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% Dr. V. Rajaram : eenor
v Engineersjlnternational, Inc. <:$§§§E§P“

WA 98 E. Naperville Road
"1 Westmont, IL 60559 cronR 3154-5-—
“. " Dear Dr. Rajaram:

- We have completed our review of your draft letter report for Task 1 of

(: Task Order 004 under the Nuclear Regulatory Commission (NRC) Contract

i No. NRC-02-82-030. This work fnvolved preparation of design site
technical positions for the Nevada Test Site. A marked-up copy of the
draft report is attached providing general comments and specific comments
which shall be addressed prior to preparing the final letter report.as
required in the contract. The final report shall be submitted to NRC by
August 5, 1983. We expect that following resolution of these comments,
the report will assfst NRC in assessing site characterization plans for
the Nevada Test Site. If you have any questions regarding these
2ggm§2;g, please contact the NRC Project Manager, T. L. Seamans, at (301)

The action taken by this letter is considered to be within the scope of

the current contract No. NRC-02-82-030. No change to costs or delivery

of contracted products is authorized. Please notify me immediately if

you belfeve this letter would result in changes to costs or delivery of
1‘: contract products.

i‘( Sincerely,
I

Trueman L. Seamans, Project Manager

High-Level Waste Technical
Development Branch

Division of Waste Management

Attachment:
Marked-Up Draft Report

cc: M. M. Singh, El
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INCORPORATE ENTIRE SET OF DESIGN
ISSVUES /NTO FOAMAT FOR OMNE ,

SITE TECHNICAL FPoS+T/o#,
NTS DESIGN ISSUES

4,0 Design of Facility

Cy 4.1 Prior to permanent closure, are the repository design
L criteria and the functional description shown to be com-
plete and accurate with respect to the performance objec-

tives?

4.1.1 How do the design criteria and conceptual design
address releases of radioactive materials to unre-
stricted areas within the limits specified in Part 20?

4.1.2 How do the design criteria and conceptual dJdesign
accommodate the retrievability option? -

™

REQUIREMENTS "OF J0CFnéD
N TECHNICRC POSITION S tISTING OF DES/IEN ISSUES

4.2 Can stability of the repo.sitory be maintained in the pres-
ence of coupled in situ, excavation induced and thermal
stresses during construction and operation of the reposi-

tory?

4.,2,1 How is the conceptual design shown by analysis to
sccommodate in situ stresses, and mechanical and
thermal effects due to construction of the reposi-
tory and waste emplacement?

4.2.2 What are the in situ stress conditions and how do
gtress conditions vary with time and temperature?

4.2.3 What are the rock mass strength properties and how
do they vary with time eml)temperatureA AND LOGHTIOIV

PISCUSSION & TusTIFICArvom FOR ISSCES

%o

N @ v 4

E Q W 4.2.4 Vhat are the rock mass deformation characteristics

Y § g ) and how do they vary with time and temperature?

i @ g 4.3 EHow can isolation capability of the underground facilicy i;e
) ™ maintained in the presence of coupled in situ, excavation
5 Ty induced, and thermal stresses?

o € W

nea Q 4.3.1 1s sustained groundwater inflow expected in the

= underground facility and how does construction and

vaste emplacement modify groundwater (including
vapor phase) movements in and around the facility?

4.3.2 What are the anticipated physical conditions (e.g.,
temperature, pressure, stress) in and around the
repository through time?"

4.3.3 How will post emplacemenﬁ thermal loads modify
groundwater (liquid and vapor phase) movements in
and around the underground facility?
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4.4 What i{s the maximum expected radionuclide release rate from

the engineered system and is this rate in compliance with
NRRC technical criteria?

4.4,1 VWhat {8 the release rate from the waste form with
time?

. 4.4.2 VWhat is the release rate from the waste package with
- time?

4,4.3 VWhat 18 the release rate from the engineered barrier
gystem with time under unsaturated conditions?

(t' : 4.5 Can repository shafts and exploratory boreholes be con-
: . structed and sealed adequately?

4.5.1 BRow is repository performance expected to be
affected by repository shafts?

4.5.]) How is repository performance expected to be
affected by exploratory boreholes?

4.6 What structures, systems and components are provided that .
are important to safety?

4.7 What Quality Assurance procedures and what personnel
training and certification have been adopted to provide
adequate confidence that the geologic repository and its
subsystems and components perform adequately?

~—— 452 How 1S REPOSITORY PERFOAMANCE EXPECTED
v0 BE AFFECTED 87 CONSTAUCTION OF
THE EXPLORATORS SHAF7]
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INSURE THAT THERE 13 A5
CONSISTENT FORMAT Foit ALé

3. L}
Y DESIEN STP'S,
kY S g SITE TECHNICAL POSITION
2 P
% S R NNWSI - STP @j,/%/./
:' § k\&‘ MINIMUM INFORMATION NEEDED AND FACTORS TO BE CONSIDERED IN
S t Q DETERMINING HOW RADIATION DOSES AND LEVELS, AND RELEASES OF
ﬁ S RADIOACTIVE MATERIALS TO UNRESTRICTED AREAS WILL BE MAINTAINED
.% a 9 g : WITHIN THE LIMITS IN 10CFR20 PRIOR TO PERMANENT CLOSURE
X
[N Background:
S W Eg Zackgrounds:
N 9
)) 2 % A\ The EPA has proposed a standard for releases of radicactivity to the v d
Y ‘l:‘ '\ & .\ general environment, and 10CFR60 requires that this standard be ('\] N
T g N %‘l} satisfied by any geologic repository. In essence, the EPA standard ¥ b
(. W § requires that over a 10,000-year period, cumulative releases of W \)E
R é’ b W vy | radio-activity to the accessible environment be less than one in ten 5 <
Q g O thousand. As defined in Section 60.102(c) of 10CFR Part 60, the Q W
J WY N ﬁ accessible environment is the atmosphere, land surface,surface water, :h N
Y E \’ﬁ oceanail aand the portion of the lithosphere that 4s outside the Q s N
d b controlled area. N
.
1 0 KN E’ ' ] X
3 IN n\ Subpart E of 10CFR60 sets out performance objectives, and site and { % ,\‘
J | ‘QQ design criteria which, 1f satisfied, will support a finding that i
3 n Qb issuance of a  license for a geologic repository for nuclear waste | &
3 3 R Q,’ ﬁ will not constitute an unreasonable risk to the health and safety of W N
1 W q @ X | the public. This implies that there is a "reasonable assurance" that § ¥
N d > v,ﬁi thei EPA atalliir% for releases of radiocactivity to the general W &
g QR environment w e met, W Ty
Q ~
Section 60.111 of Subpart E of 10CFR60 outlines the performance a ’\g
objectives for the geologic repository operations area through 2 00
permanent closure. Twoispecific areas of concern are identified: N KO

e

e protection against radiation exposures and
releases of radiocactive material -

¢ retrievability of waste.

With regard to the first area of concern, Section 60.111(a) requires
that, until permanent closure has been completed, radiatfion exposures

e and radiation 1levels, and releases of radicactive wmaterials to
unrestricted areas will satisfy the limits specified in 10CFR20 and
such standards for radioactivity that have been set by the EPA.

To assure that the performance objectives in Section 60.111 are met,
Sections 60.131 through 60.134 specify minimum criteria for the
design of the geologic repository operations area. Section 60.131(a)
containg general criteria for radiological protection, while Sections
60.132, subsections (b), (c), and (d) contain design criteria per-
taining to surface facility ventilation, radiation control and moni-
toring i the surface facilities, and surface waste treatment facil-
ities, respectively. Section 60.133, subsections (a), (d) and (g)
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contain general criteria for underground désign. criteria for control
of water and gas intrusions, and criteria for design of the under-
ground ventilation system, respectively.

In order to have reasonable assurance that the aforementioned per=~
formance objectives and criteria for the geologic repository opera-
tions area for the perfod up to and including permanent closure are
met, it is essential to determine how radiation doses and levels, and
releases of radicactive materials to unrestricted areas will be
maintained within the limits in 10CFR 20. This document presents the
NRC staff's position on what information is needed and what factors
must be considered in order to do so.

Technical Position

It is the NRC staff's position that the following information must be
supplied so that it can be verified that the performance objectives
of Section 60.111 will be met - that is, that the radiation doses and
levels and releases of radicactive materials will satisfy 1OCFR20:

1. The layout of the repository including the number
and dimensions of entries, storage rooms, returns,
and shafts

2. The design of the development and waste emplacement
(confinement) ventilation systems iIn the under-
ground facility including the air flows supplied to
the various openings

3. The condition of the storage rooms after completion
of waste placemént, that is:

e open and ventilated
e bulkheaded and backfilled "
e bulkheaded but unbackfilled and with leakage

through the bulkheads

4. The design and location of filtration units for the
removal of airborne radionuclides from the under-
ground ventilation system exhausts

S. The design of monitoring systems fof detection of
radionuclides in the airways

6. Design of underground handling systems for contami-
nated water

7. Design of surface handling systems for contaminated
vater from the underground facility

fgggp | * ENGINEERS INTERNATIONAL, INC.
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¢ 8. The radiation levels at the waste package and in
the operstors' cabins on the equipment (both under-

ground and surface)

9. The design of the ventilation system for surface
facilities including monitoring systems for radia-
tion levels and concentrations of airborne radio-
nuclides and the airflows in waste handling

facilities.

Discusgion:

The basis of the NRC staff's position is presented below. There are
tvo means by which releases of radiocactive materials and radiation
from the geologic repository operations area would reach the access-

ible environment:

OFPEPHTIONS NREH rrRioR 7O

re - .

REWOED TO REFLECT Brs)S
OF TwIS STFPP RELLEASE TO

’(i\ l*
Ve d

AEPosITOR Y

o Diffusion through rock and soil
e Transport by fluids.

LIrNTSs oF
E1T).

777

Diffusion occurs only over very limited distances in solid media (a
few feet or 1less) and hence is not a credible means of releasing

radiation and radionuclides to the accessible environment.

OWATER 7HAove
/,

INM THE
Cvsipe e

rclease of radiation and radionuclides would oceur due to

Hence,
In the

fluid transport, the transport media being air and water.
case of water transport, there are two possible alternatives:

(a4

e Transport by surface watercourses

VSAQER" TRANS PORT" BY -

LSO Cown
<S

THE RocK 5
NEARR

THE

e Transport by %eepagé of ground water

CESSIBLE Ermuiros

The second alternative can be eliminated during the period prior to
permanent closure because of the requirement that the pre-waste
emplacement ground water travel time along the fastest path of likely:
radionuclide travel from the disturbed zone to the accessible environ-
ment shall be at least 1000 years or such other travel time as may be
approved or specified by the Commission (Section 60.113(a)(2)). How-
ever, there will be some water in the storage rooms, which could come
in contact with radicactive materials. The usual procedure for hand-
~ 14ng water underground is to drain it toward sumps whence it {s=
pumped to the surface. fIf this water has been contaminated by radia-
tion or radionuclides, it should be handled in an enclosed system
(not open ditches) in order to limit exposures to individuals.
arly, luents from surface impoundments must meet the
10CFR20 whether the water originated in surface operations or under-

t:C.'HNICﬁL ground,
oSITIo0N
‘ECTION.

“FIELD
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.
b
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The other possible transport medium from the underground facility 4s
the exhaust air from the underground ventilation system. Section
60.133(g)(3) requires that sgeparate ventilation systems be provided
for the "excavation and waste ewplacement areas."™ Hence, radio-
A nuclide releases would normally be expected in the waste emplacement
RN ventilation system. However, there will be locations where the two
‘ ventilation systems ogcu adjacent ays d_ Jleakage between
,?*\ systems could occur. /It is thus necessary to ensure that the two

gystems are designed so that leakage is toward the waste emplacement

aloL gystem, To limit the relecases to the atmosphere, filtration systems
MOVE TO are required should any radionuclides be detected in the exhaust air.

rECHNICAL | 1f these systems sre to function intermittently rather than full

. time, monitoring systems are required so that the filtration syatenisJ
1 TN are activated when radionuclides are detected.
TECT/OMN.

Futhermore, the concentrations of radiocactive materials in the air-
ways within the underground facility must be within the limits for
restricted areas given in 10CFR20. The dilution time required to
satisfy this requirement depends on the airflow rate and the inftfal
concentration of the contaminant in the airstream. The initial con-

centration will depend on the condition of the room into which the
release occurred:

e open and ventilated

e bulkheaded and backfilled

e bulkheaded but unbackfilled and with leakage
through the bulkheads.

rpLAI Wﬂ7 In the open and ventilated case, the volume of air which contacts the
'ME‘ OF contaminant 4s small, so the initfal concentration in the airstreanm
CONTACTIMG) will be high., The concentration will diminish as mixing occurs with

y M'ram INART exhaust air from other rooms. Depending on the velocity of the air-
flow and the location of the room in which the release occurred,

-‘SM/;LL dilution to the allowable concentration could occur before the
wr THE contaninated air reaches the exhaust shaft$” Where rooms are bulk coyLD

Tﬂﬁr,a”headed and backfilled, the release be primarily contained -
INCEN wvithin the backfill. In the case ofs bu iheadea but unbackfilled
" rHE A rooms, the airborne radionuclides ) diffuse throughout the room O veD
 SICH, and some of the release Qoulg,be carried into the exhaust aiyvays _ courn
, e through leakage. Dilution to within the limits in 10CFR20 would be
, required {f it were necessary to breach the bulkheads and enter the
. room. J Since personnel should not be present unless the concentration
o of radioactive materials in the airstream falls within the EPA
/'j limits, it £s Important that onc be able to estimate the time
JOVE TO required for sufficient dilution to have occurred., Thus it is also
?CHNIC/?L important, if rooms are bulkheaded, to be able to monitor the con-
% centrations of any radionuclide releases contained within thenm.
os1r/0M —
ECT/0N
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The limits for releases to unrestricted areas arech on-ao—ﬁg
less than those for the restricted areas. Bence, airflows and .
effluents whose concentration of radioactive materials are within the
linmits for restricted areas may require treatment before release to
unrestricted areas so that the concentrations meet the limits for
unrestricted areas.

The releases of radioactive material are accompanied by releases of
fonizing radiation. To satisfy the performance objectives, it must
also be assured that the doses and levels of radiationer. the
limits iu 10CFR20. As with releases of radionuclides, e standards
for radiation doses and levels for the general public (unrestricted

‘:. areags) are set well below those in restricted areas. However, as the
attenuation of radiation levels follows an inverse square law
(Glasstone und Sesanske, 1981), it can be shown that radiation doses
and levels which meet 10CFR20 limits in the storage rooms will result
in satisfactory levels in the accessible environment. .

References:

10CFR20 “"Standards for Protection Against Radiation," Nuclear Regula-

tory Commission, U. S. Code of Federal Regulations, ,10-NRevember—i5+48-

N_ Fpnvnony i, 1983
10CFR60, "Diapoaal of High-Level Radiocactive Wastes in ceologic

" Repositories,” Nulcear Regulatory Commission, 198z'

A_ TYECHMICAL CRITERIA 3

Glasstone, S., and Sesonske, A., Nuclear Reactor Engineering, Third

Edition, Van Nostrand Reinhold Co., New York, 1981, Ch. 9.
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SITE TECHNICAL POSITION

NNWSI - STP l{, 1.2,

MINIMUM INFORMATION NEEDED AND FACTORS TO BE CONSIDERED
IN DETERMINING HOW THE DESIGN CRITERIA AND CONCEPTUAL
DESIGN ACCOMMODATE THE RETRIEVABILITY OPTION

Background:
Section 60.111 of Subpart E of 10CFR60 o&ﬂu the performance

X objectives for the geologic repository operation area through per-
( manent closure. Two specific areas of concern are identified:

e protection againcst radiation exposures and
releases of radivactive material

e retrievadbility of waste

With regard to the second area of concern, Section 60.111 (b)
requires that the option of waste retrieval be preserved throughout
the perfod during which wastes are being emplaced, and thereafter
until completion of a performance confirmation program and NRC review
of the information obtained from such a progranm.

To satisfy this retrievability objective, the repository shall be
designed so that any or all of the emplaced waste could be retrieved
on a reasonable schedule starting at any time up to 50 years after
~ vaste emplacement operations are initiated, unless the NRC approves
( i or specifies a different time period. In addition, this requirement
ghall not preclude decigions by the NRC to allow backfilling part or
all of, or permanent closure of, the repository priot to the end of
the retrievability pericd.
To assure that the performance objectives in Section 60.11l1 are met,
Sections 60.131 through 60.134 specify minimum criteria for the
design of the geologic repository operations area. Of these, the
gections specific to waste retrieval are 60.132(a) and €0.133(c).
Section 60.132(a) requires that surface facilities in the geologic
repository operations area be designed to allow safe handling and
storage of waste in the operations area, vhether these wastes are on
curface before emplacement or as a result of retrieval from the
underground facility. Section 60.133(c) requires that the design
permit retrieval in accordance with 60.111(b). ARE

PERMANENT
In order to have ressonable afsurance that the~aforementioned per-

fornance objectives apd,criterfia for the §feo}bgic repository opera-
tions area through 9«%“« closure e met, l;.t is ?ssegtial
to determine how the retrievability option’'is accommodated by the
design. This document presents the NRC staff's position on what
information is needed and what factors must be considered i.n order to
do so.
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‘ ,-:‘ Technical Position:

It {8 the NRC staff's position that the following information must be
obtained and considered in determining how the design criteria and
conceptual design accommodate the retrievability option.

A. Storage Rooms
1., Will the storage rooms be open and venti-
lated, bulkheaded, or immediately back-~
fi1lled?

c 2. Will canisters be stored in{vertical or CTORAGE
( horizontal drilled holes or in) rooms, witir

bontenite-blocks—enconpaccingthe—canistars? 2~

3. W1ill drilled storage holes be lined?

gTHE EXCAVATED 7RAREA OF THE

4., BHow many canisters will be stored per hole?

B. Equipment
1. How will breached canisters be handled?

2. What kind of equipment will perform over-
coring of drilled holes or remining of
backfill, if found necessary?

C. Retrieval

: 1. How will repository operations handle
(“”DE RETRIEVAL retrieval from a local area concurrent with, CoNSTAVCTION AND
Fhom THE ENTIRE storage?

?EI"OS/)‘oﬁf, 2. How will contaminated material be handled?

D. Ventilation

1. How will thermal 1loading in the storage
B rooms be controlled during retrieval?

2. What effect will thermal loading and cycles
of cooling and heating have on stability of
openings?

Discussion: THE
question is discussed in/tdrms of why an adequate response would be

needed to show that 'Adesign and design criteria satisfy the
technical criteria of 10CFR Part 60.

The basis for the NRC sta £'s position 1s presented below. Each

’
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A.1, Will the storage rooms be open and venti-
lated, bulkheaded, or 4immediately back-
filled?

g These options affect storage room environment after full canister
emplacement., All three have different impacts on retrievability,
open rooms having the least impact, and backfilled rooms having the
; greatest. Because impact on rate of retrieval varies with each

method, a storage procedure must be selected so that retrievahilityAR£9U”"5m"
can be, desipgasd to _spprevdeetely equal-o
L DEVELOPED TO secow rRETMIEVAL

ON 4 RENSOMABLE SCHEDULE,
( v A.2 Will canisters be stored in vertical or

horizontal drilled holes, or in,rooms,asdth™ .
MMW. ?
THE EXCAVATED RRER oF

Canister emplacement configuration strongly affects equipment design 7/~ &
for retrieval, and, once adopted, will permit design and testing of S7ve56 £
equipment in a timely manner. It also affects retrieval in that
retrieval from rooms is decidely different than from drilled holes,
and stability considerations are different for horizontal and ver-
tical holes.
L]

A.3 Will Storage holes be lined?

il/ﬂfﬁfﬂ Lined storage holes may interfere with retrieval if overcoring is
IXFLAIN required. In long horizontal holes, 1lining may be required to
wiS maintain hole stability during the retrieval period.
('TEM&UT'
., A.4 BHow many c;'misters will be stored per hole?

Hultiple caniaWe will interfere with retrieval of breached

canisters, if canister in the chain is breached.

/La AN INTERIOA S

B.1 How will breached canisters be handled?

This 18 a real possibility during retrieval and therefore a plan must

be integrated with any chosen storage concept. A breached canister

. ) could delay the retrieval of other canisters, thereby sglowin
- retrieval rate. Operators mus e protected from radionuclide
OVC 70 release. 8 will require shielded cabs, and monitoring systems.
cHriIcnl These systems must withstand high temperatures and other character-
SI71047 istics of the mine environment.

TCTION

o B.2 What kind of ecjuipment will perform over-
v coring of drilled holes, or remining of
v backfill, 1f found necessary?

Overcoring vertical or horizontal holes will require decidely dif-
ferent pleces of equipment, in that storage rooms dimensions are

1085F
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.

it gignificantly different, thus limiting the working space. Overcoring
T Y should not significantly slow the rate of retrieval. Remining back-
SXPLAI £111 will be done in a hostile environment. Protection of personnel
2/S1S FON1 grom radionuclide release must be assured, while maintaining the
HIS STNTEMENT required retrieval schedule.

,'__5

C.1 How will repository operations handle
retrieval from a local area, concurrent withA CONSTRUCTION AND
storage?

All operating variables must be defined to enable a retricvalASCh’El"?E_

gchedule to be developed. Because local retrieval will be concurrent AND
(' : with storage operations, it is necessary to allow,coordination of

these activities in the repository design. /L FOR

C.2 How will contaminated material be handled?
' ﬁz: coolD *
Radionuclide release during storage A;equire local retrieval.
The retrieval process in any storage room concept may uncover contam=-
inated material, both liquid and solid, associated with the breached
canister. Handling this material will be a separate operation and,
if not well planned, can interfere with retrieval efficiency.
,
D.l EHow will thermal loading in storage rooms be
controlled during retrieval

With the exception of open storage rooms, ventilation during

retrieval must provide for the thermal impact of stored canisters on
st rock and ambient air temperature Pre-cool:lng is suéjgested foD
bulkheaded but unbackfilled rooms. andling hot backfill material

( E 7O
: be properly planned. Weakened ground support and thermal
ECHNICAL spalling may prolong retrieval operations.
081 770/
, D.2 What effect will thermal loading, and cycles -
F'CT"_’”' of cooling and heating have on stability of
: openings?

Rehabilitating rooms for safe entry will complicate the retrieval
. - process. Thermal impacts on stability of openings must be identified
g 4 in order to/l'schedul retrieval in a2 timely manner.
5 FoAR ¢
DEVELOP SCHEr7ES AND

REFERENCES ;)

rels 4 ENGINEERS INTERNATIONAL. INC.

S N e e A % g hpa Y. o W EGe e dn .y s 23 s
AR e O RN .t iy A 5 L e



T | @*

SITE TEC‘HNICAL POSLTION

o NTS-STP(2) H. 2

A MINIMUM INFORMATION NEEDED AND FACTORS TO CONSIDER
" . IN DESIGNING REPOSITORY OPENINGS

Background

The design of stable openings in a repository is governed by a number
of parameters, such as in situ stresses, rock mass strength, and rock
mass deformation. The parameters vary with time, and are signifi-
cantly affected by excavation and temperature conditions. 10CFR60
requires that the DOE provide assurance that the stability of the
. repository openings will be maintained at least during the retricv-
ability period. Sections 60.111, 60.112, and 60.113 stipulate the
( 4 performance objectives for a geologic repository. Section 60.133
provides additional design requirements for the underground facility,
and 60.14]1 requires confirmation of geotechnical and design para-
meters during the repository construction and operation period. /1In
. K_\ ordet to achieve the design of stable repository openings, ‘an exten-
nove TO sive geotechnical investigation program needs to be implemented.
This involves detailed data collection with respect to geology,
ECHNICAL hydrogeology, and geomechanics. From these studies, the baseline
2SI 7104 {information on subsurface stratigraphy and associated structural
. features, groundwater regime, mechanical and thermo-wmechanical
ECTION Lpropetties can be determined for use in repository design.) This
document presents the NRC staff's position on what information is
required to substantiate the assurance of stable openings within the
repository.

Technical Position:

Nv_’ﬁ’Fr In general, the essential steps in performing the stability analysis
A7 THIS of underground openings are (a) computing stresses, before and after
r"'.ﬂ/f LSO excavation, in the rock mass around the opening; (b) estimating rock
‘d mass strength; (c) comparing stresses and strength to determine if
VOLVES stresses are within the strength values; and (d) estimating the
\BOPA 7-0,7}’ deformation of the opening to determine if the resulting deformatiens
- are within predetermined limits.

VO FIELD

tORNK It is therefore, the NRC staff's position that the following informa-
: ‘. tion, at the Yucca Mountain Site, pust be obtained and carefully
evaluated as a basis for appropriate engineering design to maintain
the stability of repository openings in' the presence of coupled in
situ, excavation ${nduced, and thermal stresses during construction
and operation of the repository.

1, The in situ stress conditions need to be determined
and their spatial variation needs to be estab-

1ished.
- , STP 1  ENGINEERS INTERNATIONAL, INC.
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2, The rock mass strength , properties and their

vatiatio?,mith time) temperature, need to be

N DETERPUNED © AND LOCATION .

3. The rock mass deformation characteristics and their
variation with time and temperature need to be
analyzed. -

Discussicn:

.

The basis for the NRC staff's position is presented below:

1. The in situ state of stress at the repository hor-

( ' izon is an important parameter in the assessment of
the stability of the repository openings. Subse-

quent changes in the in situ stress conditions due

to (a) excavation and other construction activ-

ities, (b) temperature fluctuation from waste

emplacement, (¢) time effect, and (d) any other

human-induced or natural causes have to be con-

gidered in designing the repository. Stability of

; the underground openings during construction and

operation, integrity of the waste canisters, and

the isolation capability of the repository
will be affected by the in situ stresses (virgin
and induced).

The present state of knowledge about in situ virgin
stresses is limited to results of a few measure-

( : ments which have not officially been released by
DOE. These measurements were conducted using the
hydrofracturing technique which has certain
inherent limitations that one has to consider in
analyzing the test data. Since the hydrofracturing -
is the only viable means to predetermine the in
situ stresses before the repository horizon {s G
accessible, emphasis must be placed on correlat&"'"
the in situ stresa’:with surface and subsurface

. structural geolo In addition, some stress
’ peasurenents by various techniques at the G-Tunnel

: may be benefinial, but may not necessarily be

o representative of the in situ stresses at the Yucca

Mountain Site. However, any proposed stress-

neasurement methods at G-tunnel will certainly

verify their applicability at the repository
horizon. These wmethods, then, can be readily
adopted underground as soon as access is availabie,
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The commercial instruments that are currently
available to monitor the in situ stress changes due
to excavation and thermal effect fail to completely
fulfil the long-teru performance requirements.
Some of the instruments are especially subject to
high-temperature effect and are currently being
improved. -

2. Rock mass strength is the level of stress concen-
tration (resulting from in situ stresses and exca-
vation, thermal, hydrological, and earthquake
loadings) at which rock will fall. Therefore, the
determination of rock mass strength properties and
their variation with time and temperature is very
important to the design of stable openings. Rock
mass strength 4is a combination of the individual

components of the intact rock, joints/discontin- °

uities, and interstitial fillings. Once the in
situ stress concentration exceeds the rock mass
strength, the rock mass will fail. There are three
possible modes of failure - compressive, tensile
and shear. At the Nevada Test Site, shear failure
is generally applicable to the stability analyses
due to the jointed nature of the rock mass, even
though failure may occur in the other two modes.

Shear strength of the intact rock, the joints, and
the interstitial £illings can be determined in the
laboratory and in situ. A wide range of strength
values can result by performing tests on different-
sized samples and by imposing different boundary
conditiong during testing. Different empirical
approaches exist for accounting for the fractures
and other imperfections, and estimating the rock
masg strength from small-scale testing.

tests are
necessary on different-sized samples to determine
the joint shear strength in terms of cohesion and
friction angle. The data base for an intact rock
ghear strength seems sufficient but may be {mproved
by conducting more tests on specimens under simu-
lated in sftu conditions. The effcct of creep on
intact and jointed rocks has not been addressed,
and may play a central role in governing the long-
term stubility of the openings. Since the geolog=-
dical setting in the G-tunnel differs from that at

c c'.:“'”‘ ¢ %

Yucca Mountain in the extent and distribution of <4)
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welded tuff as well as apparent differences in rock
mags properties,’ much care should be exercized and
a rationale should be established for application
of the G-tunnel data to the Yucca Mountain Site for
any conceptual design.

A reliable estimate of rock mass strength of tuff
in the repository horizon needs to be established.
There are several empirical approaches available
for preliminary assessment of the rock mass
strength, These approaches have their own inherent
deficiencies, and require the determination of
joint spacings, nature of interstitial fillings and
their spatial variability, persist
f;gges, and groundwater conditions. | Hence, sensi-
tivity analysis should be Incorporated in these
approaches to best determine the rock mass strength -

value,

{A@ suggested above, upper and lower bounds of

strength parameters should be established by means
of a detailed laboratory and field study. Effects
of time and temperature on strength properties
should be established. All of the above should be
established using standardized testing procedures
or by develeping new methods which have been
irevieved and fully documented.

3. With respect to rock mass deformation, it is
generally recognized that & meaningful analysis of
the stability of underground openings can be made
only after establishing what constitutes -
ity or fatlure. JThis requires the determination of ‘
the level of deformation that can be tolerated
such that no significant iwmpairment of repository
function occurs. Establishing representative
stress-deformation characterizations of the rock
mass is a first step in assigning limits for
tolerable levels of deformation, and thus defining
"failure",/ Deformation analyses based on experi-
mental data and analytical models thus become a
very important issue in designing the repository
and assessing its performance through time.

Most laboratory studies performed so far have
involved intact rock specimens of very small sizes.
Bowever, the actual stress-deformation behavior is
mainly controlled by the geologic imperfections
vhich cannot generally be represented in small
scale test specimens. Therefore, investigations
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into the stress-deformation characteristics for the
intact rock and rock mass should concentrate on
large-scale, in situ testing supplemented by small
scale, lsboratory test. Non-linearity, time depen-
dence, and spatial and directional variability with
respect to stress-defcrmation need to be better
characterized so that a representative set of input
parameters can be used for numerical modeling to
optimize repository design. It is essential that
the establishment of a 1limit to the allowable
deformations under excevation and thermally induced
stresses be an essential objective of in situ test-

g VE TO ing and subsequent model.ng. .
(/]

. Constitutive models need to be developed for
TEChMICAL predicting rock mass deformations and sensitivity
analyses should be performed to examine the rock-
pFosiTioN support interaction. A failure criterion should be
SECTION developed to incorporate rock mass discontinuities.

—f
To confirm performance of engineering design, var~
fous instruments are being considered for installa-~
tion at the key locations in the repository to
monitor, for example, the changes in deformation.
Some of the instruments are limited 4n their

This deficiency needs to be rectified before the
instrumentation plan is instituted.
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r L MINIMUM INFORMATION NEEDED AND FACTORS TO CONSIDER IN CONSTRUCTING
A AND SEALING REPOSITORY SHAFTS AND BOREHOLES

. ..;\’.~:',. Background:

10CFR60 requires that a mined geologic repository meet EPA standards
concerning the release of radicanuclides to the accessible
S environment. Shafts and boreholes are of particular concern because
. they are potential pathways for radionuclide travel. Isolation of
( the nuclear wastes will require the sealing of all penetrations into
or nearby the underground repository.

Two sections of 10CFR60 address the design of shafts, boreholes and
seals., These are:

DJSTING(ISH :

BETWEEN 55/)(, e 60.134, Design of Seals for Shafts and Boreholes,

wvhich states that the seals, seal materfals, and

EQUIREMZanS placement methods must be designed so that seals

60.13‘/@.)) A0 do not become preferential pathways for ground

NATERISRL /PND water.

"L./'-?CEMEUT' e 60.72, Construction Records, which states that Monk
nNETHODS records are required of construction activities SPECIFIC/)CL,
‘0. ’37(6)) -, and problenms. £0.Y84 CID

Technical Position:

The technical position put forth below outlines the approach that, in
the opinion of the NRC staff, will be necessary to satisfy the
10CFR60 requirements. The technical position includes the two
sub-issues under NIS Design Issue 5, namely: -

?é?'_’ﬁmrf e How {8 repository performance expected to be
!EPD.S)T&I?? affected by repository shafts?

NAMO .
h"ﬂFT.S - e How is repository performance expected to be
'xﬂ.mﬁra/?}' *  affected by exploratory boreholes?

b‘ﬂFT’S Much of the Technical Position applies to both shafts and boreholes.

‘55 CornmENT Shaft sealing is more complex than borchole sealing, and so the

W ISSUVES eophasie of the Technical Position i8 on shafts (both exploratory and

57'..’) repository). Special concerns related to borehole sealing are
hy discusged at the end. .

Information necessary on shaft and borehole sealing includes:

1. A description of the pre-existing hydrologic
systen, including (but not limited to):
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1) Formation permeabilities, particularly
vertical permeabilities

41) The character of vertical hydraulic connec-
tions between aquifers at depth, perched
water tables, and other permeable zones

o 111) .Flov rates and travel times along pre-
o existing flowpaths from the repository to
the outside environment.

: iv) The thickness and location in the strati-
( . graphic column of aquifers, perched water
tables, and other permeable zones

v) The hydraulic heads measured in each water
bearing zone

' 5
) EFFECT OF vi) Anticipated effects of ground water on
" SHAFT CoNSTRUCTION shaft construction.

ON THE EXISTING

. » 2. A description of the rock mass characteristics of the rock
HYDpotoasrC units to be encountered, including:

. STsTem. i)  The rock mass strength, and the varfation
© in the rock mass strength down the strati-

graphic columnA WITH TIME, TEV)PGHAT&”IE' AND LOCATIOM,

“ {44) Fracture characteristics in each rock uait,

(:4”05 ROCK including spacing, orientation, frequency,

159055 DEFORATION and condition

‘ 111) The in situ stress state, AN ITS VAAIATION ywrrs/
TUTNE ANL TEMPERATUARE, -
3. An approach to characterization of the Disturbed Rock Zone
(DRZ) that will be formed around the shafts, to i{nclude:

1) A theoretical prediction of the permeability
P increase in the DRZ, based on site-specific
d information

41) A description of tests planned during and
after shaft construction to fully charac-
terize the DRZ and other changes in the
hydrologic system

. - 4, A discussion of the proposed shaft construction technique,
: including blasting patterns, pre-grouting plans, temporary
support, materials and construction speci{fications, and QA
procedures.
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S. A discussion of the proposed shaft Short Term Seal (STS)
design, including:

1) The relationship between the STS and the

; - conceptual design for the Long Temm Seal

FotLcow/ne ; | _

: 41) Construction plans for the STS, including .

PLANS FOR linfng or casing technique, plans for

C o pm grouting the 1liner or casing to the wall

‘_VBEV)EDII?L rock, and chemical seals

EnLING '
S 441) The materials that will be used in the SIS,

and their long term characteristics and

, TESTIMC TO compatibility with the repository environ-

DETER/IM E ment. . .

ConNTINUITY iv) Incorporation of testing of LTS materials

OF GROUTED in the STS progran

SONES . 6. A discussion of long term shaft sealing aspecte, including:

1) A conceptual design of the LTS, based on
performance assessment modelling.
{1) Information about the host rock and sealing

paterials that will be required for a
complete LTS design, and a discussion of

r the research that is currently being per-.

. formed to meet those requirements.

: 7. A discussion of the borehole drilling and sealing progran.

Discussion:

/)

NOT /3

concem of 10CFR60 is that shafts should not become
PﬁOI’ER preferential pathways for groundwater movement. A knowledge of the
pre-existing hydrologic system is necessa to assess the chan

'EFMELCJCE resuleing from shaft construction. | Because a sha't may provide a
: vertical connection between permeable zones, particular attention
should be given to pre-existing vertical permeabilities.
MONITONING NND
BydrologicAmodeling of the groundwater systea before and after shaft
construction may be necessary to determine the effect of the shafe.

' o vE 7O
ECHnrent
pSeTI0N

The hydrologic system is also important to shaft comstruction. 1€ 4
e e the shaft 4s to be constructed by conventional methods, highly
BCToN

permeable wvater-bearing zomes could cause water to flov into the
shaft, sloving construction. Pre-grouting might be required vhich
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guide the characterizatfion of the actual DRZ.
<: \\\5._-— characterization progran should be to determine the magnitude of the

drilling a shaft through permeable zones could result in substan
tud losses, which also might affect hydrologic testing. (The presence
of perched water bearing layers, and other structures such as faults
and intersecting fracture zones at the NTS should be identified by
careful subsurface exploration. Ve

Shaft construction creates a Disturbed Rock Zone (DRZ) which may
constitute a preferential pathway for groundwater. A major mechanisa
of permeability enhancement in the DRZ is stress relief which may
open pre-existing fractures. Rock response to the shaft will also be
affected by the rock mass strength and the in situ stress state.

Rock mass mechanical characteristics are 4mportant to the proper
design of blasting rounds to limit damage to the rock. Rock quality
way also determine the amount and type of short term support
required, which could im turn affect seal design. For' drilled
shafts, weaker rock units may require special treatment to prevent
their sloughing into the hole.

A prelininary, theoretical estimate of the exteni of the DRZ in the
different rock units encountered should be obtained through modeling.
The modeling should take intoc account the rock mass strength, frac-
ture characteristics, in situ stress state, and the affects of
blasting and temporary support.

The theoretical estimate of the DRZ obtained through modeling should
e goal cf the

{ocrease in permeability within the DRZ, the variation of the DRZ
with depth, and the physical characteristics of the DRZ that will be
needed for the design of the LTS. A complete characterization pro-
gran should be carried out both during and after shaft construction
and should include instrumentation insfde the shaft, hydrologic
testing, exploratory coreholes drilled from the shaft, and crosshole
seismic surveys. The DRZ should be characterized in the exploratory
shaft (ES) and in all repository r=hafts.

@ U

ngéould later affect hydrologic testing and rock mass sealing. Blind

—

Construction specificatiors must be reviewed to determine that the
construction te "mnique dces not interfere with site characterization
and shaft sealing operations. With conventional ghaft sinking, the
concern {s that blast dasage to the rock be minimized, which will
require controlled blasting designed on the bases of site-specific
geologic informatfon. Pre-grouting to limit water {nflow or enhance
rock structural stabilizy may affect the long term sealing character-
istice of the rock, which should be consfdercd in the chofce of
grouting materials and techniques. Similarly, temporary shaft
support such as shotcrete or rock bolts must aleso be designed {n a
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: manner which will not compromise the effectiveness of the sealing

}T'S 1S program. With drilled shafts, the loss of drilling fluid to the

e formation may affect subsequent hydrologic testing and sealing

0T : programs. )

ONSIDERING _

RILLED Strict QA procedures must be established for all phases of the
construction progranm. Maintenance of the construction records

SHAF
. ALTS required by 10CFR60 should also be covered by QA procedures.

The two primary purposes of the STS (which incorporates the shaft

lining) are to maintain stability and dry working conditions during

the operating life of the shaft. Neither of these tasks is directly

related to the long term maintenance of radionuclide isolation.

Bowever, the STS will be present during permanent closure of the
repository, and will have to be either removed or incorporated into

the LTS. / There<ore long term scaling must be considered in thﬂ

design of the STS. . .

Construction technique may affect the long term effectiveness of the

STS. Most of the shaft lining techniques (e.g. conventional glip-

forming or pre-cast segments) leave numerous joints in the 1liner

vhich may later require grouting. Plans for grouting behind the

move ToO liner or for using chemical seals may later affect sealing of the DRZ /7S /S
rECHNICAL  and the rock-cement interface. If the shaft is drilled and a steell o7
cagsing is used, another interface is created between the casing and\CONSIDER)).

PosITION the cement. Plans for possible remedial sealing measures during the DARI/ILLED
SECTION operating phase are also relevant. . SHAFT:
: The properties of the materials that will be used in the STS will be
( important to long term sealing, especially if the STS is not removed

at permanent closure. The required information about the long ternm
durability of the STS materials and their compatibility with the host
rock may be obtained from case histories and from testing.

The STS provides a unique opportunity for testing LTS materfals in
the actual repository environment over a relatively long time period.

Consideration should be given to using several different potential
LTS materials in the STS and observiag their effectiveness during the
operating phase.

A complete LTS design would be premature at present, because puch
needed information cn the site and on sealing materials 1s not
available. A conceptual design of the LTS is however essential to
guide research on sealing materials and site characterization activ-

iegs. /The conceptual design should address sealing of all three of
the potential ground water pathways created by ghaft construction,
which are:

R AR

h Y
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e The shaft itself

- & The annulus between the concrete liner and the
shaft wall

s The disturbed rock zone around the shaft result-
ing from blasting and stress relief

The ongoing site characterization program should be designed to
provide the information necessary for the development of a complete
_ LIS design. Soue of the more important site specific data necessary
t. . to adequately design a long term secaling system are:

e In situ stress fileld and stress concentration
factors to assist in determining necessary seal
material sfrength

e Extent of existing and blast-induced fractures

fOVE TO around the ES

:eHmchL e Geological data including 1lithology ' rock
0SS 1770/ structure

ECTION e Hydrological data that identify local and

regional waterflows and also the porosity and
permeabilicy of the tuff rocks

e Geochemical data including ground water geochem=-
istry and rock-ground water dinteraction to

- determine chemical compatibility with a seal
' material.

A testing program should also be undertaken to develop appropriate
naterials for the LTS. The long term sealing materials testing
program should address the following issues:

e The seal materials should be capable of absorbing
both water and radionuclides.

: ¢ e The seal materials should be compatible with the
P rock, concrete, and ground water. For thisg, the

- mechanical, chemical, and hydrologic properties
of the seal materials must be known.

L e High temperature durability of the seal materials
o must be assessed. :

¢ The methods of seal placement must be assessed

_ such that an effective long term seal can be

f* . constructed. _J
o fgggp 6 ENGINEERS INTERNATIONAL INC
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Sealing of boreholes is less of a concern than shaft sealing. Bore-
holes are much smaller in size, and the DRZ around boreholes is not
substantial owing to the small size of boreholes relative to the
fracture spacing. 1In addition, advanced borehole sealing techniques
have been developed by the ocil industry.

O * Nevertheless, boreholes do represent potential preferential ground
i water pathways. The total number of boreholes penetrating the
repository horizon should be kept to a minimum, and so the purpose of

each borehole should be carefully defined.

' The information required to assess the borehole sealing progran i
(:u. includes: .

¢ The total number of boreholes

e The purpose of each borehole, and the tests to be -
performed

o The location, depth, and size of each borehole

e Casing and sealing plans, and the materials to be
used in casing and sealing.

Two areas of special concern are:

e The casing and casing cement should be incor-
porated into the long term seal

(: e The sealing materials should be compatible with
© the repository environment,
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