a wide probability distribution).
Due to natural variability, there will in any case be residual uncertainty in
the value even as the deficiencies in the data base are eliminated."

STATUS: Agreed

BWIP RESPONSE: The problems associated with insufficient data are being
rectified by virtue of additional data collection and analysis (completed
after the publication of the S(R) and expected future data. Any new data,
with proper statistical interpretations, will be included in the SCP.

ITEM REFERENCE: Section 4.3, page 4-8, paragraph 2

GAI COMMENT: ™"The estimated geoengineering characteristics of the rock mass
(i.e., mechanical and thermal/thermomechanical characteristics, as well as the
effects of temperature on the mechanical characteristics, and in situ stress
and temperature}, including uncertainty, will be applied to repository design
and construction. This application to repository design has only been impliey
in this chapter - (see Chapter 10 - Repository Design). However, it appears
that intact rock characteristics, which may be significantly different than
the appropriate rock mass characteristics (especially strength and deforma-
bility), have been used by DOE in the conceptual design. If this is the case,
DOE's conceptual design has been based on generally unconservative assessments
of material characteristics. For example, DOE's conclusion that neither
support or rock bursting will be a problem may be invalid.- Also, there are
2mpirical procedures, based not only the )imited experience in basalt
presented, which are available for excavation/support design, but have not
been discussed by DOE. It is GAI's opinion that the degree of natural
Jointing will significantly affect performance and thus design, which has
apparently not been fully appreciated by DOE. For example, increasing and
flattening the span of underground openings in response to the perceived in
situ stress field may be inadvisable due to the nature of jointing at BWIP.
Oetrimental loosening of the rock mass may also occur if the excavation/
support procedures are not carefully controlled, both in tunnels and hori-
zontal waste emplacement holes (if used)."

STATUS: Agreed

BWIP RESPONSE: The conceptual design discussed in the SCR, was Jrepared to
meet a specific purpose dictated by the DOE. The purpose was to establish
budgets and schedules for congressional funding. Many decisions were made to
complete the conceptual repository design without the benefits of engineering
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trade studies that would reflect licensing considerations. The design process
does allow ample opportunity for upgrading and incorporating changes as addi-
tional information be-nmes available. The difference between rock mass and
intact rock characteristics is fully recognized. The final repository design
plan is to base the design on in situ rock mass characteristics, and the

observational data on tunnel stability will be obtained from the ES test
program.

The initial assessment of the support requirements and stability was made
using empirical procedures developed by Hoek.* The detailed discussion of
this analysis will be presented in Section 4.6.4.

*Hoek, E., "Geotechnical Design of Large Openings at Depth," Proc. of the
Rapid Excavation and Tunneling Conference, San Francisco, California
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ITEM REFERENCE: Section 5.3, page 5-4, paragraph 3

GAl COMMONT: Hydraulic Parameters. "Field measurements of horizontal hydrau-
Tic conductivity have been made only in small-aiameter coreholes using packer
techniques. Holes have first been cored using bentonite drilling mud which
could tend to plug the formation and decrease the measured hydraulic conduc-
tivity. The actual effects of using bentonite are not known currently,
although OOE asserts that holes have been adequately developed to remove all
mud. Resulting values are essentially spot measurements representative only
of the immediate area around the corehole and not necessarily the hydrogeo-
logic unit on a large scale. No reliable bulk (large scale) measurements of
this parameter exist. 1In addition, no field measurements of vertical hydrau-
li¢ conductivity have been made."

STATUS: Agreed

BWIP RESPONSE: Detailed plans for large-scale testing to obtain conductivity
data (horizontal and vertical) will be provided in the Drill and Test Plan and
discussed in Chapter 13 of the SCP. A test to examine the effects of drilling
fluid on high-permeabi'ity zCncz h2c hlen conducted in DC-12 and will be docu-
mented in the SCP. A ‘est to determine the effects of mud on low-permeability
zones is planned for D3-2. Large-scale multiwell interference tests are being

planned at wells DC-16, -19, -20, -22, and RRL-2 to gather bulk conductivity
data.

ITEM REFERENCE: Section 5.3, page 5-4, paragraph 4

GAI COMMENT: "Field measurements of effective porcsity and dispersivity have
been conducted in only one flow top interval in a dual borehole set located

outside of the RRL. Results are uncertain due to non-standard test responses.
However, the approximate value of effective porosity from the test (i.e. 10*4)
does not correspond to the value used in the performance modeling assessments

(i.e., 10-2). This difference alone could result in the overprediction of
traveltimes by a factor of 100."

STATUS: Agreed

BWIP RESPONSE: Additional testing to obtain adequate effective porosity data
will be described in the Drill and Test Plan and discussed in Chapter 13 of
the SCP. A nonconservative value for the effective porosity was used in the
SCR for traveltime calculations. Results presented in the SCP will be accom-
panied by a discussion and justification for the assumptions used.
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ITEM REFERENCE: Section 5.3, page 5-4, paragraph §

GAI COMMENT: "Matrix diffusion, which is potentially a very positive aspect
of waste containment at the Hanford Site, has not been measured or even con-
sidered, based upon the information presented by 00OE in SR Chapter 5. This
process has been shown to be significant in granitic rock, resulting in an
effective retardation of solutes by diffusion into the rock matrix from frac-
tures. GAl believes that this effect should be considered at Hanford and that
measurement of matrix diffusion is realistic based upon current technology."

STATUS: Agreed

BWIP RESPONSE: We would 1ike to have discussions with GAI to better under-
stand their suggestion. Matrix diffusion will be considered in the BWIP site
characterization program. The BWIP Drill and Test Plan and Chapter 13 of the
SCP will address this topic.

ITEM REFERENCE: Section 5.3, page 5-5, paragraph 1

GA] COMMENT: "“A problem related to measurement of hydraulic parameters is
that of determining whether measured values are representative at a scale
appropriate for performance modeling. Existing data indicate extremely wide
variations in measured parameters (e.g., horizontal hydraulic conductivity)
which may be the result of natural variation or nonrepresentative tests (i.e.,
test volumes are too small). In either case, GAI belijeves that it is not cur-
rently possible to predict or interpolate parameter values between measured
locations with a reasonable degree of certainty. Because of the uncertainties
in hydraulic parameters, it is not currently possible, in GAI's opinion, to
predict traveltimes with any reasonable level of confidence."

STATUS: Agreed

BWIP RESPONSE: Chapter 13 of the SCP will be modified to include a framework
under which uncertainties will be assessed. Hydraulic data will be collected
at several scales (single-borehole tests, interference tests, and large-scale
interference tests) in order to determine the appropriate values to use in
performance models. Initial analyses will be performed to utilize data col-
lected at a small scale (single- and dual-borehole scale) in determining the
proper values to use in large-scale modeling. Chapter 13 of the SCP will
discuss these tests ana analyses of the data.
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ITEM REFERENCE: Section 5.3, page 5-5, paragraph 2

GAI COMMENT: "Many of the problems related to parameter uncertainty could be
solved by utilizing large-scale testing techniques instead of small-scale
borehole techniques. It is standard procedure in hydrogeologic investigations
to utilize multiple-hole pump tests to determine horizontal and vertical
hydraulic conductivity in layered systems. Llarge-scale tests result in bulk
parameter values rather than spot values and yield valuable information about
aquifer continuity and hydrogeologic barriers. However, although the Hanford
Site has the advantage of being testable on a large scale by standard techni-
ques (e.g., multiple hole pump tests), OOE plans for supplementing the hydro-
logic data base (see SR Chapter 13 - Site Issues and Plans) indicate that
single~hole tests will continue to be the fundamental testing method at
Hanford. Four dual-borehole sets and two multiple-hole sets are planned, but
only one of the proposed multiple-hole tests is located near the RRL and its
scale is small with respect to the repository dimensions. GAl has low confi-
dence in the reliability of e:isting hydraulic parameters and does not believe
the currently proposed testing program will be adequate to produce a suffi-
cient data base on hydraulic parameters, as is needed to defensibly predict
the repository's performance.”

STATUS: Agreed

BWIP RESPONSE: Plans for extensive, large-scale tests will he given in the
Orill and Test Plan and discussed in Chapter 13 of the SCP. Future character-
ization activities center around first establishing a piezometric baseline and
then conducting large-scale oump tests with multiple observation points.

These tests will be configured to determine the three dimensional nature of
the groundwater flow system. The large-scale tests will be located within the
RRL at wells DC-16, -19, -20, -22, and -2B. Details of the testing will be
addressed in the BWIP Drill and Test Plan.

[TEM REFERENCE: Section 5.3, page 5-5, paragraph 3 - page 5-06, paragraph )

Al COMMENT: Hydraulic Head. "Measurements of hydraulic head have been made
by OOE primarily using packer technology rather than permanent piezometer
completions. [t is GAI's opinion and experience that long-term monitoring in
permanent installations is necessary to determine representative hydraulic
heads. Short-term measurements in packed-off intervals are subject to effects
from packer leakage, the existence of the open hole above the packer interval,
and transient effects introduced by drilling.
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GAl believes that the distribution of measured hydraulic head supports several
different interpretations of the groundwater flow system, not just DOE's
interpretation as presented in the SCR. For instance, tha quality of head
data is not sufficient to determine whether flow is going north or south from
the RRL. This prnblem is compounded by the fact that observed horizontal and
vertical hydraulic gradients in the Pasco Basin are apparently low, thus small
errors in measurement could introduce significant differences in the flow
system interpretation.

D0E proposes to continue to collect head measurements during the drill and
test sequence and although it is assessing the need for time-variant measure-
ments, no plans are presented for installation of reliable devices for long-
term head measurements. GAI considers the existing data inadequate and does
not believe the proposed plans will yield the accurate head information needed
to formulate conceptual models and calibrate performance models.”

STATUS: Agreed

BWIP RESPONSE: Extensive piezometric monitoring will be developed in the

RRL. The groundwater monitoring plan will describe the planned facilities.
Chapter 13 of the SCP will describe how the facilities will be used. Three
piezometric monitoring locations are planned; each monitors nine horizons.
Multipcrt installations will be provided at at least two locations (more
locations will be provided after qualifying the equipment for monitoring heads
ig basalts). Monitored head data will be supplemented with existing and addi-
tional point-in-time head data. Details of the piezometric baseline data col-
lection will be presented in the Groundwater Monitoring Plan.

ITEM REFERENCE: Section 5.3, page 5-6, paragraphs 2 and 3

GA] COMMENT: Hydrogeologic Boundaries. "Large-scale discontinuities
(including the Cold Creek and the Gable Mountain-Umtanum Ridge structures) and
small-scale discontinuities (including inverted fans and fracture zones) are
known to exist in the Pasco Basin. However, hydiogeologic characteristics and
effects of discontinuities in the Pasco Basin are currently unknown because no
hydrogeologic tests to investigate these features have been conducted by DOE.
OOE plans to evaluate the Cold Creek structure using a multiple-hole pump test
in the Cold Creek Valley and the Gable Mountain-Umtanum Ridge structural zone
by a single corehole. No plans are presented to test other potential hydro-
geologic boundaries.

26



SD-BWI-DIC-003
REV O

CHAPTER 4 (nYDROGEOLOGY)

GAI considers the current data related to hydrogeologic boundaries insuffi-
cient and the proposed plans inadequate to produce the level of information
needed in performance assessments. It is GAI's opinion that conventional
multiple-hole tests would provide much of the needed information. GAI expects
that small-scale features could potentially increase the bulk vertical hydrau-
lic conductivity several orders of magnitude higher than is currently assumed
by DOE."

STATUS: Agreed

BWIP RESPONSE: The facilities to perform the large-scale tests and piezo-
metric monitoring discussed above will also be used to evaluate the signifi-
cance of geologic structures near the RRL. Plans for performing these tests
will be discussed in Chapter 13 of the SCP. The tests will utilize large-
scale pumping with multiple observation wells to investigate the location and
hydrologic significance of any boundaries within the radius of influence of
the pump wells. The RRL will be stressed in this fashion with three pump
wells that have overlapping radii of influence to achieve high resolution with
respect to determination of boundaries both within the RRL and near the RRL.

ITEM REFERENCE: Section 5.3, page 5-6, paragraphs 5 and 6.

GAl COMMENT: Conceptual Groundwater Models. "In GAl's opinion, data pre-
sented by DOE in the SCR do not support a unique conceptual model of the
groundwater flow system. For example, current data could be used %5 support a
system with significant vertical permeability, with areally discontinuous
layers, or with flow dominated by the effects of hydrogeologic barriers.

GAl considers the acquisition of reliable long-term hydraulic heads and the
use of large-scale hydrogeologic tests essential to further refinement of the
conceptual flow system model. This is particularly important if the lateral
geologic variability of intraflow structure is taken into account. However,
GAI believes it is unlikely that the DOE's proposed testing program, as pre-
sented in the SCR, will yield the required information."

STATUS: Agreed

BWIP RESPONSE: A full range of concaptual models will be considered by the
BWIP in preparation for making a license application. These models will be
described in Chapter 5 of the SCP. Chapter 13 of the SCP will give the
framework under which these models will be evaluated. The head monitoring
and large-scale hydrologic testing activities described above will be used to
assess the validity of the various conceptual models that could be inferred
from the existing data.
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ITEM REFERENCE: Section 5.3, page 5-7, paragraph 1

GAI COMMENT: Hydrochemistry. "Hydrochemistry data in the SR are not, in
GAI's opinion, presented in a normal scientific format. Lacking are the
description of sampling methods, the 1isting of basic data and the presen-
tation of data in unbiased graphical summaries. GAI considers conclusions
relating to the low degree of vertical groundwater mixing, which have been
supposedly drawn from this data, to be premature. Further considerations
should be given to potential vertical mixing based upon the determination
of hydraulic parameters and gradients. GAI does not believe that hydro-
chemistry alone can be used to support the conclusion that vertical mixing
fs insignificant.

Several other hydrochemical interpretations are questionable in GAI's opin-
ion. For example, holes DC-14 and DC-15 (located near the Columbia River) are
cited as examples of low vertical mixing because sharp chemical breaks occur
within the vertical profile between the Wanapum and Grande Ronde. Hole DC-12
(located near the RRL) exhibits no major chemical breaks between the Wanapum
and Grande Ronde, though this is not given as evidence for significant ver-
tical leakage."

STATUS: Agreed

BWIP RESPONSE: Chapter 13 of the SCP will be expanded to provide a framework
under which hydrochemical investigations will be used to support hydraulic
investigations to characterize the groundwater flow system. A solids charac-
terization program to determine the chemical characteristics of the flow tops
will be implemented. The solids chemistry will then be used along with hydro-
chemical information to geochemically model the reaction paths possible in the
groundwater flow system. The geochemical model obtained will be applied to
flow system models obtained from hydraulic testing to assess the validity of
the hydraulic model. DOetails of the hydrochemical program describing data
collection and analyses will be presented in a geochemical testing plan.

JTEM REFERENCE: Section 5.3, page 5-7, paragraph 2

Al COMMENT: "...Another problem is lack of correction in Carbon-14 ages for
the effects of methanogenesis and the failure to consider models of geochemi-
cal evolution."

STATUS: Open

BWIP RESPONSE: We would like to discuss the correction of carbon-14 data with
GAI in order to better understand their suggestion.
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ITEM REFERENCE: Section 6.1, page 6-1, paragraph 3, item 2

GAI COMMENT: "In order to improve DOE's understanding of the groundwater
chemistry affecting waste package corrosion, significantly more data needs to
be acquired. Additionally, DOE's predictions of repository pH and Eh are far
more uncertain than previously acknowledged due to observed inconsistencies in
the measurement of pH as a function of temperature.”

STATUS: Agreed

BWIP RESPONSE: Since the SR was published in November 1982, many additional
analyses of groundwaters from new and existing boreholes within the Hanford
Site have been made. Data from these samples will be included in Section 5.1
of the SCP. However, it is recognized by the BWIP that additional hydrochemi-
cal data are required.

Currently, estimates of pH in the repository horizons are based upon data
from six boreholes (not every horizon has been sampled at each borehole).
Nearly all of these data fall within the range of 9.5 + 0.6. In the RRL, pH
values for the Cohassett and Umtanum flow tops from borehole RRL-2 are 9.71
and 9.45, respectively. Wnile pH generally increases with depth in ground-
waters from the Saddle Mountains to the Grande Ronde Formations, no quanti-
tative pH-temperature relationship is implied.

The BWIP currently is investigating the effect of pH on canister corrosion
rates, and preliminary results suggest that the lower pH observed in basalt-
water hydrothermal experiments at 300°C does not compromise the waste package
design. For example, corrosion tests conducted at both 150° and 250°C in
which low-carbon steel was in contact with solutions of pH 6.0 and 9.75
suggest that the difference in corrosion rate over this range of pH is very
small and will not necessitate modification of the waste package design.

Golder Associates is correct concerning the uncertainties in measured Eh
values. The BWIP currently is addressing the question of €h and is formu-
lating a plan to obtain defensible estimates of this parameter. A more
comprehensive discussion of Eh in these groundwaters will be included in
Section 6.4 of the SCP. For example, tests are planned to determine Eh
buffering capacity of the backfill and the disturbed rock zone.
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[TEM REFERENCE: Section 6.1, page 6-1, paragraph 3, item 3

GA] COMMENT: "There is considerable uncertainty in DOE's assumptions
regarding the presence of oxygen in the vicinity of the waste package when
resaturation occurs; the result being an uncertainty in the corrosion
environment that the waste package will be subjected to in a repository at
Hanford."

STATUS: Disagreed

BWIP RESPONSE: The approach being used for the waste package design is to

use "best estimates" of expected conditions and performance, evaluate the
effects of the uncertainties, and then establish a design margin to adequately
cover the uncertainties. In the case of canister corrosion, the effects of
uncertainties are presented in the reference cited.* The results of the
analysis show that, regardless of the time of resaturation and return of Eh to
ambient conditions, the effect on the amount of lifetime canister corrosion is
negligible.

[TEM REFERENCE: Section 6.1, page 6-2, jtem 1}

GAT COMMENT: "DOE has apparently no relevant data on the chemistry of waste
form and package materials in an environment relevant to a basalt repository,
and this lack of data introduces considerable uncertainty into the ongoing
package design effort."

STATUS: Oisagreed

BWIP RESPONSE: The SCP will include updated data on site-specific basalt/
groundwater (Section 6.2) and waste/barrier/rock (Section 11.4) hydrothermal
interaction experiments. The data is obtained from experiments that are per-
formed using Untanum and Cohassett flow basalt and synthetic Grande Ronde
Basalt groundwater. The experiments are performed over a temperature range
of 100° to 300°C (the expected repository temperature range) and pressures of
30 MPa (the maximum repository pressure) to simulate the range of actual
repository conditions. In October 1983, experiments using fully radiocactive
borosilicate glass and actual spent fuel will be initiated to assess the
effects of radiation on waste package component interactions.

*Anderson, W. J., Conceptual Design Requirements for Spent Fuel, High-
Level Waste, and Transuranic Waste Packages, RHO-BW-ST-25 P {QOctober 19827,
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[TEM REFERENCE: Section 6.1, page 6-2, item 2

GAI COMMENT: “DOE has no relevant data on the solubility of radionuclides
under geochemical and environmental conditions anticipated in a repository at
Hanford, and as a result, cannot technically defend an assessment of reposi-
tory performance which takes credit for solubility without acknowledgement of
very large uncertainties.”

STATUS: Agreed

BWIP RESPONSE: The section on radionuclide solubilities (Section 6.4.1) will
be greatly modified and expanded in the SCP (as Section 6.5.2). Modifications
will take advantage of recent estimates of key radionuclide solubilities based
upon thermodynamic analyses and experimental solubility measurements currently
in progress. The BWIP is aware of the temperature dependence of radionuclide
solubilities. Although meaningful theoretical estimates of solubilities at
elevated temueratures are not possible (with the possible exception of uranium
and plutonium) experimental studies at 60°C are in progress, and this research
will be expanded to higher temperatures in the future. 1In addition, the
Barrier Materials Test Plan* includes provision for a hot cell testing program
that will yield data on the solubility of radionuclides under hydrotherma)
conditions. The cited quotation from the SCR (page 6-6; para- graph 1) is
correct for many key radionuclides. The theoretical framewark on which this
statement is based will be presented in Chapter 11 of the SCP.

ITEM REFERENCE: Section 6.1, page 6-2, item 3

GAI COMMENT: "DOE has only very limited geochemical sorption data taken under
marginally retevant conditions, and thus cannot technically defend a perform-

ance analysis of a repcsitory which takes credit for sorption in basalt until

substantially more data is acquired.”

STATUS: Disagreed

BWIP RESPONSE: The sorption data presented in Section 6.4.2 of the SR are
only a very small fraction of existing sorption data that are relevant to a
repository in basalt. Many thousands of sorption measurements covering a wide
range of values for significant sorption parameters have been completed.

These parameters include groundwater composition, pH, Eh, temperature, radio-
nuclide concentration, and time. Many solid sorbants have heen studied,

*Rockwell Hanford Operations, Barrier Materials Test Plan, Draft
SD-BW[-TP-022, Richland, Washington (1984).
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including geological solids (basalt, secondary minerals, interbed materials,
basalt flowtops, and altered basalts) and engineered solids (backfill
materials). The radionuclides studied are those with long half-Tives with
large inventories in the waste and those expected to have relatively high
solubilities and/or sorb weakly. Both reducing and oxidizing conditions have
been used for these measurements, and temperatures have been varied from 23°C
to 150°C. Section 6.4.2 of the SR will be expanded in the SCP (Section 6.5.3)
to include summaries of new data for expected conditions in the near-field and

far-field of a repository in basalt. Additional references will also be cited
in this section.

ITEM REFERENCE: Section 6.1, page 6-2, item 4

GAI COMMENT: "Discussion of natural analogs has little relevance to a nuclear
waste repository in basalt unless such analogies can be demonstrated to have
equivalent environmental conditions.”

STATUS: Agreed

BWIP RESPONSE: The severe limitation of all natural analogs to a nuclear
was.te repository in basalt (MJRB) is that no natural analog can be shown, or
is likely to be shown, to exactly reproduce all the various environmental
conditions {i.e., temperature, radiation field, composition of waste forms and
barrier materials, etc.) of an MWRB. The advantage of natural analogs is that
they represent "natural experiments" over geologic time periods that are simi-
lar to those-called out in federal regulatory criteria. Thus, the SCP will
clearly state that natural analog studies should be referred to as qualitative
indicators to what may happen in an MWRB and that results from such analogs
need to be reviewed in concert with laboratory tests that do reproduce equiva-
lent repository conditions. Field studies of existing alteration within the
Hanford Site basalt, perhans the truest representation of a natural analog for
an MWRB, will also be included in the SCP {Se:cion 6.6).
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ITEM REFERENCE: Section 7.3, page 7-5, paragraph 2

GAI COMMENT: '“However, it is within the realm of possibility, although

- remote, that intense flash-flooding along Cold Creek could affect a repository
at the RRL, possibly resulting in disruption of operations and contamination
of surface water in Cold Creek which could reach the Yakima River. ODOE, based
on the lack nf discussion presented in SCR Chapter 7, has apparently not
assessed the plausibility and consequence of such an event. In GAl's apinion,
this should be assessed by DOE within the scope of the evaluation of surface
water hydrology. Thus, the detailed resolution of topographic relief within
the vicinity of the RRL, which is required to determine whether migitation
measures are appropriate, should be undertaken by DOE."

STATUS: Agreed

BW I[P RESPONSE: Sufficient topographic data for 1 to 2 ft contouring is
already avaijlable within the RRL by virtue of various geophysical survey
transects performed by BWIP., This data will be contoured, and additional
cross-channel surveys will be performed. This information will then be used
to reassess the areal extent of flooding of various frequencies within Cold
Creek and, hence, the potential impact upon repository construction and
uperation. These plans will be discussed in Chapter 13 of the SCP.
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ITEM REFERENCE: Section 9.1, page 9-1, paragraph 3

GAI COMMENT: "In GAI's opinion, the information compiled by DOE in Chapter 9
of the SR appears to be accurate, sufficient, and comprehensive. However,
GAI has fdentified the following four potential issues pertaining to environ-
mental, land-use and socioeconomic characteristics, which in their opinion
should be resolved:"

ITEM REFERENCE: Section 9.1, page 9-1, paragraph 3

CAl COMMENT: Item 1. “The levels of radioactive contamination currently
existing at the RRL, and the potential for unacceptable contamination of
public roads and for the unacceptable radiation exposure of workers as a
result of site development activities, such as those ongoing which are
associated with the construction of a shaft."

STATUS: Disagreed

BWIP RESPONSE: The radionuclide concentrations, to which this item refers,
were discrete samples from which general conclusions cannot be drawn. More
recent representative data will be included in Chapter 9 of the SCP. The
potential for unacceptable contamination and exposure are beyond the scope of
the SCP and will be discussed in the Environmental Report submitted with the
License Application.

ITEM REFERENCE: Section 9.1, page 9-1, paragraph 3

GAl COMMENT: Item 2. "The discrepancies in the 0OE presentations as to the
RRL, whether it extends into the 'Arid Lands Ecology Reserve' which bounds the
southwes tern edge of Hanford, and the appropriateness of that designation if
found to include parts of the Reserve."

STATUS: Agreed

BWIP RESPONSE: Figure 9.1 of the SR erroneously shows the Arid Lands Ecology
Reserve separated from the reference repository location. This figure will be
corrected. The RRL boundaries are subsurface projections; there are no plans
for surface disruptions on the Arid Lands Ecology Reserve,

34



SO-BWI-DIC-003
REV O

CHAPTER 9 (ENVIRONMENTAL, LAND-USE AND SOCIOECONOMIC CHARACTERISTICS)

ITEM REFERENCE: Section 9.1, page 9-1, paragraph 3

GAL COMMENT: Item 3. "The absence of an accounting of the potential public
risks and social burdens assocfated with transportation activities in the
development and operation of a repository at Hanford."

STATUS: Disagreed.

BWIP RESPONSE: The purpose of Chapter 9 is to provide a summary of environ-
mental, land-use, and socioeconomic characterjstics of the Hanford Site
region. As part of this summary, major transportation facilities are dis-
cussed. The potential public risks and social burdens associated with trans-
portation activities are beyond the scope of the SR and will be discussed in
the Environmental Report submitted with the License Application.

[TEM REFERENCE: Section 9.1, page 9-1, paragraph 3

GAI COMMENT: Item 4. "The absence of an accounting of the potential social
burdens associated with the transient construction work force that would
accompany the construction of a repository at Hanford.”

STATUS: Disagreed

BWIP RESPONSE: Section 9.3 of the SCP will provide a summary of the socio-
economic characteristics of the Hanford Site region. The potential social
burdens associated with the transient construction work force is beyond the

scope of the SCP and will be discussed in the Environmental Report submitted
with the License Application.
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[TEM REFERENCE: Section 10.1, page 10-2, paragraph 2

GAI COMMENT: “...GAI belfeves that DOE should present a detailed description
of the design process which will be used to finalize the conceptual design
prior to a license application for construction authorization and subsequently
during construction. ODetailed layouts are not appropriate at this time since
there is not sufficient specific data available on geologic variability and
hence geoengineering parameters. However, the criteria or methodology for

mak ing ongoing design decisions (e.g., planned design contingencies) should be
addressed..."

STATUS: Agreed

BWIP RESPONSE: The design procedure that encompasses all site character-
1zation data (in site and laboratory test data) and is influenced from the
other deep structures in highly stressed rock will be improved during the
conceptual design update. It is recognized that no standard procedure is
available and that each designer uses differing methods. Prior to license
application, a detailed description of the design process, the inputs, the
analysis, the validation, etc., will be developed. This process will solicit
input from the technical community via workshops and will involve presentation
of these procedures at symposia. Peer review will also be an important’com-
ponent of the process.

[TEM REFERENCE: Section 10.1, page 10-3, item 2

GAT COMMENT: “Insufficient (and in some cases outdated) information has been
presented regarding backfilling and sealing. Especially, the objectives/
criterfa for backfill/seals have not been defined, nor is the schedule for
backfilling clear..."

STATUS: Agreed

BWIP RESPONSE: The 10 CFR 60 performance objectives pertaining to the sealing
of shafts and boreholes and of the underground facility will be identified in
the SCP Section 10.8. A preliminary functional design criterion for the seal
system will be stated in that section. A backfilling schedule w111 be given
in Section 10.7.3.

ITEM REFERENCE: Section 10.1, page 10-3, item 2

GAl COMMENT: "...The design of backfill/seals, and the associated construc-
tion methods to achieve that design and the test methods to verify that design
and assess especially their long-term performance, have not been adequately

36



A SO-BWI-D1C-003
REV O

CHAPTER 10 (REPOSITORY DESIGN)

discussed, Although O0E asserts that they will backfill/seal all openjngs, it
should be pointed out that there is no mandatory requirement for backfill."

STATUS: Agreed

BWIP RESPONSE: Preconceptual design descriptions of seals for shafts, bore-
holes, and the openings of the underground facility, as well as for backfill,
will be presented in Secton 10.8. Conceptual design is scheduled for comple-
tion in 1984, at which time details of the design, including construction
methods, will be available. ODesign testing of repository seals and backfill
s required by 10 CFR 60 only after the start of repository construction

(see 10 CFR 60, Section 60.142). While current plans do not include full-
scale development testing of complete seals in situ prior to construction
license application, the BWIP seal field testing program is currently being
reevaluated in view of the high potential value of such testing., Long-term
performance assessment of seals and backfill will also be addressed. The
comment that backfilling of all openings is not mandatory is noted and will be
incorporated in the SCP.

ITEM REFERENCE: Section 10.2, page 10-2, paragraph 3

GAL COMMENT: "The current design of underground openings may not be conser-
vative in some respects, in that intact rock strenqtns at room temperature,

rather than the appropriate (and much lower) rock mass strengths at elevated
temperatures, have been used to establish allowable stresses in the basalt."

STATUS: Agreed

BWIP RESPONSE: The use of the intact rock strength is not conservative, but
the method of analysis used, namely linear thermoelastic analysis, overesti-
mates the stresses in jointed rock mass. Therefore, it is not yet clear that
the overall design is not conservative. The effect of temperature on the rock
mass Strength is not established at this time.

ITEM REFERENCE: Section 10.2, page 10-2, paragraph 3

GAl COMMENT: "The current design of underground openings may not be conser-
vative in some respects, in that contrary to DOE design criteria, overstressed
zones will probably occur in many places, including the corners of placement
rooms, around the essentially square reaming access drifts, and at the inter-
section of underground openings."

STATUS: Agreed
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BWIP RESPONSE: It is recognized that overstressed zones will occur at inter-
sections of boreholes and rooms and at room intersections. At these loca-
tions, the rock support will be enhanced (e.g., thicker shotcrete, higher
density of rock bolts, or concrete linings). Such detail was not included in
the conceptual design at this time. The design criteria will be upgraded as
the design process is better defined. The design process will include crite-
ria to ensure a conservative design.

ITEM REFERENCE: Section 10.2, page 10-2, paragraph 3

Al COMMENT: "The current design of underground openings may not be conserva-
tive in some respects, in that the in situ stresses may be higher than those
assumed by Wt for the design of underground openings."

STATUS: Agreed

BWIP RESPONSE: The current best estimate of the ratio of the maximum in situ
horizontal stress to the vertical stress is 2.3:1. It is suggested that this
value will be used in the updated conceptual design to be initiated in FY 1984.
Improved estimates of the in situ stress will be made when access to the
repository horizon is available, i.e., during the Phase II testing at the
Exploratory Shaft. A detailed plan for in situ stress measurement will be
included in Chapter 17. Contingency plans will be developed to assess des ign
alternatives if the ratio is greater than 2.3:1.

ITEM REFERENCE: Section 10.2, pages 10-2 and 10-3, paragraph 4

GAI COMMENT: "Intraflow geological variability, and thus predictability,
especially regarding the geometry of the dense zone, is considered to he a
significant issue, and it is not clear how contingencies for these potential
conditions will he incorporated at this time."

STATUS: Agreed

BWIP RESPONSE: The layout of the repository can be altered during construc-
tion to accommodate areas where the variability of the geology makes sections
of a waste storage panel, whole panel, or one side of the repository unaccept-
able. Criteria will be established to identify areas where unacceptable con-
ditions exist. Procedures will be implemented during construction to monitor
the stability of the repository openings and groundwater flow as well as
exploratory drilling to determine the thickness of the dense interior of
basalt. Conceptual methods of accommodating geologic variability will be
discussed in Section 10.5.
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ITEM REFERENCE: Section 10.3, page 10-10, paragraph 1

GAI COMMENT: "“The analyses used by DOE to assess the induced stresses are .
apparently simplified and have not considered stress concentrations which will
occur at many places. GAI believes that rock bursting may be a problem at
such high stress conditions.”

STATUS: Agreed

BWIP RESPONSE: For the conceptual design, linear elastic analysis was used;
this overestimates the stresses. Nonlinear analysis and experience at the
NSTF indicate that these high stresses do not develop. Rock reinforcement
will be used to support the rock in local areas of stress concentration,
Considerations will be made in the design of repository openings and waste
storage panel layout to avoid excessive strain energy accumulation in tha rock
mass. Rock bursts that have occurred during shaft sinking or tunnel exca-
vation in similar rock types under high stress conditions have been minor and
can be controlled by installation of rock support, as soon as possible, or by
distressing. The joints in the basalt at depth are expected to relieve the
high stress concentrations and minimize the occurrence of burst during con-
struction. The BWIP does not believe this will be a problem. The Exploratory "
Shaft and the tests -'planned at depth will demonstrate the stress redistri-
bution in the jointed rock mass. Section 10.5.1 and Section 10.5.5 in the SCP
will address these points,

ITEM REFERENCE: Section 10.3, page 10-9, paragraphs 2 and 3

Al COMMENT: "CGAl believes that, although a detailed design is not required
in the SCR, the design should be sufficiently described in the SCR so as to
identify those site conditions which are critical to the desian and perform-
nce, and thus should be focused on in site characterization prior to license
application. Hence, conceptual design of a repository is necessary to iden-
tify information needs and evaluate the adequacy of the site characterization
plans. The current lack of data fs such as to 1imit the supportable detail of
the design. This limitation will not be entirely removed at the time of the
initial license application for construction authorization. Presuming a site
is granted a construction authorization, the design will have to be capable of
responding to a variety of geological and geoengineering conditions. The
breadth of these conditions will be a function of the natural variability
actually encountered."

STATUS: Agreed
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BWIP RESPONSE: A draft topical report (not formally issued) was prepared in
1980 by the Architect-Engineer describing the site characterization data
required for the repository. This report will be updated prior to initiating
the upgraded conceptual design which is scheduled to start in the last quarter
of CY 1984. A statement will be added to Section 10.5.5 of the SCP identi-
fying the plans and schedules for the development of the required site charac-
terization data.

ITEM REFERENCE: Section 10.3, page 10-9, paragraph 3

GAl COMMENT: "A conceptual design of the underground portion of a repository
at Hanford must detail a discussion of the range of natural conditions cur-
rently anticipated from existing data. In addition, the conceptual design
should detail the decision process which will allow actual data to be incor-
porated in the design process (i.e., by modification) and into construction.
This process should include design objectives and analyses, as a minimum."

STATUS: Agreed

BWIP RESPONSE: The final design of the repository will be such that modifi-
cation of the layout and design will not be necessary within a reasonable
range of geologic, hydrologic, and geotechnical conditions. That range of
conditions will be evaluated in the design and during performance assessment
studies. However, the possibility of external variation in conditions that
coui * 1ffect the acceptance/rejection of a location, panel, or side of the
repu.itory will be considered. Further detailed discussion will be included
in Section 10.5.4.3.

ITEM REFERENCE: Section 10.3, page 10-10, paragraph 2

GAl COMMENT: "It is not apparent to GAl how the rock support system was
designed, and what support pressure js expected and whether that will be
sufficient. Similarly, regarding shafts, neither the support system (during
and after construction) nor the allowable design stress in zones other than
the entablature through which the shaft will pass have been discussed by DOE.
However, GAl believes that the issue of shaft design can be relatively easily
resolved.”

STATUS: Agreed
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BWIP RESPONSE: Rock support design was based on the Barton et al.* Q system
modified to take into account the increased stresses induced by thermal
loads. This was applied to the placement rooms, but, for the reaming rooms,
it was assessed that early backfilling of these rooms would supply sufficient
support pressure. The access drifts are not subject to significant thermally
induced stress changes during their operational 1ife. Therefore, no modifi-
cation of the rock support design method was necessary.

Further investigation is warranted on:

e the ground support system
e backfilling procedures
e shaft liner removal.

However, these matters are either related to procedure or detailed design and
will be addressed in the updated conceptual design report. The shaft lining
is designed to withstand the full hydrostatic pressure behind the lining.

This is much higher than the rock loads, even for very weak materials. In the
latest version of the conceptual design, all shafts are sunk by drilling and

the lining floated into position. These changes will be incorporated into the
SCP.

ITEM REFERENCE: Section 10.3, page 10-10, paragraph |

GAI COMMENT: "The current design presented in the SCR is not necessarily
conservative in several key areas. Specifically, GAI believes that (1) 00E's
maximum allowable design stress is too high (i.e., unconservative) and

(2) Ehis maximum allowable design stress will be exceeded in many locations.®

STATUS: Agreed

BWIP RESPONSE: As stated in the previous response (Section 10.2, page 10-10,
paragraph 3), the use of intact rock strength is not conservative, but the
method of analysis (linear thermoelastic analysis) is conservative since it
overestimates the stresses in the rock mass. Nonlinear analysis, using a more
realistic constitutive relationship such as the one being developed in the
Juinted Block Test conducted in the NSTF, is planned before updated concep-
tual design is finalized. A further elaboration of this will be made in
Section 10.5.1 of the SCP.

*Barton, N., R. Sein, and J. Lunde, "Engineering Classification of Rock
Masses for the Design of Tunnel Support," Rock Mechanics, 6(4):189-236 (1974),
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ITEM REFERENCE: Section 10.3, page 10-10, paragraph 1

GAl COMMENT: "GAI believes that the maximum allowable design stress should be
set at a value significantly below the rock mass strength at elevated tem-
peratures, and not just below the much higher intact rock strength at room
temperature. "

STATUS: Agreed

BWIP RESPONSE: This question relates to the question on the "detailed
description of the design process," Section 10.1, page 10.2, paragraph 2, and
to the question of "overstressed zones will probably occur in many places,"
Section 10.2, page 10.2, paragraph 3. The GAl comment may, however, not be
appropriate if nonlinear analysis is used in the design. Then, at certain
locations, the rock mass strength may be exceeded; stability and safety can be
ensured if the region of nonlinear behavior does not expand and rock support
fs used to reinforce the rock.

ITEM REFERENCE: Section 10.3, page 10-10, paragraph 2

GAl COMMENT: "...GAI does not understand either why or how the support system
will be removed prior to backfilling..."

STATUS: Agreed

BWIP RESPONSE: Section 10.8 of the SR will be revised to reflect that the
removal of rock support components at seal plug locations in the underground
facility will depend on the effect of such actions on excavation stability,
including impacts on safety and constructibility, as well as repository
fsolation performance impacts. It is not expected that rock support will be
removed from portions of the underground facilities where only backfilling is
reguired.

[TEM REFERENCE: Section 10.3, page 10-10, paragraph 2

GAI COMMENT: “...GAI again does not understand why or how (without causing
stability problems) the shaft liner will be removed prior to sealing..."

STATUS: Agreed
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BWIP RESPONSE: Current design concepts call for the removal of the shaft seal
liner only in the area of seal plug emplacement. Temporary support may he
required until the seals are in place. Shaft intervals between seal plugs
#wi1l be backfilled.

ITEM REFERENCE: Section 10.3, page 10-11, paragraph 1

GAI COMMENT: *"...Although GAI agrees with DOE that exploratory drifts and
pilot holes during construction are useful in this regard, GAI believes that
insufficient details are presented regarding how and where they will be per-
formed and, most importantly, how the results will subsequently be incor-
porated in planned design contingencies.”

STATUS: Agreed

BWIP RESPONSE: The details of planned exploration in advance of mining and
contingency planning have not been fully developed. Section 10.6.3 of the SCP
will be revised to include a statement to this effect and will identify a
schedule of when this information will be available.

ITEM REFERENCE: Section 10.3, page 10-11, paragraph»?, item 1}

GAI COMMENT: "Regarding the layout of underground openings

- The relationship of the exploratory shaft to the repository layout,
especially to the experimental panel, is not clear."

STATUS: Agreed

BWIP RESPONSE: At this time the repository has not been precisely located.
Therefore, the relationship has not been estab)ished.

[TEM REFERENCE: Sectfon 10.3, page 10-11, paragraph 2

GAl COMMENT: "Regarding layout of underground openings, the orientation of
the repository with respect to the in situ stresses is shown (see SCR

Figure 10-2) as 60 degrees from stated DOE criteria, i.e., the line of shafts
should be oriented at about N30°E instead of E-W."

STATUS: Agreed
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BWIP RESPONSE: The main accessways of the underground facility and the line
of shafts at the surface of the site will be oriented parallel to the direc-
tion of the maximum horizontal in situ stresses. The available data (from
draft SCP, Section 4.6) indicate that this direction is approximately N7°E.

ITEM REFERENCE: Section 10.3, page 10-11, paragraph 2, item 2

GAI COMMENT: "Regarding construction of underground openings:

- 200 feet long horizontal waste emplacement holes are assumed by DOE to be
the longest which can be constructed and have waste emplaced, although no
justification has been presented. Indeed, the back reaming techniques to
be used in construction have not yet been developed and tried."

STATUS: Agreed

BWIP RESPONSE: Section 10.4 will be rewritten and will clarify that waste
emplacement concepts are being studied further and that development testing
needs will be identified during these studies. This comment has also been
made by the U.S. Nuclear Regulatory Commission (NRC).

ITEM REFERENCE: Section 10.3, page 10-11, paragraph 2, item 2

GA] COMMENT: ™~ The feasibility of tunnel boring machines or other mechani-
cal excavators for use in constructing underground openings
has not been discussed."

STATUS: Agreed

BWIP RESPONSE: A statement will be added to Section 10.6.2 identifying the
status of tunnel boring machine (TBM) investigations and will point out that
an engineering study is currently in progress that is studying the feasibility
of TBMs and identifying development requirements.

ITEM REFERENCE: Section 10.3, page 10-11, paragraph 2, item 2

GAI COMMENT: "- Potential problems with stability during shaft
construction in less competent zones has nct been
discussed. It will be difficult to extrapolate the
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results of the smaller diameter, totally blind-bored
exploratory shaft to the proposed mixed construction
methods of the larger diameter access shafts.”

STATUS: Agreed

BWIP RESPONSE: Discussion of stability during shaft construction will be
included in Section 10.6 of the SCP.

ITEM REFERENCE: Sectfon 10.3, page 10-11, paragraph 2, item 3

GAl COMMENT: "Regarding waste emplacement, the dimensions of the waste
packages have not been given, except for a 12.5 foot length (see SCR
Figure 10-5) for which 17 packages will not fit in a 200-foot long hole...'

STATUS: Agreed

BWIP RESPONSE: Section 10.4 of the SCP is being rewritten; complete and
correct waste package dimensions will be included.

ITEM REFERENCE: Section 10.3, page 10-11, paragraph 2, item 3

GAIl COMMENT: ™...GAI suspects that the density was picked as being the
maximum (and not necessarily the optimum, as stated by DOE) number possible
per hole. This high density of waste packages might cause high temperatures
in the waste packages and immediately adjacent materials..."

STATUS: Open

BWIP RESPONSE: The basis for this comment is not readily apparent, but the
revised Section 10.4 of the SCP will clarify that:

o Canisters per hole is based on what will fit.
¢ Hole pitches are based on rock stress limits.
o Calculations confirmed that temperature limits were not exceeded.

The BWIP would 1ike to clarify this comment with GAI.

[TEM REFERENCE: Section 10.3, page 10-11, item 3

GAI COMMENT: "GAI suggests that the waste package support systems may cause
accelerated waste package corrosion/degradation and should be evaluated as
part of the optimization studies."
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STATUS: Agreed

BWIP RESPONSE: The potential for accelerating waste package corrosion/degra-
dation will be evaluated for alternative emplacement concepts. Waste package
corrosion/degradation mechanisms will be addressed in Chapter 11.

ITEM REFERENCE: Section 10.3, page 10-11, item 4

GAl COMMENT: “Regarding activities in the experimental panel, which DOE :
states will continue through the operation period, GAI believes that some of
these activities may be required to be completed prior to license application,
rather than after construction authorization, as implied by DOE."

STATUS: Agreed

BWIP RESPONSE: This part of Section 10.4 is being rewritten and will clarify
that the experimental panel is not intended to provide license application
data and will provide additional detail regarding the purpose of the panel.
The Exploratory Shaft-Phase I1 program, which has been extensively expanded,
covers those investigations to be completed pricr to the construction license
application.

1TEM REFERENCE: Section 10.3, page 10-12, item 1

GAl COMMENT: "“Regarding dewatering, although ump stations are said to be
located in Shaft No. 5, there is no discussion by DOE of dewatering the
repository, i.e., the rate of inflow expected and how it will be collected.”

STATUS: Agreed

BWIP RESPONSE: Additional discussion of the subsurface water disposal system
will be provided in Section 10.2.

[TEM REFERENCE: Section 10.3, page 10-12, item 3
%Al COMMENT: "“Regarding surface facilities, no justification is given by DOE
for allowable foundation loads and no seismic design information has been
discussed; indeed, the relationship of allowable bearing pressure to the size
of the foundation has not been discussed. Also, it is not clear how and where
non-radioactive wastes will be disposed of on-~site, as stated by DOE."

STATUS: Agreed

46



SD-BWI1-D1C-003
REV O

CHAPTER 10 (REPOSITORY DESIGN)

BWIP RESPONSE: The basic approach to be used to safeguard ayainst a seismic
event will be identified in Section 10.2. Also, the methods and means for
onsite disposal of nonradioactive wastes will be included in Section 10.2.

ITEM REFERENCE: Section 10.3, page 10-12, paragraph 1, item ]

GAI COMMENT: “Regarding backfilling, GAI has the following concerns:

When and why will backfilling occur? DOE states in one section that no back-
filling will occur until after all excavation has occurred, partly because the
basalt transport shaft will be used to transport backfill, and in another
place that no backfilling will occur until after the S50-year retrievability
period. Elsewhere (see SR Figure 10-14), the option of backfilling imme-
diately after emplacement is contemplated. Still elsewhere, OOE concludes
that based on undefined thermal analyses, backfill must be deferred at least
10 years in order to keep backfill temperatures within the criteria, which
have not been justified. Can, in fact, backfilling occur at the same time as
waste emplacement in the same or different panels with the given ventilation
system? Backfilling at the rate of one panel per year appears to be slow.
How will panels be sealed off after waste emplacement and prior to back-
filling? If backfilling is deferred, then water in the panel and the effects
of cooling on the heated rock mass (i.e., opening of discontinuities) may
become problems."

STATUS: Agreed

BWIP RESPONSE: A preliminary backfilling schedule that is consistent with
requirements for repository emplacement operations and retrievability will be
presented in Section 10.7.3 of the SCP. Sealing of panels after waste
emplacement and prior to backfilling, including questions of the effects of
panel ventilation and drainage on repository isolation performances, will also
be addressed.

ITEM REFERENCE: Section 10.3, page 10-12, paragraph 1, item 2

GAI COMMENT: "How will backfill be placed and compacted? Although D0E states
that holes will be pneumatically backfilled, the procedures are not discussed,
especially their problems with respect to adequate QA/QC..."

STATUS: Agreed
BWIP RESPONSE: A description of quality assurance involvement in scoping and

monitoring test demonstrations is provided in Chapter 18 of the SCP. 1Inspect-
ability, a primary quality assurance concern, is to be addressed during
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preparation of detailed test plans and implementing procedures. Subsequent
backfill working procedures, not required to be prepared until completion of
all develomental testing, will contain adequate process and quality control
provisions to ensure proper placement. These will be covered in progress
reports subsequent to SCP transmittal.,

ITEM REFERENCE: Section 10.3, page 10-12, paragraph 1, item 2

GAl COMMEMT: ™"...The procedures presented for backfilling the rooms are based
on room dimensions (20 feet high) for vertical emplacement of waste; a trav-
eling shield 20 feet wide may nat be feasible. Will similar procedures be
used for other underground openings, and how will these activities be venti-
lated? Why is an aluminum fill used, and it is left in or removed?"

STATUS: Agreed

BWIP RESPONSE: The backfill emplacement procedure described in SCR
Section 10.7.2 was preconceptual in nature. More advanced design concepts
%will be presented in the 5CP, together with requirements for their development.

[TEM REFERENCE: Section 10.3, page 10-12, paragraph 1, item 3

GAI COMMENT: “What type of backfill will be used and why? Although a mixture
of crushed basalt and bentonite (pellets and powder) is specifie:d, the rela-
tive amounts or size distributions are not discussed, and the reason for using
bentonite in the room not presented (e.g., high sorption, etc.)."“

STATUS: Agreed

BW I[P RESPONSE: Additional information relative to candidate backfill mate-
rials and plans for material selection and development will be presented in
Section 10.7 or 10.8. However, it is noted that detailed compositions and
particle size distributions will not be available until the first quarter of
gy 1985.

ITEM REFERENCE: Section 10.3, page 10-12, paragraph 1, item 4

GAI COMMENT: "How will long-term performance of backfill be adequately
assessed during the operating period, much less prior to initial license
application?"

STATUS: Agreed
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BWIP RESPONSE: The approach taken during the operating period to long-term
performance assessment of backfill is expected to differ little from the
current approach: laboratory testing and long-term performance modeling of
materials. Plans for selection of sealing materials will be described in
Section 10.8. Much of the information required for shaft and underground
facility backfill will be obtained as a byproduct of waste package packing
materials development.

ITEM REFERENCE: Section 10.3, page 10-13, paragraph 1

GAI COMMENT: "Regarding retrieval, GAI believes that DOE should identify the
potential conditions which might dictate retrieval of some or all waste
packages, and discuss the process by which decisions regarding retrieval will
be made..."

STATUS: Agreed
BWIP RESPONSE: Potential conditions that might dictate retrieval of some or

all waste packages, and the process by which decisions regarding retrieval
will be made, will be discussed in Section 10.6 of the SCP.

ITEM REFERENCE: Section 10.3, page 10-13, paragraph 1

GAI COMMENT: "“...Some consideration should be given as to how retrieval can
be safely and effectively carried out under potentially adverse conditions.

specifically, GAl believes that retrieval of defective waste packages could be
relatively difficult with long horizontal waste emplacement holes..."

STATUS: Agreed

BWIP RESPONSE: Section 10.4 of the SCP will point out that retrievabiltity,
even under adverse conditions, will be a factor in evaluations of alternative
waste emplacement concepts.

[TEM REFERENCE: Section 10.3, page 10-13, paragraph 3, item

GAI COMMENT: “Regarding seals, GAI has the following concerns:
In defining preliminary seal requirements

- dispersion and diffusion have been ignored
- the computer code FLOW is undefined
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- uncertainties are ignored

- how individual radionuclides are considered is not clear

- explicit redundancy of barriers (for conservatism) has not been
considered.’

STATUS: Agreed

BWIP RESPONSE: The derivation of a preliminary seal subsystem performance
requirement based on performance assessment of the complete repository system
and the 10 CFR 60 performance objectives will be described in Section 10.8 of
the SCP. Groundwater flow up the repository shafts was calculated using an
idealized network flow model. The roles of dispersion and diffusion and the
consideration of individual radionuclides in this analysis will be described.
The "FLOW" in SCR Figure 10-16 does not refer to a complete computer code but
rather to groundwater flow in general. Elements of conservatism and uncer-
tainty in the analysis will be noted.

ITEM REFERENCE: Section 10.3, page 10-13, paragraph 3, item 2

GAI COMMENT: ™"The seai design(s) are not apparent. For example, how will
disturbed zones or boreholes be sealed? Why have different types of
“structural" barriers (e.g., concrete and basalt blocks with mortared joints)
been mixed in the same design? The dimensions presented are unjustified

(e.g., for the sand-clay plug, see SR Figure 10-14b), ard in some cases may
be outdated (e.g., tunnel diameter of 23 feet). Although used interchangeably
(see SR Figure 10-14b), compressed bentonite blocks and mortared basalt
3locks are very different. How will contact grouting occur?”

STATUS: Agreed

BWIP RESPONSE: Preconceptual design descriptions of seals for shafts,
boreholes, and the openings of the underground facility, as well as for
backfill, will be presented in Section 10.8 of the SCP. The ungraded con-
ceptual design is scheduled for completion in CY 1984. DOue to inherent
difficulty in the analysis of this damage, accurate characterization of the
damaged rock zone will require field testing. In situ rock mechanical anc
nydraulic field testing in the Exploratory Shaft will contribute significantly
to damaged rock zone characterization. The SR figures 10-17 and 10-18 no
longer reflect B4IP planning and will not appear in the SCP.
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ITEM REFERENCE: Sectien 10.3, page 10-13, paragraph 3, item 3

GAT COMMENT: “How will long term seal performance be assessed? Will there be
any seal demonstration, such as a shaft seal demonstration in the exploratory

shaft, and if so when (e.g., prior to initial license application}? Even so,

the long-term performance will be difficult to assess."”

STATUS: Agreed

SWIP RESPONSE: Long-term seal performance, specifically, the potential degra-
dation in seal performance over the lifetime of the repository (thousands of
years), will be assessed through laboratory testing and long-term performance
modeling of seal mater ials. Design testing of repository seals and backfill
is required by 10 CFR 60 tnly after the start of repository constructon (see
10 CFR 60 Section 60.142). While current plans da not include full-scale
development testing of complete seals in situ prior to construction license
application, the BWIP seal field testing program is currently being reevalu-
ated in view of the potential value of such testing. A statement to this
effect will be added to Section 10.8.2 of tha SCP.
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[TEM REFERENCE: Section 11.3, page 11-4, paragraph 1

GAI COMMENT: “In GAI's opininn, there are several critical issues with regard
to the DOE waste package effort as presented in the SCR, specifically in the
following areas:

¢ The types of wastes that may be disposed of in a repnsitory at Hanford"
STATUS: Agreed

BWIP RESPONSE: Any waste form considered by the DOE for disposal in the MJRB
will be fully tested under site-specific conditions before it is accepted for
disposal. Waste forms presently planned for hydrotherisal testing include
commercial and defense nigh-level waste borosilicate glass, as well as spent
fuel. Testing of radioactive borosilicate glass and actual spent fuel was
begun in October 1983 (Section 11.4.5 of the SCP). The NOE is currently
addressing the problem of defining reference transuranic (TRU) waste forms.
As scon as these reference materials are defined, the BWIP will initiate
hydrothermal interaction testing of these waste forms under site-specific
conditicns to determine their suitability for disposal in a repnsitory at the
Hanford Site.

[TEM REFERENCE: Section 11.3, page 11-4, paragraph )

¢ "The absence of relevant waste form data"
STATUS: Agreed

BWIP RESPONSE: The SC? wil) include current data from continuing site-
specific basalt/groundwater (Section 6.4.3) and waste/barrier/basalt ground-
water (Section 11.4.5) hydrothermal interaction experiments. The data will be
reported from experiments that are being performed using Umtanum and Cohassett
flow basalt and synthetic Grande Ronde Basalt groundwater. The experiments
are being performed over a temperature range of 100° to 300°C (the expected
repository temperature range) and pressures of 30 MPa (the maximum possible
repository pressure) to simulate the range of actual repository conditions.

In October 1983, hot cell experiments, using radicactive borosilicate glass
and actual spent fuel, was initiated to assess the effects of radiation on
waste package component interactions and waste form performance (Section 11.4.,5).
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ITEM REFERENCE: Section 11.3, page 11-4, paragraph 1

“s The predictions of the corrosion environments that packages may be
exposed to [as a result of pcssible overestimates of backfill resatur-
ation time]."

STATUS: Oisagreed
BWIP RESPONSE: The current reference waste package conceptual design provides

a canister corrosion allowance based on the conservative assumption that back-
fill saturation with groundwater occurs immediately upon repository closure.

The "backfill resaturated" Period IV reference in Figure 11-12 of the SCR will
be deleted.

ITEM REFERENCE: Section 11.3, page 11-4, paragraph 1

o The removal of waste package design conservatism by DOE [due to the
absence of relevant data _on waste package component performance under
site specific conditions].”

STATUS: Disagread

BWIP RESPONSE: It is true that there are insufficient materials performance
data to substantiate finai design of the waste package. The estimates used to
assess preliminary design requirements were based on conservative interpre-
tation of tne available data. Applying a greater or lesser degree of conser-
vatism in waste package design would have virtually no influence on the
suitability of the repository site. In the case of the waste package concep-
tual design, the greater portion of the canister thickness is for structural
support rather than for a corrosion allowance. The conservatism of the
structural criteria (by a factor of about 4) provides an added thickness
margin for corrosion. Establishing the appropriate conservatism to apply to
design must be based not only on the magnitude of uncertainty of information
but also on the effect of the uncertainty on performance. These factors were
used to evaluate the adequacy of conservatism applied to waste package concep-
tual design.
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[TEM REFERENCE: Section 11.3, page 11-4, paragraph 1

o The unsupported assumptions used by O0E to support waste package
development”

STATUS: Agreed

BWIP RESPONSE: The waste package preliminary performances analyses considered
the following processes:

resaturation of backfill

corrosfon of canister and resulting containment time

waste form dissolution

radionuclide transport through backfill and near-field host rock
radionuclide sorption in backfill and near-field host rock.

The performance assessment was based on the data available at that time and
assumptions that were judged to be conservative for the processes listed

above. These analyses revealed the more important processes and parameters
and provided guidance for the present ongoing research programs. These pro-

grams are now providing and will continue to provide an expanding data base
for use in design and performance analyses.
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ITEM REFERENCE: Section 12.1, page 12-1, paragraph 3, item ]

GAI COMMENT: "Significant apparent uncertainties are associated with all
existing numerical groundwater flow models of the Pasco Basin and reference
repository location. The numerical sophistication of the numerical codes is
high, but the most significant uncertainty is in the validity of the concep-
tual groundwater flow model. These uncertainties include:

- uncertainties in the existing data due to testing methodology

-~ uncertainties due to natural variability of critical hydrogeologic and
geochemical parameters

- uncertainties due to largely unknown boundary conditions

- uncertainties in the modeling which couples thermomechanical affects on
mass tranpsort.”

STATUS: Agreed

BWIP RESPONSE: Groundwater traveltimes were calculated in the SQR for the
purpose of a preliminary evaluation of the value of detailed site character-
ization. Neither the data nor the extent of analysis presented in the SR are
adequate for Ticensing purposes. The groundwater traveltimes may he overesti-
mated or underestimated. In spite of deficiencies and uncertainties, the BWIP
believes sufficient confidence exists to proceed with detailed site character-
ization. Work is currently under way to estimate the impact of data uncer-
tainty on grounawater traveltime predictions. The SCP will clarify the above
points in Section 12.4.1.

ITEM REFERENCE: Section 12-1, page 12-2, item 1

GAI COMMENT: "DOE recognizes major uncertainties in the data base and numeri-
cal models and presents a methodology based on systematic and conservative
analysis that provide bounding estimates of radionuclide migration. In GAl's
opinion, this is unlikely to provide a clear and defensible analysis of site
performance, and a more rigorous approach to uncertainty analysis would be
preferred."

STATUS: Agreed
BWIP RESPONSE: The wording in the SCR was intended to convey the intent of

pursuing a rigorous uncertainty analysis to the degree possible as well as
perfcrming conservative, bounding calculations where necessary or appropriate.
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The intent of the SR is supported by the following statement from the Oraft
Site Characterization Analysis* (DSCA): ™"The staff expects that a classic
probabilistic risk analysis (based on rigorous probability determinations) of
the repository may be neither possible nor necessary, and that determinations
of compliance with the numerical criteria may depend in part on expert judge
ment for items such as conceptual models, scenarios, scenario probabilities,
cstimated parameter values. boundary locations, and uncertainties. For
example, it is expected that numerical models will be used to estimate the
consequences of specific scenarios, and will take into account the uncertain-
ties associated with the behavior of the repository within those scenarios.
However, it is expected that estimations of the probabilities of the occur-
rence of the scenarios, and the uncertainties associated with the data per-
taining to the scenarios, will be based in part on expert judgement."

(DSCA, page 9-4). Section 12.2.1 of the SCP will be expanded to explain this
approach in more detail.

ITEM REFERENCE: Section 12.1, page 12-2, paragraph 1, item 2

GA] COMMENT: "The approach to comprehensive risk assessment outlined has not
been adequately followed to date by DOE. Model studies are neither compre-
hensive nor demonstrably conservative, and the conclusions on radionuclide
releases are not adequately represented in the context of the stated uncer-
tainties in the models and data. More confidence in the numerical results is
implied than is demonstrated by DOE."

STATUS: Agreed

BWIP RESPONSE: There are some strong elements of conservatism in the studies
summar ized in the SCR. Most of the studies were designed to provide a "best
estimate” of conditions from the standpoint of the regulatory guidance avail-
able at the time. Section 12.2.1 of the SCP will be rewritten to state that
one of the principal applications of long-term performance analyses is to
guide the site characterization effort so as to reduce uncertainties.

[TEM REFERENCE: Section 12.1, page 12-2, paragraph 1, item 3

GAl COMMENT: "“The results of performance assessment studies to date are based
on DOE's existing numerical groundwater model. Until such time that a unique

*U.S. Nuclear Regulatory Commission, Draft Site Characterization Analvsis
of th: Site Characterization Report for the Basalt Waste Isolation Project,
NUREG-0960, 2 Volumes, Washington, D.C. (March 1983].
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groundwater model can be defensibly developed by measured data, performance
analyses should include a range of groundwater models incorporating the
various identified components of uncertainty."

STATUS: Agreed

BWIP RESPONSE: Development of a defensible conceptual groundwater model is
necessary input for numerical models in performance assessment. It was
thought that this point was made in the SRR. The relationship between the
conceptual model and the performance assessment models will be explicitly
detailed in Section 12.3 of the SCP.

ITEM REFERENCE: Section 12.), page 12-2, paragraph 1, item 3

GAT COMMENT: "Since performance analyses will be required to defend the
requirement or adequacy of the data base at the time of a license application,
and presumably prior to this time, erroneous conclusions may have been drawn
by using overly optimistic estimates of data."

STATUS: Open

BWIP RESPONSE: [In the traveltime calculations GAI performad for the DSCA,
extreme values of individual measurements were used without evidence that
such values were really extensive. Such a procedure is overly pessimistic
and somewhat speculative. The GAI analysis should be the subject of detailed
discussions with 84 IP.

[TEM REFERENCE: Section 12.3, page 12-7, paragraph 2

GAl COMMENT: "Because performance assessment is the means by which DOE will
predict whether or not the site and design will protect and maintain the
health, safety, and well being of the public, it is GAI's opinion that reposi-
tory performance analysis must be comprehensive and technically unassailable.™

STATUS: Agreed

BWIP RESPONSE: The BWIP agrees. This philosophy reflects BWIP beliefs and
w111 be reflected in the SCP.

ITEM REFERENCE: Section 12.3, page 12-7, paragraph 3

GAl COMMENT: "While DOE indicates that resolution of performance issues will
be achieved using predictive models for groundwater flow and radionuclide
transport and that proof of compliance with the technical criteria and
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requlations will depend on the reliability of numerical models to predict
system performance, it is GAI's opinion that, although this general philosophy
is appropriate, DOE has not adequately demonstrated in the SR how certain key
elements of the modeling process will be evaluated. Specifically, GAI is con-
cerned with DOE's approach to predictive modeling, defining release scenarios
and treating uncertainties, as discussed below.™

STATUS: Agreed

BWIP RESPONSE: Section 12.2 of the SCP will be expanded to explain how key
elements of the modeling process will be evaluated.

[TEM REFERENCE: Section 12.3, page 12-7, paragraph 4

GA[ COMMENT: "In the SCR, DOE lists a large number of potential release
scenarios, but presents no discussion of which are plausible for the Hanford
Site or their probability of occurrence. In GAI's opinion, the approach to
comprehensive risk assessment outlined in the SCR has not been followed
through to date by DOE because a defensible identification of plausible dis-
ruptive event scenarios for the Hanford Site has not been completed. Also,
events which may damage the waste package and/or the engineered barrier system
after the repository is decommissioned, and their effects on release rates,
are not considered by DOE. Rather, thevemphasis is entirely on disruptive
events that may affect the transport of was.. through the geologic system."

>/ATUS: Agreed

BWIP RESPONSE: Oetailed description of the rationale and framework of the
methodology utilized by the BWIP to identify, characterize, and select
disruptive scenarios will be described in Section 12.2 of the SCP. Results
achieved to date in terms of disruptive scenarios selected for detailed
parametric and release risk consequence analysis will be noted. The method-
ology used to identify potential disruptions to isolation performance of a
Hanford Site repository has considered (1) potential uncertainties and
omissions of site characterization, {(2) dynamics of natural systems, (3) per-
turbatfons of baseline conditions due to construction and operation of a
repository, and (4) potential disruptions resulting from human intrusion.

[TEM REFERENCE: Section 12.3, page 12-8, paragraph 1

GAI COMMENT: "While DOE recognizes that major uncertazinties exist in both the
data base and in the use of numerical models, these uncertainties are not
explicitly discussed nor is an attempt made to quantify them. In fact, OOE
implies that a rigorous application of uncertainty analysis methods cannot be
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used to demonstrate compliance. It is GAI's opinion that the SCR does not use
conservative parameters and assumptions. Further, in GAl's opinion, the
alternative methodology presented in the SR, i.e., that of ‘systematic and
conservative analyses that provide bounding estimates of radionuclide migra-
tion', will not provide a clear and defensible analysis of site performance
unless:"  For the following items also see BWIP reponses to Section 12.1,
page 12-2, item 1 and Section 12.1, page 12-2, item 2.

"¢ The range of data used is demonstrated to be representative of all field

measurements”

STATUS: Open

BWIP RESPONSE: The precise intent of this statement is not completely clear.
While the BWIP agrees with the statement in general terms, if it includes the
use of extreme values of hydraulic conductivity without evidence of spatial
correlation the BWIP would disagree. Further clarification is needed from GAI.

ITEM REFERENCE: Section 12.3, page 12-§, paragraph 1

e The spatial variation of discrete data points is quantified"”

STATUS: Agreed

BWIP RESPONSE: Sections 12.4.1 and 12.4.5 of the SCP will address such topics
in some detail.

ITEM REFERENCE: Section 12.3, page 12-8, paragraph 1

s All credible conceptual geological/hydrological models are evaluated on a
common basis, using alternative interpretations of the available data"

STATUS: Agreed

BWIP RESPONSE: The BWIP is in strong agreement on this point. Plans for
accomplishing this will be addressed in Chapter 16 of the SCP.

ITEM REFERENCE: Section 12.3, page 12-8, paragraph 1

¢ The uncertainties or 'conservatisms' in the mathematical models are
explicitly defined and evaluated, i.e., the effect of a given parameter
on the results should be determined."
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STATUS: Agreed

BWIP RESPONSE: The BWIP is also in complete agreement on this point. This is
a major objective of the sensitivity studies underway or planned. Additional
discussions of such sensitivity studies will be incorporated into Sections 12.3
and 12.4 and also Chapter 16 of the SCP.

[TEM REFERENCE: Section 12.3, page 12-8, paragraph 2

GAl COMMENT: "DOE presents methods by which these points can be addressed,
including code benchmark ing and verification for numerical models and statis-
tical techniques for data analysis. The extent to which these techniques have
been used is not, however, specified in the SCR."

STATUS: Agreed

BWIP RESPONSE: The listing of computer codes in Chapter 12 presents a brief
discussion of the codes that have been used in previous BWIP studies and codes
that may be used in performance assessment. This list wil)l be reduced in the
SCP to reflect primary candidates. A more rigorous discussion of the selec-
tion, evaluation, testing (verification, benchmarking, and validation), and
incorporation of those codes into the system model will also be documented in
Chapters 12 and 16 of the SCP. '

ITEM REFERENCE: Section 12.3, page 12-8, paragraph 2

GAI COMMENT: "In particular, the performance analysis results are determined
us ing one geologic/hydrologic interpretation (conceptual model), with rela-
tively small differences in the data inputs.”

STATUS: Disagreed

BWIP RESPONSE: Substantially different far-field conceptual models were used
in the various performance assessment precursors summarized in Section 12.4.1
of the SCR. The hydraulic head values in the Grande Ronde Basalt were assumed
to be much higher than later values measured for most of the far-field
studies. This assumption had significant impact upon the vertical head gradi-
ent and, hence, streamline orientation and traveltimes. The BWIP does agree
(and it will be acknowledged in the SCP) that an adequate conceptual model of
the basalt groundwater flow system has not yet been developed. Reasonable
alternative conceptual models based upon up-to-date data need to be developed
and evaluated on a common basis.
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ITEM REFERENCE: Section 12.3, page 12-8, paragraph 3

GAI COMMENT: ™"In GAI's opinion, a rigorous approach to uncertainty analysis
is a more comprehensive and technically defensible approach to predicting
repository performance. While parametric and sensitivity analyses can cer-
tainly provide boundary solutions, the extent to which these solutions are
cons:rvative may not be readily apparent. It is also noted that the method-
olocy presented by DOE has not been applied to analyses completed to date and
presented in the SQR.™

STATUS: Open

BWIP RESPONSE: The BWIP suspects that the major difference between GAI and
the BWIP on this point is a matter of semantics. The BWIP does intend to
apply uncertainty analysis methods and techniques in a vigorous manner. The
word "rigorous" can mean sufficient data in space and time will be obtained to
completely determine various statistical parameters. It can be envisioned
that the cost/benefit ratio of such an approach could sharply decline (or even
become negative) prior to reaching what some statisticians would call “rigor-
ous”" levels. While the extent of conservatism of some solutions may not be
readiiy apparent, if a consensus (or near consensus) is reached in the respon-
sible technical community that the solutions are conservative, then closure
will have been achieved. While it would be attractive, in principal, to
eliminate judgment and opinion via a fully statistical approach, it is BWIP
opinicn that the data requirements would be prohibitive on the one hand and
not cist effective on the other. The BWIP believes, from reviewing the GAI
comments as a whole, that there is no substantial disagreement on this point;
however, additional clarification and discussion with GAl is needed to assure
that this is indeed the case.

ITEM REFERENCE: Section 12.3, page 12-8, paragraphs 4 and 5

GAl COMMENT: '"However, the information presented in the SCR does not clearly
address several important issues:

o Which computer codes will he used by DOE in its system model for perform-
ance analyses of the Hanford site?

e What steps are being taken to validate those models to be used?

¢ What rules will be applied to convert field data to system model data?"

STATUS: Agreed
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BWIP RESPONSE: An expanded discussion of the past use of code verification

and benchmark ing and the use of statistical techniques will be added to
Section 12.3 of the SCP. Plans to show how uncertainty will be tracked from
data gathering throughout analyses will be addressed in Chapter 16 of the SCP.

ITEM REFERENCE: Section 12.3, page 12-8, paragraph 6

AT COMMENT: "DOE indicates that this work is ongoing. The performance
analyses presented in the SCR have involved only a very small number of the
codes listed. It is GAI's opinion that the SR should indicate:

o The type of analysis and level of detail that OOE believes is necessary
for each step of the performance analysis

¢ The codes which are best 'suited to dealing with these defined steps

o The system model preferred by DOE and 1ikely to be used for performance
assessment. "

STATUS: Agreed

BWIP RESPONSE: An expanded discussion of the key chemical and physical pro-
cesses, their role in the various geometrical regions, and candidate codes
for each will be added to Section 12.3 of the SCP. Plans for testing, docu-

menting, and integrating the chosen codes into a system model will be dis-
cussed in Chapter 16 of the SCP.

[TEM REFERENCE: Section 12.3, page 12-9, paragraph 1, item 1

GAl COMMENT: "(1) Regarding the far-field performance assessment (hydrologic
only) presented by DOE, it is GAI's opinion that there are several points of
concern regarding DOE's interpretation of the groundwater system at Hanford:

s The conceptual model presented in the SCR does not account adequately for
the effects of structural and stratigraphic discontinuities that are
recognized (by DOE) in the Columbia River Basalts. The oversimplifi-
cation of the hydrogeologic system in the SQR makes the validity of DOE's
numerical model so uncertain that 1ittle confidence can be placed on
current estimates of groundwater traveltime."

STATUS: Disagreed

————

BWIP RESPONSE: The conceptual model does lack definition of the effects of

structural and stratigraphic discontinuities. The impact of such features
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upon groundwater traveltimes and radionuclide fluxes in terms of the proposed
regulatory standards at the accessible environment is not, in the opinion of
the BWIP, sufficient to make the results of the numerical model "so uncertain
that little confidence can be placed upon current estimates of groundwater
traveltime."

Low hydraulic head gradients and the direction of the vertical hydraulic head
gradient near and in the RRL contribute to long traveltimes to major struc-
tural features such as the Gable-Umtanum anticline. Where stratigraphic cr
structural features might create higher hydraulic conductivities and shorter
traveltimes, they would also creat~ larger effective porosities and longer
traveltimes.

[t is the opinion of the BWIP that a fair degree of confidence can be placed
in the ranges of estimates for far-field traveltimes as presented in the SCR
in terms of how they compare to the MRC-proposed standard of 1,000 yr minimum
traveltime from the disturbed zone to the accessible environment. Additional
explanation and rationale will be incorporated into Section 12.4.1 of the SCP.

ITEM REFERENCE: Section 12.3, page 12-9, paragraph 2,item 2

GAl COMMENT: “There are large uncertainties in the value of hydraulic
parameters presented in the SR, due %o

- no measured values of vertical hydraulic conductivity or matrix diffusion®
STATUS: Agreed

BWIP RESPONSE: Measured values of vertical hydraulic conductivity are lacking
in the SCR. The latest information on measured vertical hydraulic conduc-
tivity values will be presented in Chapter 5 of the SCP. The basis for the
latest estimates of vertical hydraulic conductivities of modeling proposed
will be explained in some detail in Section 12.4 of the SCP. The need or

lack of need for field measurements of matrix diffusion will be addressed in
Section 12.4.3 of the SCP.

ITEM REFERENCE: Section 12.3, page 12-9, paragraph 2, item 2

- only one measure of effective porosity and dispersivity"

STATUS: Agreed
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BWIP RESPONSE: The lack of field measurements of effective porosity increases
uncertainty. It is well known that dispersivity values are highly scale
dependent, becoming larger as the measurement distance is increased. The
impact of limited field measurements will be included in the expanded discus-
sion on uncertainty in Section 12.4.5 of the SCP.

ITEM REFERENCE: Section 12.3, page 12-9, paragraph 2, item 2

- Only single-hole tests and no large-scale tests”
STATUS: Agreed

BWIP RESPONSE: Large-scale tests are planned and will help to reduce
uncertainties (see Chapters 5 and 13).

[TEM REFERENCE: Section 12.3, page 12-9, paragraph 2, item 2

- large non-systematic variations in measured parameter values from
single-hole tests"

STATUS: Disagreed

BWIP RESPONSE: Such variations strongly suggest a low spatial correlation in
the measured values compared to the size of the domain being modeled.. If the
range of correlation is small compared to the modeled domain (in this case,

10 km (6.2 mi)) and sufficient data exist to properly calculate a mean, then
that mean would be the correct value to use in calculating the "best estimate"
of groundwater traveltime. This topic will be addressed in some detail in
Section 12.4.1 and 12.4.5 of the SCP.

ITEM REFERENCE: Section 12.3, page 12-9, paragraph 2, item 2

- complex distribution of measured hydraulic data."
STATUS: Agreed

BWIP RESPONSE: The distribution of head values in the Cold Creek Syncline is
Tess complex than for the Pasco Basin as a whole, as expected. A1l data
suggest relatively low hydraulic gradients in the vicinity of the RRL. Such
low apparent -gradients make determination of hydraulic head trends more dif-
ficult. Additional head data is needed but is not expected to dramatically
change the range of traveltime estimates.
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ITEM REFERENCE: Section 12.3, page 12-9, paragraph 2, bullet 3

GAI COMMENT: ™"Existing models presented by DOE are uncalibrated because of
insufficient hydraulic head data, and thus the predicted results cannot be
considered defensible. Reference to other modeling efforts by DOE contractors
to support the prediction of long groundwater travel times is indefensible
since all modeling has been done with the same basic data set."

STATUS: Disagreed

BWIP RESPONSE: While the quantity and distribution of head data presented in
the 5CR are insufficient to produce what the BWIP would consider a satisfac-
torily calibrated model, categorizing the range of predicted traveltimes as
"indefensible" based upon the lack of head data goes too far. The range of
assumed and interpreted values in the various far-field studies was rather
large, ranging from near-vertical groundwater movement in the Pacific
Northwest Laboratory (PNL) study to near-horizontal groundwater movement in
the most recent Rockwell Hanford Operations (Rockwell) study. There were also
substantial differences in average hydraulic conductivity values. While such
differences indicate less than precise knowledge of the groundwater system,
the fact that all calculated traveltimes were much longer than the NRC pro-
posed standard is, in the opinion of the BWIP, signficant. This is not to say
that sufficient confidence exists for licensing purposes, but detailed site
characterization appears to be warranted. Section 12.4.1 will be rewritten

in the SCP to add more recent analyses including a preliminary uncertainty
analysis.

iTEM REFERENCE: Section 12.3, page 12-9, paragraph 3

GAI COMMENT: "The SCR does not include any quantitative results of
sensitivity studies of groundwater flow of the Hanford site."

STATUS: Agreed
BWIP RESPONSE: Some sensitivity analyses are presented in one of the SCP

Chapter 12 references.* Sensitivity analyses and alternative conceptual
models are needed. Expanded discussions of far-field sensitivity analysis

/

*King, [. P., 0. 8. MclLaughlin, W. R. Norton, R. G. Baca, and
R. C. Arnett, Parametric and Sensitivity Analysis of Waste Isolation in a
Basalt Medium, RHO-BWI-C-94, Resource Management Associates for Rockwel]
Hanford Operations, Richland, Washington (1981).
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will be included in Chapters 12 and 16 of the SCP. Expanded discussions of
alternative conceptual models will be added to Chapters 5 and 12 of the SCP.

ITEM REFERENCE: Section 12.3, page 12-9, paragraph 3

GAl COMMENT: "OOE planning documents (cited in SCR Chapter 13) indicate that
the current level of predictive accuracy for critical hydraulic parameters is
very low (e.g., 5 orders of magnitude for vertical hydraulic conductivity)."

STATUS: Agreed

BWIP RESPONSE: The document cited by GAl does indicate that the current level
of predictive accuracy for some critical hydraulic parameters is low. These
estimates of predictive accuracy were based on engineering judgment, and
mainly pertained to parameters determined from small-scale borehole tests. In
the modeling studies performed by the BWIP, parameter estimates defined on a
scale larger than a borehole test are required. Unless these parameters are
perfectly correlated on the scale of the domain being modeled, estimates made
on the large scale are more certain than estimates made on the borehole-test
scala. Considering the nature of the hydrogeologic parameters used in the
BWI" modeling studies, perfect correlation on a large scale (e.g., Cold Creek
Svicline) is impossible.

[TEM REFERENCE: Section 12.3, page 12-9, paragraph 3

GAI COMMENT: "Relatively simple parametric studies completed by GAl for the
NRC's draft SCA indicate that groundwater travel times from less than 100 to

over 100,000 years are possible using the parameter values presented by DOE in
the SCR."

STATUS: Disagreed

SWIP RESPONSE: The simple parametric studies presented in the OSCA use
extreme values of hydraulic conductivity as if they represented the mean value
over the entire distance to the accessible environment. Without evidence of
spatial correlation of such extreme values, the BWIP pelieves such an approach
is incorrect and not a meaningful estimate of the range of traveltimes. The
SWIP has recently completed a Monte Carlo analysis where the horizontal
hydraulic conductivity was varied according to distribution determined from
Grande Ronde Basalt flow top hydraulic conductivity measurements. This study
will be summarized in Secton 12.4.1 of the SCP.
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ITEM REFERENCE: Section 12.3, page 12-10, paragraph 1

CA] COMMENT: "While DOE recognized (i) the need for a more complete hydro-
logic characterization of the basalts, (ii) the uncertainties in the existing
conceptual model, and (iii) the data deficiencies, a discussion of the impact
of these uncertainties is not included in the conclusions drawn on site per-
formance, and DOE states that a high degree of confidence can be placed on
predicted groundwater travel times. GAI's opinion is that unless reliable
boundary conditions and hydraulic parameters are determined during site char-
acterization and until a defensible conceptual groundwater model is developed,
little confidence can be attached to performance assessment results from any
numerical code at this time."

STATUS: Agreed

BWIP RESPONSE: While the BWIP agrees with some of the GAI statements, it
should be recalled that the primary purpose of the SCR performance assessment
was not to develop a single set of defensible predictions of traveltime, but
to develop confidence that the traveltime is greater than 1,000 yw. After
reviewing the commepts by the MRC, GAI, and others on the SCR, the BWIP
continues to believe that a basis exists for confidence that the final
traveltimes will significantly exceed the proposed standard. However, the
word "considerable" on page 12.4-53, paragraph 2, of the SCR, may be
misleading and will be changed to "significant." Also, wording in

Sections 12.4.1 and 12.4.5 will be changed to focus upon the basis for
detailed site character- ization and to avoid the impression of final
Justification of the basalt site for repository selection.

ITEM REFERENCE: Section 12.3, page 12-9, item 2 and following page 12-30

GAl COMMENT: "Therefore, GAI does not consider this assumption to be
conservative."

STATUS: Agreed

BWIP RESPONSE: Detailed analyses of waste package degradation and failure
have not been completed to date. Therefore, the assumption cannot be justi-
fied as conservative cr nonconservative at this time. Current BWIP plans are
to design waste packages that will provide for substantially complete contain-
~ment for up to 1,000 yr with a high reliability (to be determined). In the
SCP, the assumption of all waste packages failing simultaneously at 1,000 wyr
has been modified to include a failure distribution as a function of time.
This failure model will be discussed in detail in Section 12.4 of the SCP.
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ITEM REFERENCE: Section 12.3, page 12-10, paragraph 3

GAI COMMENT: “The conclusions made by DOE concerning the retardation of cer-
tain nuclides based on high sorptive properties of basalt is therefore not, 1n
GAl's opinion, yet substantiated."

STATUS: Agreed

BWIP RESPONSE: There are uncertainties remaining about the sorption behavior
of certain key radionuclides. The SCP, Section 6.5.3, and Chapter 15 will
discuss current data and plans, respectively, concerning radionuclide sorption
and its associated uncertainties.

[TEM REFERENCE: Section 12.3, page 12-10, paragraph 4

GAl COMMENT: ™"GAI considers that the results of this work are of 1imited
interest."

STRTUS: Agreed

BWi? RESPONSE: This discussion will be deleted and replaced with more
realistic and up-to-date results for the SCP.

[TEM REFERENCE: Section 12.3, page 12-10, paragraph 6

GA] COMMENT: "..., it is GAI's opinion that this cannot be considered as a
comprehens ive performance analysis with respect to compliance with the EPA
standard. It is not clear, for example, whether any radionuclides other than
C-14 were evaluated.”

STATUS: Agreed

3WIP RESPONSE: It is true that only C-14 results were presented in the SCR.
However, other radionuclides were analyzed in other studies (e.g. Tc-99 and
[-129), but only C-14 was chosen to illustrate the results in the SCR. A
discussion of the relative behavior of more than one radionuclide will be
included in SCP Sections 12.4.2 and 12.4.3.
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[TEM REFERENCE: Section 12.3, page 12-11, paragraph 1, item ]

GAI COMMENT: "It has not been demonstrated that either a 1,000 year package

Tife or a fractional release rate of 10-5 per year is achievable."

STATUS: Agreed

BWIP RESPONSE: These requirements must be met for a repository as stated in

NRC Draft 10 CFR 60 and were simply used as assumptions. The SCP Chapters 11
and 15 will discuss, in detail, waste package performarce. Chapter 16_of the
SCP will discuss plans for detailed modeling of waste package degradation.

ITEM REFERENCE: Section 12,3, page 12-11, paragraph 1, item 2

GAT COMMENT: “Groundwater traveltimes to the accessible environment may be
significantly overestimated."

STATUS: Agreed

BWIP RESPONSE: Traveltimes mav have been overestimated in the SRR, although
they may also have been underestimatad. Uncertainties in the hydrologic
properties used to calculate traveltimes must be quantified. The BWIP is
currently addressing this problem. Section 12.4.5 of the SCP will provide a
detailed discussion.

[TEM REFERENCE: Section 12.3, page 12-11, paragraph 1, item 3

GAI COMMENT: "Groundwater flow paths are specific to the model and data us~4."
STATUS: Agreed

BWIP RESPONSE: The flow paths computed for the near-field zone typify a
groundwater flow regime in a multilayer geology with an alternating sequence
of confining and transmissive hydrologic units. These results are specific to
the data used but independent of the numerical model used. This representa-
tion is consistent with the data conceptual model presented in Chapter 5 of
the SCR. Alternative conceptual models will be considered in future reposi-
tory performance analyses.
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[TEM REFERENCE: Section 12.3, page 12-11, paragraph 1, item 4

GA] COMMENT: "Releases of C-14 across the 10 km reference boundary (equal to
zero in the results presented) are dominated by the long travel times; alter-
native groundwater models may be shown to provide more critical releases.™

STATUS: Disagreed

BWIP RESPONSE: For a conceptual model consisting of a multilayer geology with
an alternating sequence of confining and transmissive hydrologic units, the
fastest and most efficient transport path to the accessible environment is
along the single flow top. For other conceptual models, for example, a
miltilayer system with high vertical hydraulic conductivity, the contaminant
Plume would show significantly greater vertical spreading because of buoyancy
driving forces, diffusion, and dispersion. In effect, the arrival of the C-14
at the 10 km (6.2 mi) boundary would be delayed. In addition, C-14 is not
considered to be a problem radionuclide (rela“ive to compliance with EPA
standards) because of (1) its half-life of 5,720 yr, (2) low initial inven-
tory, and (3) high carbonate concentrations in the groundwater. Moregver,
precipitation reactions of a carbonate form may retard the migration of C-14.
The BWIP is currently evaluating potential releases of other radioisotopes,
such as [-129, that may be more significant. These results will be presented
in Section 12.3 of the SCP.

[TEM REFERENCE: Section 12.3, page 12-11, paragraph 2

GAT COMMENT: "“...conservatisms in the work have not been adequately demon-
strated or supported."

STATUS: Agreed

BWIP RESPONSE: Discussion of long-term performance analysis results in
Section 12.4 of the SCP will more carefully detail the areas of conservatism
and the justification of modeling assumptions.

ITEM REFERENCE: Section 12.3, page 12-11, paragraph 2

GAi COMMENT: "It is GAI's opinion these two statements are inconsistent."

STATUS: Agreed
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BWIP RESPONSE: The inconsistency will be corrected in SCP. The BWIP agrees

that uncertainties remain and these uncertainties will be discussed in SCP
Section 12.4.5 of the SCP.

ITEM REFERENCE: Section 12.3, page 12-11, paragraph 3

GAI COMMENT: "It is apparent that release from the engineered system may be
required to be treated much more carefully if it is demonstrated that the

amount of credit that can be taken from the geologic setting is limited (e.g.,
due to data or model uncertainties)."

-

STATUS: Agreed

BWIP RESPONSE: Section 12.4.2 of the SCP will provide details of one approach
to estimating engineered system releases.
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ITEM REFERENCE: Section 13.3, page 13-4, paragraph 2

GAl COMMENT: "In the environmental, land-use and socioeconomic area, it is.
GAI's opinion that DOE has failed in the SCR to acknowledge at least four site
jssues:

(1) Potential for radicactive contamination of public roads due to the high
levels of radiocactive contamination measured in the surface soil and vegeta-
tion of the RRL;"

STATUS: Agreed

BWIP RESPONSE: The Status and Plans section for work element S.2.1 in the SCP
will be expanded to include new data and plans to answer this comment (see
[tem Reference 9.1, page 9-1, paragraph 3).

ITEM REFERENCE: Section 13.3, page 13-4, paragraph 2

"(2) the appropriateness of designating portions of the Arid Lands Ecology
Reserve to be included in the RRL;"

STATUS: Agreed

BWIP RESPONSE: There are no plans for surface disruption of the Arid Lands
Ecology Reserve (see Item Reference 9.1, page 9-1, paragraph 3).

[TEM RFEFERENCE: Section 13.3, page 13-4, paragraph 2

"(3) The absence of accounting for the potential public risks and social
burdens associated with the transportation activities associated with the
development and operation of a repository;"

STATUS: Agreed

BWIP RESPONSE: The Status and Plans section for work element S.2.1 in the SCP
will be expanded to include plans to address this comment in the Environmental
Report submitted with the License Application (see Item Reference, Section
9.1, page 9-1, paragraph 3). '
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ITEM REFERENCE: Section 13.3, page 13-4, paragraph 2

"(4) the absence of accounting of the potential social burdens of the tempo-
rary work force associated with constructing a repository.”

STATUS: Agreed

BWIP RESPONSE: The Status and Plans section for work element S.2.1

(page 13.3-88 in the SCP) wil) be expanded to include new dita and nlans to
address this comment in the Environmental Report submitted with the License
Application.

A

ITEM REFERENCE: Section 13.3, page 13-4, paragraph 3, item 1

GAI COMMENT: "The number of large-scale multiple-hole tests i< considered
inadequate to determine representative hydraulic parameters, particularly
horizontal and vertical hydraulic conductivity."

STATUS: Agreed

BWIP RESPONSE: Plans for extensive, large-scale tests will be given in the
Orill and Tist Plan and discussed in Chapter 13 of the SCP.

ITEM REFERENCE: Section 13.3, page 13-3, paragraph 1

GAI COMMENT: "In GAI's opinion, a set of issues should be identified whose
resolution is demonstrated to be both necessary and sufficient for site
selection and subsequent licensing, as pertaining to site geology, hydro-
geology, surface hydrology, climatology/meteorology/air quality, and environ-
mental/land-use/socioeconomic characteristics. A comprehensive set of work
elements should then be identified which, if completed, are both necessary
and sufficient to demonstrably resolve these identified issues. Work (both
on-going and planned) in this area should then be related solely to the effi-
cient completion of these work elements. Other issues, work elements, or
project activities must be considered as superfli ~us."

Kl

STATUS: Disagreed

BWIP RESPONSE: The objective of the DOE is to show the NRC that it can
satisfy the 10 CFR 60 criteria. Therefore, the organization of the criteria
determined the organization of the work elements. Issues are transient and,
therefore, are not good for identifying traceable work elements. The new
issues identified by GAl could become work elements associated with 10 CFR 60
criteria or could be incorporated into existing work elements.
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ITEM REFERENCE: Section 13.3, page 13-4, paragraph 2

GAl COMMENT: "Regarding site issues, it is GAI's opinion that quantification
of the variability of the stratigraphy and lithology of the candidate horizons
(especially thickness of the dense zone) is a site geology issue that is not
given sufficient importance by DOE."

STATUS: Agreed

BWIP RESPONSE: Plans for additional testing and analysis of this variability
will be discussed in the SCP. The Drill and Test Plan will be referenced.

[TEM REFERENCE: Section 13.3, page 13-4, paragraph 2

GAI COMMENT: "In the area of site hydrogeology, it is GAI's opinion that
determina  ion of a sinqular, technically defensible conceptual model of
groundwater flow is the principal site hydrology issue that DOE has not given
sufficient importance.”

STATUS: Agreed

BWIP RESPONSE: Discussion of alternate conceptual models and the data needed
to determine and defend a single conceptual groundwater flow model will be
included in Chapters 5, 12, and 13 of the SCP. The DOE feels that it is pre-
mature to identify a single model to be used for licensing purposes.

ITEM REFERENCE: Section 13.3, page 13-4, paragraph 2

GAI COMMENT: "In the area of surface hydrology, it is GAI's opinion that the
potential for and characteristics of a flash flood in the Cold Creek is the
major site issue which DOE has not addressed.”

STATUS: Agreed

BWIP RESPONSE: Plans to make a topographic map of the RRL on a 1- to 2-ft
contour interval and to determine the need for flood mitigation structures
will be described in Chapter 13 of the SCP.
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ITEM REFERENCE: Section 13.3, page 13-4, paragraph 3, item 2

GAI COMMENT: ™“Long-term measurements of hydraulic head at various locations
in the Pasco Basin are not planned; permanent piezometer completions are
considered necessary."

STATUS: Agreed

BWIP RESPONSE: Extensive piezometric monitoring facilities are being
developed in the RRL. The Groundwater Monitoring Plan will describe the
planned facilities. Chapter 13 of the SCP will describe how the facilities
will be used.

ITEM REFERENCE: Section 13.3, page 13-4, paragraph 3, item 3

GA1 COMMENT: "Plans for tests to define hydrogeolugic boundaries are con-
sidered inadequate; large-scale multiple-hole pump tests are considered
necessary.”

STATUS: Agreed

BWIP RESPONSE: The facilities to perform the large-scale tests and piezo-
metric monitoring discussed above wil)l also be used to evaluate the signifi-
cance of geologic structures near the RRL. Plans for performing these tests
will be discussed in Chapter 13 of the SCP.

ITEM REFERENCE: Section 13.3, page 13-5, paragraph |

GA] COMMENT: "Regarding project activities, it is GAI's opinion that no
project activities are planned which would resolve the surface hydrology and
environmental site issues which GAl has identified. Further, it is GAl's
opinion that DOE's presentation of project activities does not provide a high
degree of confidence that the work elements identified by DOE will be defen-
sibly and comprehensively completed, because DOE's descriptions of the planned
project activities are lacking in detail."

STATUS: Agreed

S8WIP RESPONSE: More detailed planning will be provided in Chapter 13 ‘of the
SCP, the Orill and Test Plan, and the Groundwater Monitoring Plan.
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ITEM REFERENCE: Section 14.3, page 14-6, paragraph 4

GAI COMMENT: "In GAI's opinion, a set of issues pertaining to geoeng eering
and repository design should be identified from SCR Chapters 4 and 10, respec -
tively, whose resolution is demonstrated to be both necessary and sufficient
for site selection and subsequent licensing. A comprehensive set of work
elements should then be identified which, if completed, are both necessary

and sufficient to demonstrably resolve these identified issues. Work (both
ongoing and planned) in this area should then be related solely to the effi-
cient completion of these work elements. Other issues, worx elements, or
project activities must be considered as superfluous."”

STATUS: Disagreed

BWIP RESPONSE: In the DSCA (see reference on page 50), the MRC analyzed BWIP
issues and work elements and compared them to issues developed by the MRC
s*aff and consultants. The MRC findings in Appendix C of the DSCA were that
tue MRC performance issues and specific issues (technical) appear to correlate
well with BWIP issues and work elements. Where the NRC has identified
additional issues that were not taken into consideration by the BWIP in
preparing the SR, this input has been integrated into the plans for preparing
an SCF and the substance of the NRC jissue has been factored into an existing
BWIP work element or issue. Furthermore, the NRC specifically has stated "the
issues and work elements in the SCR have the same collective technical scope
as the site issues developed by the NRC staff (DSCA, page xii, paraqgraph 3)"
and that "the SCR lacks specific information on plans for information
gathering in many areas (page xii, paragraph 3)}." These details will be
provided either in the SCP or by reference to specific test plans. Since the
work elements in the SRR were designed to fulfill NRC requirements, which are
applicable at different parts of the licensing process, they cannot be focused
only on the materials/data/information defined by the Golder comments.
However, a review of Chapter 14 to remove superfluous detail that does not
focus on work element completion will be carried out as part of the SCP
preparation.

ITEM REFERENCE: Section 14.3, page 14-7, paragraph 1

GAI COMMENT: "Regarding gecengineering and repository design issues, those
which DOE has identified as being necessary to resolve before the Hanford Site
can be considered suitable for licensing have not been shown to be both neces-
sary and sufficient for determining site suitability in the areas of geoengi-
neering and repository design. It is stated that these issues are derived
from SRR Chapters 4 and 10 which deal, respectively, with geoengineering
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and repository design. However, the derivation of these issues from SCR
Chapters 4 and 10 is not obvious to GAI. It is apparent that the four issues
identified can be simply restated as the issues of demonstrating stability of
underground openings and the safe containment of radionuclides within a
repository. Although these may be important issues, there may be other
undefined ones, as well."

STATUS: Open

BWIP RESPONSE: The SCR clearly states that an issue is an item of technical
controversy and that such issues only provide a focus for the work defined in
the BWIP work elements. It is the contention of the BWIP that completioq of
the work elements identified in the SCR as modified in the SCP will provide
necessary and sufficient information to support a license application. The_
BdIP work elements correlate closely with the NRC issues. The issues identi-
fied by the BWIP were never intended to serve the function envisioned by
Golder Associates. The BWIP recommends discussing this matter with Golder to
understand the perspective of each organization.

ITEM REFERENCE: Section 14.3, page 14-7, paragraph )

Al COMMENT: “For example, GAI believes that the thickness of the dense zone
of the Umtanum, and the variability of that thickness and of other character-
istics, is an issue affecting repository design which must be resolved."”

STATUS: Agreed

EWIP RESPONSE: Chapter 13 of the SCP will include plans to determine the
expected thickness of the hasalt flow selected for construction of the pro-
posed repository. The Hoi izon Identification Report* uses the variability of
the horizon to discriminate between candidate basalt flows because this thick-
ness is important to repository design. Additional borehole data will be
obtained from the surface and from the Exploratory Shaft (ES). Work elements
in Table 14-2 (pages 14.3-1 through 14.2-29 of the SQR) related to repository
design will be revised to include plans which specifically address the impact
of norizon thickness on repository design. -

*tong, P. E. and WCC, Repository Horizon Identification Report, Draft
RHO-SD-BW[-TY-0C1, Woodward-Clyde Consultants for Rockwell Ranford Operations,
Richland, Washington (1984).
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ITEM REFERENCE: Section 14.3, page 14-7, paragraph 1

GAl COMMENT: "Similarly, GAI believes that retrievability and personne1
safety, although addressed as work elements, are issues affecting repository
design which must be resolved.”

STATUS: Agreed

BWIP RESPONSE: Work elements in Chapter 14 of the SCR related to retrieva-
bility and personnel safety will be reviewed to ensure that these important
ques tions have been addressed adequately.

ITEM REFERENCE: Section 14.3, page 14-7, paragraph 1

GAT COMMENT: "Also, DOE asserts that there are no issues regarding perform-
ance confirmation. However, GA]l believes that prediction of long-term per-
formance, which must rely on modeling and cannot otherwise be cenfirmed, will
require modeling verification and 2xplicit incorporation of uncertainties,
both in the input and in the model itself."

L)

STATUS: Agreed

BW [P RESPONSE: Work elements R.1.13.B (pages 14.3-38 and -39) and R.1.18.D
{page 14.3-42) of the SCR will be rewritten to emphasize the importance of
data and model uncertainty. The testing of the computer codes (i.e., veri-
fication, benchmark ing, and validation or performance confirmation) are
designed to resclve or focus these uncertainties. The computer code and/or
model test and document.tion 2ffort will be consistent with the philosophy
outlined in Chapter 16 (i.e., Sections 16.3.2, 16.3.3, 16.4.11, 16.4,13, and
16.4.14), Narrative Section 14.4.13 will be rewritten to highlight BWIP soft-
ware quality assurance activities, testing, and documentation.

[TEM REFERENCE: Section 14,3, page 14-7, paragraph 2

GAl COMMENT: "Regarding work elements, it is GAI's opinion that if those work
elements represent discrete pieces of work that were to be performed, and if
these ‘work pieces' were defensibly and comprehensively completed, then DOE
would likely have a good grasp on geoengineering and repository design. How-
aver, most of the work elements presented by DOE are unrelated to the identi-
fied issues, agafn suggesting that the set of issues is not comprehensive.
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Although NOE discusses the status and plans of each identified work element,
Al believes that in many cases:

o The status is overstated, i.e., rather than simply stq@ing what has been
done to date, some work elements are explained, justified, and plans
presented, all under the heading of status.

o The plans are not clear, i.e., sufficient details are presented
regarding how and especially when some work elements will be
accomplished.

o The interrelationships of work elements are not clear, i.e.:

- some work elements are very similar, or even identical

- cross r ferencing of some work element is ‘ncomplete

- occac .onally, reference has been made to another work element for
stauss/plans, which then simply references back; in at least one
case, a work element references itself.

. The priorities of the work elements have not been justified."

STATUS: Agreed

BWIP RESPONSE: Work element status and plans in Chapter 14 of the SR will be
upgraded to eliminate the deficiencies noted. Work element interrelationships
will be clarified by rewriting and/or restructuring work elements as appro-
priate. Work element priorities will be noted in the apprcpriate SCP? chapter
work 2lement descriptions.

[TEM REFERENCE: Section 14.3, page 14-7, pnaragraph 3

GAl (OMMENT: "For example, GAIl has the following specific comments regarding
the identified work elements:

¢ Regarding site characteristics

- in situ stresses should be inferred from core discing and
back figured from the monitored response of underground excavations,
as well as from other methods; the problems with hydraulic frac-
turing (see SR Chapter 4) should be evaluated, and overcoring
methods should be emphasized

- direct testing of the rock mass should be emphasized, as borehole
and laboratory tests are generally of too small a scale

- uncertainties, as well as variability, of the site characteristics
should be assessed,”

STATUS: Agreed

BWIP RESPONSE: Information needs for the appropriate work elements in
Table 14-2 of the SCR will be revised to address the items indicated.
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ITEM REFERENCE: Section 14.3, page 14-8, paragraph 1

GAL COMMENT: "o Regarding analysis of underground openings

STATUS: Agreed

mechanical modeling should include 3-D effects and
consider the anisotrophic, non-linear elastic-plastic
behavior of the basalt

uncertainties should be explicity incorporated in the
analysis

limited failure zones around openings are generally
acceptable, and should be considered

monitored test sections where excavation/support
systems are tried should be utilized

modeling, and not just empirical observations, should
be used to evaluate rock bursting potential

effects of ventilation/cooling and heating cycles, and
also drying/wetting cycles, shouid be assessed."

BWI? RESPONSE: Information needs for the appropriate work elements in
Tahle 14-2 of the SCR will be revised to address the items indicated.

[TEM REFERENCE: Section 14.32, page 14-3, paragraph |

GA] ZOMMENT: “s Regarding backfilling/sealing/retrieval

the objectives of backfill, especially regarding low
permeability, have not been justified and should be
presented

the methods for assessing the long-term performance
characteristics of backfill and seals should be
identified and evaluated

the stresses acting on, and the criticality of, the
densely placed horizontal waste packages should be
assessed

the relationship of the guarded straddle packer (which
measures permeabilities) to borehole sealing should be
identified

methods and problems of retrieval should be identified
and evaluated."
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STATUS: Agreed

BWIP RESPONSE: Functional requirements for backfill, plans for assessing the
long-term performance of backfill and seals, the significance of hot-rock
permeability to borehole sealing design and methods and problems of retrieval
will be discussed in Section 10.6 of the SCP. Estimated stresses acting on
the waste canisters will be stated as design bases in Chapter 11 of the SCP,
and criticality will be discussed in Chapter 10.

[TEM REFERENCE: Section 14.3, page 14-8, paragraph 2

GAT COMMENT: "“In GAI's opinion, it is not assured that the set of work ele-
ments presented by DOE will be adequately completed, and thus issues left
unresolved, on the basis of both the lack of detail regarding the plans for
work elements and the previously noted deficiencies in the DOE program (see
SR Chapters 4 and 10)."

STATUS: Agreed

BWIP RESPONSE: Tables titled "Work £lement Analysis" and accompanying narra-
tives in Chapter 14 of the SCR prnvide a summary definition of all information
needs (cnaracterization, testing, analysis, and perfomance assessment) to
support the cefinition of work element scope and purpose. Additional details
w111 be provided in the SCP either by expanded narratives and tables or by
references to test plans that will be made available to the MRC, the State,
and others.

ITEM REFERENCE: Section 14.3, page 14-8, paragraph 3

GA[ COMMENT: "Regarding project activities, those presented by D0OE do not, in
GAl's opinion, clarify work elements nor confirm that they will be completed
in & defensible manner. Although the applicable work elements which appar-
ently will be completed with each project activity are listed, the project
activities' explanations do not, in GAl's opinion, always provide this znonfi-
dence. Further, it is not apparent how each of the work elements listed are
related to the project activities. For example, appropriate data acquired
from the ES-Phase | and Il test programs will apparently not be incorporated
in the rock mechanics data base for repository Title I design (see Figure 14-1),
Similarly, it appears that uncertainties in the data base will be neither
assessed nor incorporated in analyses. As a secondary concern, it is not
apparent in every case when these project activities, and thus the work ele-
ments, will be completed. This schedule should depend on when and to what
extent the related issues must be resolved, which has not been discussed.
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Based on the information presented by DOE, GAI does not believe that the set

of work elements will be completed prior to initial license application. For
example, it is not apparent when field tests or demonstrations of backfilling
or sealing will be conducted, but it does not appear that they are scheduled

for completion prior to construction authorization. This schedule should be

clarified as it relates to initial license application.”

STATUS: Agreed

BWIP RESPONSE: The project activities section of Chapter 14 of the SR will
be expanded anc clarified. The logic charts and accompanying narratives are
not intended to serve as a detailed "master schedule or project plan" showing
when each work element will be' completed. The data/analysis generated by a
Jiven work element will provide input not only to the license application, but
in an iterative fashion to the design and performance analysis tasks of the
project. The project activities in the SCR, which are not a detailed project
plan, are meant to provide an overall guide to BWIP activities. It is the
intent of the BWIP to provide all information identified in work elements

to the degree required to demonstrate reasonable assurance that MRC and

U.S. Environmental Protaction Agency (FPA) performance objectives, regula-
tiens, and standards are met. The planning process for this, and any other
araject, is an iterative one designed to be responsive to feedback such as
provided by the MC and Golder Assuociates. As such, project activities will
be changed to provide relevant information needed as identified in peer
reviev. Figure 14-2 and work elements in Chapter 14 of the SCR will be
revisad to clarify that data acquired from the £S test program will pe incor-
porated in the rock mechanics data base for repository Title I design and that
uncertainties in the data base wiill be assessed and incorporated in analyses.
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ITEM REFERENCE: Section 15.3, page 15-5, paragraph 4

GAI COMMENT: "“In GAl's opinion, a set of issues should be identified whose
resolutions is demonstrated to be both necessary and sufficient for site
selection and subsequent licensing, as pertaining to the waste package and
site geochemistry. A comprehensive set of work elements should then be
identified which, if completed, are bath necessary and sufficient to demon-
strably resolve these identified issues. Work (both ongoing and planned) in
this area should then be related solely to the efficient completion of these
work elements. Other issues, work elements, or project activities must be
considered as superfluous."

STATUS: Disagreed

8WIP RESPONSE: In the OSCA (see reference on page 50), the MRC analyzed SWIP
i55ues and work =2iements and compared them to issues developed by NRC staff
and consultants. The MRC findings in Appendix £ of the OSCA were that the 'R(
Performance and Specifirc Issues (technicial) appear to correlate well with BW[?
Issues and wWork Elements. Whera the MRC has identified additional issues that
Aere not taken into consideration by the BWIP in preparing the SCR, this input
has been integrated into the plans for preparing an SCP, and the substance of
the HRC issue nas been factored into an existing BWIP work element or issue.
Furthermore, the MRC specifically has stated "the issues and work slements in
the SCR have the same collective technical scope as the site issues developed
by the NR(C staff" (DSCA, page xii, paragraph 3) and that "tre SR lacks spe-
cific information on plans for information gathering in many areas" (page xii,
paragraph 3). These details will be provided -ither in the SCP, or by refer-
ence to specific test plans. Since the work e ements in the SCR were designed
to fulfill NRC requirements, which are applicable at different parts of the
licensing process, they cannot be focused only on the materials/data/informa-
tion that is defined by the Golder comments. However, a review of Chapter 15
of the SCR to remave redundant or superfluous detail that does not focus on
work element completion will be carried out as part of the SCP preparation.
Cor-elation tables will be provided in the SCP or in a separate document,
relating NRC DSCA comments (including issues) to the SCP,

[ITEM REFERENCE: Section 15.3, page 15-5, paragraph 6

GAl COMMENT: "Regarding waste package and site geochemistry issues, those
which OOE has identified as being necessary to resolve before the Hanford Site
can be considered suitable for licensing have not been shown to be bhoth
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necessary and sufficient for determining site suitability in the areas of
geochemistry, waste package and confirmation testing. It is stated that these
issues are derived from Chapters 6 and 11 which deal, respectively, with geo-
chemistry and waste package. However, the derivation of these issues in
Chapters 6 and 11 is not obvious to GAI. It is apparent that the seven issues
identified are secondary to the primary issue of demonstrating the safe con-
tainment of radionuclides within a repository. Although this may Le the most
important issue, there may be other undefined ones, as well. In GAl's opinion
DOE does not provide a suitable basis for determining whether resolution of
these seven issues is necessary and sufficient to determine acceptability in
the waste package and geochemistry areas.”

STATUS: Disagreed

BW I[P RESPONSE: The introduction to Section 13.1 of the SRR clearly states
that, as treated in the SCR, an issue is an item of *echnical controversy and
that such issues only provide a focus for the work defined in the BWIP work
elements. [t is the position of the 3WIP that completion of the work elements
identified in the SR as medified in the SCP will provide necessary and suffi-
cient information to support 3 license appliication. The BWIP work elements
correlate closely with MRC issues. These issues identified by the BWIP were
never intenced tc serve the function requested by Golder Associates.

[TEM REFERENCT: Section 15.3, page 15-6, paragraph }

GAT COMMENT: "Regarding work elements it is GAl's opinion that, if those work
elements represent discrate pieces of work that were to be performed, and if
these work pieces were defensibly and comprehensively completed, then DOE
would likely have a good grasp on waste package development and site geochem-
istry. However, these work elements are evidently not the fundamental pieces
of research and development, but rather an additional set of work items exist
#hich have no obvious and direct relationship to the wark elements. In GAl's
opinion, it is not assurad that the set of work elements presented by 00E will
be adequately completed, and thus the set »f issues will be left unresolved,
on the hasis ¢f both the lack of detail on the relationship of the wor¢ 2le-
ments to the actual programmatic activities and the previously notad perceived
deficiencies in tne 00 orogram (see review of SCR Chapters 6 and 11)."

STATUS: Disagreed

BWIP RESPONSE: It is not clear what the Golder staff means by the statement,
"However, these work elements are evidently not the fundamental pieces of
research and development, but rather an additional set of work items which
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have no obvious and direct relationship to the work elements." The BWIP, in
the tables titled "Work Element Analysis” and accompanying narratives within
the SCR, has provided a summary definftion of all information needs (charac-
terization, testing, analysis, and performance assessment) to support the
definition of work element scope and purpose. Additional detail will be pro-
vided in the SCP either by expanded narratives and tables or by references to
test plans that will be made available to the NRC.

ITEM REFERENCE: Sectfon 15.3, page 15-6, paragraph 2

GAl COMMENT: “Regarding project activities, those presented by DOE do not, in
GAl's opinion, clarify work elements nor confirm that they will be completed
in a defensible manner. The project activities 1ist applicable work elements
which apparently will be completed with project activity. However, the pro-
Ject activities' explanations do not, in GAI's opinfon, always provide this
confidence. For example, an activity to prepare a hot cell for experiments is
listed as partially or completely fulfilling eight work elements. Further, it
is not apparent how each of the work elements listed are related to the pro-
ject activities. As a secondary concern, it is not apparent in every case
when these project activities, and thus the work elements, will be completed.
This schedule should depend on when and to what extent the related issues must
be resolved, wnhich has not been discussed. This schedule should be clarified
as it relates to initial license application.”

STATUS: Agreed

BWIP RESPONSE: The project activities section of Chapter 15 of the SRR will
be expanded and clarified. The logic charts and accompanyinc narratives were
not intended to function as a detailed "master schedule or project plans”
showing where each work element will be completed. The data/analysis gener-
ated by a given work element will provide fnput not only to the license appli-
catton, but in an fterative fashion to the design and performance analysis
tasks of the project. The project activities in the SCR, which are not a
detailed project plan, are meant to provide an overall quide to BWIP? activi-
ties. [t is the intent of the BWIP to provide all information identified in
work elements to the degree required to demonstrate reasonable assurance that
MC and EPA performance objectives, regulations, and standards are met. The
planning process for this, and any other project, is an iterative ona designed
to be responsive to feedback such as that provided by the MRC and Golder
Associates. As such, project activities will be changed to provide relevant
information needed as identified in peer review.
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[TEM REFERENCE: Section 15.3, page 15-6, paragraph 3

GAI COMMENT: "In conclusion, it is GAl's opinion that sufficient resolution
of the seven issues identified by DOE, as well as any others that may arise,
in the area of waste package and site geochemistry will be likely through the
comprehensive and defensible completion of the work elements listed. However,
it is also GAI's opinion that DOE's presentation of jssues, work elements and
project activities are presented without sufficient detail and explanation.
Further, based on descriptions provided for the project activities, it is not
Clear that DOE will defensibly and comprehensively complete each work element

with its current program plans, especially prior to initial license
application.™

STATUS: Agreed

3WIP XESPONSE: Additional detail will be provided in the SCP or references
therein. As was stated above, the BWIP will endeavor to provide a reasonable

assurance that ~equlatory performance objectives will be met at the time of
possible license application.
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ITEM REFERENCE: Section 16.1, page 16-1, paragraph 2, item 2, bullet 2

GAI COMMENT: ™...GAI believes that DOE has neglected issues related to
preclosure performance assessment, e.g., in the areas of protection against
radiation exposures and retrievability of waste."

STATUS: Agreed

BWIP RESPONSE: The BWIP is in the process of defining its approach to pre-
closure performance assessment. At the present time, the BWIP has not identi-
fied any "preclosure issues." The BWIP will comply with the occupational
safety and retrievability requirements set forth in the 10 CFR 60. The SCP
will contain the discussion provided in the BWIP Performance Assessment Plan
on preclosure performance assessment,

ITEM REFERENCE: Section 16.1, page 16-1, paragraph 2, item 3, bullet 3

GAI COMMENT: "...GAI believes that a defensible approach must include a clear
resolution of the treatment of data and modeling uncertainties, which is not*
adequately addressed by 00E in SCR Chapter 16."

STATUS: Agreed

BWIP RESPONSE: The logic diagram and discussion contained in Sectior 16.4 of
the SCR will be revised to present the iterative and interactive nature of
data collection and model development activities. The existing work element
5.1.10.0 (pages 13.3-71 and -72 of the SCR) on uncertainty analysis will be
rewritten to update the 2WIP plan towards uncertainty analysis.

ITEM REFERENCE: Section 16.2, page 16-2, paragraph 3

GAI COMMENT: “"Preclosure performance assessment activities... This subject
and the approach to its resolution are only addressed in summary fashion."

STATUS: Agreed

BWIP RESPONSE: The discussion on preclosure performance assessment activi-
ties will be expanded. Work elements P.4.1, P.4,2, P.4.3, and P.4.4 will be
resritten to present mcre detail on BWIP plans for preclosure performance
assessment activities. The narratives for the preclosure activities shown on
the logic diagram (Fig. 16-2 of the SRR) will be expanded.
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[TEM REFERENCE: Section 16.3, page 16-6, paragraph |

GAl COMMENT: "Can the uncertainty in the conceptual hydrologic model and data
base be reduced (by testing)..."

STATUS: Agreed

BWIP RESPONSE: The rewrite of Section 16.4 of the SCR and the changes that
will be made to Figure 16.2 of the SCR will present, in more detail, the BWIP
approach to model development and model validation.

ITEM REFERENCE: Section 16.3, page 16-6, paragraph 4

GAI COMMENT: "in GAl's opinion, the satisfactorily demonstration that these
two 0Objections can meet should form the basis for at least two additional
{preclosure) issues. ™

STATUS:  Agreed

Sd1? RESPONSE: The 241P will satisfy the performance objectives set forth in
10 CFR 80,1112 and 10 CFR 50.111h. Both of these items ~#ill he addraessad in
the Prelimindary Hazards Analysis Report that will Se prepared during FY 34, A
discussion of the ?reliminary Hazards Analysis report will he contained in
Section 16.4.31 of the SCP.

[TEM REFERENCE: Section 16.3, page 16-6, paragraph 4

GAl COMMENT: "...the technical 'ink between many of these work elements and
the tssues which they are intended to support {s nefther stited nor abviaus..."

S5TATUS:  Agreed

8/ 1P RESPONSE: The logic diagram and narrative discussion in Chaptar 1§ of
the SCR #i11 be revised. Specific emphasis will be placed upon inteqriting
the revised work element statements into the activity narrative portion of the
SCP.

ITEM REFERENCE: Section 16.3, page 16-6, paragraph 5

GAI COMMENT: "...The work elements appear %o be oriented towards protectinn
against radiation exposures;...little reference is made to work elements that
would support the retrievability issue..."
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STATUS: Agreed

BWIP RESPONSE: The discussion on preclosure performance assessment activities
discussed in work elements P.4.1, P.4.2, P.4.3, and P.4.4 will be expanded.

ITEM REFERENCE: Section 16.3, pages 16-6 and 16-7, paragraph 6

GAl COMMENT: "...project activities, those presented by DOE...in a logic
diagram...do nct...sufficiently cilarify work elements...nor confirm that they
will be completed in a defensible manner."”

STATUS: Agreed

BWIP RESPONSE: This item was addressed previously in other BWIP comments,
i.e., Section 16.1, page 16-1, paragraph 2, and Section 16.3, page 16-5,
paragraph 5, of the SQR.

[TEM REFERENCE: Section 16.2, page 16-7, item |

! COMMENT: “Tne s,stems description for post-closure repository perform-
ance...contains 10 reference t0 the treatment of data uncertainties and their
mportance o performance assessment..."

STATUS: Agreed
3WiP RESPONSE: A discussion of uncertainty analysis techniques will he

inclucea in Sections 16.4.3 and 16.4.14 of the SCP. Work elements that
aadress uncertainty analysis ~ill be identified.

ITEM REFERENCE:  Section 16.3, nage 16-7, item 2

Al COMMENT: "...what is more important is the quantification »f model

STATUS: Agreed

S8W [P RESPONSE: The BWIP computer code test program that includes verification
and benchmark ing is designed to test the computer codes. The approach to
verification and benchmark testing will be discussed in the revised work ele-
ment P.1.2-SC (pages 16.3-2 and -3). Model validation consists of comparing
mode! results against actual data. The Activity Narrative 16.4.13 will dis-
cuss the planned BWIP approach to needed validation.
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ITEM REFERENCE: Section 16.3, page 16-7, item 3

GAI COMMENT: "...In GAI's opinion, DOE should state which code they expect to
validate under in situ conditions, which will be validated using laboratory
data alone, and what effect the relative uncertainties are likely to be on
performance assessment.™

STATUS: Agreed

BWIP RESPONSE: A plan will be prepared for each model that is validated.
The plan will specify data requirements and define accegtance criteria. The
approach to modei validation will be discussed in the SCP.

ITEM REFERENCE: Section 16.3, page 16-7, item 4

GAI COMMENT: "...post-closure repository performance assessments will include
post-waste emplacement numerical modeling, uncertainty analysis and conse-
quence analysis. The description...is brief and imprecise..."

STATUS: Agreed

SWIP RESPONSE: The activity will be described in more detail. Narrative
activities discussed in Section 16.4 of the SCR i)l be rewritten.
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ITEM REFERENCE: Section 17.3, page 17-7, paragraph 1, item 1

GAI COMMENT: "Regarding Phase II objectives, information should be obtained
during Phase 1l to allow for repository design and to sufficiently reduce
the uncertainty in the site characteristics for performance assessment, as
required for a license application for construction authorization.”

STATUS: Agreed

BWIP RESPONSE: The Exploratory Shaft Test Plan will detail the Phase II
objectives and will be referenced appropriately in the SCP.

[TEM REFERENCE: Section 17.3, page 17-7, paragraph 1, item 2

GA] COMMENT: "Regarding selection of the candidate horizon, the decision
process is not presented in sufficient detail; especially, it is not clear how
the relative importance of the various characteristics will be determined and
weignts assessed, nor is it clear whether observed values of characteristics
will simply be identified as favorable vs. unfavorable or the relative impact
of a1l possible values considered."’

STATUS: Agreed

BWIP RESPONSE: The Horizon Selection Report (see raference on page 77) will
detail the candidate selection process, including the identification and
weighting of the characteristics used. The report will be referenced appro-
priately in the SCP.

{TEM REFERENCE: Section 17.3, page 17-7, paragraph 2, item 3

GAl COMMENT: Regarding in situ test facility design - "The layout objectives
should be justitied, as this will affect operation and test results.”

STATUS: Agreed

BWIP RESPONSE: The environment for each of the tests to be performed as part
of the tS testing program will be justified in the ES Test Plan. A conceptual
layout of the ES facility meeting the environmental requirements of each of
the tests will also be presented in the ES Test Plan. The final layout wil}
not be completed until the definitive design phase of ES-Phase II.
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ITEM REFERENCE: Section 17.3, page 17-7, paragraph 2, item 3

GAl COMMENT: “The relationship of the test facility to the actual operating
repository should be defined, as this will affect the validity of extrap-
olating characteristic assessments and may possibly influence repository
performance."

STATUS: Agreed

BWIP RESPONSE: A study detailing the location of the ES in relationship to
the repository will be conducted during the upgraded repository conceptual
design. This study will not be completed until just prior to license appli-
cation. The present concept is to locate the £S5 in the repository shaft
pillar area. Since the ES location has been selected, the repository layout
will be adjusted to incorporate the ES in the shaft pillar area.

ITEM REFERENCE: Section 17.3, page 17-7, paragraph 2, item 3

"GA] COMMENT: "The dimensions and orientation have not been discussed, and
thus cannot be evaluated."”

STATUS: Agreed

3Wi? RESPONSE: The dimension of the £5 will be included in the £S5 Title 11
Design Report which will be available prior to completion of the SCP. The

ES Test Plan will include the tentative underground layout for the

ES-Phase 1. At the time of the SCP publiication, additional reference
information on the ES will be available regarding the dimension and layout of
the £S5, both Phase [ and Phase {I.

ITEM REFERENCE: Section 17.3, page 17-7, paragraph 2, ftem 3

GAl COMMENT: "A six-foot diameter shaft may be unduly restrictive considering
the horizontal drilling and testing to be conducted within it and the amount
of subsurface cevelopment and testing which must be serviced through it,
possibly resulting in scheduling problems and limitations in allowable equip-
ment dimensions; especially, the diverter assembly (or blow out preventor)
which will be attached to the porthole may be on the order of two feet long,
reducing the room available for drilling and associated activities down to
four feet."
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STATUS: Agreed

BWIP RESPONSE: A o-ft-dia. shaft is restrictive, however, the present shaft
inside dimension will allow mounting of the blowout preventer, drilling
assembly, and the performance of drilling test holes. Only one hole can be
drilled at a time; therefore, there will not be any movement of the shaft cage
during a test hole drilling activity. A drilling demonstration is being
performed at the NSTF via a 6-ft shaft being drilled into the basalt. This
demonstration simulates all aspects of drilling in the ES. The blowout pre-
venter will be checked using high-pressure water in a cased hole at the NSTF.
The report of this demonstration will be available prior to completion of the
SCP and will be referenced in the SCP.

ITEM REFERENCE: Section 17.3, page 17-7, paragraph 2, item 4

GAI COMMENT: Regarding construction techniques - "The exploratory sha‘t w«ili
be blind bored only, wnereas the repository shafts are presentiy anticipated
to be blind bered and drill/blast; hence, only blind-horing at a small scaia
#1171 be investigated and the shaft constructability question not complately
resolveg.”

STATUS: Agreed

3w iP RESPONSE: An engine2ring study ‘s cresently heing conductad 2n sha‘
ariliing tecnnology for large-bore shafts. The resu'ts of this study w«i'! he
available prior o the compietion of the SCP and #i11 ve raferenced in the
SCP. The upgraded conceptual design will use the results of *his s*tydy 15 1
basis for design of the repository shafts.

ITEM REFERENCE: Section 17.2, sage 17-7, paragrapgh 2, item 4

-

)

Al COMMENT: "The underground facility ~i11 apparently (as impiied bv WOE
SCR page 17.2-2) ba excaviated as auickly as possible, w«ith in 3A['s apinipgn
insufficient <oacern for monitoring, evaluation of alternative mining tecrni-
ques, ar possinsle licensing requirements (shoulg the facility hecome ‘nte-
grated into the repository): hence, potentially valuable and 2asily available
information might rot 52 obtained, and licensing may be complicated shoulsa the
facility be inccrporated in the repository.”

on

STATUS: Agreed
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BWIP RESPONSE: Conventional drill and blast mining techniques will be uti-
Tized for the mining of the ES-Phase I shaft station and for the Phase II
drifts. Constructability information will be obtained during Phase I and
Phase Il mining operations. The information to be obtained will be defined in
the €S Test Plan which will be referenced in the SCP.

An engineering study is being conducted to compare conventional mining prac-
tices to mechanical mining techniques for construction of the repository.
This engineering study will be available prior to release of the SCP.

ITEM REFERENCE: Section 17.3, page 17-8, paragrzph 2, item 1

GAl COMMENT: Regarding measurement of characteristics - "Hydrologic and waste
transport characteristics need to be assessed for all the possibly affected
averlying materials, and not just the repository horizon.®

STATUS: Agreed

BWIP RESPONSE: Some assessment of possibly affected overlying materials fis
needed. The detail of such an assessment would normally decline with distance
from the r2apository and will depend upon the degree to which lack of knowledge
could impact repository performance. Plans for assessing hydrologic and waste
transport characteristics will be addressed in Chapters 13 and 16 of the SCP.

ITEM REFERENCE: Section 17.3, page 17-8, paragraph 2, item 1

GA] COMMENT: “Hydrologic tests are required to define the hydrogeologic
boundaries of the system in which the repository may be placed.”

STATUS: Agreed

BWIP RESPONSE: To further define boundary conditions for the numerical model,
a triangular network of piezometric monitoring stations will he constructed in
the RRL. Plezometers will be located in at least nine horizons at each obser-
vation well site. When these head data are combined with large-scale measure-
ment of hydrologic sroperties from multiple borehole tests inside the RRL, a
refined definition of any local houndaries will develop. Chapter 10 of the
SCP will address the facilities that will be used to help establish the bound-
ary condition for the Cold Creek Syncline model.
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[TEM REFERENCE: Section 17.3, page 17-8, paragraph 2, item 1l

GA] COMMENT: ™"Hydrologic tests in horizontal boreholes (especially for verti-
cal hydraulic conductivity) may not be of sufficient scale to be representa-
tive of the rock mass; rather, multiple hole pump tests are needed (see review
of the SCR Chapter 13)."

STATUS: Agreed

BWIP RESPONSE: Additional large-scale testing will be conducted, buf the
specific test design and number of required tests will be based on DC-16
borehole test results. Additional facilities for any additional required
testing will be coordinated with monitoring facilities. It is anticipated
that two additional pumping wells will be nesded which would be located to
optimize observation locations including the new piezometer stations described
ibove. The BWIP is striving to have these wells drilled in FY 1984 as soon as
the piezometer sites are completed. Chapter 13 of the SCP discusses plans
that incorporate large-scale pump tests to help assess the representativeness
of smali-scale hydrologic tests. Supporting drilling and testing information
w11l be proviged in the revisgc Orill and Test Plan and referenced in the SCP.

[TEM REFERENCE: Section 17,2, oage 17-8, paragriph 2, item |

GAI COMMENT: "During shaft drilling, mud may invade 2 significant distance
intw the rock mass, which will substantially reduce and possihly invalidate
measured hydrauylic concuctivities and porosities in that zone."

STATUS: Agreed

34 (P RESPONSE: Wwe agree that the invasion of mud and lost circulation
materials into flow tops and interbeds surrounding the £S5 must Se factorad
into interpreting hydrologic data. These materials can artifically reduce
near-field in situ measurement of hydraulic conductivity and effective
oorosity. This is one of the primary reasons why hydrologic tests in these
nigher transmissive zones are not a prime objective of the shaft orogram.
Rather, the test 2mphasis is upon examining low-transmissive rock (flow
interiors) where mud invasion is not a problem. The orimary site charac-
terization activity that addresses flow top and interbed properties occurs in
surface-based boreholes where muds, when used, can be more easily withdrawn
and the hole ¢leaned before fissile test conduction. The location of the
portholes to be tested in the £S test program will be included in the =S Test
?lan.
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ITEM REFERENCE: Section 17.3, page 17-8, paragraph 2, item ]

GAI COMMENT: "Insufficient information is presented regarding the types of
piezometers to be used and how they will be sealed, so that the uncertainty in
the measurement of hydraulic heads cannot be evaluated."

STATUS: Agreed

BWIP RESPONSE: A revised test plan for the ES is being written. Within that
plan, details are given as to the number, size, location, and overall design
of piezometers installed to support in situ testing. In brief, piezometers
are planned that surround the large-scale chamber room test and the multiple
borehole {cluster) site. Individual piezometers penetrating flow tops and
interbeds from the shaft are not a primary data gathering option because of
near-field head influences arising from shaft emplacement. Heads measured in
such zones will address the effectiveness of the shaft seal. Hydraulic heads
considered representative of the potentiometric distributions across the RRL
will be measured in surface-drilled piezometers as described in the BWIP
Groundwater Monitoring Plan.

[TEA REFERENCE: Section 17.3, page 17-8, paragraph 2, item 1

GA] COMMENT: “The length of horizontal boreholes appears to be limited: these
noles should be as long as possible, especially within the repository horizon,
50 35 0 characterize a larqger volume and reduce extrapolation."

STATUS: Agreed

S8WIP RESPONSE: The new test plan for the ES includes plans for constructing
Tong boreholes (approximately 330 m each) cored from the underground work ings
into the repository horizon. At least two of these holes are planned so 31s to
characterize a much larger rock volume than the 20-m-long boreholes addrassed
in previous shaft test plans. A detailed discussion will he included in the
S Test Plan which will be referenced in Chapter 17 of the SCP.

ITEM REFERENCE: Section 17.3, page 17-8, paragraph 2, item )

AT COMMENT: "At depth, the emphasis should be on overcoring rather than
hydrofracturing for in situ stress measurement, due to the possible problems
with hydrofracturing in the expected stress conditions (see review of SQR
Chapter 4) and the potentially detrimental fracturing which occurs.”
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STATUS: Agreed

BWIP RESPONSE: Emphasis will be given on overcoring methods for in situ
stress measurements. The hydraulic fracturing method will be used as a
redundant or contingent method. A detailed discussion will be included in the
ES Test Plan.

ITEM REFERENCE: Section 17.3, page 17-8, paragraph 2, item ]

GAL COMMENT: "In situ tests to assess rock mass strength are not adequately
discussed, nor are tests for assessing rock mass modulus and the character-
istics of discontinuities, and thus cannot be evaluated."

STATUS: Agreed

SWIP RESPONSE: Rock mass strength will be estimated using empirical methods.
Limited in situ rock mass strength tests are being consicered in the ES Test
Plan. Rock mass modulus will be measured by a number of redundant methods
including plate bearing tests, flat jack tests, and borehole-scale deformation
tests. Spatial variations of the deformation properties will Se assessad bv
jecphysical methods. Joint characteristics will be determined in the labora-
tory both in small scale and bench scale. Gecmechanics logging will he car-
ried out in the entire drift in the £S. Details of the undergraund testing
i1l de presented in the IS Test Plan.

[TEM REFERENCE: Section 17.3, page 17-8, paragraph 2, item )

GAl COMMENT: "It is not apparent that natural variability of specific charac-
teristics over the affected volumes will be assessed, i.e., a major factor in
assessing the uncertainty and oredictability of those characteristics.”

STATUS: Agreed

BWIP RESPONSE: The spatial variability of rock oroperties wiil he asjessseg-
us ing geophysical methods in addition to core l0ggings of the long horizon-

tal noles to be drilled in ES grifts. A detailed plan will be presented in

Chapter 17 of the SCP. Details of the underground testing will bhe presented
in the £S Test Plan.
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ITEM REFERENCE: Section 17.3, page 17-8, paragraph 3

GAl COMMENT: Regarding sealing - “Verification of the shaft seal/liner will

only be obtained at the shaft breakout station in the repository horizon and

will only be applicable to the given construction method (i.e., blind-boring

in a small diameter shaft), so that the question of shaft sealing will not be
totally resolved.”

STATUS: Agreed

BWIP RESPONSE: The ES test program will only address the suitability of the
cement seal and the anulus between the steel casing and the basalt rack. The
purpose of the liner seal integrity testing in the ES test program is to
assure the safety to personnel operating in the ES and underground facili-
ties. Present plans are to remove the liner and the grout seal in selected
locations upon decommissioning of the shaft and emplacing shaft seals to
provide long-term isolation.

ATEM REFERENCE: Section 17.3, page 17-8, paragraph 3

GAl COMMENT: ™"Insufficient details are previded for decommissioning the test
facility, should it be necessary to isolate it from the repository, and thus
cannot be evaluated."

(V2]

TATUS: Agreed

BWiP RESPONSE: The repository aas not been precisely located at this time and
the relationship of the ES test facility to the repository layout has not been
established. If the test facility is sufficiently close to the repos itory as
to play a significant role in repository system waste isolation performance,
gecommissioning of the test facility sxcavations will feature sealing measures
similar to those to be applied to the shafts and the underground facility of
“he repository itself (see SRR Section 10.2). Section 17.2.10 of the SR wil]
Se revised to include a discussion of ES decommissioning alternatives.

(Note: Decommissioning of the £S5 in the event that the 8WI[P site is
determined to be unsuitable for a construction license application will be
described in Chapter 21 of the SCP.)
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ITEM REFERENCE: Section 18, page 18-1, paragraph 18.1 and Section 18.1,
page 18-6, last paragraph

GAT COMMENT: *“...However, GAI believes that insufficient detail has been
presented by DOE regarding their QA Plan (i.e., quality and technical
procedures ), which is necessary in order to evaluate the quality of data
produced and the reliability of repository design/construction/opera-
tion/performance."

STATUS: Disagreed

BWIP RESPONSE: The GAI conclusion is unsupported by their item-by-item
evaluation in Section 18, pages 18-3 through 18-6, paragraph 18.3, of the
SR. Furthermore, there seems to be some confusion regarding the purpose,
scope, and content of the SCR relating to repository

des ign/construction/opera- tion/performance. The Quality Assurance Plan
provides the systems environment necessary to produce detailed procedures
contraolling the quality of produced data and reliability. These detailed
procedures will be available for evaluation as required by NRC Requlatory
Guige 4.17 and referencea by GA[ in Section 18 of the S®R. This level of
detail is not appropriate to the SCP.

[T REFERENCE: Section 18.2, page 18-1, paragraph 4

GAI COMMENT: "Tais plan also provides for the use of computer code programs .
Software is available for both develoomental and praoduction QA"

STATUS: Oisagreed

3WiP AESPONSE: Golder Associates has made an incorrect summary of the BWIP
quality assurance program reqarding computers and software. The quality
3ssurance program is appiied in the development of computer code programs.
This software, whether developmental or praduction, falls under appropriate
quality assurance program control.

[TEM REFERENCE: Section 18.3, page 18-4, paragraph 2

GAI COMMENT: *“...Thus, in order to adequately evaluate these (QA) proce-
dures it is necessary for specifics such as testing methods, instrumentation,
environmental controls, documentation, nonconformance/corrective action,
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methods of analysis, and applicability and limitations of testing and instru-
mentation in acquiring the necessary information, be outl 'ned for each activ-
ity to be performed.”

STATUS: Agreed

BWIP RESPONSE: Tre specitics detailed are contained in implementing plans and
procedures. These plans and procedures will be referenced in the SCP.
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