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WASTE ISOLATION EVALUATION

LARGE BLOCK EXPERIMENT

1. INTRODUCTION

1.1  Purpose of Evaluation

Los Alamos National Laboratory has requested a waste isolation evaluation of the proposed large
block experiment (Oliver, 1993). This evaluation addresses potential effects of this activity on
the ability of the current concepiual repository and potential repository expansion areas to isolate
waste.

1.2 Proposed Activities

The large block st will be undertaken 1o understand coupled thermal-mechanical-hydrological-
chemical processes in order to develop models that will predict the performance of a nuclear
waste repository. It will also provide preliminary data for development of models that will
predict the quality and quantity of water in the near-ficld environment of a repository. The
technigues and measurement systems developed and used in this activity will be evalvated for
Jater use in other activities. including the Engineered Barrier Sysiem Field Tests (Lin, 1993).

The experiment will be undenaken at Nevada Stare Central Zone Coordinates of approximately
N748500 and ES74800 (Auachment to Oliver, 1993: Figure 1), on the south east side of Fran
Ridge (EG&G, 199. 1 and 1992b: Figure 2). A block of minimum dimensions 3 m by 3 m and
4.5 m tadt that contans “appropriate” fractures will be cut from the Topopah Spring welded unit
TSw2. so that it is free on all four sides and the wop. The bottom will not be cut, so that the
bluck will be left in situ. The rock outside of the block will be “removed by any method that
will cause minimal disturbance 1o the block. These methods include cutting with the belt saw,
blasting with small charges, splitting with a swelling agent. and mechanical splitting” (Lin, 1993).
Instrument and heater holes will be drilled into the block. Cuning of faces and drilling of
insrument and heater holes may be done using water. Once the vk is ¢ut, additional water
may be adided to the block prior 10 wsung. if deemed appropriaic » he principle investgaror
(PD. Smaller blocks will be collected for laboratory tesung of theimal-mechanical pruperties.

After characterizing the matrix and fracture properties of the large block, testing will commence.
Some of the candidaie waste rackage matenals will be used to make the heater 2ssembly(s) in
order to study the responses of the matenals to an envirenment similar to that expected of the
near field of 2 nucicar waste repository. I it is not pracucal to use the waste pac'tage material
to make the heater assembly, then a piece of the matenal will be put near, but not in contact
with, the heater. Once the instruments and heaters have been emplaced. the holes will be szaled
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“with "2 sealant that will have minimal chemical impact on the water and gas if_l» the black.”
" Subscquently. “Thermal and moisture barriers will be installed around the outside of the black.
_ A Joad retrining frame will be assembled around the block that will allow loading with a stress

23 :_Ef_aiumiim Apprazch

similar to the in situ principal siress” (Lin, 1993). Also, 2 r=mperature controlling device and
watcr/vapor collection device will be installed on the top block surface.

Data fron: the sensors will be collected at ambient conditions for at least one week before the
block is luaded with predetermined stress. Data acquisition will continue at ambient emperatures
for another week before the heaters are energized. The block will be heated and then aliowed
1o cool down. The data will continue to be collected throughout the heating and cool-dowr
periods. This sequence may be repeated for different temperatures and stresses, but it is expected
to last for at {east three years (personal communication, B. Distel, M&O/WCFS, 28 May 1993).
After the test-or series of tests is completed. the block will be dismantled so that the fracture

‘surfaces and fome of the matrix can be examined for evidence of chemical processes anc

alteritions due to the heating and cooling.  Subsequent analysis and model development will be
done in a Taboratory enviranment.

1.3 . maﬁix Assurance

Th: pwposcd acuvny will affect the wilded Topopah Spring unit at the Yucca Mountain site
which is listed in Appcndlx A of the Q-List {YMP, 1990). Accordingly, this repor was prepareq
as a qnaht}zaffeclmg activity according to CRWMS M&O Quality Adminisyative Procedun
QAP-¥-5 "Development of Technical Documents.” Ne calculations were performed in thi
calculation.  Somie of the referenced data may not have been approved for guality-affectiny
activities, and the eeferenced analyses may not have been performed as qualivy-affecting aciivine

- & wnder software QA requirements.  The extent and passible effects of non-qualified data any

zm.it;ses on-the svalvations. conclusions and recommendations of this report were ot determined
but are not eapected 1o be sigmificant,

2. EVALUATION

This & qu.zhmmc evaluation of the propased large bluck experiment based on the be:
gvalable: mformacon in the  referenced  ducumenss and  supplemented by  person:
commumiestons A cheeklist (s2e ast page) was used as guidance 10 ensure that no poreni;
acuvities and mmpacts were pveriooked  Goneral guidance for the furmat and cor.2nt of was
isolation evaluations was provided by Younher {19931, so that all possible waste 1solation impac
wouhd e consdessd
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N with "a sealant that will have minimal chemical impact on the water and gas in the block.”
= Subsequently, “Thermal and moisture barriers will be installed around the outside of the block.
A load retaining frame will be assembled around the block that will allow loading with 2 swess
22+ similar to the in sit principal stress” (Lin, 1993). Also, a temperature controlling device und
' water/vapor collection device will be installed on the top block surface.

Data from the sensors will be collected at ambient conditions for at least one week before the
block is loaded with predetermined stress. Data acquisition will continue at ambient temperatures
for another week before the heaters are encrgized. The block will be heated and then allowed
to cool down. The data will continue to be collected throughout the heating and cool-down
- - perdods. This sequence may be repeated for different temperatures and stresses, but it is expected
S to last for at least theee years (personal communication. B. Distel, M&O/WCFS, 28 May 1993).
Afiar the test or series of tests is completed. the block will be dismantled so that the fracture
ST " surfaces and some of the matrix can be examined for =vidence of chemical processes and
i-7=7 . glerations due to the heating and cooling. Subsequent analysis and mode} development will be
o done in a L.tbaramry environment.

1. - Quaﬂtv Assurance

- L The proposcd activity will affect the welded Topopzh Spring unit at the Yucca Mountain site,
S 7 whichis listed in Appendix A of the Q-List (YMP, 1990). Accor. .agly, this report was prepared
227 as & qualityaffecting activity according to CRWMS M&O Quality Administrative Procedure
= QAP.‘&-S "Development of Technical Documents,” No calculations were pcrformcd in this

7 - calculation. -Some of the referenced data may not have been approved for quality-affecting
S5 T activides, a__ndrd_m referenced analyses may not have been performed as quality-affecting activities
0 - . or undersoftware QA requirements. The extent and possible effects of non-qualified data and
.. . - . onalyses onthe evaluations, conclusions and recommendations of this report were not determined.
- bnt are: not cxpeufd to be mﬂn!ﬁcam.

- 2. EVALUATION

o %1’ Evsluation Approach

- This s & i}uahfauve evaluation of the proposed large block- experiment based on fhe bes

" available informaton  in the referenced  documents  and supplemented by persona
communications. A checklist (s2e last page} was used as guidance to ensuee that ne potentia
“scuvities and umpacts were overlocked. General guidanve for the format and content of wast

wolation evaluati ns was provided by Younker 11993), so that all possible waste isolation impact
weald be comadered

Yut 0



i
ol

X

2.2 Relative Locations and Elevations

The large block experiment will be sited near the Fran Ridge borrow pit on the southeastern flank
. of Fran Ridge, Nye¢ County, Nevada, about 5.2 km (3.2 mi) outside the nearest point on the
conceptual perimeter drift boundary (CPDB) in a SE direction; about 140 m (460 ft) outside the
conceptual contrelled area boundary (CCAB) in a SE direction; and about 2.7 km {1.7 mi) ESE
of the nearest repository expansion area boundary, potentially useable area #6 (EG&G, 1992b).
All gctivities will occur in the upper 10 m (30 ft) of the sucface at Fran Ridge, at an approximate
clevation of 1030 m (3400 ft) above mean sea level (m.s.l.). The ground-water table elevation
~ in the vicinity of the Fran Ridge borrow pit is approximately 730 m (2400 ft) above m.s.l.
(Robison et al., 1988).

23 Rel:vant-ﬂgdmlogx and Hydrogeology

“The unsatiated zone is approximately 300 m (1000 ry thick at the site of the large block
experiment and consists of the following stratigraphic units: the alluvium and colluvium, the
welded Topopah Spring Member of the Paintbrush Tuff, and a nonwelded tuff (Scott and Bonk,
" 1984). The formations dip downward in an easterly direction, away from the conceptual
" repository and potentially useable areas. The large block experiment lies within 400 m (1300
ft) of three known and inferred-faults, cast of the Fran Ridge Fault, west of an vnnamed fault,
and within 300"m (1000 ft) of three fractures and five fracture sets (Scott and Bonk, 1988). The
=~ saturated ground-water flow at Fran Ridge is in a southerly direction (DOE, 1990), away from
the current conceptual repository and potentially uscable areas. The experiment is located 0.6
km (0.4 mi) from the nearest region of probably maximum flood (EG&G, 1992c).

2.4 Specific Evaluations and Conclusions

. 2.4.} Water Flowing to Conceptual Repository/Expansior Arcas Wet cutting of the block faces
and drilling of instrumentfheater holes is proposed. Additional water may be added to the block
priof to testing if the Pl deems it necessary to increase the satrgtion of the rock (Lin. 1993},
Because of the relatively small volume of rock, it is expected that an insignificant volume of
water will be used. Furtheamore, the cxpenmcm is located outside the conceptual controlled area
boundary. Thus, the cutting and testing activities are nut expected to significantly affect the
water flowing to the onceptual repository and potential expansion areas,

2.4.2 Saturated Zone Ground-Water Travel Time For the same reasons given in section 2.4.1,
-the cutting and testing of the large block experiment are not expected to significantly affect the
saturated zone griund-water travel time.

243 Aaqueous Radionuclide Transport Femandez and Cass (1992) considered flow from a
flooded drift. Using consenative assumptions, they found that “flow would develop below the
drift at an approximate angh: of 20° from the vertical direction.” This corresponds 10 a lateral
extent of less than 150 m (00 ft), much less than the 5.2 km (3.2 mi) distance from the 1est to
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the proposed repository boundary. Thus, the activities associated with the large block expenment
are not expected to significantly affect aqueous radionuclide transport.

2.4.4 Gaseous Radionyclide Transport Fernandez and Case (1992) considered the advection-
dispersion of gaseous flow above the proposed repository. They found that the lateral spreading
of the gaseous radionuclides would be limited to several hundred meters from the edge of the
repository. “This is a conservative estimate because the dominance of the vernical fracture sysiem
would force flow to be more narrowly confined around the perimeter of the repository”
(Fernandez and Case, 1992). Ross et al. (1992) presented results that are consistent with these
conclusions. However, as noted above, the lateral extent of the radionuclide transpont is much
less than the 5.2 km (3.2 mi) distance from the repository to the test area. Thus, the activities
associated with the large block experiment are not expecied to significantly affect gaseous
radionuchde tansport.

2.4.5 Themo-Mechanical Effects The thermo-mechanical effects of cutting the block and
clearing the neighboring rock will be limited to the immediate vicinity of the block. During the
heuting and subsequent cooling of the blovk, the sides of the block will be thermally insulated.
The heaters will be in contact with the host rock of the site. However, because of the small scale
of the expenment, the thermal effects are expected to be of limited extent. Due to its distance
from the conceptual repository and the potential expansion areas and its limited extent, the
thermo-mechanical effects of the large block test are expected to be insignificamt to waste
solation.

2.4.6 Tracers, Fluids, and Materials (TFMs) (other than water) No tracers will be used, and no
stgnificant amount of fluids will be used. Sealant will be utilized to hold the sensors and heaters
in place. but the quantity will be small. Due to the small quantities of TFMs and the large
distance from the conceptual repository, the planned TFMs are not expected to significantly affect
wiste 1solauon,

3. CONCLUSIONS AND RECOMMENDATIONS

Thts quabtauve evaluation indicates that the proposed activitics associated with the large block
expenment will not have a significant effect wn the ability of the conceptual repository and the
Frtential repository expansion areas to isolate waste. No new controls are needed in addition to
the vontrols already existing for water use, spill control, spill cleanup, recording of actual use of
tracers, fluids and matenals, and land reclamation,

6ol 10
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The Leorge Block Testing (LBT) of Coupled Thermal-Mechanical-Hydrological-Chemical (T

Processes is described in Seclion 8.3.4.2.4.4 of the Site Characterization Program Baseline (SCf
and in the Scientific Investigation Plan for the Large Block Test, SIP-NF-2, Rev. 0.

. A series of heater and infilication tests are planned using the nonlithophysal, qengely weld

fractured Topopah Spring fuff found at the Fran Ridge Test Site. Testing and validation of so

-made! concepts on small blocks in the laboratory, and an integrated demonstration of the coup
TMHC processes in a larger block are planned at the site.

- For the larger-block testing, a black will be chosen that contains appropriate (r.;adures and t
~ measures at least 3 m on each side and at feast 4.5 m tall. Smaller blocks measuring a few tens
centimelers on each side and of the same material as the larger block wilt be tested at Lawre
Livermore National Laboratory. Both types of -block will be used to investigate the them
mechanical properties of the rock and to validale model concepts of thermal-hydrological :

geochemical processes.
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" CHECKLIST OF
GENERAL CONCERNS REGARDING IMPACTS ON WASTE ISOLATION

A Su_thourm

1. Road wlm] for dust mo! Not spplicable
b Duﬂ;nd dusy man! Not applicadle
3 Eqmpmumhdon ﬂot spplicadble
4 &mnt-mfau runoff | Not spplicadle
L acn&mm water spsllage Not applicable
_ 6.‘ Uised io testing See sectons 2.4.) and 24.2
'B.. Underground
b1 Water oss during dndling
2t Normat | Not applicable
“f cFw  Fishiog Not applicable
1 -l Usapeied Nat applicable
1 Récovered or produced during drilling
L. 1 a)  Poched water Not applicable
B Waeubh | Not applicable
% Uted ip westing Not applicable

‘tm ﬂulds and Matertals {other than water)

A, " Used in surface construction

1. “Building materials

See secuon 246

r A utbm_ﬁuq: rock & muck piles _ Not applicsble
B. _ Ussd in boredole construction and/or scahng _
- 3 Grm:! for swrface casings Nol. applicadle
3. Drdling fluids Net applicable
3. Onber toatersls tef( in boseholes Nat applcable
] C. Used in testing o Nat applicable

Othgr considerations

A. Physical and chemiset! ¢baracienisucs of scals

Not applicable

B Seals may pot ackeve desigo objectives

Not applicable

¢ Cut-and fill for roads. pats verches & pis

Not applicable

{ F:nuog

See secuos 245

bt
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Interofiice Correspondence S pngy, ¢ o
Civifian Radioactive Waste Management System Y 4 l.?’ N

Management & Operaling Contractor

TRW Environment
Salety Systems In

WBS:1.2.5.2.1
QA:NA

Subject Date From
Evaluation for Constraints and May 26, 1993 Mike Lugo
Commimments Made in Regard LV.RL.CJG.5/93.093
to the Fran Ridge Heater Block
Tests ce Location/Phone

B.W. Distel TES3/1100-12
To J. Houseworth (702) 794-7830
C.T. Sunon

The NRC SCA comments to the Site Characterization Plan, comments on studies plans, DOE
responses to comments, and any subsequent or related interactions were examined to identify any
constraints or commitments made during the response process that relate ta the proposed large block
thermal testing at Fran Ridge. No constraints or commitments were made in the DOE responses or
related interactions. NRC SCa Objection 1 and Question 59 did express concemn over the thermal
tests. Howeser, the NRC concerns are related te the duration of the thermal tests. The NRC wants
the DOE to make sure the tests are conductzd a sufficient length of time. In the response to the
-oncem, DOE stated that each 1est would be evaluated individually 1o determine the length of the
test.

Should vou have any questions, please call me or Clem Gocwert at ext. 4-1859.
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‘ Definition of Test

The Large Block Tesling (L8T) of Coupled Thermal-Mechanical-Hydrological-Chemical (TMH
Processes is described in Section 8.3.4.2.4.4 of the Site Characterization Program Baseline (SCP
and in the Scientific Investigation Plan for the Large Block Test, SIP-NF-2, Rev. 0.

A series of heater and infiltration tests are planned using the nonlithophysal, densely welds
fractured Topopah Spring tufl found at the Fran Ridge Test Site. Testing and validation of so
mode! concepts on small blacks in the laboratory, and an integrated demonstration of the coupl
TMHC processes in a larger block are planned al the site.

. For the larger-block testing, a block will be chosen that contains appropriate fractures and U
measures at least 3 m on each side and at least 4.5 m tall. Smaller blocks measuring a few tens
centimelers on each side and of the same material as the larger block will be tested at Lawrer
Livermore National Laboratory. Both types of block wili be used to investigate the theny
mechanica! properties of the rock and to validate model concepts of thermal-hydrological &

geochemica! processes.
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CHECKLIST OF
GENERAL CONCERNS REGARDING IMPACTS ON WASTE ISOLATION

——— ——

CONCERNS COMMENTS

Water
A.  Surface Sources

}.  Road wawripg for dust coatrol Not apphicabke

2.  Dnlipad dust contol Nat applicable

3. Equipment wasbdown Not applicable

4.  Nanwedl suface runoff Not applicable

5.  Accidental water spillage Not apphcable

6.  Used 1o tesung

Ser secuons 24.1 and 24.2

B. Underground

:
l

I.  Water loss during dnlling

2}  Nomza Not applicable

b)  Fishing Not applicable

¢}  Unexpecied Not applicable
2. Recovered of produced during drllug

a) - Perched water Not apphicable

b)  Water table Not applicable
1. Used in testng Not applicable

Tracers, Flulds and Materials (other than water)

A. Used in surface construction

. Budding matenals

See secuon 24 6

2.  Lexchates fom rock & muck piles Not applicable
B. Used in borchole coostrucuon and/or seahng
1. Grout for surface casings Not applicable

2. Driling finds

Nat applicable

3. Onber maenals left 1o horeboles

Not apphicable

C. Used i testing

Not apphcable

Other considerations

A Pbysical apd chegacal characierisues of sesls

Mot applicable

B S N 5 A I O I O A O I

8 Seals may not achieve design objechives

Not applicable

< Cut and 11 fo1 10ads pads, wencbes & pits

Not applicadle

0N Hianng

See secuoc 235
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Interoffice Correspondence ama

A ;
 Civilian Radioactive Waste Management System 7 l?' 4

Management & Operating Contractor
TRW Environmenta

Safety Systems Inc

WBS:1.2.5.2.1

QA:NA
Subject Date From
Evaluation for Constraints and May 26, 1993 Mike Lugo
Commitments Made in Regard LV.RL.CIG.5/93.093
to the Fran Ridge Heater Block
Testy cc Location/Phone

B.W. Distet TES3/1100-12

To J. Housewaorth (702) 794-7830

C.T. Statton

The NRC SCA comments to the Site Characterization Plan, comments on studies plans, DOE
responses to camments, and any subsequent or related interactions were examined to identify any
constraints or commitments made during the response process that selate to the proposed large block
therma) testing at Fran Ridge. No constraints or commitments were made in the DOE responses or
related interactions. NRC SCA Objection 1 and Question 59 did express concem over the thermal
tests. However, the NRC concerns are refated to the duration of the thermal tests. The NRC wants
the DOE to make sure the tests are conducted a sufficient length of time. In the response to the
concern, DOE stated that each test would be evaluated individually to determine the length of the
test.

Should you have any questions, please call me or Clem Goewert at ext. 4-1859.



