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Geology/Geophysics Section
Geotechnical Branch
Division of Waste Management

SUBJECT: APPENDIX TO MY MAY 11, 1984, TRIP REPORT ON DOE/NRC
STATUS WORKSHOP ON BWIP GEOLOGY, MARCH 13-15, 1984 AND
FIELD TRIP OF MARCH 15-16, 1984

This appendix to my trip report of May 11, 1984, is being written in response
to your May 17, 1984 memo. The two statements you seek clarification on
constitute paragraph four verbatim and should be viewed as related thoughts.
The paragraph in question reads as follows: "“There was discussion about the
BWIP area possibly representing some kind of an unusual recent thrust belt
system. Thrust faulting close up or regionally in the vicinity of the reposi-
tory is dangerous." My response 1s in two parts: Part I clarifies the first
sentence quoted above, Part II clarifies the second sentence quoted above.

Part 1

As background material, I have provided an explanation of fmbricate thrust
faults and drag folding. This information will .explain to the non-geologist
what the subsequent discussions and attachments are about. The diagram and
narrative on attachment 1 are not necessarily intended to represent what the
situation is at the BWIP site. Many variations in deformation styles and
combinations of events must also be considered as possibilities at BWIP.

My trip report of May 11, 1984 and this appendix are intended to convey a sense
of the discussions which took place in the field. As supporting evidence, R.
A. Whitney's field trip report is attached with (newly) highlighted sections.
Many of R. A. Whitney's ideas are based on his field studies for his doctoral
dissertation on thrust faults in Argentina. R. A. Whitney indicated that
nothing similar to the young Argentine over thrust belt from compressional
tectonics 1s familiar to most Geologists in the U.S. Whitney's observations in
the field around the Richland, Washington area were extensively compared to
similarities with the thrust belt he studied in Argentina. I cannot recall
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Whitney mentioning differences with what he saw in Argentina as the deformation
style when he made comparisons to the BWIP area.

Part II

Thrust faults result from high horizontal compressional failure of rock units,
usually along a glide plane of relatively weak strata. Thrust faults can cut
up through sections of competent rock units (Spencer, 1977%. Thrust faults can
occur quickly without any warning and large displacements (i.e, several meters)
in a single event are possfble (Reference D. Chung, Telecon of May 25, 1984).

Thrust faults are shown on the excerpt from RHO-BWI-ST-4, Plate III-5, Sheet
one of two 1ine A-A' which is attached to my May 11, 1984, Trip Report. I am
attaching a copy of the entire cross section 1ine A-A' (attachment 2) from
RHO-BWI-ST-4, 1979. I am also attaching an excerpt from 1ine B-B' (attachment
4) from RHO-BWI-ST-4, 1979. Line B-B' thrust faults occur at a distance of
about 9 miles from the repository. Additionally, I am attaching copies of
these cross sections (attachments 3 and 5) which I have modified to show that
by p¥oject1ng some of the thrust faults they may occur in the Cold Creek
Syncline,

The Cold Creek Syncline is the host syncline for the reference repository
location. Depending on the areal extent of thrust faulting, thrust fault
planes may exist in the reference repository location.

The activation of or ongoing activity of thrust faulting close up or regionally
in the vicinity of the reference repository location can be considered
dangerous. The sudden occurrence of thrust faulting could result in a
relatively high magnitude seismic event. D. Chung, in a Telecon of May 25,
1984, indicated that local magnitudes of § to 6 are common for thrust faults.
Such sefsmic events are dangerous because of the potentfal for causing failure
of shaft openings and shaft water seals. It 1s essential that the mechanism
for the micro-earthquake swarms be identified because they could be associated
with movement along thrust fault plans.

In addition, local thrust faulting can cause groundwater flow paths and travel
times to change in an unpredictable manner at the reference repository
location.

Regionally, thrust faulting can also impact groundwater flow paths at the
reference repository location in an unpredictable way. Depending on how the
groundwater paths change, this could be dangerous for radionuclide transport
scenarios.
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Core boring samples of rock taken from the reference repository location are
often heavily disced due to the release of high horizontal stress (NUREG-0960,
p. 4-10). Other indications of high horizontal stress are the results of
ifn-situ stress tests using hydro-fracture techniques.

Document RHO-BW-ST-28P contains data on hydrofracturing results from the
reference repository location (RRL) from borehole RRL-2. The values given in
RHO-BV-ST-28P are all from a test depth of 924m to 1,163m. From these depths,
the horizontal over vertical in-situ stress ratio averages about 2.3 and ranges
from a high of 2,73 in the Cohassett to a low of 2.17 in the Umtanum
, (RHO-BW-ST-28P, page 1-229). These data show that unusually high horizontal

— in-situ stresses exist in the repository depths of the RRL (see attachment 6
entitled "Variation of Ratio of Average Horizontal Stress to Vertical Stress
with Depth Below Surface"). This chart is based on 116 data points taken
variously from Australia, United States, Canada, Scandinavia, Southern Africa,
and other regions. The total number of data points below a depth of 924m are
32. Only one data point on the graph (from Australia) occurs below 964m at a
horizontal over vertical stress ratio above 1.8 but BWIP averages 2.3 at
repository depths in the RRL Tocation.

Jaak Damen told me, during discussfons we had at my office on May 25, 1984,
that any time the horizontal stresses are significantly greater than the
vertical stresses, thrust faulting can occur., Damen said that the specific
values for horizontal over vertical stress in the preferred candidate horizon
(i.e., the Cohassett) are very high and are enough to cause the occurrence of
thrust faulting.

\ A key to assessing deformation scenarios is to tie existing stresses to
anticipated strain. Thrust faulting and potential for significant dis-
placements in episodic events is an example of a potentially adverse
deformation scenario which must be considered as a result of the existing
thrust faults and anomalously high horizontal stresses in or near the
repository location at BWIP.

ee o8 ¢6 o

DATE :06/05/84 : : :




101/KW/84/05/19/0

In addition, mine design problems can result from the high horizontal stresses.
The potential exists for dangerous situations during excavation due to rock
bursts and spalling (DOE Missfon Plan, April 1984). Excavated openings may be
difficult to support during construction and may be difficult to maintain for

retrieval during pre-closure.

Kristin B. Westbrook, Project Manager
U Geology/Geophysics Section
Geotechnical Branch
Division of Waste Management
Attachments:
1. Background on faults and
dragfolding
2. Cross Section A-A'
3. Cross Section A-A' modified
4. Cross Section B-B'
5. Cross Section B-B' modified
6. Chart on ratio of horizontal to
vertical stress with depth

NOTE: This trip report clarification is appended to my May 11, 1984 trip
report.
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R AHachment 1

FIGURE 8-10 Stages of development in formation of
8roactop and Whip Cove thrusts in the Valley and Ridge
of the Appalachians. (From Jacobeen and Kanes, 1974.)

Imbricate Faults .

Thmstmg is described as imbricate when a : !

. number of subparallel thrusts grow out of the
‘same “sole” thrust, Figs. 8-2 and 8-4. Slice
after slice of the same bed may be stacked on
top of one another in such zones, and they
commonly exhibit curved profiles.

Drag

Folding usually accompanies thrusting, and

ome folding can be attributed to drag along
-the fault zone, especially at the leading edge,

but it is often difficult to establish whether the

folding in beds over a thrust is a drag effect or

if the thrust grew out of the fold. One common
interpretation is that folding proceeds from

open to asymmetrical to overturned folding,

with a fault forming on the overturned limb
jand drawn out’into a thrust fault. Many )
lthmsts such as those that cut both the forelimb | :
(the overtumed limb) and the back limb in

Turmner Valley oil field (Fig. 8-4) do not fit this

picture. Many geologists prefer the view that
.the fault forms first, often as a shear across

brittle strata, following bedding in ductile
(incompetent) beds, and that the fold forms as

YL/I result of drag as movement proceeds along
the fault.
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Introduction to the Structure of the EARTH
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to vertical stress with depth below surface.

EicerP" From unAW@m“’“" Eﬂ_t;aua_tw.q._

xn Pocks, E.Hoel 4+ Ej, Bkou/n/
London, 19%0, p. 100




PR P | ~ DISTRIBUTION: 101

WM s/f
Comar11 %8 WSS wF
d » v CF
101/KN/84/05/10 , REBroun{ng 0/
’ -1- ell —
JGreeves L% /45
MKnapp
. HMiller
MEMORANDUM FOR: Philip S. Justus, Section Leader JBunting
Geology-Geophysics Section LH{ g/nbotq§m
Geotechnical Branch PDR
Division of Waste Management KWestbrook & rf -
JPohle
FROM: Kristin B. Westbrook, Project Manager tarmer
Geology-Geophysics Section 24.4»»/1 do CA3-SS

Geotechnical Branch
Division of Waste Management

SUBJECT: DOE/NRC STATUS WORKSHOP ON BWIP GEOLOGY, MARCH 13-15,
\_ 1984 AND FIELD TRIP OF MARCH 15-16, 1984

Reference 1s made to the workshop report by Warren Rehfeldt, of the '
Repository Projects Branch, dated March 22, 1984, for & summary of the work-
shop held March 13-15, 1984 Warren Rehfe]dt s memo (dated March 22, 1984)
had the summary meeting notes, the objectives, and the agenda.

Mv memo documents a brief field visit in the Richland, Washington area. The
field visit was not an a2genda item and so was not planned.

I went with R. A. Whitney of LLNL, Warren Rehfeldt of NRC, and Mike Thompson
of DOE. R. A. Whitney was authorized to be paid for his time and an official
trip report has been received under contract NRC FIN No. A-0294.

There was discussion about the BWIP area possibly representing some kind of
an unusual recent thrust belt system. Thrust faulting close up or regionally
in the vicinity of the repository is dangerous. '

Based on the DOE's release of information (dated 1979) to NRC West of the
RRL, the structural cross sections might not be adequate for scientists
to make conclusive interpretations. The thrustsshown on RHO-BWIAST24,
Plate III-5, Sheet 1 of 2, 1ine A-A' are not drawn as infered faults on
cross section Tine A-A‘. L1ne A-A' thrust faults are about 14 miles

from the waste repository. No cross sections west of A-A' have been sub-
mitted to NRC.

OFC : WMGT :
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The 1ine shown in cross-section A-A' is shown as straight in the offset

box on RHO-BWI-ST-4, Plate IIl-5, Sheet 1 of 2 but the geologic units which
match the cross section on the map, RHO-BWI-ST-4, Sheet 4 of 12 are not
straight. DOE has not given NRC any new information on this area since 1979.
He need more geologic maps and structural cross sections further west of the

RRL than 1ine A-A'.
£/

\_ Kristin B. Westbrook, Project Manager
Geology~-Geophysics

Geotechnical Branch

Division of Waste Management

Enclosure: )
1. PR. Galster, COE, Meeting Report -
2. R. A, Whitney, Field Trip Report
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WM Record File WH Project L€ 1040
40294 Dacket No. '
Ms. Kristin Westbrook, Project Manager - PDR
Geotechnical Branch, MS-623ss LPDR 2ZM,2)
Division of Waste Menagement Distribution:

Office of Nuclear Material Safety and Safeguards K Wee}_g ropk ./
U.S. Nuclear Regulatory Commission :
Weshington, D. C. 20555 . (Return to WM, 623-SS) az

SUBJECT: BWIP Tectonic Workshop and Field Trip, March 12-16, 1984 (Part Two)

REFERENCE: NRC FIN A0294, "Technical Assistance in Seismo-Tectonic Impacts in
Repositories™ )

Dear Ms. Westbrook:

This is to transmit & letter report by Mr. Robert A. Whitney, Geologist, of our
team. This letter report deals specifically with his field trip efter the subject workshop.

If you have any questions, please l_et us know.

Sincerely yours,

(

552.13. Chung
Leader ] ‘
Nuclear Waste Management Project

DHC/tp
Attachment: Field trip letter report by R. A.. Whitney
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- .. DAvVID BURTON SLEMMONS
CONSULTING GEOLOGIST
2995 GOLDEN VALLEY ROAD
RENO, NEVADA 89508
(702) 972-4965 ' o
April 16, 1984 AR 18 £

Dr. Dae Chung, L-95

Project Manager

Nuclear Systems Safety Progranm
Lavwrence Livermore National lLaboratory
P.0. Box 808

Livermore, CA 94550

Dear Dae:

This letter is tec report on my itenary and observations
during the brief fleld reconnaissance trip following ocur
March 12-15, 1984, meeting with DOE and RHO in Richlend,
Vashingtoa. 35 mm color tramnsparencles were acquired for
most of the features observed.
. Thursday, March 15, myself and Kristin Westbrook of NRC -~
were fin the field late in the afternoon. Ve faspected & new
road cut for highwey construction on the northwest flank of
Badger Mountain, ocne of the anticlines marking the RAVW
structure. [This new cut exposes an overthrust which S,
Reidel (pers. coam.) indicates i{s the uppermest thrust in a
geries of at least three Imbrecate related thrusts, dipping
southwest, LExposure Iin the excavation is being logged by REO
personnel (S. Reidel, pers. comm.).
Friday AM, March 16, wes spent with DOE personnel and
— Kristin Vestbrook and Warren Rehfeldt of NRC, inspecting the
Geble Mountain structure within the Hanford Reservation. Ve
visited the ares of trenching on the south limb of the
anticline and those on the Central Fault system crossing the
structure. Multiple hypotheses for the causitive tectonics
for .the structure observed in these trenchee are possibdle,.
Upon receipt of the pudlished interpretations in Reno, &
review and comments will be submitted. Friday PM was spent
with the NRC persounnel inspecting the Saddle Mountains
structure in the Sentinel Gap area. The geometry of
anticlines exposed in thie area i3 indicative of folding
accomplished by overthrusting on thrusts which decrease ino

| dip with depth, Ve observed no surficiel geomorphlc features

‘indicative of fault digplacerment of Holocene age. The NRC

persocunel departed by commercial aircraft late Fridey PM.

Saturday AM, March 17, 1 {aspected the Yakima River cut
through the RAV structure, the Horse Heaven Hills anticlfiae,
and the RAW structure southesst of the Yakima River. The
following was observed:. RAW apparently does not affect the
uppermost basalt flows (Pomanal?) in the Yakima River area.

-
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Geonmorphic aud geometric features indicate doth Rettlesnske
. Mountain and Badger Mountain are overthrust to the mortheast,
with fsult planes decreesing in dip with depth., The largest
enticline between these two structures (just scuthesst of the
'Yakima River) has a geometry indicative of overthrusting to

rthe southvest {i.e., fault plene dipping NE). The Horse
Heaven Bills enticline In the area immediately touth of

c Rattlesnake Mountain, 18 overthrust, with the feault dipping
southwest,

Geomorphic feastures indicative of Holocene activity were
not observed along RAW. Horse Heaven Hills haes & steep
sloped scarp on the northern flank with wineglass canyon
dissection on the hanging wall end snall steep alluvial fans
on the front well, These features ere indicative of Holocene
displecement, probably emounting to several meters, and
several ‘excellent locstions exist in thie area for trenching
the fgult to determine timing and gmount of displacement.

1 departed from Pasco airport early in the aftermnoon on

-Saturday, with excellent low~sun angle conditions for aerial
reconnaissence, The flight path wes along the morth flank of
the Horse Heaven Hills isg very {ndicative of Holocene
faulting. e

1 am pleased to have been & participant in the
NRC/REO/DOE meetings and thank you for the support for the
above descridbed field teconnaissauce.

m@

Robert Whitney
Geologist

.
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SEATTLE. WASHINGTON 98124

REPLYTO
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SUBJECT: Basalt Waste Isolation Project (BWIP), Ranford, Washington, Geology
Workshop, 13-15 March 1984

. roguniin
. ps s sl X770
TERU: ¢ ommander,~North-FPeci-fic~Biviston- ES L. M.
20Apr84
. . . x
TO: Director <
- Division of Waste Management =
United States Nuclear Regulatory Commission 72 Q2
Washington, D.C. 20555 '\‘; =m
= =
2 P~
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1. Reference Interagency Agreement NRC-02-81-036 dated 7 June 1981" -Task
Order No. 10 dated 31 March 1983, and letter No. 29 dated 10 March 1984,
Referenced letter tasked Mr. R:.chard Galeter of this office to participate in
the subject Geology Workshop held in Richlend, Washington. Mr. Galster's
findings and commente regerding the workshop are attached.

2, We wish to emphasize the following points:

2. The schedule for comﬁletion of plans for tectonic end lithologic char-"

acterization by the end of FYB84 (part of the Site Characterizaetion Plen) is of
concern to us. Considering the proposed schedule for repository licensing,
together with the normal document review period, we perceive that ecquisition
end analyns of date for both these items of cheracterization may not be pro-
gressing at an appropriate rate.

b, We are pleased with the efforts being made by the BWIP to better
understand the tectonic aspects of the aree near the Reference Repository
Location (RRL); however, we are concerned about the generel lack of regional
date development which we consider essentiel to the analysis of long~term geo-
logic stability.

_¢. New borehole data shows that continued geologic variations are being
discovered in the RRL at proposed repository depths., Sufficient exploration
is required, in our judgement, to allow geologic predictability before selec-
tion of a host horizon and repository location can be attempted.

d. We believe that spatial end cemporal :tackmg of earthqueske swarms in
the Pasco Basin sre important elements in asaessmg geclogxc stability in the
RRL- fotareew
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NPSER-FM . |
SUBJECT: Basalt Waste Isolation Project (BWIP), Hanford, Washington, Geology
Workshop, 13-15 March 1984

3. We believe that our assistance to the NRC Review Team would be enhanced by
more frequent and detailed onsite discuseions with the BWIP outside the more
structured workshops end formal meetings. Such visite would emable our staff
to be more knowledgeable reviewers for the KRC.

1 1mel Fa«/( W. Koo

as FAUL W. REA.
Lt Ccionei. Ceorps of Engirzer:
Acung Disinier Engineer
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BASALT WASTE ISOLATION PROJECT (BWIP)
" GEOLOGY WORKSHOP
13 THROUGHE 15 MARCK 1984
RICHLAND, WASHINGTON

1. General.,

&. Under the provisions of interagency agreement NRC~02~81-036 dated
7 June 1981, task order No. 10 dated 31 March 1983, and letter No. 29 dated
10 March 1984 the undersigned participated in a BWIP workshop on geology &s &
member of the Nuclear Regulatory Commmission (NRC) review team.

- b.  The workshop consisted of a full day of formal presentations by the
BWIP staff covering updated plens for: (1) tectonic characterization,
(2) licthologic characterization, and (3) performance assessment. This wes
followed by a presentation of an ocutline for the site characterizetion plan,
the next major site evaluation document currently under preparationm.

¢. A second day was devoted to & brief critique of comments on the review
of ST~19P (preliminary tectonic stability evaluation) by NRC staff followed by
less structured discussion groups on tectonic stability assessment and geo~’
physicel assessment. The third partisl dey was largely devoted to formulating
NRC workshop comments with the BWIP staff. -

s

2. Tectonic Charscterization.

a. Plan for Characterization. .

(1) Findings. The plans presented for tectonic chsaracterization are
:ry general and lacking in many essential details. Plan status indicates
that the plan will be complete by 1 October 1984.

(2) cComment. We suggest that the tectonic characterization plan be
presented in equivalent detgil under the following headings:

(a) Regional Structure
(b) Areal Structure

(c) Regionel Geophfsics
(d) Areal Geophysics
(e) Regional Seismicity
(f) Areal Seismicity

(g) Reéional Tectonics (Including Deformation Rates)
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(h) Aresl Tectonics (Including Deformation Rates)

(i) Synthesis and Integration of Date

(j) Assessment of Volcanism (Historic, -Contemporary)

(k) Development and Testing of Tectonic Model

"Areal" should relate to the Pesco Basin and adjacent arees necessery to under-
stand the basin. "Regional" should relate to & large portion of the Pacific
Northwest to the plate boundary. We suggest the plan clearly detail what
studies are anticipated; areas to be covered; purpose of each study, including

expected benefits; and schedule for completion.

b. Tectonic Date.

(1) Findings. We understend that dats used for compiling ST-19P
(preliminary tectonic essessment) published in Merch 1983 was about 2 years
old at the time of publication. Little new tectonic data has been developed
during the ensuing period which would materially add to the development of a -
tectonic model. :

(2) Comment. We are concerned that the acquisition of tectonic ddte
and development of & tectonic model is falling behind. We believe the first
stage should be development of & good regional structural tectonic map &geainst
which any tectonic model could be tested. Since August 1981, with the review
of ST~4 and continuing through several subsequent reviews, we heve indicated
the requirement for such & map. While the data presented in ST~19P is an
improvement over &ll earlier presentations, & comprehensive structural/
tectonic map of & substantiel region, together with 2 map of contemporary
seismicity of an equivelent region, provide the best tools for testing tec-
tonic models.,

c. Development of & Tectonic Model.

(1) Findings. The BWIP staff requested clarification from the KRC
teem regerding the development, use, e&nd purpose of &n appropriate tectonic
model. Perhaps part of the apparent confusion relates to the fact that the
staff is breeking new ground in the predictive use of such & model required
under the provisions of 10 CFR 60. An extensive period of the workshop was
devoted to consideration of this matter and discussions ere detaziled in the
team comments. -

(2) Comment. A tectonic model is simply a historic and contemporary
scenerio or hypothesis which considers the how &nd when questions of the seis-
motectonic setting end allows predictions of future trends. - All evaileble
data (structural, geophliysical, and seismologic, including deformation rates)
must fit the model or, at the very leest, the preponderence of data must fit
and the reasons for rejection of the residue explained. A tectonic model is a
dynamic, evolving exercise, subject to elteration by new &nd irrefutsble data.
The model provides the only known deterministic tool for evaluation of future



- relating to that workshop dated 10 June 1983.
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seismotectonic stability or activity. Thus, the critical importance of a

_ viable tectonic model is in the prediction of long-term geologic stability.

Seismic design considerations for the preclosure repository sre secondsry to
the predictive aspects. A great deal of work has been sccomplished and
accepted for seismic design of nuclear powerplants and dams in the ares, many
of which ere sssumed to have greater longevity than the active period af waste
emplacement -in the repository.

d. Region of Investigation.

(1) Findings. We note a certein reluctance on the part of the BWIP staff
to clearly attempt tie to or & divorce from the plate boundary in terms of
seismotectonics. While the plan presented for tectonic characterization
includes structural studies over the Pacific Northwest, equivalent contempor-
ary seismicity studies do not appear to be included. The major effort appears
to be directed to studies of local tectonics, especially within 10 kilometers
(km) of the RRL control area.

(2) cComment. Studies o6f local tectonics are important to the overall
performance assessment of the repository. However, the 10 km zone ocutside the
RRL control aree is in our view inadequate for an understanding of tectonic
processes likely to influence the repository. A full examination of the RAW
segment of the Olympic-Wallowa Lineament, together with the full linesment‘and
the entire Yakima Fold Belt and adjacent structural entities, is needed and
the whole region tied to or divorced from contemporary plate boundaries as
currently understood. Similar comments were made at the April 1983 workshop
and general steps for this tectonic assessment were formzlized in our comments

e. 'Analysis of Earthquake Swarms.

(1) Findings. We were not made aware of any concentrated effort
being made by the BWIP to explain the cause or spatisl &nd temporal progres- -
sion of earthquake swarms.

(2) Comment. In our view, a knowledge of the cause and migration of
earthquake swerms could be & critical feature in evalueating preclosure reposi-
tory stability and may well influence the overall long~term redionuclide
migration., If present instrumentation is not adequate to mske such determines-
tions, the program should be altered to sccomplish such evaluation.

f. Deformation Rates.

-{1) Findings. A composite possible age range for Ringold in the
Saddle Mountains (Tounton Bench) was presented on a growth rate curve for that
structure, showing that the position of the Ringold, with an age range of 5 to
3 million years, falls in & straight line position between the end of Seddle

Mountains time and the present. 1In addition, some new dats on magnetic rota-
tion was presented for the Pasco Basin area showing generally greater rotation



on the anticlines than in the synclines. BWIP staff indicated they will con-
tinue to gather data on deformation rates for the past 100,000 years and will
obtain data.at other Yakima folds outside the Pasco Basin with respect to
deformation rates. Trilateration and leveling surveys suggest that deforma-
tion rates are within the precision of the instrumentation.

{2) Comment. We concur with continued efforts in deformation rate
determination snd reiterate our comment of 26 October 1983 regarding direction -
of further efforts in evaluating deformation rates by e thorough study of the
Ringold and other postbasalt sediments. It appears that such efforts are just
beginning. Measurement of contemporary deformation by survey methods suggests
that deformation rates may be too small to measure with ex;st1ng equipment
over such & short time period.

g. Deep Structurel Studies.

(1) Findings. BWIP indiceted that they &re continuing to identify
additionsl gravity gata needs, The state &nd United States Geologicel Survey
are compiling & new gravity map for the Pasco Besin ares with relezse expected
gsoon. The steff indicated that the magnetotelluric data (presented in ST~19F)
wes 3-1/2 years old, was of feir to poor quality, &nd thet the stete-of-the-
asrt has subsequently advanced significantly. No new data has been collected,
but there is a general plan to acquire additional date plus some reinterpreta-

" tion of older data. Some additional deep refraction work is planned. -

(2) Comment. Reference our comments on chapter & of ST-19P submitted
31 October 1983, We are not privy to any long-range plen for deep structural
investigation by geophysical methods. 7Tt would be helpful to have such & plan
in order to provide &n assessment of the contribution of the geophysicael pro-
grem to tectonic assessment.,

h. RRL Vicinity Structure.

(1) Findings. BWIP presented & general geologic fence diagrem in the
RRL showing & synthesis of data on the Ringold and Hanford formstions and :
indicated thet no Quaternary offsets are indicated by this date. A Bouguer
gravity map was slso presented with an indication that a new gravity map is to
be released soon. A third map of seromagnetic lineements was presented show~
ing the northeast trending Nancy "linear" and several short subperallel and
subperpendicular lineaments trending through the western portion of the RRL
and adjacent areas to the west, north, and south. The meaning of these mag-
netic linesments was not discussed.

(2) Cowments. Eveluation of the fence diarram datz on supra-besalt
sediments needs to await & more detailed presentation of boring dats, includ-
ing geophysical log data. The lack of & detailed characterization plan, which
would include the interface between serisl and surface geophysics end borehole
data, makes assessment of the work difficult. The meaning of the geophysical
lineaments requires explanation.
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i. Yakima Barricade Studyv.

(1) Findings. The Yekima Barricade anomaly, identified by ground
magnetic &nd gravity methods &nd further defined by generelly higher hydraulic
heads (in the basalt) on the west, has been an object of considerable study.
This north-south geophysicel lxneament lying just west of the RRL is inter=-
~reted &s either & monocline or & vertical fault with the east side down. It
is shown a8 influencing the deposition of both the Elephant Mountain baselt
and the baszl to middle Ringold. BWIP indicated plans for edditionsl seismic
reflection end borehole work to further refine their field model of the fea-
ture. Studies of borehole date from the Ringold undertaken since the workshop
in April 1983 appear to have been most helpful.

(2) Corment. A thorough understanding of the Yakima Barricade lines-
ment is essential, including tving to or divorcing the festure from the RAW
using &ll potential investigative methods.

j. ‘Seismic Networks.

(1) Findings. BWIP furnished locations and capabilities of seismic
networks together with 1969 through 1983 data from the University of Washing~
ton seismic surveillance network end comperison deta for University of Wash-
ington and BWIP systems for the period July 1982 to December 1982. A seismie
design working group has also been esteblished within the BWIP staff -

(2) Comment. It would be helpful to show seismic events with respect
to geologic structure and geophysical anomalies. The present array appears
well conceived, but modifications or additions to the system should be made as
necessary to better study earthquake swarm activity.

3. Llithologic Cherscterization.

&. Technical Objectives.

(1) Findings. Four technical obJectxves wvere presented for support
of performance assessment &nd design activities; stratigraphic fremework,
intraflow structure, characteristics of primary fractures and m1nerology/
petrology. The xnterrelatzonshxps between them are to be part of the litho-
logic characterization plan,

(2) Comment. The objectives are appropriete for lithologic char-
ecterization, though the definition of lithology hes been brosdened to include
intraflow structure. We note that the hydrologic implicetions of the struc-~
ture are not included in the plan. The plen would benefit by inclusion of how
this cheracterization will be used in design and performance assessment.

b. Ststigraphic Framework.

(1) Findings. A great deal of effort has gone into identification
and continuity studies of discrete lave flows throughout the Pasco Basgin.
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This hes been done by measurement and study of surface exposures, borehole
core examination, and borehole geophysics. Data from most recent borings in
and near the RRL indicate that, while the gross aspects of the stratxgraphy
are teasonably well known, importanmt varzatxons in the stratigraphy, outside
that expected, are observed.

(2) Comment. It is xmportant that variations in stratxgraphxc con=
tznuzty be at predictable levels prior to final selection of the host horizen.
This is even more critical in identification of the stretigraphic varistion of
intraflow structural zones becsuse of the criteria which limits the repository
to "dense interiors" -of flows. We perceive that the only way to obtaim the
needed date in and sbout the RRL is by multiple borings, cerried to the point
vhere reasonable spetial predictability of both flow snd intraflow strati-
graphy is achieved.

c. Intraflow Structure.

(1) Findings. The inadequate state of understanding of intraflow
structure in the RRL is obvious and is recognized by the BWIP staff. Several
unpredicted verigtions, which could well influence host horizon selectien,
have been identified in recent borings., These include unpredicted thickening
of flow top breccias, extensive vesiculation in flow interiors, and appeargnce
of low density zones (by borehole geophysics) in demnse flow interiors. A hum-

. ber of field, statistical, and borehole studies zre planned, together with’
heavy emphaeis on deta to be obtained during the phase II (ES II) investiga~
tion by the exploratory shaft,

(2) Comment. While the details of the investigation program were mnot
presented, we suspect that the intraflow structure determination in and about
the RRL suffers from the same paucity of data as the stratigraphy. Im our
view, the need for additional boreholes in the srea of the RRL is paremount to
characterization. Smaller boreholes provide a better spatial distribution of
date and many can be drilled for & fraction of the cost of one exploratory
shaft. Moreover, it is the knowledge of spetial variation which is essential
prior to host horizon selection. Some cost savings may be realized by
restricting coring to the zone below the top of the Grande Ronde.

é. Fracture Characteristics.

(1) Findings. A great deal of detailed fracture data have been
developed from cored vertical boreholes and development of & qualitative
relationship between fracture characteristics and intraflow structures was
indicated, Ko data was presented however. BWIP plans a more qualitative
evalu;:xon based on surface outcrops and the exploratOty shaft (preaumably
ES II).

_ (2) Comment. The continuing biss reflected by dats fromw vertical
drill holes in lave flows which exhibit predominant vertical jointing is the
major unknown in these studies. While some enalog relationships can be made
from surface outcrops, these are often on the structural highs, whereas the RRL
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is. in a structural low. Therefore, the fracture characteristics may be very
different. We suggest that efforts be made to evesluate jointing in the Grande
Ronde basalt where exposed on the more gentle backslope of the Cascade arch in
the Columbia River Gorge, together with comparisons of the jointing in the
type ares. While anslog studies are subject to confirmation during explora-
tory sheft testing, it may be the best that can be done until the prototype is
available for testing.

e. Minétolo:x,and Petrologv.

(1) Findings. These studies, in eddition to providing background
data on understanding sorption properties and genersl geochemistry relating to
performance &ssessment, appear to provide velusble assistence in identifice-
tion of intreflow etructure &nd studies relating to fracture cheracteristics.

(2) Comment. Suggest more effort should be made to correlate petro-
grephic texture with intraflow structure, with appropriate comparxsons te sur-
face exposures., This may serve as an 1mportant element in mepping subsurface
intraflow stratigraphy.

f. Borehole Logging.

(1) Findings. Since the April 1983 workshop, BWIP has formuleted.a
more complete log form &t & scale of 1 inch equals 1 foot, with all date” from
the boring (except later hydrologic testing) shown. BWIP elso appraised the
NRC team of some of the dangers in using geophysical logs alone for detailed

intraflow stratigrephic interpretation and 1ndxcated an intent to core gppro-
priate intervels and drill additional core borzngs in the RRL.

(2) Corment. The proof of the revised log form will be in ite util-
ity. We understand that cored boreholes in the RRL &re to be relogged on this
form. The form eppears somewhat complex, and we will look forward to discuss-
ing its use, . both with field and laboratory personnel, at some future date.

We concur in further core boring efforts in the RRL and efforts being made to
make borehole geophysicel logs more correlative with actual conditions. :

4, Performance Assessment.

&. Findings. A generel briefing relating to probadbility enaslysis for
performance assessment using the Delphi method, including some preliminery
data, was presented. The method includes using @ panel of experts in geology,
hydrology, mining engineering, geophysics, and climatology to evaluate the
chances of certein disruptions occurring at the repository.

b. Comment. We do not ptofess expertise in the Delphi method. We object
to requesting expert opinions from persons who may not have expertise in the
subject matter in question without weighting their enswers appropriste to
their expertise. While peer review is heslthy and the independent opinion of
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each expert may have value, a project such &s this would likely derive greater
beénefit by use of a "board of consultents” concept which permits Efree exchange

between experts from varying backgrounds.

' RICEARD W. GALSTER, P.G.
” Chief, Geology Section
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