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APPENDIX A.2

ESF-REPOSITORY INFERFACE DRAWINGS
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APPENDIX A.3

ESF SEALING REQUIREMENTS IMPOSED BY REPOSITORY SEALING PLAN

(TBD)
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APPENDIX A.4

THERMAL DESIGN BASIS LOADS FOR THE ESF

{TBD]



APPENDIX A.5

SEISMIC DESIGN BASIS LOADS FOR THE ESF

{TBD]
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APPENDIX B

TESTING RECUIREMENTS FOR FACILITY DESIGN
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APPENDIX 3

xplcratery Studies Facilisy (ESF) Testing Requirements For Facility Design
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information provided in zhis Appendix is preliminary design input

rzing ore-Title II Design Studies Ior the ESF Reference Design Concept,

is =ne first phase submiztal of test related design information. The
maziczn 1s taken from Tes:t --a.u;Ag Package 9i-%, "Preliminary ESF TPP

gort ¢f Preliminary Title II ZSF Design Studies =-- First Phase

L, Planned ESF Tests - North Ramp Access."” The content and format of
rmation is consistent wizh the Raythecn Services Nevada (RSN) reguest

_e I Design testing information (FS-YMP-5197).
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-a.al ESFDR Appendix B design phased irputs will be developed for
ing in the Calico Hills and the Topopah Spring Main Test Level

ng South Ramp Access). The purpose of these phased design inputs is
ete tne design requirements for ESF testing prior to Title II Design.

(D €2
2. Q.

CT o~ 1) v 3
-

}-‘P‘ I’D

Q 1=t

3
'o

Q 1= N

rcing requirements from the ISFDR, Rev. 0, Appendix B (Sections 2.3

gn 2.9) fcr the above test design inputs, are provided for use in design
<ivities as preliminary, test available information, for development
ST Reference Design Concept. Information provided in TPP 91-C is the
rent and takes precedence over Sections 2.3 through 2.9 if

ncies occur. Priosr to the initiaticn of Title II Design, the North
izs Hills, and the Tcpepah Spring Main Test Level (including South
ss) test design inputs will ke revised based upon prioritized needs
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Cesign Studies and Phased Title II Design. This will include
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cn resul: from SCPB revisions and selected facility configuration
s-=ruction methods. These changes will be submitted as a formal
revisizn of tne ESFDR.
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Radial Borehole Tests in the

Excavation Effects Test
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Heater Experiment in TSwl

Plate Loading Tests

Evaluation of Mining Methods
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Monitoring Drift Stability

Air Quality and Ventilation Experiment

Laboratory Tests (Thermal and Mechanical)
Using Samples Obtained f£rom the ESF

Development and Demonstration of Required
Equipment

In Situ Testing of Seal Components

Chloride and Chlorine-36 Measurement of
Percolation at Yucca Mountain

Diffusion Tests in the ESF
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Alterat-on ¢f Yucca Mcuntaln

Fracture Mineralogy Studies of the ESF

Biological Sorption and Transport
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PLANNED ESF TESTS NORTH RAMP ACTESS
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PLANNED ACTIVITY NAME: UNDERGROUND GEOLOGIC MAPPING

sCoRr
S

w

ection 8.3.1.4.2.2.4 (Activity)

Descriptnion of Activitv

Geologic mapping ard photogrammerry will be used to document lithologic and
fracture variacility throughout tne vertical and horizontal extent c¢f the
underground excavations, to investigate structural features, and to provide
siting data to confirm (or modify) planned test locations within the
underground excavaticns. Geologists will take stereo-photographs of exposed

sck surfaces of all cpenings in the ESF. These photeographs will be analyzed

cff-site using a computer-driven analytical plotter. Detail line surveys

will be performed continuously along cre wall of each drift or ramp (or at 2-
m intervals if in a shaft). Detail line surveys consist of recording the
characteristics of each fracture, geclcgic discontinuity, or feature which
intersects a datum line. Regular sampling cf the wall rock and fracture
infilling will be part of -he mapping process.

Geclizgic mapping will be performed in all ESF openings where items of
parcizular interest such as faults, specxal contacts, etc. are encountered,
specia. sma..-scale mapping may be conducted.

Srecial Reoom/Rlccve Requirements

Mc speciazl rooms required. Mapping will adjust to the opening configuration.

Tn-erference Envelope

We are trying to design the underground mapping to have minimal interference
wizh botn construction and other experimentation. Standoff distances are not
aprliczable to this test.

Conenraints/Contzrols

—

Mapping must be conducted before installation of chain-link or wire
mesh.

2. Walls must be cleaned befcre ghotography for mapping.
2, ysilizies must be confined %o the lower left or right quadrants or

-re invert of the ramp for 250 ft behind the trailing gear of the
TBM.

N



4, Geclogists must have access t: -he entlire circumference fOr samp..ng
and mapping.

Timing/Schedule Reguirements

Mapping wiil begin as soon as constructicn starts, and will proceed with

o
excavaticn progress

T3F Design/Test Support Requlirements

ﬁene*“‘ly mapping will be done as clcse to the working face as possitle <o
minimize any deterlcray-q“ cf =he roeck, or interference from ground support.
While the presence of rcock boizs and plates wiil nct hinder processing ci the
chstos, rock pans, cra*n link Zabriz, or wire mesh must not be installed
until the walls have been cleaned and pnctcgrarred. The walls will pe

clear d of ail dirs, muck smear, ¢r any ¢ther encrusted materials by the use
cf a high-pressure a1r~wate* clowpire. The air-water mixture cf cthe blowpipe

1

sho ld be adiusted such that little or no free water is present on the walls
during c.eaning. A tracer will be added tc the cleaning water td ailow
detectisn of any penetraticn intc the wail rIck.

Mapo‘.g will pe rreformed on as much <f the exposed rock surface as possible.
The location ¢f utilizies (fan lines, compressed air line, conveyer, water
_ine, electrical cables) shculd e arranged in each drift and ramp s¢ch that
the maximum circumference of the tunnel ls visible for mapping. We reccmmend
~hat zhe utilizies be ccnfined to the lower left or right quadrants c¢r the
invert cf the ramp if possibie. Adeguate iliumination will be required fc:
inspeczicn of the walls, but strobe iighting focr photography will be provid

ty the mapping Zeam. The strobes reguire 110v AC power. Mapping will also
require surveving support for location of photogrammetry control targets.

The accuracv cf locations of geologic features depends on the accuracy cf
su:veyed carget locations.

e
3 (l

vision must te made to allow mapping geolcgists access to ail parts of the
nnel circumference. We recommend some type of mapping platform be built,
ch would be equipped with multiple decks and/cr levels, and an apparatu
mounting and aligning the photogrammetric camera for stereophotography of
a;;s. .“s platform could also be used for placing and surveying of
togrammetry control points, and hanging of wire mesh or chain line (after
mgpletion of a section of mapping).

T tt oy

(' <1 rh ¥
O Y I¥ o Y
(1]

%

"y

We expect the maximum advance rate c¢f the TBM to be about 250 ft per day.
F:: ~his reason, a 250-ft section is required tehind the trailing gear Iin
which to conduct mapping. This section must be free ¢f chain link fabric and

wire mesh, and as free of obstruction from the utilities as possible. Behind
this 250-ft area, miners will be free t¢ install additional roof support,
chain link fabric, or arrange utilities however they see fit. If ground

cer d-:-ons requlre fabric, mesh, or shctcrete closer to the machine than 250
£., steps will ke taken to do mapping as close to the machine as possitle.

2.
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liection of various samples will te done concurrent with mapping. Whers.
ssiple, geologists will use pry cars and nammers tc remcve samples frim zhe
wall. Where Smooth walls make tradi-ional sampling difficult, the use of a
sma.l drill and hydraulic splizter may te an option., This would require the

drilling ¢f a é-inch to 1-ft deep hcie zdjacent to a fracture, about 1.25-
iach In diameter. The hydraulic spliczer would be inserted into the hole and

ased o2 ;pll- out a sample. Fracture £illing minerals will also be sampled

by using gry zars and hammers.

A stcrage and staging trailer or building of at least 200-sg-ft is required

cn the surface with necessarv amenities. A photographlc laporatory (light-

nt) appreximately 8 x 12 £< wizh necessary amenities and one circuit with

v, 20-32 circuit.
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TLE II ZESIGN STUDIES

PLANNED =SF TESTS - NCRTH RAMP ACCESS

PLANNED ACTIVITY NAME: SEISMIC TOMOGRAPHY/VERTICAL SEISMIC
PROFILING AT THE ESF

T8 Sectizn 8.3.1.4.2.2.5 (Activity)

criozion of Activitvy

The purpose of seismic tomography and vertical seismic profiling activity is
<o remotelv characterize subsurface fracture networks. Tests to be conducted
are a) surface to ramp seismic imaging, b) borehole tc borehole tomograpnic
imaging, ¢) ramp to borehole seismic imaging, and d) strong motion seismic
MInitcring.

Test (a) will be conducted in both the Topcpah Springs ramp and the Calico
Hills ramp. The zcre over which zhe test will be conducted will be mainly in
areas of suspected faulting, fracturing, and perched water which have been
idenified in the ramps from geologic mapping, surface mapping, or other
Jecpnysical cr geclogical studies.

= (£} wiil be ccnducted in both the Topopah Springs and the Calico Hills
mgs to determine the behavior of the damage zone, map faults away f£rom the
£s and/or zoned of perched water. The location will be in zones of

iple iizhclegy, areas of changing fracture and fault content, and zones

vater nflow.
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mas- (2) wil. te conducted if suspected faults or geclogic anomalies may be
cresent anead ¢f the ramps to more accurately define the location and extent
~E -

hese features that may significantly affect the integrity of the ramps.

- (d) wil.l be passive monitoring of strong seismic ground motion at points
different l.thology and depth along the ramps.

mmme AR
pupoRer- up RS
——

See Acmivity Description and Sketches 1, 2, and 3.

Ivers.z. Rwom/Alcove Requirements

No special rooms or alcoves are needed. It is anticipated that all work can
be dene from the ramps or from already designed rooms. The exception may be
an area required for the strong motion instruments (1m3) when there is no
area near a required location available.
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Because the purpose of this test is to measure ground vibration caused by the
introducticn ¢f energy from a specific source controllied by the seismic-tes:t
“eam, stnher loud noises or equipment or machinervy-induced vibraticn in or
near the faclility are not allowed while tests are in progress. MNo cther
special constraints are required to include this activity in the ESF testing,
and no additicnal perturbation tc natural conditicns (stress, temperature,
ure, erc.) will result from this activity (i.e., no significant zcne of
uence results from this activity) if boreholes are dry-drilled. This
does nct require dry-drilled boreholes.

ng/Schedule Requirements

a", "t", and "c" should be done as the ramps are excavated and
malles are enccuntered.

instrumentation need not be emplaced until ramp construction is
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Suppcrt Requirements

[¥}]

v O

3
({2 BN I ¢]

1]

r Iy ot ()

(]
0

) Oty (D oty g2

TIIms Or alcoves are required. It is anticipated that all work
frcm the ramps or from already designed rooms. The exception may
required for the strong motion instruments (1m3) when there is no

area near a required location area. Horizontal boreholes (3.5-inch

#ill be required for each of the "b" and "c" type tests. The

=he bcreholes will be a function of the zcne of desired

isn.
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Tcr damage zone investigations, the minimum length will be 5 meters. The
ilszznce retween boreholes will be 1/2 to 1/3 the length. For more extensive
".:2« ahead” or fault zone studies, the length of the boreholes may be up to
2.0 mezers. No IDS support will be required except for one data line for
2acr _ocation of test "d". Temporary lighting and power, 110v/20 amp or
220vi27 amp will be required for test "a", "b", and "c". The length of each
test will te from one day to ten days. Test "b™ may be repeated to determine

tempcral changes in the extent of the damage zone.
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SURFACE TO RAMP SEISMIC 1IMAGING TEST
Type "“a"

sSurface

- Receiver points

[\
1\

. L Xy
o NalNoaIan s

selsmli ) w\‘§§“.~._

ray Path X

11'5'7
{4
4"7'
Z
X/4
l.‘,’
7

i
S
.
<Y
'§:.1

N\
»
*
X\
)

FIGURE 1. SIDE VIEW OF RAMP
(SCPB Section 8.3.1.4.2.2.5)

Hote: This is pictorial only and not drawn to scale.
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FIGURE 2. PLAN VIEW OF TOMOGRAPHIC IMAGING IN RAMPS TEST Ry
Type "b" (SCPB Section 8.3.1.4.2.2.5) .

Note: This is pictorial only and not drawn to scale.



Seismic
Ray &——>

£l

Hote:

Horizontal Borehole

Face of Ramp

d—— Direction of Mining

FIGURE 3. PLAN VIEW OF TEST - Type "c"
(SCPB Section 8.3.1.4.2.2.5)

This is pictorial only and not drawn to scale.
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PLANNED ACTIVITY NAME: OVERCORE STRESS EXPERIMENT IN THE
EXPLORATORY STUDIES FACILITY

CEZ Seczicn 8.3.1.15.2.1.2 (Activity)

Description c¢f Activity

The cvercore stress experiments will be performed to determine the in situ
state cf stress above, within, and below the repository horizon, in that
porzion ¢f the unsaturated zone penetrated by the ESF, to determine the
extent of excavation-induced stress changes, and to relate stress parameters
TO rcck-mass heterogeneities.

Soon after access is available, smali-diameter holes will be drilled to
crescribed orientations and lengths (leonger than three shaft or drift
diameters). A stress senscr will then be installed, and the instrumented
center hole will be overcored in stages. Stress data will be taken as the
instrumentation of each stage is overcored.

The test will ke conducted in alcoves constructed from both the north and
souzh ramps in the high lithophysal zone of the upper Tcpopah Springs welded

Znit, In alcoves on the main test level (one north end, one south end cf

cleock), and in the Calico Hills nonwelded unit at both the north and south
ends cI the tlcck. The tests in the nonwelded Calico Hills may be either on
the :,l-:o Hills test level or from the ramps in the unit. Tests conducted

in the Zalicc #Zills unit will include hydrofracture tests conducted with low-

voiume amounts ¢f water. The Calico Hills test locations should be sited so
as =¢ nct pe near hydrologic tests or other water-sensitive tests.

The test will be conducted in alcoves constructed from both ramps in the high
_izhcchysai zone of the upper Topopah Springs welded unit, in alcoves on the
main tes:z level (one north end, one south end of block), and in the Calico
Hills nonwelded unit at both the north and south ends of the block. The
cests ir the nonwelded Calico Hills may be either on the Calico Hills test
-2ve. or from the ramps in the unit (if applicable).

Srecia. Room/Alcove Regquirements

See "Location" statement.

14
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Interference Znvelcpe

Tes: must be conducted at a distance equivalent to at least two opening
diameters from the opening. The test must be located at least 50 ft from any
heater test or be conducted prior to any heater test within 50 ft distance.
Tf wazer is used in drilling/coring, any hydrologic tests can be conducted
several meters away. Tests conducted in the Calico Hills unit will include
hvdrofracture tests conducted with low-volume amounts of water. The Calico
il.s test lccations should be sited so as to not be near hydrclogic tests or
other water-sensitive tests.

Canstraints/Controls

The test should be separated from the nearest thermal test by a minimum of 50
£t or should be completed before the heaters are energized. Flexibility in
lccaticn of the tests is required because intact segments of core are
required. Thus, the location, distribution, orientation and apertures of
fractures need to be examined before tests are conducted. No mining,
testing, or construction should take place in such a way as to influence the
in situ stresses at the bottom of the test holes. Test holes should not be
drilled near other instrument holes. Tests will be conducted within the
approximately 50-ft-long borehcles extending downward and horizontally from
the end of the excavation.

Timing/Schedule Reguirements

This test does not require any special timing relative to the ESF
construction.

ST Design/Tes: Support Regquirements

Driiling, including coring will be required. Dry drilling is not required.
A moti.e rcck-testing facility (to be supplied by the test organization) will
require an assigned space at the surface and utility hookups.
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c moTy
PL.\NED ESF TESTS - 'IRTH RAMP ACCESS

The purvose of the matrix hydrclcgic properties tests is to develop a

cerprenensive data base on matrix flux properties in the unsaturated-zcne
tuffs at Yucca Mountain. This activity includes collecting bulk and/or core
sampies, taken from the ESF. The samples may be obtained either Fro'n core
ncles drilled for other tests or from ccre drilled specifically fecr the
collection of core for matrix prcperties testing. The collected samples wiil
ce cackaged, labeled, and sent to a lacoratory for various analyses.

~ccation

Varizus lccaticons along the length ¢f the ramp and other areas in the ESF to
zdeguazaly characterize the matrix properties of the units. Samples will be
reguired frem near contacts; north, scuth, and middle of the block: and from
ai. .Llzaclcoic ':i:s enccuntered.
Specia. Zoom‘Alczcve Requirements

Small zlzcves, .arge enough to contain a core rig, may be required in the
event that additional coreholes are used to obtain samples for this test.

~est requiréd, as much as possible, in situ, samples. The samples
114 pe czllected far enough from any wet-drilling operations to insure
ntaminated samples.

Czrnzmraints/Contrels

res and design shall be developed to minimize the water contamination
culk samples. Core holes shali be drilled dry and provide core of HQ

Timinz 'Schedule Requirements

Samc.es dc not need to be ccllected immediately after excavation, but should
te coliected as socn as possible. This is important for natural water
ccntent samples.

on

y



g =~

- ... -\--IJ--'

£ST negign/Test Suppcrt Requirerments

_arge size (estimated toc be large encugh not tO pass a l-ft mesh) may be
reguired fcr some samples. Samples snould be collected as soon as possiktle
3f-er excavation of Zhe opening in order to avoid changes in the natural
mcisture state.
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FRE-TITLE II ZESIGN STUDIES
PLANNZD ESF TESTS - NCRTH RAMP ACCESS

PLANNED ACTIVITY NAME: INTACT FRACTURE TEST

STE3 Secticn 8.3.1.2.2.4.1 (activitv)
Cescrivticn of Activity

The Intact-fracture test will ke used %0 evaiuate fluid-flow and chemical
“ranspcrt properties and mechanisms In relatively undisturbed and variably
stressed fractures to enhance understanding of pnysics of low and for flow

mcdeling.

Fragture-sampling lecations will be selected on the basis of detailed
fracture maps. At abcut 12 c¢r more lccations (to be determined), a small

.ot hole will be drilled across a fraczure, a rcock bolt anchor will be
instailed, the pilct hole will pe cvercored, and the sample will be
withdrawn. The sample will e packaged, labeled, and transported to an off-
site lapcratcry for intact-fracture analyses.

Samp.e lccaticns will be chosen by the PI after detailed mapping informatizcn

Scecla. Focm/Alccve Reguirements

An alccve large encugh to accommodate a core rig may be reguired.

altacie sample locations will be chosen by the PI. No interference envelope

Ctnszraints/Controls

Tlexirzility in sampling location is reguired to locate suitable fractures.
Sri.ling and overcoring will be done using dry methods. Because only sample
collection will be conducted in the ESF, no other special constraints on the
.aycut are required. No hydrological, chemical, or thermal disturbance is
expected from this activity.
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PLANNED ESF TESTS = NCRTH RAMP ACC

(l)

5078 Sectizn 8.3.1.2.2.4.4 (Activity)

The racdial bcrehole tests will investigate ve::i:al and lateral mcvement of
gas, water, and vapor on and acrcss nydrogeoiogic contacts and within the
various uni=cs

Five stratigraphic depths have teen tentatively chosen as sites for drilling
the "C:ontact Test Heles"™ (repiace “"Sheort Radial Boreholes) {See Sketch 1).
At each depth location, four SC-ft coreholes will be drilled parallel to the
contact and each other, using air as the drilling fluid. A drilling and
testing alcove will be required at each locatiecn. Core will be collected,

cackaged, .3celed, and transported to an off-site laboratory for hydrclogic
analyses (fracture and matr‘x properties). The holes will be logged and
surveyed for f:ac:;:e and moisture data. Air-permeability tests in packed-
cff Incervals will be ccnducted tc obtain gas permeability data. Croass-nhele
cermeakb:.’i7y -ests will be conducted across stratigraphic contacts with both
gas and water cng-term monitoring of matrix water pctential, pressure, and
emperzcure will 3150 be conducted; formation gases will be sampled
cerlcziczally

Line stratigrapnic depths have been tentatively chosen as sites for drillirg
he "An:soctropy Test Holes" (replace long radial boreholes) (See Sketch 2).
At eacnh loccaticn, three 50-ft coreholes will be drilled horizontal, and

cerpendicular o the ramp. The first location will also serve to conduct
-imized proootype testing (also see Hydrochemistry Test). Air permeability
Test.ing will fe ccnducted in each borehole and between the three boreholes.

—-— o - v

See "Cescription of Activity" and Sketches 1 and 2.

Izezizl Rcom/Alcove Requirements

Zcn-acc Test Alcoves:

- Must allow drilling of 4 - 50 ft deep ODX core holes
parallel to the contact and each other.

- Min:mum of 20 ft off the ramp

- Hcles and 2 will be up to 10 ft apart and 7 £2 above the

1
.
ace.

()
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Holes 3 and 4 will e u zparc and 7 ft pelow the

ccntact.

- Maximum dimensicns zre 24 £t wide, 26 £t neight, 20 ft deep, these
are dependent on the ang.e the ramg intersects the contact.
Anisctroey Test Alccves
- Must ailow drilliing 2f 3 - 3C £t deep ODX coreholes in an
equiiateral triang.e with mazimum cf 15 fT sides.
- Ho.es will be horizental and gerpendicular to the ramp.

- Dimensions are 24 £+ widrh, 22 £t neight, 20 £t off ramp.
- Alczcove 1s perpendicular Tl ramp
nterference Enve_cpee
Zonzact Tests
- Tre holes need o be pilaced such that the stress relief effects of
-he ramp and alcove are minimizad.
- The ncles need to be placed such that other tests {excavation
effocts, fracture tests, etc.) will not interfere.
AnlzcTroey Tests:

~he hcles reed o be placed such that stress relief effects of the
ramp and alcoves are minimized.

The nhcl.es need to be placed such that other tests will not interfere.

e S = -

s12n for data collection by the IDS must be available at each locatien.
-ne "~ontact" boreholes and the "anisotropy" bcreholes will be drilled
encugh o be beyond the expected zone of mechanical and hydrolegic
ence of the openings, but need to be placed such that stress relief
The boreholes also need £ Dpe
not interfere. The "contact" holes will ke

s
~ -

-

claced so that other tests will

used to monitor the movement of
rder to measure the hydrologic
cnstruction. These monitoring

do they alter the hydrologi
Zawever, at the stratigraphic ¢
un with both gas and water. T
~imated t> influence a zone

~
c
~
jole
ne

v
-

e e

any construction water from the opening in

zone of influence resulting from shaft
activities regquire no special constraints,
¢ or geochemical state of the rock mass.
ontacts, cross-hole permeability tests will be
he water injected under low pressure 1s
xtending 10 m from the test location.

“ -
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Gecchemical effects are not expected %0 extend beyend the zcne of influence
resu.ting from water movement. The air injected for this test will zontain a
Cracer to ailow discrimination between the ratural gas in pore spaces and the
injected air. Since a portion cf the “vdrocnemlst*y testing is expected to
ce cerfcrmed at the same locatisn as the radial borehcie test, -he use of an
alr tracer will control the pcrential interference between tﬁeae tests. No
thermal Or mecharical alteraticns to the rock mass will resul: from this

“eést.

Timing/Schedule Reguirements

~

ccntact and anisotropy testing (Radial Borehole Tests) should be conducted as
soon as feasible after excavation.

ZSf Design/Test Support Regquirements

An alcove of approximate dimensisns of 26-ft high by 24-ft wide by 20-ft deep
is required for each "Contact Location" and 22-f+ high by 24-ft wide by 20-ft
deep ‘o- each “Anisctrcpy Location". The boreholes will be dry drilled and
will require dr‘--;ng support as well as electricity and compressed air. The
‘ae‘*-_i design and cperational ccnstraints shall allow periodic access to
the test locations. Access should be provided as soon as feasible after
cassage ¢ the TBM for both types of locations.
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holes, 2 on each side of
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%« We do also reserve the
right to test across
other interesting
contacts that may be
encountered in
excavation
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Figure 1.2-4. Dlagram showing the relation of geohydrotogic units to stratigraphic
units (moditied trom Montazer and Wilson. 1984). i

SKETCH 1:
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CONTACT TEST SITES (SCPB Section 8.3.1.2.2.3.3)
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DRE-TITT DESISN STUDIES

TITiE I
P LANNED ESF TESTS - NCRTE RAMP ACCEZSS

PLANNED ACTIVITY NAME: EXCAVATION EFFECTS TEST

ion 8.2.2.2.2.4.5 (Activity)

The excavation effects teszs will measure stress changes in the near-fleld
wall-r3ck as -he ESF 1s excavated, and measure air-permeapility changes that
result from nhe stress redistribution.
....... he Callico %L‘ls ramp from the main ramp is being considered as a
ion for this test. Cther similar locations may be included at
AL each *es' l:cau;v., mu’tiple small- dLameter holes will be

ty
+
-
1]
(o)
el
m
m
-
b
)}
—
O
r1
w
[
U
"O
Y
~
n:
H
(D
—
A
Q
ct
= 2
(V]
c:
=]
[}
ke
e]
W
<
o
t
4]
Q
O
o
1
=]
-
o]
0
E
w
—
b
o
e
cr
w
[}
ct
o
£
0
~

e.lec

S wo O)
]
{
(]
14
a
i

YT Iy o
M @D QO
<

ed distances f::m it. ALl hcles are pla ned to ke air drilled/cored,
and surveved; some of :%e ho;es will be instrumented to mon;,VL
changes and scme t¢ meonitcr permeability changes as the excavation is
Stress and permeability data will be taken in drill holes extended
=ne excavaticn. Long-term permeability measurements will be made and
re and moisture dara cciiected. Additioral hcles may be drilled to
e instrumentation packages if they are determined to be necessary
ctype sesting
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Ancirner c~s;‘~-e location for excavation effects type testing is in the
tcrencles aleng the ramp alignments. Testing impacts are
. e minimal, but details are not yet developed.

guraticn and construction methods of the ESF have limited the areas
-=is -est can be performed. One area in the ESF that could

b}

accommedate this test 1s the area in the north ramp where the shaft to the
~.ff3cecus peds of Calico Hills begins. Boreholes could be drilled and
instrumented prior to starting the Calico Hills ramps, and excavation effects
ia=3 cculd be collected. A second possible site for the Excavation Effects
Tag- .5 in zhe surface-based boreholes drilled in advance of the north ramp.
Tne si-e of the test is constrained by the available access to areas proximal
=> gropesed excavations. This test will be conducted in areas that provide
“his Troximity

Specisl Rocm/Alcove Reguirements

An zlzcve large enough to accommodate a core rig. After the boreholes are
instrumented, the alcove will house the data acquisition equipment.

25
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Interference Inve_.ltre

This cest must be located adiacent to whers a new mined cpening Is to Te
excavated.

‘ed f£or this zes: it

ccnscraint identifl for est. It
1 les for tests. The instrument nholes will pe
drilled at dlatan"es up £o 590 ft from the excavation. They will extend as
much as 100 ft Neyond th exﬁa"atio creating a zone of potential mechanical
interference. All holes will ge drilled dry. No thermal, chemical, ¢
~E L-

hvd:,L,c cal alue ation of the rzck mass is expected as a result of
acnivity.

po ni
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n-~o

13

rmed in bon': cticn with the excavation of a new
ne acguisiticn of the excavation effects data.

("O

ticn ha’l ke protected from damage. A
be recquired for this test if conducted
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PRE-TITLZ II ZJESIGN STUDIES
PLANNED £3F TESTS - NCRTH RAMP ACTESS

PLANNED ACTIVITY NAME: PERCHED-WATER TESTING IN THE ESF

$CP3 Secticn 8.3.1.2.2.4.7 (Activity)

Sescripticn 2f Activitvy

The ourpcse cf the perched-water zest is to detect the occurrence, and
de.ineate the la ral angd vertizal extent, ¢f perched-water zones (if
encountered) dur;ng excavation, to identify perching mechanism(s), and to
sample the water for chemical analyses. Because there is significant
uncer-ainty regarding the likelincod of encountering perched water, the

cerched-water test is categorized as a "cont tingency test." The form and
duratisn ¢ che testing is dependert upcn the nature of any encountered
perched-water.

If perched-water is encountered during excavation, one or more small-diameter
nole(s) will ce drilied to enhance drainage, facilitate collection c¢f water
samples, ard allow flow and/or pressure measurements to be made. The hole(s)
wil. also te instrumented and sealed during testing to obtain data ¢n
nydraulic pressure and water potential cver time.

~ccaticn

Sinze =ne z2ccur and character of the perched-water zones can not te
crediz-ad, the actual lccations can not be shown. Likewise, the type of
f3cilizv needed in which to conduct the testing can not be determined at this

Scecia. ?com/hl::ve Requirements

A rcom large enough to contain a small, underground ccring rig may be
reguired 1f drilling into a perched-water zcne beccmes necessary. This
21cove would be needed to remove the drilling rig out of the main traffic
areas in the ESF.

Innarference Envelope

The perched-water test is not constrained by any interference envelope. The
test wi_. te conducted whenever and wherever perched-water is detected.

27
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Constraints/Contzc.s

Grecuting in the ESF will require a
e grous, Because of its nature and
the lavout or operation of the ESF are

ALl rtoreholes wil. te drilled dr
chem:cal tracer to be added to t
lzocazicn, no special constraints
mposed by this experiment.

Because this activity only involves sampling and drilling of small-diameter
ncies only, nc mecharical, chemiczal ¢or thermal alteration of the rock mass is
expected

Timing 'Schedule Requirements

The perched-water testing should be ini:iated as soon as possiblie after it is
cdeteczed to insure *ﬁat no data perzaining to the occurrence of perched-water
is 13S8tT.

SSF Design/Test Support Requirements

All moisture c¢r free water observed in the ESF will be sampled as scon as
oossible after it is detected to insure that no date pertaining to the
occurrence or perched-water is lest. An alcove may be required for drilling
any ccrencles if access in a main traffic area is a problem. Only normal
dr2..:ng and other utilities are required.

28
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PLANNED ACTIVITY NAME: HYDROCHEMISTRY TESTS IN THE ESF

S2E3 Sectizn 8.3.1.2.2.4.8 (Activity)

Descrictisn cf Activity

The hydrcchemistry tests will determine the chemical composition, reactive
mechanisms, and age of water and gas in pores, fractures, and perched-water
zanes within the unsaturated tuffs accessible from the ESF and/or affillated
~are holes. The ESF wiil provide access for the collection cf gas, rick and
pCSSLD;v oer:"ed-water samrcles. Twc different types of borehcles will be
Used =5 ogtain gas samgles for this test. Borehoies used as part of the
Radial Bcreholes test will ke sed for long term gas sampling. In addition,
sacr- (1-2 m) porenoles wi_. pe used to provide a gas sample at selected

locations as scon as possible after mining.

ty n

J RS- A
a) In all parts cf zhe ISP (Ramps, Drifts, Shafts, Alcoves, MTL)
(See Skezzh ! and generalized North Ramp list)
2) Senera.ized Locations for UZ Hydrochem Borsholes in North Ramp:
- Tiva Canyon 2 locations leng and short boreholes, evenly spaced
- “ear Bow Ridge Fault long and short boreholes, both sides
- 3eddec and Tiva Canyon contact long and short boreholes, beth sides

- Bedded Unit 1 location long and short boreholes

- 3edded and Topopah Springs contact long and short boreholes, both
sides

- Topopah Springs 3 locations long and short bereholes, evenly spaced

- Drill Hole Wash structure 2 locations long and short boreholes

- Calico Hills Topopah Springs contact long and short holes, both

sides

- calice Hills nonwelded 2 locations long and short boreholes, evenly
spaced

- Cailico Hills vitriz welded 2 locations leng and short borehcles,

evenly scaced

™~
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- Jalice Hills zeolitized welded 2 locatizns long and shcrs
bcrehcles, evenly spaced

Scecial 2wcm/AlcCve Requirements

O
<
(D
wn
IS}

eeded L0 set up equipment for two week tests out of traffic areas.
) regquire about a 6 fcot by 8 foot area. Larger sized alcsves
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the drill rig during drilliing. For mest heoles we can use the
2y the Radlal Bcrencles test.
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Sorehc.e sampling locations need tc be about 13 feet from ramps or drif:s
cumping of creholes could effect various pneumatic tests if held during ¢
same -ime pericd within about 10 to 15 meters.

Tracer specifications must take into account requirements of other tests,
specifizallv, no chloride tracers or chlorination gricr to the completion of
CL26 sampie collecticn

Timing Schedule Reguirements

23 3ccn as cossitle after mining, we will require a shert 1-2 meter borehcle
f£2r gas sampling at ail locations. The larger/longer borehcles can wait (up
Tz severa. mcnths), but should be cornducted as soon as possible.

est Suppcrt Reguirements

211 water used in the ESF will be traced. All compressed air used in coring
cr drilling will be tagged with SF6. Provide suitable space for gas sampling
activities and equipment at each Radial Borehole location. Large recck
samples (tux) or core (HQ size) will be required from various locations in
-he ESF. CZ:cre samples shall be dry and bulk shall have minimal dlstgroance
2 mcisture content. One to two meter long boreholes will be required £
s sampiing. Radial boreholes used for gas sampling should be more :han 13
from ramps or drifts. Access to a location early in the ESF construction
=n2 purpose of conducting prototype testing in order to determine if the
= (1-2 m) holes are required at all locations or if the longer Radial
hcies are sufficient for gas sampling.
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cRrE-TITLE II SESIZN STUTIES
PLANNED ESF TESTS - NCRTH =xaMp ACCESS

PLANNED ACTIVITY NAME: HYDROLOGIC PROPERTIES OF MAJOR FAULTS ENCOUNTERED IN
THE ESF

N
-

A

ty is designed -2 provide hvdrologic informaticn in paraliel with
a portwien of Activity 8. 1.4.2.2.4 (geciogic mapping of the exploratsry
sha‘- and drif=s). ALl faults enccuntered in the ESF will be characterized
geslzgically under the geclogic mapcing activity. Hydraulic properties of
maicr faults encountered in the ESF will be determined in this activity. The
maicr faults or fault zones expeczed tc be tested are the Bow Ridge fault,
Ghost Dance fault,a suspected faul:t in Drill Hole Wash, the Imbricate fault
zone, and -he Solitaric Canyen fault. Other faults will be tested if flow is
cpserved.

1

Y W Al

C

Nn rre basis of the identificaticn of major faults by the geologic mapping
crivity, a hydrclogic testing program will ke implemented. This program
will zonsist primarily of tests conducted in borenoles drilled through or
varallel tc fauit zones and tests on core collected from the coreholes. The
€irst activity will pe the drilling and testing of a geothermal borehole.
Sensizive temperature measurements made in the borehole will provide
indicaticns of any water movement in the faulit zore. Alr permeability tests
- . pe sanducc2d petween other boreholes to determine the permeability to

< -ne faulc zones. Some boreholes will be instrumented to determine irn
canditions cf the rock mass and monitored for any changes in these
~amai-isns sver -ime. Other sets of boreholes will be used for cross-hcle
wazer-in‘ection tests. All water used for injection wiil be tagged with a
-vacer. Core recovered from the holes will be tested to provide a water-
conzent profile across the fault zone. This profile may provide informaticn
reiazive =5 any recent moisture occurrence in the fault zone.

P R R

3cw Ridge Fault

orill Hole Wash Faults (maybe several sites)
3nost Dance Fault

Sciizario Canyon Fault

Impricate Fault Zone

A1l Majcr Faults not Previously Identified

[ SN 1 I R DU o B

Scecia. Rcom/Alcove Requirements

Alccves wiil be required at each ramp cressing of a major fault. Sketch 1
crovides a general alcove cencept for each test.
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- The holes need to be placed such tiat stress relief effects of the ramp
and alcove are minimized.

- The holes need t> be placed such that other tests will not interfere.

Cengtraineg i Tonnral

e —e - RS-

The hydrclogic korehcles shall not be drilled until the PI has determined
that effects of vent:ilation in the cpening have been detected in the
jeothermal porehole at that iccation and drilling of the hydrologic hcles can
oroceed.

Timing/Schedule Regquirements

Tasting should be cenducted as scon as feasible after excavation.

ZSF Desgign/Test Support Reqguirements

ceothermal holes: cne hole will be air cored, near horizontally, at each
ltcatien at about 45 deg*ees t0 the opening as soon after identification of

~ne fault as possible. This borehole shculd be drilled from the ramp or
2rift, or a small drilling alcove. It may be necessary to construct a
separate drilling alcove for the geothermal borehole. The intent is to rave
acctess tc the perehcle as soon as possible to reduce the effect of air
exchange with the surrounding rock mass. These holes will be minimum of 200
Iz .¢ng.

Hydrolegic neles: four "cross-fault" test holes (40 ft) will be air-cored at
2ach locat:ion. In addition, three "in fault"™ test holes (25 ft) will be
required at each lccation. Each location will require access to the IDS. An
alccve for hydrolegic holes will be required that provides access to both
sides cf the fault near the ramp or drift, and also run parallel to the fault
for approximately 80 to 90 ft with an approximately 20 ft offset.
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SKETCH A:

MAJOR FAULT TESTS

4 - Cross Fault

Test Holes (%

3 - In Faul:
Test Hol
(25")

(SCPB Section 8.3.1.2.2.4.10)
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SF- z CESIGN STUDIES

2LANNED ESF TEITS - NCRTH RAMP ACCESS

PLANNED ACTIVITY NAME: GEOMECHANICAL ATTRIBUTES OF THE WASTE PACKAGE
ENVIRONMENT

Jescription 0f dztivicy

A series cof heater tests is planned in the North Ramp of the ESF as :th
protctype ¢f the ESF tests. These tests are desigrned to characterize :the
gecmecnanical response of the rcck in the near-field environment %o the
changing environmentai conditicns expected ©o occur over the lifetime of the
TepCSLit: Scme tests will study the effect of a heating/ccoling cvcle on
the staz i1ty of rock biccks fcormed cy excavation of the emplacement hole.
lther *tests will assess the potential f£or spalling or other types of borehole
treakout that may occur due to the heating/cooiing cycle and associated
cranges in the rock/fracture preoperties

Fcr each zest, instruments will fe installed to measure temperature, stress,
and Zdisplacement 3s a function <f -ime and location. Rock cores and blocks
W_l1 3.3C te ciotalrned pefc: and afzer the thermal cycles for laboratcry
determinaticn cf thermai-mechanical croperties.

The neaters In the tast will be cycled through heating and cccling stages and
scme cases temperatures and/or stresses may be imposed on the rock which
nlgner tnan these expected in the potential repository. The intent of
Thege n‘gher temperatures and stresses will be to accelerate the
nich rock defcrmation mechanisms occur. This may serve %o bound th

I geomechanical defeormation over time.

M ry Y

M 1y v e
ot ot tn (D

n W
W

The test wll. fe ccnducted in the non-lithophysal portion of the Topopah
Sprizng TuIf unit (about 100 feet below the Tiva Canyon unit), away from major
faults.

Scvecli. Fzom/Alccve Reguirements

An a.covesroom will be required that is 40 feet long, twenty feet wide and 15
feet nign. 1In addition, two alcoves, 12’x 12', one each for instrumentaticn
and stcorage, will be needed.

The test area shculd be at least 30 feet from other activities, and 20 feet
from ramp ¢r shatt.

L)

FE
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Censtraints/Contoi.s

Tlexibility to adjust the test _ccations ¢ aveid fracture zones.

Timing/Schedule Regquirements

~est should ke ini-iated at least two years pefcre second phase ¢f the

rests which 3re -led to the License Application Date (LAD).

1] (D

153+ 3
Ly

SF Desigan/Test Suppcrt Requiremernts

ts

The layout and the length of the drifts and the bcrehole layouts must be
added to the ESFDR, or provided as test design input, as no tests for this
s=udy were included in the old SDRD.

Dry drilling <f boreholes up to 30" in diameter.

Siotting of the rock (10’wide x 10'deep x 0.5" to 1" aperature)

Zlectric power: 2 circuits of 208v, 45 amp., vcltage regulated power,
several circuits of 120V, 30 amp, UPS instrument power

Compressed Air: 100 psig shcp air.

3 Heazer hcles (4", 12", 30")

Twenty fcocur instrumentation holes fcor each neater hole.

Apilizy %2 cktain cubic block samples 18"x18"x18".

Transporting aciiity: To meve, lif: and load at least 1.5 tons.

Surface trailer: A trailer pad of at least 12'x60’ at the surface facility

~F TCT

The zrailer should hcuse office, machine shop, and change rcoms.
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s 1 NORTH 2AMP ACCESS

PLANNED ACTIVITY NAME: REPOSITORY HORIZON NEAR-FIELD HYDROLOGIC
PROPERTIES (EBSFT)

SCP3 Sectizn 8.2.d.2.4.4.1 (Rctivisy)
Zescrionion of Activity
A seriss of heater tests and infiltration tests are planned in the North Ramp

cf tne ESF as the preotcotype tests of the ESF tests. AlL are designed o
investlijate mcisture movement and saturation conditions iIn the host rzock
j::;n neating and ¢s¢ling periosds ¢f waste stcrage and to investigate the
sca.e e:fec*s cf the heater hole <n the measured parameters. Some tests will
measure tne parameters during the thermal cycle using ambient moisture as the
tnizzlal condition. The other : sts will include a simulated percclation
avent t2 examine the effect of water gercolating or diffusion through the

Tzr each I the tests, Instruments Wwill be installed in the rock mass around
“he nheaters to meas;rn semperature, mcisture content, gas and liquid zcre
cressure, stress cnange, and displacement as a function of time and locaticn.
varicus gecphysical crcbes will pe used tc measure the moisture content in
tnhe rock befcre, during and after thermal cycling. Rock cores will be
crrzined tefore and after the thermal cycles for mineralogical and
gec::em;:a; analvses Labcratory measurements of hydrologic prepertiles and
tnerva_-mechanical propertles will be made on similar samples.

in the test will be cycied through heating and cooling stages.
atzcn ¢f the pericd during which the heater 1s at maximum power and

-~ thermal lcading for the heater are based on the criteria that the
cndltlons encompass a SufflCle"t‘V large volume o¢f rock to include
severa. h-a::u:es within the dry hot region. Scoping calculations will oe
used To determine the initial power ¢f heating and the duration of heating at
~he maxImum power.

Tne “est will be conducted in the ncn-lithophysal porticn of the Topopah
Sprong Tufl unit (about 100 feet below the Tiva Canyon unit), away from maicr
faults.
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Special Rcom/Alczcve Recuiremencs

Alcove drifts totaiing about 3CC fser will be required. There are two sets
~f Arift: emplacement drift and instrumentatlich drils These two sets of
4rif- will be separazed by at ieast 25 feer wertically. In addition, two
ingtrument alcoves 120727 each and two stcorage alcoves 127x1Z’ each will be
reeded
Inrterfarence £Envellce
The -ost area should be at least 20 feet from other activit and 50 fset

)
from ramp or shafc.

—ah i -

Ccnstraints/Coatrols

i, A minimum of 25 feer vertica. separation between the emplacement drift
and -he instrument drift.

2. The width of the emplacement drift be at least 20 feet.

2, Ar least 16" vertical and horizental clearance at the collar of all
inswrument bcreho.es.

2. Flemibilizy to adjust the test locations to avoid fracture zones.

:. NG r=ck £O.ts are aliowed within a region of the test region plus 5
Ep

z The neights ¢f -he instrumentaticn drift be suff:l lent ts previde for
ir:illing of an array of borenoles that extends at least 15 feet
rertically

Timirg'Scredlle Regulrements

he =287 3hcu

id be initiated at least two years before second phase of the
tes5%5 wnlch are tied to LAD.

') (D
¢
{

QIR |

ign/Test Support Requirements

a'd -he length of the drifts are different from that in the ESFDR,
and will reguire either ESFDR revision, or test design input. The boreho.e
laycuts are generally the same as in the ESFDR.

ir:lling of boreholes up to 30" in diameter.

circuits of 208V, 45 amp voltage-regulated pcwer; several
ircuits of 120V, 20 amp UPS instrument power

Zcompressed Alr 0 scfm, 100 psig for air permeability measurement

Tive Heater holes (4", 12", and 30" in diameter).

Twenty four instrumentation holes for each heater hole.

At least two horizontal holes for the infiltration tests.

37
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Transpcroing ability: To move, 1if%, and lcacd at least 1.5 toms.
Infil-ration water: Un-rracered un-chlcorinated J-13 water, about 5C0

Surface trailer: A trailer pad of at least 12'x 60’ at the surface £
©f I3F. The trailer should house office, machine shep, and change -
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RE-TITLE IT DESIGN STUDIES
o £5F TESTS - NORTH RAMP ACCESS

o] ._.-Nl :_:H

PLANNED ACTIVITY NAME: REPOSITORY HORIZON ROCK-WATER INTERACTION

THis activity is ©o ckbtaln sampies for laboratory test of rock-water
interaczicns at hign cemperazures. The samples needed are 6 tc 8 inch
diameter cares cr blocks of rock of similar sizes. The rock types to be
s-udied inciude the .i-aconysal Tcpopah Spring tuff at the contact between
=he Tiva Canycn and Tcpepah Spring units, the welded Topopan Spring, the
Sasal Vi-rophyre of the Topepah Spring, and the top of the Vitric Calico

H#ills unit
_czatlen

Targe diamezer (4§ > 9 in.) cores or blocks of sample from the lithophysal
zane of Tsocpah Soring tuff at the contact of Tiva Canyon and Topopah Spring,
Topopah Scring Welded unit, Basal Vitrophyre of Topopah Spring, and the top
3% Yizric Callics Eills unit.

Sgecial Roeom/Alzove Regquirements

“rrarfavar-~a Thyeloce

R T

NC.
Tonstraints/Contrels
Try drill and blast or dry coring to obtain the sample required.

Timirg/Ichedule Requirements

This test is tied to the LAD.

£ST Design/Test Suppcrt Requirements

Nc general ESF design requ¢remen*s for this test. For test support, it wilil
be necessary to obtain large diameter cores or klocks of rock sample.

)
O



PRE-TITLZ II DESIGN STUDIES

PLANNED ESF TESTS - NORTH RAMP ACCESS

PLANNED ACTIVITY NAME: ACCESS CONVERGENCE TEST AT THE EXPLORATORY STUDIES
FACILITY

™ . . -~ & -5 ey
cescription 8 Activity

ACCess convergence tests are required to menitor rock-mass defcrmation arcund
~he accesses and measure in situ stress at the station where convergence 1is
Deing measured.

ticns using mulziple-pcint borehole extensometers (MPBXs) placed at 12907
intervals arcund ¢ cpening. The MP3X's primarily consist of anchors
installed at predesigned depth. Mcvement in the rockmass is recorded as the
anchcrs mcve. Jef tions are measured across the ramp diameter and as a
funczicrn of distan rom the access portal at multiple locations in the
access. In additic 0 MPBX measurements, deformations are measured with rod

D )Y O

extanscmeters at each ¢f tne -three measurement staticns. Extensometer
Te3asurements wi.: pe made along diameters in the same plane as the MPBXs at

A

207 from the MPRY heads.

1
i

h station will also include hydraulic pressure cell
al stress changes over time as ccnstruction
cation.

The tests Wwil. Te located in each thermal/mechanical unit encountered (one in

each 1t), crefzsraply more than 100 meters frcm major thermal/mechanical
zInza and faults. At a minimum the tests should be performed with the
TSwl, TSwZ, and in the Calico Hills.

Sceciil Recm/Alcove Requirements

N2 scecial room or alcove needed.

_n-erference Envelcpe

The tests will sense rock mass displacements on a line approximately 15
meters frcm and perpendicular to the drift wall, floor, and ceiling. Tests
wnizh in any way affect the thermal/mechanical response in this region should

e avildeq.

40
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The res-s should be installed scen afzer th excava:icn passes the priposed
-est .pcation. No ccmstraint con ConstIruttion IS impcsed by this test.
furcose of the test is to obtain defsrmazicn, in sizu stress and stress
cnarge due to the excavatisn activities. FRowever, it 1s not necessary that
--e 5-3-:3n5 fe instrumented immediazely afzer face has been exposed. No
drilling will be allcwed near the MP3X and gressure Cell staticns.
Timing/3chedule Reguirements

~he res- instrumentation shou.d te installed as close to the working Zace as
ocssitcle.

3T Cesigrn/Tes- Stupport Reguirements

dergreund facilities f£or water, air, electricity for drilling wils
ar -hese tests. No scecial experimental needs are identified.
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PLANNED ACTIVITY NAME: DEMONSTRATION BREAKOUT ROOMS

- o T~ & - \ -
Zescription of Activiny

These tests will be used to demcnstrate censtructability and stability of the
undergrcund cpenings in the ugper ilithophysal zone of the Topcpah Spring
merler (TSwi) in the upper cemcnstraticn breakout rocm (UDBR) and in welded
fractured tuff (TSwl) on the main zest level at lcwer demonstraticn breakou:o

rcom (LIBR) .

~cZat.in
AL L AL

The tests wlll be located in the high lithophysal zone encountered in the
noroh ramp.

Sceci3l Rocm/Alcove Requirements

The test ltself conmsists ¢f mining a separate room off the main access.

The size I the IBR cpenings will be consistent with the maximum width
t.annel Ior repositery openings. The excavation techniques for the DOBRs
shcusd Te similar to the excavation techniques to be used for the reposi:ory
ZCZen.ngs Tnis test will evaluate mining techniques and rock supoort
regulrements. Rock mass response will alsc be measured in the DBR
£xC22v3T1Ins Ly using extensometers and convergence anchors.

The e Wwill sense rock mass displacements on a line approximately 15 meters
ir and rerpendicular to the drift wall, flocr, and ceiling. Tests which in
any way affect the thermal/mechanical response in this region should be
zvilzed,

Constrzints/Controls

Flexibility in the orientation of the rooms is required to insure that
desired allgnment relative to local geological features, such as the
creval.ing jeint structure, 1is achieved. Adequate flexibility must exist =c¢
ro2ate the rooms depending on -he geclogy of the test location. Other
ccnstraints include a requirement that no cther mining be performed within a

NN
o~
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distance of approximately 30 £t from the deepest MultiPsin:t 3creho.e ’
Extenscmeter (MPBX) anchors installed in the walls of the cpening wnile tne
-ast 15 in progress.

Timing Schedule Fequirements

The -es- snould be perfocrmed (its mining) tefsre malor excavation are
perfcrmed in Tne MTL. No impact o construction of the ramp.

5T Tesign/Test Suppcrt Reguirsments

Srandard underground facilities for water, air, and electricity for drillirg
will pe used for zhis test. The instrument neads will be placed in a recess
a- -ne wa..S 2f the excavation. No other special experimental needs.
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PRE-TITLE II DESIGN STUCIES
PLANNED £57 TESTS - NORTH RAMP ACCESS

PLANNED ACTIVITY NAME: HEATER EXPERIMENT IN TSwl

STP3 Secticn 2.2.01L0I01L8L01 (Aztivity)

The heater experiment measures thermomechanical and thermally induced
nydro.ogic responses in high-lizhopnysal rock to verify scaling relaticnshigs
needed fcr repository design and cerformance calculations.

4

The test Wwill be lo
norsh ramp (prefersa

ed in the high lizhcphysal zone enccuntered in the

at
iy in the UIBR).

-~
o
i
a~

Scezial 2comrAlccve Regul

rements

The test will be conducted in 3 separate room in the TSwl away from contacts
and faults. It is preferaple tc use tne demonstration breakout room
descrized In Activizy 8.2.1.15.1.5.2

_ntarfarance Znvelope

i the urper demonstration breakout rcom (UDBR), a heater-emplacement hcle

(

will e zcrilled acorox1mately 8 feet (2.4 m) into the drift floor. Several
instrumentation holes parallel to the heater hole will be drilled and then
neater and instruments (multiple point borehole extensometers (MPBX) and
thermccouples) will be installed. In a borehole near the heater, neutrcn
-cgs will te rur before, during, and after the heating cycle to monitor
mcisture content changes. After the heater is started, the rock response to
~nermal .oading, heat flow, and moisture changes will be monitored. Because
Z2st s short and affects only a smail volume of rock, no special constraints

are reguired.

-

->ns-raiats/Controls

nt flexibility should be provided to locate the test so that other

es 1n the UDBR are not adversely affected: this test should be

about 10 m away from the next nearest test, and in an area of low
Heat from this test cannct ce allowed to interfere with other
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TimirgiScheduie Fegqulrements

lp assess th
o)

mre -ost should be perfcrmed in a timel it wil i
: iliz £ T ' £, high lithophysal rcck.

storing waste in, 0

=32 Support Requirements

~sund facilities for water, alr, and electr:

-

r =his test. The instrument heads will be pia
a

[ res

he excavaticn. No other special experiment

(a3

wi.l pe used
S
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BRE-TITLE II DESIZN STULIES
ELANNED ESF TI:7T: - MNIRTH RAMP ACTESS

PLANNED ACTIVITY NAME: PLATE LOADING TESTS

o . - = e = e e -
SCP3 Section 8.3.1.13.0.7.0 (ActiviTh

escriotion of Activity

he plate loading test loads parz metrically ceposed surfaces of rock

f:: the purpcse c¢f deformazion mesas .

Ixcerimental results can pe used :: te rock mass MOOLLUS ard interpre:
the depth ¢f <he disturbed zcne T w111 follow ISRM and ASTM
standard test.ng procedures

~ccatizn

The tests will be conducred in each :f <ne zhermai/mechanical units
enccuntered in -“e ramp. Mcs:t tests snould ke away from thermal/mechanical
sItntacts; some test locaticns orix =2 faults will be acceptable.

Scecial Zccmsalzove Reguirements

Tre Test:z Wwill be conducted In altcvaes extending from the access. The alcoves
Wl.l re apprcximately 1S ft wide by ¢ £t tall by 60 ft long. Five or more

te ce verizrmed in each alccve. Surfaces in the vicinity of the test
el relazively free oI blast damage.

-5 - P ~ 3
.ne e:' she
~

te 10 meters from the nearest zest which altered the
cnerma.’'me al

properties of the rcock.

ot
L
wn
¢t
)
O
rh

t.ng .mpedes traffic, therefore, a_ccves shculd be provided cu:

T.ming-Schedule Requirements

The test should be performed in a -imely manner as it will provide input to
facilizy design.
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PRE-TITLI II ZESIGN STUDIES
PLANNED ESF TEZSTS - NORTH RAMP ACCESS

PLANNED ACTIVITY NAME: EVALUATION OF MINING METHODS

"y
t
’
b}
1
)
3
D
e}
.
n
»
(e o)
3
s

AcTivizy)

Zescription cf Activity

These tests will monitor and evaluate mining metheds for ramp and drift
Jpenings, with moha51s on rock responses in a variety of lithologic and
structural settir gs that may te encountered in the long exoloratory drifecs.
Thiz oacti i:y will be to develcp reccmmendations for mining in the
repesizory. Mi 1-ng investigazions wiii inciude TBM performance measurements,
and examination of induced damage, &s approcriate.

The zests will pe conducted in all of -he rhermal/mechanical units

Snccuniared ln Lhe ramp.

.....

-n-arfsrence Envelore

Nz sgeclal requirements.

-~ - - - - -~ -~
~Zngtrzints./Contrzols

Thlz test has no identified constraints.

m.ng/Schedule Requirements

23 Tne exzavation proceeds.

(S]]
[€2]
rey
t)

esign/Test Suppor: Requirements

Standard underground facilities for water, air, and electricity for drilling
wi.. ce used for this test. No other special experimental needs.
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TRT-TITIT T CJESIGN STULIES
PLANNED ESF TESTS - NORTH RAMP ACCESS

PLANNED ACTIVITY NAME: MONITORING OF GROUND SUPPORT SYSTEMS

S22 Sectizn 9.2.1.13.1.8.2 (Activity)

This activity will develor recommendations £or a ground support in drifzs in
~he repcsitcry, based on evaluations of the grcund SUprort technigues used In
tne undergrcund excavations, and 2n evPer‘menLat on with other ground-suppcr:
configurations. This activits wL¢l be carried out in ramps and on the main
-ag- _evel. The selec:lon, instax ;a;-on, and performance cf the support
sys-ems used will be menitcored. Exper: imentation with ground suppcrts WLLl
include pull tests on rock belts. Cbservation of unsupported rock, strengt:
measurements on shotcrete cores, and trails of alternate ground-support
configuraticns from thcse prescribed for the ESF. The effects of heaz on
ground supccrt will te considered in the heated rocm experiment.

w4ill pe conducted irn all of the thermal/mechanical units

-

fpecizl Rozm/Alzove Requirements

M svec.al roem/alccve is required.

Inzerference Znvelclpe

Ne in:e:-efe"ﬁe envelope. However, pull tests may tempcrarily block movement
of venlcles In ramp.

Tong=rzints/Controls
‘iome iZentified fer this activity
Timing Schedule Requirements

No ccnflize with facility construction.

19
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FRE-T SIGN STUDIES
PLANNED ESF TzSTS - NCRTH RAMP ACCESS

PLANNED ACTIVITY NAME: MONITORING DRIFT STABILITY

5078 Seczicon 9.3.1.15.1.8.3 (Activizy)

Sescriprnizn 0of Activity

N

*“ese tests will monitor drift cor
and in zne Calico Hills. This aczivi
cconvergences and drift maintenance activ
s-aticns will be selected by =he Principal Investigator. In the long arif:s,
ccnvergence measurements will ce ’-ke in a continuous manner, if practical
Rock-mass relaxation will be investigated in repository-scale portizns cf bne
1ong drifts using multiple-pcint ccorehole extensometers. Rock falls and
maintenance activities will be decumented.

gence throughout the ESF, along accesses
Ty involves menitoring drift
vities. Convergence measurement

ver
‘.\'
V
a
s

-
-
a
<
or

The -osts will ze zornducted in each 2f -he thermal/mechanical units

Scecizl Rzccom/dlccoue Requirements

- .
.nmerfarence Inve.cpe

Nz interfesrence envelope.

Field ocservations of ground conditions will be necessary before final
L-za=izns of measurement stations can be specified. The design cf service
~zriware in the drifts (such as ventilation ducts, cable trays, etc.) must
c:smmocate these measurements. MPBX's and tape extensometer anchors should
e :nsza.led as close to the advancing face as possible. Provision for data
col.ection by the IDS must be available prior to beginning this test.

1)

~
-

T:ming/Schedule Requirements

N l is desirable to install the

[
d the excavation equipment.

.) O

ccnflict with facility construction. I
ascrumentaticn as soon as practical tehin

wn
-
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23T Cesign;Tast Suppcrt Requirements

Stardard underground facilities £

Wwi.l. pe us=2d for this test.

Mo o

~Ar
-
[UPON

water, air, and electricizy for
er specia. experimental needs.
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PLANNED ACTIVITY NAME: AIR QUALITY AND VENTILATION EXPERIMENT

SCE8 Sers=ion 8.2.01.15.1.9.4 (Activizy)

- . " £ 3 esy .
egcripzion of Activity

- TS - -

The purpcse of these tests is TO assess the impact of site characteristics c-n
jen-ilation reguirements to ensurs a safe working environment. This activity
cansis=s of (1) measurements of raden emanation; (2) surveys of air-flow and
oressure, temperature, and humidity; (3) determinatlons of air resistance
f3c-or3: and (4) dust characterizatisn. The radon emanation measurements
<1l pe made in 3 dead-end drift -ha: has teen sealed with a bulkhead at
egquiliprium conditicns and at variocus rates of airflow. Radon concentrations
might also ke measured in a bcrehcle. The air quality and ventilation
measuraments are not expected o interfere significantly with other
nderground activities

i 1. pe csnducted throughcut the ESF after construction is
~e and section cf the drift to the Ghost Dance Fault will be
tu.khead =0 allow measurement >f radon Jas emanation.

Scecia. =oomrAlcove Requirements

Mo special ricim alcove ls required.

In-erfarance EZnvelope

Me interference envelope.

Canetraints/Contrels
T-i: sxperiment will measure the rate cf radon emaration from the TSw2

~3-:-~n and will be conducted on the mi.n zest level. Because this

uires cnly periodic air sampling, nc special constraints are required o9
inciude -nis activity in the ESF testing, and no additional perturbation to
maural c-nditions (stress, temperature, moisture, etc.) will result from
this activity.

Timinz. Schedu.e Reguirements

e i & 31+ N
Mo conflict with facility constructlion.
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(W8 ]



(1]

Q

-
"

[
3
[1)]
3
ot
[¥}]

Stzndard underground facilities for wa

i and electricizy fcr drilling
wi_.. e used for this tesz. No

g alrn,
ecial experimental needs.
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E II DESIGN STUDIES
TESTS - NORTH RAMP ACCESS

L£0]

RE-TI
PLANNED ESF

PLANNED ACTIVITY NAME: LABORATORY TESTS (THERMAL AND MECHANICAL) USING
SAMPLES OBTAINED FROM THE EXPLORATORY STUDIES

FACILITY
3CP3 Sections 8.3.1.15.1.1.1, 8.3.1.15.1.1.2, 8.3.1.158.1.1.3, 8.3.1.1% 1.2.-,
8.,3.1..5.1.2.1, 8.3.1.15.1.3.2, 8.3.1.15.1.4.1, 8.3.1.15.1.4.2 (Activities)
1. Density and Porosity Characterization (thermal properties)
Z. Yolumetric Heat Capacity Characterizaticn
3. Thermal Jonductivizy Characterization
4. Thermal Ixpansion Characterization
5. Compressive Mechanical Properties of Intact Rock at Baseline
Ixperiment Conditicns
6. Zffecrs of Variabie Environmental Conditions on Mechanical
Properties (intact rock)
7. Mechanical Prcperties ¢f Fractures at Baseline Experiment
Conditlons
&, =ffects of Variable Environmental Conditions on Mechanical
trecperties ¢of Fractures

Tne laboratsry geoengineering properties test will provide bulk, thermal ard
mechanical oroperties data for evaluations of opering stability and related
design and performance studies and/or modeling. Data from the laboratery
test Wwill alsc suppeort analyses of the geomechanical and thermemechanical
fie.d tests pianned in the ESF. The ESF activities are basically the
c:lleztizn, packaging, and labeling of the selected bulk sanples or core
-aken from the shafts or drifts. The laboratory test activities are
descrited nd1v1dually in SCPB Section 8.3.1.15.1.

The -ests require sampling throughout the ESF. The tests are laboratory

Sreziz. =oom/Alccve Requirements

No special room/alcove is required.

{n
w
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Interfarence Envelcoe

Neo interference envelope. Sampl

rlas sasuld De taken from rock that has not
ceer. disturbed by excavation cr cesting conditions. Dry coring may be

requiraed in some cases.

[RURT R e

“icne. Provide capabilities =¢ drill ccres or csiiect samples and transpert
them t¢ the surface for shipment to laboratcries.,

, air, and electricity for drilling
ecial experimental needs. Capability
sizes up to 15 inches in diameter.

n
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PRE-TITLE II DESIGN STUDIES

PLANNED =SF TZSTS - NORTH RAMP ACCESS

PLANNED ACTIVITY NAME: DEVELOPMENT AND DEMONSTRATION OF REQUIRED EQUIPMENT

ce8 Section 9.2.2.95.6 (Informaticn Need)

Cescription of Activity

This SCP activity was originaliy proposed for the purpose of development and
demonstration of special equipment. Further specific equipment needs have
not been identified to date.

Tc be determined interference envelope.

~a N / 3
Jznstraints/Controls

None identified.

Timing/Scnedule Requirements

Mo conflizt with facility construction.

8T Cecizn/Test Support Requirements

Standard underground facilities for water, air, and electricity for drilling
will be used for this test. No other special experimental needs are
currently identified.

wn
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PRE-TITLE II DES
N

GN STUDIES
PLANNED ESF TESTS - NORT

T4 PAMP ACCESS
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PLANNED ACTIVITY NAME: IN SITU TESTING OF SEAL COMPONENTS

s for the Yucca Mountain Project (YMP) is

he 'sealing’ concept
r y fractured rock, two areas of
[=d

e
thrcugh the highl
re essential: fx
1 features to in
"1a'=::e:i"*ﬂg zhe ability ¢f the
rzck mass hydraulic cenductivity.

©, characterizing the potential of
oduce water into the ramp, and second,
Ck mass to drain water by determining the

H
[N
O
[A]
(1]
ot
b
w
o1
'y
[¥
O

1%
i
1L
v
I
-
-
ro
L

e cf <re overall performance <f the repository, including the
“he sealing compecnrents, is, in part, tied to the air

the rock mass above the repcsitory, measurements of air
discrete features and the bulk rock are necessary.

cf -his activity involves determination of the air

discrete features and -“he bulk rock to assess the potential
che repository. A related test will involve ccntrasting the
b;-i:/ zone (MPZ) in the main ramp with the MPZ in th

ameter drifts.
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crmance of sealing components, primarily backfilled crushed
ed fiiter designs, will be evaluated. The primary concern
£ fines under various nydrologic conditions and the

e fines to migrate into the fractures and reduce the

tvity. Tests to support the borehole sealing program will
rlmarily in the nonwelded and bedded tuffs.
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Two categcries cf tests are necessary in the sealing program:

a. intrinsic permeability characterization of discrete structural
features to evaluate water inflow and air outflow,

assessment of selected rock mass iocations to drain water and leak
2.z, evaluation of sealing component performance, and
characterization of the modified permeability zone (MPZ) in the main
ramps and in the drifts paralliel to the main ramp.

(8]

s wiil be cenducted in the densely weided Tiva Canyon unift, the
uffs below the Tiva Canyon unit, and in the Topopah Spring unit.
s for the tests in the north ramp access are provided in Figure 1.
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Special Recm/BlCCve Requiraments

The locaticns f£or the sealing relazed tests are defined on Figure l.

or fracture zone beneath alliuvium downgrade

r fracture zone downgrade from the
al‘uv‘a& area
- Characteristic fau’t or fracture zones in the Tcpopah Spring

Member (2 12caticns)

-he purpose in characterizing *Hese s=ructural features through air
onductivity testing is to provide information that will be used to refine
ne design requirements for :e_-,. If these structural features do not

sduce water, an alcove €.1m x &.l1m ¥ 3.im (height) should be developed

er vﬂnstr'ct‘on of tre main ramp and it should be located approximately

m from the structural feature cf interest. There are five potential

atisns identified in the ramp. These locations are identified in Figure 1.

eI AN s VR ¢ ]
rhory
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Note: If water occurs in these typical zones, no alcove is necessary.
However, it will be necessary =¢ mcnitcr the inflows for the life of the
facility. guantificaticn of -hese inflows is as essential for the sealing
crogram as it Is develsping a cerformance assessment model. Because this
trcad usage, it is nct necessary for this information to
e sealing prcgram. In fact, the intrinsic permeacility
uctural zones penetrated by the ramp may already be
cohers in the project

n Wy (‘)

lazegcory B Testing -
- Tiva Canyon densely welded zone
- Middle and lower portion of the bedded tuff zcne and the upper
porzicn of the Topopah Spring unit
- a characteristic portion of the densely welded, highly fractured
Tcpepah Spring unit .

In each of these -areas a 3.lm-diameter drift should be developed parallel tc
~he main ramp and at the same inclination as the main ramp. These drifts
should be at least three tunnel diameters from the main ramp. These drifts
should also be developed using smooth wall blasting to simulate as closely as
possitile the conditions in the main ramp.

for all testing it is necessary that no water injection in the rock mass
cccurs pricr to the air conductivity testing. The drifts for Category B
testing shculd be at least 3 tunnel diameters away from the main ramp.

N
(¥4 )
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Constraints / Jontrc.

Zxploratory horeholes, currently anticipated o be drilled at 100C £oct
scacings along the alignment of the ramps, should nct intercept the ramp. If
Jdearad -2 e necessary, the borehcles shculd te offset from the ramp, perhar

L)

sunnel dlameters.

Zrv drilling of ccre holes in the test areas shouid te attempted first. The
szandard prelecs d:‘lli.g technigue will be used first. If this presents
unusual cdifficulities drilling should be performed using air foam.

T locations are to have multi-uses, then the flcor shall be
: from fines clogging the floor of the drifts by the placement cf
rercrane materials or equivalent. This applies only to the three dri

1 t¢ the main ramp.

Y L3 "0 ¢
D ty th
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- tne three, 3.lm-diameter drifts and the alcoves, the contracter shall
imit the zone of overbreak through either smooth wall blasting or
espL1'°~ng

ial testing of all areas will use air. Water injection shoculd not
lor to the air testing.

e the zasts evaluate drainage characteristics, no fluids from
round —ep051 cry excavation should be disposed of in the test areas.

I -he -esting of sealing systems is needed under flooding scenariocs, then a

igrificant ameount of water may be requlred If this is required, then a
vdrzlizgic zone <f influence may resul The impact of this zone of
inilience may ~hen reed to pe analyzec.

The fl2¢cr ¢f zhe main ramp shall be protected from fines entering the

fracmures in trne floor as soon as practical.

nless reguired for safety reasons, no grouting should be perfcrmed in the
Tamp

L. water infliows should be monitored as soon as possible after the inflows
are enccuntered.

Timing Szhedule Reguirements

Tasto cf the rock and the structural features can be performed any t
3f-er the development of the main ramp. The only exception to this w1ll be
-he measurement of water inflows as soon as possible after their occurrence.

T3F Tesign.Tast Suppcrt Requirements

The -hree, 2.1m drifts shall be parallel to the main ramp and be at the same
JrzZe as the main ramp.

60
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wcavated rock should be stcckpi_ed zccording o general stratigraphy, l.e.,
va Canyon Member weided zones, ncnwelded and bedded tuff zones, and the

Topcpan Spring Member welided zcnes.

Pequired Test Supgor:t - For both categeoriss of testing standard facilities
suppcrz, such as electricity, water, and air, wi.l be necessary. In additicn
~he fsllicwing suppert is required

Categery A

Zach of the alcoves s
can ccre a distance ¢
cenetrate the fault ¢
pergendicular ©o the stru
intercept the fault p.lane at a i
intrinsic permeakility £ i rade from the fault zcne, at the
fauit zone, and dewngrade ! 1- zcne will be characterized.
This testing will invcive a data acquisiticn system and a system tO
derermine -he intrinsic permezbility of these zones, possikly a
guarded-straddle-packer system. 2eczuse wWe inzend to determine the
permeabilizy through the use cf zir injection, a uniform supply cf
compressed air will be necessar

hould te iarge encugh for a drilling machine that
¢ aporcximately 20m. Two horizontal heles will
r frac-ured zone. The first hole will be drilied
s : e and cne will be drilied 2

vy unspecified angle. The

ZTazegory 3 Testing -
3. im-diameter 3rifcs will raquire borehole drilling and
r= t5 characterize the natural fracturing and excavatlion
=oring. In the main ramp the fractures along the same
egment as the 3..m-diameter ramps will also be characterZzed.
¢f the poreholes depends c¢n the nature of the fractured

< sting similar tc the Category A testing will be performed tz
naracterize the fractured rock. Therefore, a uniform compressed air
upciy will be necessary. Because the bedded tuff drift will alsc

cppcr: the borehole sealing activity, it is anticipated that horizontas

:ng intc the bedded tuffs would aiso be performed. The exact amount
illing is not currently defined.
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Measuremen:z -of the air conductivity at a drift scale will also be
cerfzrmed. This will require the pressurization of a segment of the
dr:ifc and injection of a tracer. Because of the scale of this test, a
larger compressed air supply will be necessary. The requirement of the
size of the air supply depends on the guality of rock being evaluated.
_arge-scale testing of the drifts will require construction of temporary
~u_kheads, constructed possikly cf cinder blocks and sealed with gunite.

Testing of seal designs will alsc pe performed in these drifts. This
-vpe of testing would require the placement of temporary bulkheads ard
the placement of backfill through mechanical compaction and pneumatic
emplacement. This would require material handling of graded materials
ts the seal test areas. The first series of tests would be performed in
the Tiva Canyon drift. When adequate backfill and filter designs are
deveioped more reaiistic backfilling operations will be performed in the
bedded tuff and Topopah Spring tuff alcoves. Because mechanical
ccmpaction and prneumatic emplacement are both being censidered ©o
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packfill drifts and multiple designs may be used to seal the ramps and
zhe underground facility, crushed <uff wiil pbe emplaced in the :test
irifcs and removed from <he drifzs several times. These multiple tes:zs

will be required to> cptimize the backfill and filter designs.
Yicze: If ansther underground zest facility is defined, scme of this seal
emplacement testing need nct pe cerformed in these drifts. However, th

SR

seleczed designs sncuid be emplaced in each zcne to vaiidate the emplaced
cerizrmance cI <he packfill and the fillters. Parc ¢f the test may invclve
“he inmcection oI water Lnt? nhe backfill.
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PRELIMINARY DRAFT

O = CATEGORY A TESTING

O = CATEGORY B TESTING

FIGURE B.

(SCPB Scetion 8.3.3.2.2.3)
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IT CESIGN STUCIES
STS - NORTH RAMP ACCESS

PLANNED ACTIVITY NAME: CHLORIDE AND CHLORINE-36 MEASUREMENT OF PERCOLATION
AT YUCCA MOUNTAIN

CP2 Sectizn 9.2.1.2.2.2.1 (activity)

N aAs . - = N .
cescroipticn ofF Activity

3j
1
D

.
(

e measurements will be made at various depths to determine the rate of
Tovement downward througn the unsaturated-zone tuffs using the
irne-3%/cnloride concentration ratio. Large bulk samples from up to 3§
ns wiil be periodically coilected, packaged, and labeled for
cry analysis as described in SCPB Section 8.3.1.2.2.2.1. Because cf
ent tc extract pore water to conduct the chlorine-36 test,
cunds of samples may be needed at each sampling locaticn.
verchad water is encountered, perched water samples will
& Los Alamos.
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cilecting activity. Along ramps samples will be collected

a vertical shaft, samples will be collected every 30 m.

ce required at contacts, faults, and fracture zones when
~her type cf excavation. Each sample will consist of 100 =2

that has been loaded and sealed into 208-L (55 gal.) drums.

ing 13 conducted dry, then chips can be used.

Scezizl FoomrAlccove Requirements

N sgecial zoom o or alcove is required.

Interfarenca Invelope

N¢ _dentifisble interference envelope, but samples must be collected avoiding
ny interferences from possible contamination by other sources c¢f chloride
3nd cromid

Ccoszraints’/lontrols

Drv construction is the preferred ESF excavation method for this test. If
iguids are used then dry drilling will be used to obtain samples.

[R5
N
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e conducted during facility

This test is an ESF sampling activity and can be oon
consctrucoion without impact to construction activities.

EST Cesian/Test Suppcrs Requirements

Cesign ancd test suppcrt requirements will differ if a tunnel bering machine
In that case, samples will have to be ccllected by
Only other required utility

is used with ligu:ds.
Sampling should

drilling rather than using excavation cuttings.
is lights. Sampling locations will have to be surveyed.
foliow completion ¢f geologic mapping activities.
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JESIGN STULIES

PRE-TITLE II
X TESTS - NCRTH RAMP ACCESS

PLANNED =5F

PLANNED ACTIVITY NAME: DIFFUSION TESTS IN THE EXPLORATORY STUDIES FACILITY

W)
)
"
w
w)
1M
bl
1
)
23
@
)
'

L2.2.5.00 (Activizy)

- -

sescripricn o€ Activizy

The diffusicn test in the ZISF Torcrah Spring North ramp will use a speciaily
constructed alcove in non-welded materia-. Each test will :equi:e boreholes
dry-drilled, vertically downward, or subhorizontally in each alcove. Each
ncle will be apprcximately 10 cm diameter fcr —he upper 10 meters and about
m dia“eter for the tettom 45 cm. The tottom of each hole will serve as a
source region for the tracer diffusicn *es s. The ccre r=-oved from the
cotzom of each hele will be examined f£3 racet J*es in order to minimize the
possibility of fractures intersecting eue source region. In addition, the
corehcles will bDe examined for fractures usi"g cdownhole borescepe.

£ =

4

1 ¢of solilution containing a suite of tracers will be placed at the
the 4 cm diameter hole. Cne of the tr cers w1l; be bremide. The 190
r hole will be sealed wizh an inflatable packer to isolate the

~he hole 'ow air pressure and humidity changes in the alcove while
occurs. e hole will <hen be overccred, and the bottom pcrticn of

ioned and anaiyzed for tracer concentration as a
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ne diffusicn experiments will be used to estimate the

icn coefficients of conservative radionuclides in the
ne. There will be two sets of experiments performed. The
rerirent (3 months) will be performed to establish the length of
ed and the size and type of overcoring needed to effect the

:: ate via diffusion through the unsaturated tuff unit. Then a

of cne vear will be required to conduct a conclusive experiment to be
2d in a milestone report.

This zest will be conducted in an alcove located near the middle of the non-
we_Zed Paintbrush Tuff Unit below the Tiva.

Special Rcom/Alcove Requirements

An alcove that is 6-m in diameter is required Drill hole will be located in

d:---i“g equipment. Hole will be dry drilled. The dlameter c¢f this hole is

20 cmocver the first 10 -m and 4 cm over the next 0.45 m.
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Interference Znvelcre

- wed

N ather test or additisnal construction within 5 m of this facility.

e e

-

Tanstructicn and drilling should be done dry. Minimize the intrcoducticn ¢f

i promide lnts che 3slzove.

Timing/Schedule Requirements

This rest must be initiated four vears prior to the completion c¢f milestcne
2337 whizch is titied "Significant Physical Processes Affecting Transport"
ceing conducted under the Retardation Sensitivity Study (WBS 1.2.3.4.1.5.1).

ign/Tast Suppcrt Reguirements

Vo differences from the ESFDR except the test will be conducted in non-welded

T-ilizies incliude lights, electricity (110 and 220v), and compressed air.
; u.d te surveved and geologic mapping should be compieted prior to
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PRE-TITLE 11 DES

PLANNED ESF TEZSTS - NCR

PLANNED ACTIVITY NAME: HISTORY OF MINERALOGIC AND GEOCHEMICAL ALTERATION OF
YUCCA MOUNTAIN

bis study will include petroiogic analysis of alteration sequences and
ures. Mineral growth sequences will be studied using an electron
rcprobe. Ages of alteraticn events will be estimated using potassium-
cn dating of clays and zeciites and electron spin resonance dating of
r=z ard calcite.

Samples will ke collected from the bottcm of the Tcpopah Spring Member and
the Calico Hills. The underground samples will provide large oriented
samp.es <f alteraticon products. Any natural gels found in the ESF will be
samp.sd.

N

2s wi.. ke ccliected from the lower Topopah Spring and throughout the
° Hills unit. Samples ¢f any gels enccuntered will be colilected at any
~tcZatlon in the facility.

Scec.z. Focm’/Alccve Reguirements

NC o sgeclal riom or alcove is needed.

-nt2risrsnce Znveiope

wie T e ToaTilT

is nc interference of other tests con :this test. Samples can be
::;-ec:ed at any location (shafts/ramps) that has been identified by
- st

-~ : -

conswraints/Contrels

There are no special constraints required by this test.

T.ming/Schedule Requirements

est ~s sampling s¢ can be conducted f:llcwing etcavat;cn. Gels must be
amp.ed as soon as possible after expcsure by excavat

(S 2
[¢ o]
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ESF Nesgign/Test SUEDCrt Requlirements

is lListed in the ESFCE under Mineraicgy and Petrolcgy sampiing.
ements will change depending on the excavation method.

RN
[ S

Srilling may be required to ccllect samples. Geologic mapping should be
~-mc.eze and sample .ocations surveyed prior to sample cclliecticn.
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JESIGN STUDIES

- NCRTH RAMP ACCESS

PLANNED ACTIVITY NAME: FRACTURE MINERALOGY STUDIES OF THE EXPLORATORY
STUDIES FACILITY

Descrigticn 2f Activisy

The fracture mineralegy studies will be corducted to determine mineralcgic
variability throughout the Exploratcry Studies Facility (ESF) to establish
the time and conditions of fracture mineralogy depcsition alteration, and to
tdentify fracture-coating mineral tvpes, scrptive characteristics, and health
haézara petantial of fibrous zeolites.

in addizizn to mineralogic sampling by drilling ccres and collecting samples
from wails and at the face in the ESF drifts, samples may be ccllected on the
surface £rzm <he muck remcved. The samples will be packaged and labeled for
shipment 2 & Los Alamos laboratcry for detailed analyses, including age
determinatlions. The site parameters gathered by this activity are presented
in Tzcle 2.1,

o kel-Sebliohe

e B e e

Studv will fe conducted throughout the facility where fractures are lccated.

Sreciz. Fcom Alzsve Reguirements

tic sgecial ricm or alcove is needed.

There iz no interference from other tests on this test.

ccnswraints‘Controls

tnstraints are clean walls and ability to obtain core when requested.
a3mp.ing sites will need to be surveyed.

Timinz’Schedule Requirements

This Is basically sample collecticn and it does not have to be performed
antll geolcgic mapping has been completed and driiling equipment is

avair.ao.e.
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Sesign/Test Suppor: Requirement

listed in the ESFCR
will change depending
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iing cn excavation technigue,
characterization.
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sn Ihe excavation methods.

driiling mav be required te¢ oktain samples
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PRE-TITLE II CESIGN STUDIES
PLANNED ZSF TESTS - NCRTH RAMP ACCESS

PLANNED ACTIVITY NAME: BIOLOGICAL SORPTION AND TRANSPORT

SCF3 Secticon 9.3.1.2.4.2 (8tudw)

round operations Wwill intrcduce microorganisms into the envirsnment.
tudy will address the effects ¢f zhese organisms on retardazicn (eicher
positive or negative) of radisnuclides. This study will determine -he growsh
of microorganisms in fluids used in excavation and drilling, evaluate the
influence of microcrganisms on actinide mokility, and determine pinding
ccnstants ¢f microorganisms -2 actinides. Indigenous populaticns must be
Characterized as well as introduced organisms.

Microcrganisms will ke cultured £rom samples collected by drilling and from
ine ESF. These organisms will then pe cultured in the presence of fluids
expectad to ke introduced to examine growth. These microorganisms will also
Ce used o examine actinide sorgtion characteristics.

Test is sampling Ior microbial populations throughout the facility within all
2nlT3 znd 3T Zcntaces

)

Scezial Fcom/Alcive Reguirements

Yo specilal room or alccve.

(3R]

ntarference Znvelope

Samp.es must e collected in a manner to avoid any contamination by
clclcgical sources. Either drill and blast or mechanical excavation methcds
can ce used given that sufficiently large sizes of muck can be colliected so
that 3 130-gm sample can be collected aseptically.

_cniwraints/Centrols

apl_lty o collect aseptic samples. This activity is sample collection.
Samples w#will be identified by the principal investigator. No constraints are
impesed by this activity on either construction or other testing activities.
Samples must ce of sufficient size to minimize contamination so that 100-gm
¢f material can be collected aseptically. Either fluid used in excavation or
nemicals used in blasting are not expected to affect samples if they are of
2IZlcient size so that coring can be employed to obtain aseptic sample.

[4
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chedule ReQuiremerts
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3N STUDIES

PRE-TIT I
NORTH RAMP ACCESS

PLANNED ESF TES

PLANNED ACTIVITY NAME: PETROLOGIC STRATIGRAPHY OF THE TOPOPAH SPRING MEMBER

SC32 Sectizcn 8.2.1.3.2.1.1 (Activity)

Cescriprion of Activity

this activity is to determine the petrologic variabilisy within

ified Topopah Sprlng Member at Yucca Mountain, and to define the
st'ab-g apaic distributicn of this variability using samples taken from
-ccatisns throughout the TS member in the ESF. Studies of the distribution
cf chenocyst and rock matrix textures in this member have been shown to be
useful fcr defining stratigraphic position. Analysis will be conducted with
X-ray diffract.on. <Chemical analyses will also be used to determine
variabllity.

’He goal £2
- v

r
3
PSS
ol

Thls test Wwilll re ccnducted throughout the Topcpah Spring Member in the ESF.

tcm/Alcove Reguirements

e specilal room ¢r alcove is needed.

_nnarfarsnce Envelope

No interference envelope. Geologic mapping should be ccmpleted pricr to this

T.x.nz'Schedule Regquirements

18 test ls sample collection so it shculd not interfere with construction.
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ESF Zes:ign'Test Support Regquirements

This test was iisted in the EZSFOR under Mineralcgy and Petrclogy sampling.
Reguirements will change depending on the excavation method. No special
raguirements are imposed cn the design of the ESF. Ability must exist o
Jctain oriented samples and to transport sampies to tne surface.

rilling may te required to obtain samples for labeoratory analyses.
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2.3 Scientific Manpower Requirements for Testing

Definition of Test
This testing integration study defines the recommended
planning and design assumptions for on-site scientific

manpower requirements to support ESF testing.

Functional Requirements
1. Provide the system design sufficient flexibility

to accommodate ESF testing requirements.

Performance Criteria
1. The ESF should be designed to accommodate a

nominal scientific workforce of 100 persons.

2. Peak scientific manpower, during day shift in the
first few months as the MTL test areas first

become available, is estimated to be 120 people.

Assumptions

1. The analysis was based on a network of 670 test
activities with resource loading. This network
contained input from 19 PIs. The judgments and
assumptions are discussed in a Los Alamos letter

dated July 12, 1988

2.3-1
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(ESD-=WX4-7/88-7). Subsequent revision by the PIs
allowed the recommended peak scientific manpower
to be reduced to 120 people.

2. This manpower estimate does not include
A. Drilling crews
B. Cable plant installation
C. Construction activities

D. Official visitors
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2.4 Laboratory/Office/Storage Space Requirements

.4.1 Functional Requirements

1.

Provide adequate space at the ESF, surface and

underground, for each testing organization to be

able to satisfactorily perform the following

tests.

Min/Pet Sampling Test (LANL)
Hydrologic Properties Sampling Test
(USGS~-Hyd)

Chlorine-36 Test (LANL)

Geoengineering Laboratory Samples Test
(SNL)

Diffusion Test (LANL)

Overcore Stress Test (USGS-Mech)

Provide adequate space at the ESF, surface and

underground, for each testing organization to be

able to satisfactorily perform the following

tests.

. L] . L[] *

Demonstration Breakout Room Test (UDBR
and MTL) (SNL)

Plate Loading Test (SNL)

TSwl Heater Test (SNL)

Sequential Drift Mining Test (SNL)
Horizontal Boring Machine Test (SNL)
Excavation Effects Test (UDBR and

MTL) (USGS-Hyd)

Intact Fracture Test (USGS-Hyd)
Equipment Development Test (SNL)

Provide adequate space at the ESF, surface and

underground, for each testing organization to be

able to satisfactorily perform the following

tests.
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Underground Geologic Mapping Test
(USGS-Geo)

Vertical Seismic Profiling Test (LBL)
Shaft Convergence Test (SNL)

Radial Borehole Test (USGS-Hyd)
Perched Water Test (USGS-Hyd)
Hydrochemistry Test (USGS-Hyd)

2.4.1 4. Provide adequate space at the ESF, surface
and underground, for each testing
organization to be able to satisfactorily
perform the following tests.

Evaluation of Mining Methods Test (SNL)
Monitoring of Ground Support Systems
Test (SNL)
. Monitoring Drift Stability Test (SNL)
. Air Quality and Ventilation Test (SNL)
S. Provide adequate space at the ESF, surface
and underground for each testing organization
to be able to satisfactorily perform the

following tests.

. Canister Scale Heater Test (SNL)
. Yucca Mountain Heated Block Test (SNL)
. Thermal Stress Measurements Test (SNL)

Rock Mass Response Test (SNL)

6. Provide adequate space at the ESF, surface
and underground for each testing organization
to be able to satisfactorily perform the
following tests.

. Infiltration Test (USGS-Hyd)

. Bulk Permeability Test (USGS-Hyd)
Calico Hills Test (USGS-Hyd)
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7. Provide adequate space at the ESF, surface
and underground for each testing organization
to be able to satisfactorily perform the
following tests.

Heated Room Test (SNL)
Engineered Barrier Design Test (LLNL)

2.4.2 Performance Criteria

la.

1b.

lcl

1d.

1e'

lt.

150 sq ft of office space and limited storage
space at the ESF (surface) will be provided.

150 sq ft of storage space for three rock
collection bins. This space will be located near
the ES-1 shaft, and will be common to the sample
collection point at the ES-1 collar.

An alcove 10 ft x 10 ft x 16 ft will be provided
at the MTL and the CHDR to perform the drilling
for the Diffusion Test (see performance Criteria
6cC.)

Storage space for four nitrogen bottles will be
provided in the Diffusion Test alcove.

Adequate space will be provided in the drifts at
the MTL and CHDR to perform overcoring for the
Overcore Stress Test.

1000 sq ft of space will be provided at the

auxiliary pad for two semi-trailer units.

(purpose?)
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2b.

2C.

2d.

2e.
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200 sq ft of office space and limited storage
space at the ESF (surface) will be provided.

The Demonstration Breakout Room will require an
area 25 ft wide x 19 ft high x 150 ft long at both
the UDBR and MTL. The 150 ft length begins at the
corner of any opening perpendicular to the DBR
drift and extends without any alcoves or openings
within the drift for 150 ft.

A DAS will be provided for the SNL tests at the
UDBR and the DBR at the MTL. It will require an
area 17 ft wide x 14 ft high x 26 ft long.

Space for the TSwl Heater Test will be provided at
the UDBR. At this time, no additional excavation
is needed.

Space for the Plate Loading Tests will be provided
at the UDBR and MTL. Approximately 15 plate
loading tests will be performed in the ESF, and no
additional excavation is planned at this time.
Space for the Excavation Effect Test will be
provided at the UDBR and MTL. No additional
excavation is planned at this time.

A DAS will be provided for the Excavation Effects
Test at the UDBR. Dimensions for the DAS are 17

ft wide x 14 ft high x 26 ft long.



2h.

2i.

2j.

zk.

21.

3a.

3b.

3c.

T~

Space for the Equipment Development Test will be
provided at the MTL. No additional excavation is
required at this time.

Three drifts will be excavated for the Sequential
Drift Mining Test. Two instrumentation drifts
will be 16 ft wide x 14 ft high x 180 ft long.
The third (center) drift will be 25 ft wide x 10
ft high x 180 ft long.

Two DAS alcoves are required for the Sequential
Drift Mining Test. Each DAS alcove will be 17 ft
wide x 12 ft high x 26 ft long.

An organization computer alcove is also required
for the Sequential Drift Mining Test. This
alcove is 20 ft width x 12 ft high x 25 ft long.
Space for the Intact Fracture Test will be needed
in the shaft for drilling purposes.

100 sq ft of office space, storage space and lab
lay down area at the ESF (surface) will be
provided.

An alcove will be excavated at the MTL for storing
equipment and supplies. This alcove will be
constructed to afford no access to unauthorized
personnel. The minimum dimensions will be 16 ft
wide x 10 ft high x 20 ft long.

Alcoves will be excavated in the shaft rib at

depths of 70.86 m (232.48 ft), 190.86 m (626.20

2.4-5



3d.

3e.

4a.

4b.

ft) and 310.86 m (1019.92 ft) for the shaft .
convergence data collection units. The units are
4 ft wide x 8 ft high x 4 ft deep. (Shaft
Convergence Test 1 and 2 can share the data
collection units with Radial Borehole Test 7.)
Alcoves for the Short Radial Boreholes will be
excavated in the shaft rib at depths of 28.35 m
(93 ft), 34.44 m (113 ft), 79.55 m (261 ft), 85.64
m (281 ft), 120.69 m (396 ft), 243.22 m (798 ft),
for the Radial Borehole Test data collection
units. The units are 4 ft wide x 8 ft high x 4 ft
deep (see performance criteria 3c). The alcove
should be conétructed to accommodate a shelf

4 ft wide x 3 ft high x 4 ft deep. Total alcove
dimensions will be 4 ft wide x 8 ft high x 4 ft
deep.

The Hydrochemistry Test will require an alcove at
the UDBR and MTL. The dimensions of this alcove
are 10 ft wide x 10 £t high x 8 ft long.

100 sq ft of office space and limited storage
space at the ESF (surface) will be provided.

No additional excavation will be required for the
Evaluation of Mining Methods Test, Monitoring of
Ground Support Systems Test, and Air Quality and

Ventilation Test.

2.4-6
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Space will be provided at the end of the Ghost:
Dance Fault drift to perform the Air Quality and
Ventilation Drift. This portion of the drift will
be sealed by a bulk head.

100 sq ft of office space and limited storage
space at the ESF (surface) will be provided.

An alcove at the MTL will be required for the
Canister Scale Heater Test. The dimensions of
this alcove are 14 ft wide x 14 ft high x 25 feet
deep.

An alcove at the MTL will be required for the
Heated Block Test. The dimensions of this alcove
are 27 ft wide x 14 ft high x 27 ft deep.

A DAS alcove will be needed for the Canister Scale
Heater Test and the Heated Block Test. The
dimensions for this alcove are 25 ft wide x 12 ft
high x 21 ft long.

An organizational computer alcove will be
required. The dimensions for this alcove are 20
ft wide x 12 £t high x 25 ft long.

Space for the Thermal Stress Measurements Test
will be provided. No additional excavation is
required for this test.

Space for the Rock Mass Response Test will be
required at five locations throughout the MTL. No

additional excavation is required for this test.

2.4-7
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6a. 100 sq ft of office space and limited storage-
Space at the ESF (surface) will be provided.

6b. Space for the Infiltration Test will be provided.
Dimensions for this test will TBD.

6c. A DAS alcove is needed for this test. Dimensions
for this alcove are 17 ft wide x 12 ft high x 46
ft long. This DAS will be shared with the
Diffusion Test.

6d. Space for the Bulk Permeability Test will be
provided. The Bulk Permeability Test is composed
of four separate drill rooms, two at each end of
service drift four, and two whose locations and
dimensions will be determined at a later date.

6e. A DAS alcove will be required for each separate
Bulk Permeability Test. Dimensions for each of
these alcoves are 17 ft wide x 12 ft high x 46 ft
long.

7a. 500 sq ft of office space and limited storage
space at the ESF (surface) will be provided.

7b. Space for the Heated Room Test will be required.
No additional excavation for this test is needed.

7c. The Heated Room Test will require an
organizational computer alcove. Dimensions for
this alcove are 20 ft wide x 12 ft high x 25 ft
long.

7d. The Heated Room Test will require a DAS alcove.

2.4-8
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The dimensions for this alcove are 17 ft wide x 12
ft high x 26 ft deep.

200 sq ft of space will be provided on the surface
at the auxiliary pad for a machine shop trailer.
The Engineered Barrier System Field Tests will
require subsurface storage space and alcoves for
organizational computers as shown in Figures B-
2.33-A to 2.33-C. The dimensions for each storage
alcove and each computer alcove are 15 ft by 15 ft
in horizontal dimensions and a minimum height of 8
ft.

The Engineered Barrier Test requires two DAS
alcoves. The dimensions for these alcoves are 17
ft wide x 12 ft high x 26 ft long.

The Engineered Barrier System Field Test is
composed of drifts as defined in Figures 2.33-A to
2.33-C. The instrumentation drift which parallel

the test drift are connected to the MTL by ramps.-

2.4-9



2.5 Electrical Power Requirements for ESF Testing

Location: Shaft
Test Name

Shaft Wall Mapping
Min/Pet Sampling

Vertical Seismic
Profiling (1)

Shaft Convergence
(1) (2)

Hydrologic Properties
Samples (1)

Radial Boreholes
(1) (3)

Perched Water (1)

Hydrochemistry

Chlorine=-36 (1)

120

120

120

120
120

120

Single

Single

Single

Single
Single

Single

600

300

300

300
150

300

Volts Phase Watts Use

Lights

Instrumentation

Instrumentation

Instrumentation
Logging

Instrumentation



2.5 Electrical Power Requirements for ESF Testing

Location: Upper Demonstration Breakout Room

Test Name
Drift Wall Mapping
Min/Pet Sampling

Vertical Seismic
Profiling (4)

Upper Demonstration
Breakout Room

TSwl Heater Test

Overcore Stress

Hydrologic Properties
Samples (4)

Excavation Effects

Plate Loading

120

120

120

120
120
208

120

120

120
120

Volts Bhase

Single

Single
Single

Single
Single
Triple

Single

Single

Single
Single

600

600
300

Watts Use
600 Lights
300 Instrumentation
1200 Lights
300 Instrumentation
600 Lights
1200 Heater
600 TV Borehole

Camera

Instrumentation

Lights
Instrumentation



2.5 Electrical Power Requirements for ESF Testing

Location: Main Test Level

Test Name

Drift Wall Mapping

Min/Pet Sampling

Vertical Seismic
Profiling (4)

Demonstration
Breakout Room

Sequential Drift
Mining

Canister Scale

Heater

Heated Block

Thermal Stress

Heated Roon

120

120

120

120

120

120

120
120
208

120
120
480

120
220
480

120
120
480

Single

Single

Single

Single

Single

Single

Single
Single
Triple

Single
Single
Triple

Single
Single
Triple

Single
Single
Triple

600

300

1200

300

2400

600

600
300
5000

600
300
14000

600
300
24000

600
300
96000

Volts Ehase Watts Use

Lights

Instrumentation

Lights

Instrumentation

Lights

Instrumentation

Lights
Instrumentation
Heater

Lights
Instrumentation
Heaters

Lights
Instrumentation
Heaters

Lights
Instrumentation
Heaters
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2.5 Electrical Power Requirements for ESF Testing

Location: Main Test Level

Test Name Volts Bhase Watts Use
Horizontal Boring 480 Triple 10000 Power to Machines
Plate Loading (5) 120 Single 2400 Lights

120 Single 600 Instrumentation
Rock Mass Response 120 Single 600 Lights

120 Single 300 Instrumentation

Evaluation of Mining
Methods

Ground Support

Monitoring Drift 120 Single 900 Instrumentation
Stability (6)
Air Quality & (7) 120 Single 300 Instrumentation
Ventilation
Overcore Stress 120 Single 150 TV Borehole
Camera
Hydrologic Properties 120 Single 1200 Lights
Samples (4)
120 Single 300 Instrumentation
Infiltration Test 120 Single 1200 Lights
120 Single 300 Instrumentation
Excavation Effects 120 Single 600 Instrumentation
Hydrochemistry Test 12 Direct 1000 20 Peristaltic
Current Pumps @ 50 Watts
Each
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2.5 Electrical Power Requirements for ESF Testing

Location: Main Test Level

Volts Phase Watts Use

Test Name
Diffusion Test (8)

Engineered Barrier
Design

120
120
120

120

208

208

208

Single
Single
Single

Single

Triple

Triple

Triple

600
300
65000

65000

28000

56000

25000

Lights
Instrumentation

Instrumentation
(UPS Power)

Misc. Equipment

Heater (Voltage
Regulated Standby)

Guard Heaters
(Standby Power)

Misc. Equipment
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2.5 Electrical Power Requirements for ESF Testing

Footnotes and Clarification Notes

10.

The lights for shaft wall mapping can be used.
Shaft Convergence Test has three locations in ES-1.
Radial Boreholes Test has eight locations in ES-1.
The lights for Drift Wall Mapping can be used.

Plate Loading is in DBR and drifts A, B, C of the Sequential
Drift Mining Test.

Location is in all three long drifts.
Location is at the end of one of the long drifts.

Many tests that will be repeated in the Calico Hills unit (if
testing is done in that horizon) will have power requirements
that can be assumed to be the same as the corresponding test at
other locations in the ESF.

Unless otherwise defined, normal lighting values from design
handbooks for laboratories and offices are acceptable in the
testing alcoves.

Where no requirements for a specific test have been stated, this
is intended to imply that no "special" requirements for power
have been identified for that test.



2.6 Water system Design Requirements For ESF Testing

Definition of Study
This testing integration study defines the water systenm

requirements to support ESF testing.

Functional Requirement
1. Provide the system design with sufficient flexibility

to accommodate ESF testing requirements.

Performance Criteria

1. Each test location will have water provided.

2. All water will be tagged with a suitable tracer as
defined in the Hydrochemistry Test requirements Y,
(2.3.29).

3. All water use in or around the ESF for each activity
will be monitored and appropriate quantity records

will be provided to the Test Manager's Office.

4. The Engineered Barrier System Field Test has a special
requirement for up to 500 gal/week of pristine J-13

water (no tracers).
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constraints
1. Unless otherwise defined, a supply line capable of
providing an intermittent flow rate of 10 gpm to each

test area is required.

2. The water supply for each test shall be provided to an
access coupling and an isolation valve near each test

location.

3. A monitoring system will be installed to monitor water

in/water out of the ESF.

4. Water leakage will be kept to a minimum and will be

contained to the maximum extent possible.

5. No chlorine may be added to the water used in
underground construction until a performance
assessment evaluation has been made to determine if
such chlorine could be detrimental to waste package
materials.

Assumptions

1. Standard mine plant water is acceptable.

2. The test organization will be responsible for the
distribution system downstream from the isoclation

valve.
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2.6.5 3. Each organization will be responsible for adding a
tracer to its respective test (if needed) subject to —

tracer limitations necessitated by other tests.

4. Standards for water meter accuracy conforming to
American Water Works Association standard C€700-77 will

be adequate.

5. Water metering will be required, as a minimum, at each

tracer injection location (Reference 2.2.29).

6. Water usage quantity records will be collected and
handled using procedures developed by the project and
approved by the Test Manager. It is anticipated that

a "best effort" criterion will apply.
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compressed Air System Design Requirements for ESF Testing

Definition of Test

This testing integration study defines the compressed air

system requirements to support ESF testing.

Functional Requirements
1. The functional design requirement is to provide the
flexibility in the compressed air system to

accommodate ESF testing requirements.

Performance Criteria

1. Each test location will have compressed air provided.

2. All compressed air will be tagged with SF6 tracer to a

nominal concentration of 20 parts per trillion.

Constraints

1. Provision will be made to prevent the introduction of
liquid water from the compressed air supply into tests
that are sensitive to water, such as the Diffusion
Test, the Bulk Permeability Test, the Engineered
Barrier System Field Tests, and the Radial Borehole

Test.
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1. The compressed air supply for each test shall be
Provided toc an access coupling and an isolation valve
hear each test location.
Assumptions
1. Standard mine plant compressed air is suitable for all
test areas.
2. The test organization will be responsible for the
distribution downstream from the isolation valve.
~—r
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Common Sampling Design Requirements in the ESF

Definition of Study

Sample collection requirements occur whenever coring is
required and as a part of four specific tests: 1)
Mineralogy Petrology Sampling (2.2.2), 2) Hydrologic
Properties Samples (2.2.21), 3) Chlorine 36 Test (2.2.31),
and 4) Geoengineering Laboratory Samples (2.2.34).

Control and collection procedures will be developed by the

PIs and the Sample Management Facility staff.

Functional Requirements

1. The functional design requirement is to provide a
system design and construction specifications with
sufficient flexibility to accommodate ESF sample

collection requirements.

Performance Criteria
1. Sample collection will be required to satisfy the
Performance Criteria, Constraints and Assumptions

contained in following specific test requirements:
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. Mineralogy Petrology Sampling (2.2.2)
. Hydrologic Properties Samples (2.2.21)
. Chlorine 36 Test (2.2.31)

. Geoengineering Laboratory Samples (2.2.34)

2. Core samples from coring operations (reference
Appendix C of the ESF SDRD) in the ESF will be handled
and controlled using procedures developed by the PIs
and the Sample Management Facility staff.

.8.4 Constraints

.8.5 Assumptions
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2.9 Communications System Design Requirements for ESF Testing
2.9.1 Definition of Study

This testing integration study defines the communication

system requirements to support ESF Testing.

2.9.2 Functional Requirements
1. The functional design requirement is to provide
intercom and telephone service to all locations and

tests given in the attached Summary ESF Communication

Requirements.
2.9.3 Performance Criteria
1. Permanent intercom stations must be provided in each

of the major IDS equipment enclosures. This includes
the IDS Surface Facility, the Interim IDS surface
enclosure, the Upper and Lower Demonstration Breakout
Room IDS Data Acquisition Stations, the Main Test
Level Alcove DAS and all the IDS Data Acquisition

Stations distributed on the Main Test Level.
2. Permanent intercom stations must be provided in each

of the organizational computer enclosures and

individualitcst alcoves.

2.9-1



Plug-in intercom connections must be provided adjacent
to other IDS components including: N
* Each In-shaft Data Acquisition Station
* Each Zone Box associated with the sensor used

to generate Site Characterization Data.

The intercom system must be flexible enough to allow
additional plug-in and permanent stations to be added

as the need arises.

The intercom system must provide the following
capabilities:

* Point-to-point conversation between any two
stations.

* Full duplex conversational mode.

* Simultaneous multiple conversations. For
example, Station A must be able to converse
with Station B while Station C converses with
Station D. Each of these conversations must be
totally independent of the other.

* A master broadcast mode which allows a station
to transmit and receive messages to all other
stations on the intercom network.

* Audible and visual signals to indicate when a
station is being called.
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Multiline telephones will be provided in the surface
IDS facility. These telephone sets will include a
comm line capability to allow communication with the

other stations in the IDS system.

Single line telephone sets will be provided in each of
the major IDS equipment enclosures including the
Interim Surface enclosure, the Upper and Lower
Demonstration Breakout Rooms, the Main Test Level IDS
Alcove and each of the Main Test Level IDS Data
Acquisition Stations. Each of these locations will be

provided with a separate number.

Sinéle line telephone sets will be provided in each of
the Organization Computer enclosures and individual

test alcoves.

Constraints

1.

The intercom and telephone systems cabling and
equipment must be designed such that no detectable

electromagnetic signals are induced into the IDS data

- acquisition equipment or any associated sensor.

No data to be used for Site Characterization will be

transmitted over the telephone or intercom systems.
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3. Both teiephone and intercom systems will be bowered
N’
from uninterruptable power supplies.
4. The intercom system will be designed and constructed
to prevent radio-frequency interference that could
affect electromagnetic measurements to be made.
Interfaces
1. The IDS telephone units will be connected to the NTS
telephone system.
Assumptions
1. The type of cabling or other media used to support the
intercom and telephone systems is left to the
designer. ~
2. The features given are considered to provide the
ninimum level of support for IDS operations.
Additional features are acceptable as long as they do
not interfere with the basic operational requirements.
3. This study does not address mining operations intercom

or telephone requirements. While some of the
equipment may have common components, it is beyond the
scope of this study to define mining communications

requirements.



Summary of ESF Communications Requirements

Intercom Test
Test Name orqn. Station Telephone Location
Surface Facility IDS Permanent Yes Surface
Temporary Surface Facility 1DS Permanent Yes Surface
IDS Alcove (DAS §4) IDS Permanent Yes MTL
Sensor Zone Boxes IDS Plug-in No Each Box
Fracture Mineralogy Studies in ES-1 LANL No No ES-1
Topopah Spring Stratigraphy Test LANL No No ES-1
Alteration History Test LANL No No ES-1
Chloride and Chlorine 36 Test LANL No No ES-1
Fracture Mineralogy Studies in Drifts LANL No No Drifts
Diffusion Test LANL Permanent Yes MTL
Diffusion Test (DAS #6) (used also by Percolation Test) 1IDS Permanent Yes MTL
pDiffusion Test (Pending) LANL Permanent Yes Calico Hills
Eng. Barrier Design Test #1 (Vertical) LLNL Permanent Yes MTL
Eng. Barrier Design Test #2 (Vertical) (see EDBT {1) LLNL - - MTL
Eng. Barrier Design Test #3 (Vertical) (see EDBT #1) LLNL - - MTL
Eng. Barrier Design Test (in DAS §9) IDSs Permanent Yes MTL
Shaft Convergence Test {1 SNL Plug-in No ES-1
Shaft Convergence Test §2 SNL Plug-in No ES-1

Intercom Test
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Test Name orqn. Station Telephone lLocation
Shaft Convergence Test #3 SNL Plug-in No ES-1
Shaft Convergence Test §1 (see SRBT #4 for 1DS) IDS Plug-in No ES-1
Shaft Convergence Test #2 (see SRBT §7 for 1DS) IDS Plug-in No ES-1
Shaft Convergence Test §3 1Ds Plug-in No ES-1
Demonstration Breakout Room Test (Upper) SNL Permanent Yes UBDR
Demonstration Breakout Room Test (Lower) SNL Permanent Yes LDBR
Demonstration Breakout Room Test (Upper) (in DAS #1) IDS Permanent Yes UBDR
Demonstration Breakout Room Test (Lower) (in DAS 13) IDS Permanent Yes LDBR
Sequential Drift Mining Test SNL Permanent Yes MTL
Sequential Drift Mining Test (in DAS #10 and DAS #11) IDS Permanent Yes MTL
Heater Experiment in Unit TSwl (see UDBR Test, SNL) SNL - - UDBR
Canister Scale Heater Experiment | SNL Plug-in No MTL
Yucca Mountain Heated Block Test SNL Plug-in No MTL
Thermal Stress Measurement Test (see UDBR Test, SNL) SNL - - UDBR
Thermal Stress Measurement Test (see LDBR Test, SNL) SNL - - LDBR
Heated Room Test SNL Permanent Yes MTL
Heated Room Test (in DAS {7) 1DS Permanent Yes MTL
Development & Demonstration of Required Equipment SNL Plug-in No MTL
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Intercom Test
Test Name Orgn.  Station Telephone_ location
Plate Loading Tests (UDBR) }] 10 to 20 SNL Plug-in No UDBR
Plate Loading Tests (MTL) ] Unspecified SNL Plug-in No MTL
Plate Loading Tests (Long Drifts) ] Locations SNL Plug-in No Long Drifts
Rock Mass Response Experiment #1 (Slot Strength) SNL Plug-in No LDBR
Rock Mass Response Experiment #2 (Slot Strength) SNL Plug-in No UDBR
Drift Stability Test SNL Plug-in No Long Drifts
Ground Support Systems Test SNL Plug-in No Long Drifts
Mining Methods Test SNL Plug-in No Long Drifts
Air Quality and Ventilat ion Test SNL Plug-in No Long Drifts
Seismic Tomography and Vertical Seismic Profiling LBNL  Plug-in No ES-1
Geologic Mapping of ES-1 Uuses No No ES-1
Geologic Mapping of ES-2 USGS No No ES-2
Excavation Effects Test (UDBR) USGS Permanent Yes UDBR
Excavation Effects Test (MTL) USGS Permanent Yes MTL
Excavation Effect Test (UDBR) (in DAS {#2) IDs Permanent Yes UDBR
Excavation Effects Test (MTL) (in DAS #16) IDS Permanent Yes MTL
Matrix Hydrologic Properties Testing USGS Plug-in No ES-1
Intact Fracture Tests {1 USGS Plug-in No ES-1
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Intercom Test
Test Name orgn. Station Telephone l.ocation
Intact Fracture Tests §2 USGS Plug-in No ES-1
Intact Fracture Tests §3 USGs Plug-in No ES-1
Intact Fracture Tests #4 USGS Plug-in No ES-1
Intact Fracture Tests §5 USGS Plug-in No ES-1
Short Radial Boreholes Test {#1 USGS Plug-in No ES-1
Short Radial Boreholes Test §2 USGS Plug-in No ES-1
Short Radial Boreholes Test #3 USGS Plug-in No ES-1
Short Radial Boreholes Test #4 USGS Plug-in No ES-1
Short Radial Boreholes Test #5 USGs Plug-in No ES-1
Short Radial Boreholes Test #6 USGS Plug-in No ES-1
Short Radial Boreholes Test §7 USGS Plug-in No ES-1
Short Radial Boreholes Test #8 (Pending) USGS Plug-in No ES-1 (CH)
Short Radial Boreholes Test {#1 IDS Plug-in No ES-1
Short Radial Boreholes Test #2 IDS Plug-in No ES-1
Short Radial Boreholes Test #3 IDS Plug-in No ES-1
Short Radial Boreholes Test #4 (used also by SCT §1) 1DS - - ES-1
Short Radial Boreholes Test #5 IDS Plug-in No ES-1
Short Radial Boreholes Test #6 IDS Plug-in No ES-1
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Intercom Test 5
Test Name orgn. Statio )
Short Radial Boreholes Test §7 (used also by SCT #2) IDS - - ES-1 é
Short Radial Boreholes Test #8 (Pending) I1DS Plug-in No ES-1 (CH) &
Perched Water Test (if perched water encountered USGS No No ES-1 £
Hydrochemistry Test USGS No ‘ No ES-1 f:
Long Radial Boreholes Test {1 USGS Plug-in No ES-1 ;g
Long Radial Boreholes Test #2 USGS Plug-in No ES-1
Long Radial Boreholes Test §3 USGS  Plug-in No ES-1
Long Radial Boreholes Test #4 USGS Plug-in No ES-1
Long Radial Boreholes Test #5 USGS Plug-in No ES-1
Long Radial Boreholes Test #6 USGS Plug-in No ES-1
Seismic Tomography and Vertical Seismic Profiling LBNL  Plug-in No MTL
Seismic Tomography and Vertical ! :ismic Profiling LBNL Plug-in No Long Drifts .
Geologic Mapping of Drifts USGS No No MTL ;;
Geologic Mapping of Drifts (Pending) USGS No No Calico Hills é
Geologic Mapping of Drifts USGS No No Long Drifts 1:
overcore Stress Test {1 USGS No No ES-1 2
Oovercore Stress Test §2 USGS No No ES-1 . ;
overcore Stress Test {3 USGS No No ES-1 s




Intercom Test
Test Name orgn. Station Telephone Location
Percolation Test USGS Plug-in Yes MTL
Percolation Test (see Diffusion Test) 1DS - - MTL
Bulk Permeability Test #1 (West) USGS Permanent Yes MTL
Bulk Permeability Test #2 (North) USGS  Permanent Yes Long Drift
Bulk Permeability Test #3 (East) USGS Permanent Yes Long Drift
Bulk Permeability Test #4 (South) USGS Permanent Yes Long Drift
Bulk Permeability Test #1 (West) (in DAS {#5) IDS Permanent Yes MTL
Bulk Permeability Test #2 (North)(in DAS #14) 1Ds Permanent Yes Long Drift
Bulk Permeability Test #3 (East)(in DAS #13) IDS Permanent Yes Long Drift
Bulk Permeability Test #4 (South)(in DAS #10) IDS - Permanent Yes Long Drift
Calico Hills Cross Hole Test (Pending) UsGs Permanent Yes Calico Hills
CH Drillholes at Contact (Pending) (see 1lst CH Test) UsGS - - Calico Hills
Calico Hills Drillholes at Ghost Dance Fault UsGs - - Calico Hills

(Pending) (see 18t CH Test)
Calico Hills Vertical Hole to Water Table USGS - - Calico Hills
(Pending) (see 18t CH Test)

Calico Hills Cross Hole Test (Pending) (in DAS #15) IDs Permanent Yes Calico Hills
Perched Water Test (if perched water available) USGS No No MTL

NOTES:

A dash (-) in a column indicates that this item has been previously addressed in

another test (see the Test Name for the previous location).
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APPLICABLE REGULATIONS, CODES, STANDARDS, AND DOE ORDERS

General

The design and construction of the ESF shall be in accordance with all
applicable parts of the following:

CODE OF FEDERAL REGULATIONS (CFR)

e 10 CFR 60, Disposal of High-Level Radioactive Wastes in Geologic
Repositories

e 10 CFR 960, General Guidelines for the Recommendation of Sites for the
Nuclear Waste Repositories

e 29 CFR 1910, Occupational Safety and Health Standards (OSHA)
e 29 CFR 1926, Safety and Health Regulations for Construction (QSHA)

e 30 CFR CHAPTER I , Mine Safety and Health Administration (MSHA)

U.S. CONGRESS
e Nuclear Waste Policy Act of 1982, Public Law 97-425

e Nuclear Waste Policy Act Amendments of 1987, Public Law 100-203

U.S. DEPARTMENT OF ENERGY (DOE)
e DOE Order 5400, Environmental Quality and Impact
(Also refer to ESFDR Appendix J, "Exploratory Shaft Facility
Environmental Requirements"” which contains ESF-related environmental
requirements)

- DOE Order 5480.1B, Environmental Protection, Safety, and Health
Protection Program

- DOE/NV Order 5480.1B-20, Environmental Safety and Health Program
for DOE

- DOE Order 5480.4, Environmental Protection, Safety, and Health
Protection Standards

- DOE/NV Order 5480.4-17, Environmental Protection, Safety, and
Health Protection Standards, July 2, 1986

- DOE Order 5480.7, Fire Protection

- DOE Order 5480.9, Construction Safety and Health Program

APPENDIX E-l
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DOE Crder 5480.10, Contractor Industrial Hygiene Program
- DOE/NV Order 5480.10-26, Contractor Industrial Hygiene Program
- DOE Order 5481.1B, Safety Analysis and Review System

- DOE/NV Order 5481.1B-21, Safety Analysis and Review System,
January 25, 1988

- DCE Order 5482.1B, Environmental Protection, Safety, and Health
Protection Appraisal Program

- DOE/NV Order 5482.1B-19, Environmental, Safety, and Health
Appraisal

- DOE Order 5483.1A, 6-22-83, Occupational Safety and Health Program
for Government Owned Contractor-Operated Facilities

- DOE Order 5484.1, Environmental Protection, Safety and Health
Protection Information Reporting Requirements

- DOE/NV 54XA.1-2, NTS Traffic Regulations (proposed)
- DOE/NV 54XB.1-28, Laser Safety (proposed)

¢ DOE Order 5900, Energy Information

e DOE Order 6400, Construction and Engineering
- DCE Order 6430.1A, General Design Criteria

e DOE/RW-0005, Mission Plan for the Civilian Radioactive Waste
Management Program

e DOE/AD/06212-1, Site Development Planning Handbook

e [COE/NV/00410-77, Reynolds Electrical and Engineering Company Safety
and Health Program Plan, Nevada Nuclear Waste Storage Investigations
Expioratory Shaft at Yucca Mountain

e UCRL- 15910, Design Evaluation guidelines for Department of Energy
Facilities Subjected to Natural Phenomena Hazards, Draft (Rev. 4),
May, 1989.

e DOE/EP 0108, Standard for Fire Protection of DOE Electronic
Computer/Data Processing Systems

e DOE/EV 0043, Stand on Fire Protection for Portable Structures

e DOE/EV 0051/1, Electrical Safety Criteria for Research and Development
Activities

e DOE/EV 06194-3, DOE Explosive Safety Manual

APPENDIX E-2
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e DOE (U.S. Department of Energy), Site Characterization Program
Baseline, YMP/CM-0011, Rev. 0, lLas Vegas, NV, February 21, 1991
nzeld

STATE 0OF NEVADA

e Nevada Revised Statutes (NRS) Title 40, Public Health and Safety
- Charter 444, Sanitation
- Chapter 445, Water Controls , Air Pollution

e NRS Title 46, Chapter 512, State of Nevada Health and Safety Standards
for Open Pit and Underground Metal and Nonmetal Mines and Sand,
Gravel, and Crushed Stone Operations

e Nevada Administrative Code
- Chapter 444, Hazardous Waste Disposal
- Chapter 445, Water Pollution Control, Air Pollution
- Chapter 512,

. Department of Transportation (DH)

- Standard Specifications for Road and Bridge Construction
- Standard Plans for Road and Bridge Construction

- Road Design Division, Design Manual, Parts 1 and 2

Tadustrial and Professional Society Publications

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS (ASSHTO)
e A Policy on Geometric Desigrn f Highways and Streets

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH)
¢ Threshold Limit Values and Biological Exposure Indices

AMERICAN CONCRETE INSTITUTE (ACI)
e ACI 301, Specifications for Structural Concrete for Buildings

e ACI 304, Recommended Practice for Measuring, Mixing, Transporting ,
and Placing Concrete

e ACI 305, Recommended practice for Hot Weather Concreting

e ACI 308, Standard Practice for Curing Concrete

APPENDIX E-3
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ACI 316, Recommended Practice for Construction of Concrete Pavemen:s
and Concrete Bases

ACI 318, Building Code Requirements for Reinforced Concrete
ACI 318.1, Building Code Requirements for Structural Plain Concrete

ACI 347, Recommended Practice for Concrete Formwork

PRESTRESSED CONCRETE INSTITUTE

L
AMERICAN

L]
AMERICAN

L

AMERICAN
[

AMERICAN
(ASHRAE)

Standards

INSTITUTE OF STEEL CONSTRUCTION (AISC)

Manual of Steel Construction

NATIONAL STANDARDS INSTITUTE (ANSI)

B31.3, Chemical Plant and and Petroleum Refinery Piping
C2, National Electrical Safety Code

ANS-2.3, Standard fcr Estimating Tornado and Extreme Wind
Characteristics at Nuclear Power Sites

ANS-2.5, Standard for Determining Meteorological Information at
Nuclear Power Sites

ANS-2.8, Standard for determining Design Basis Flooding at Power
Reactor Sites

SOCIETY OF CIVIL ENGINEERS
7-88, Minimum Design Loads for Buildings and Other Structures

SOCIETY OF HEATING, REFRIGERATING, AND AIR CONDITIONING ENGINEERS

1985 Handbooks, Fundamentals

1988 Handbook, Equipment

1987 Handbook, HVAC Systems and Applications

1986 Handbook, Refrigeration

62, Ventilation for Acceptable Indoor Air Quality

90, Energy Conservation in New Building Design

APPENDIX E-4
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AMERICAN SOCIETY OF MECHANICAL ENGINEERS (ASME)

AMERICAN

AMERICAN

Boiler and Pressure Vessel Code: Section VIII, Division I, Unfired
Pressure Vessel Code

SOCIETY OF TESTING MATERIALS (ASTM)

AlB84, Standard Specification for Fabricated Deformed Steel Bar Mats
for Concrete Reinforcement

A185, Standard Specification for Steel Welded Wire, Fabric, Plain,
for Concrete Reinforcement

A615, Standard Specification for Deformed and Plain Billet-Steel Bars
for Concrete Reinforcement

A775, Standard Specification for Epoxy-Coated Reinforcing Steel Bars
€309, Standard Specificaticn for Liquid Membrane-Forming Compounds for
Curing Concrete

D1751, Standard Specification for Preformed Expansion Joint Filler for
Concrete Paving and Structural Construction

£488, Standard Test Methods for Strength of Anchors in Concrete and
Masonry Elements

WELDING SOCIETY

AWS D1.1 Structural Welding Code - Steel

DIESEL ENGINE MANUFACTURER ASSOCIATION (DEMA)

Standard Practices for Stationary Diesel and Gas Engines

INSTRUMENTATION SOCIETY OF AMERICA (ISA)

Standards and Specifications

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

141, Recommended Practice for Electrical Power Distribution for
Industrial Plants

142, Recommended Practice for Grounding of Industrial and Commercial
Power Systems :

387, Standard Criteria for Diesel-Generator Units Applied as Standby
Power Supplies for Nuclear Generating Stations

485, Recommended Practice for Sizing Large Lead Storage Batteries for
Generating Stations and Substations

583, Standard Modular Instrumentation and Digital Interface System

APPENDIX E=-5
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e 595, Standard Serial Highway Interface System

® 650, Qualification of Class lE Battery Chargers
Nuclear Power Generating Stations

INTERNATIONAL CONFERENCE OF BUILDING OFFICIALS
e Uniform Building Code (UBC)
e Uniform Mechanical Code (UMC)

e Uniform Plumbing Code (UPC)

and Inverters for

NATIONAL ASSOCIATION OF PLUMBING-HEATING-COOLING CONTRACTORS

o National Standard Plumbing Code
NATIONAL FIRE PRCTECTION ASSOCIATION (NEPA)
¢ National Fire Codes
e 22, Water Tanks for Private Fire Protection

e 20, Centrifugal Fire Pumps

° 24, Installation of Private Fire Service Mains and Their

Appurtenances

° 70, National Electrical Code

APPENDIX E-6
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CROSS REFERENCE 10 CFR 60 TO ESFDR, VOLUME 1
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.15(b)
L15(¢) (1)
J15{(c) (1)
L15¢e) (D)
.15(c) (1)
.15{(c) (1)
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.133(d)
.133(d)
.133(d)
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10 CFR 60 Quote : ESFDR Location

10 CFR 60.133(e) (2)
10 CFR 60.133(e) (2)
10 CFR 60.133(e) (2)
10 CFR 60.133(f)

10 CFR 60.133(f)

10 CFR 60.133(f)

10 CFR 60.133(1)

10 CFR 60.133(1)

10 CFR 60.133(1)

10 CFR 60.134

10 CFR 60.134(a)

10 CFR 60.134(a)

10 CFR 60.134(a)

10 CFR 60.134(a)(2)
10 CFR 60.134(b)

10 CFR 60.134(b)

10 CFR 60.134(b)

10 CFR 60.137

10 CFR 60.137

10 CFR 60.137

10 CFR 60.137

PC 2h.

PC 2h.

PC 2i.

PC 2i.

pPC 21.

PC 23.

PC 2j.

PC 2j.

PC 2k.

C H.

pPC 21.
PC 2k.

PC 21.

PC 21.v
PC 2k.([2]
PC 2k.([2]
PC 21.(2]
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Sections Not Quoted verbatum
(10 CFR 60.72 "satisfy req") 1 C 1f.
10 CFR 60.112 "meet perf obj"™) 1
10 CFR 60.122 "meet req") 1 Jdid
10 CFR 60.122 "meet req") 1
CFR 60.122(c) (1) "in accord") 1.
CFR 60.141 and 142 "meet req") 1
CFR 60.141 and 142 "meet req") 1
(10 CFR 60.141 and 142 "meet req") 1
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Sections Not Addressed (See ESFDR Introduction)

10 CFR 60.4

10 CFR 60.16

10 CFR 60.17

10 CFR 60.21

10 CFR 60.24(a)

10 CFR 60.111(a)

10 CFR 60.111(b)

10 CFR 60.112

10 CFR 60.113(a)

10 CFR 60.113(b) (2)
10 CFR 60.113(b) (3)
10 CFR 60.113(b) (4)
10 CFR 60.122

10 CFR 60.131(a)

10 CFR 60.131(b)

10 CFR 60.133(c)

10 CFR 60.133(e) (1)

APPENDIX F-2



trn g e N AT =) , =] .
(ME CZ-CcU.i, T€V. 2/ 2

PaA¢

Sections Not Addressed (See ESFDR Introduction)

10 CFR 60.133(g)
10 CFR 60.133(h)
10 CFR 60.140
10 CFR 60.141
10 CFR 60.142
10 CFR 60.143
10 CFR 60.151
10 CFR 60.152
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10 CFR 60 Quote

(10 CFR 60.72 "satisfy req")

10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR

60

.133¢(d)
.15(c) (1)
.15(c) (2)
.15¢(c) (3)
.15{(c) (4)
.74(a)

.74 (b)
.130
.131(b) (9)

134

(10 CFR 60.122 "meet req")

10 CFR 60.15(c) (3)

{10 CFR 60.122(c) (1) "in accord")
(10 CFR 60.122 "meet req")

10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR

.15(b)
.15(¢c) (2)
.15(c) (1)
.15(c) (3)
.130
.133(a) (1)
.133(a) (2)
.133(b)
L133¢(d)
.133(e) (2)
L133(£)
L133(1)
.134(a)
.134(b)
.74(a)

.74 (b)
.137

(10 CFR 60.141 and 142 "meet req")

10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR
10 CFR

.15(b)
.15(c) (2)
.15(¢) (1)
.15(c) (3)
.130
.133(a) (1)
.133(a) (2)
.133(b)
.133(d)
.133(e) (2)
.133(f)
.133(1)
.134(a)
.134(b)
.74 (a)

.74 (b)
.137

(10 CFR 60.141 and 142 "meet req")
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YMP CZ-0013, Rev. 5/31/3; YMP CC0-30L3, Fev. oIl

ESFDR Location 10 CFR 60 Quote
1.2.6.6 PC la. 10 CFR 60.15(b)
1.2.6.6 PC 1lb. 10 CFR 60.15(c) (2)
1.2.6.6 PC 2a. 10 CFR 60.15(c) (1)
1.2.6.6 PC 2b. 10 CFR 60.15(c) (3)
1.2.6.6 PC 2c. 10 CFR 60.15(c) (4)
1.2.6.6 PC 2d. 10 CFR 60.130
1.2.6.6 PC 2e. 10 CFR 60.133(a) (1)
1.2.6.6 PC 2f. 10 CFR 60.133(a) (2)
1.2.6.6 PC 2qg. 10 CFR 60.133(b)
1.2.6.6 PC 2h. 10 CFR 60.133(d)
1.2.6.6 BC 2i. 10 CFR 60.133(e) (2)
1.2.6.6 PC 27, 10 CFR 60.133(f)
1.2.6.6 PC 2k. 10 CFR 60.133(i)
1.2.6.6 PC 21. 10 CFR 60.134(a)
1.2.6.6 PC 21.[2] : 10 CFR 60.134(b)
1.2.6.6 PC 21l.v 10 CFR 60.134(a) (2)
1.2.6.6 C A. 10 CFR 60.74(a)
1.2.6.6 C A.[2] 10 CFR 60.74(b)
1.2.6.6 C B, 10 CFR 60.137
1.2.6.6 C B.1 (10 CFR 60.141 and 142 "meet req")
1.2.6.7 C B. 10 CFR 60.15(c) (1)
1.2.6.7 C C. 10 CFR 60.74(a)
1.2.6.7 C D. 10 CFR 60.133(a) (2)
1.2.6.7 C E. 10 CFR 60.133(b)
1.2.6.7 C F. 10 CFR 60.133(d)
1.2.6.7 C G. 10 CFR 60.137
1.2.6.8 C D. 10 CFR 60.15(c) (3)
1.2.6.8 C E. 10 CFR 60.133(d)
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SYSTEMS, FUNCTIONS, ANC REQUIREMENTS ANALYSI
FOR THE EXFLORATORY STUDIES FACILITY (ESF) AT YUCCA MOUNTAIN

The logic tree shown in this appendix identifies graphically the systems,
Zunctions and regquirsments for the ESF. It may be viewed as an astiviries
tree for the ESF depicting how its mission will be accomplished.

A description ¢f the logic tree is as follows: Each major system is stazed
ir a bold-lined rectangle. Lower-tier subsystems are identified in <he
rectangles immediately below the superior system. The systems are thcse
iden "ind in the ESFDR document text; i.e., 1.2.6.0 Exploratcry Shaf:
Facilizy (ESF) identifies the main all-encompassing system, and 1.2.6.1 ESF
site(s) identifiss a lower-tier cr subelement system to 1.2.6.0. Main
site(s) (1.2.6.1.1) is yet a lower-tier =0 1.2.6.1 and so forth.

Functions and Requirements are shown £or each system in the thin-lined
rectangle ccnnected to the immediate right of each system rectangie. The
functions and requirements are listed in the rectangle and are identified as
follows:

Functional raquirements

PC = Performance Criteria
C = Interface Control requirements
C = Constraints

A = Assumptions
Cefiniticns ¢cf these elements are stated in the ESFDR Introduction.

Numercus triangles containing at least one letter and pcssibly a number cccur
throughcut the tree. These are "off-page connectors.™ As one proceeds
downward Zrom the top of the tree, an cff page connector symbol means that
;ne tree is continued on another page at the corresponding set of alphabet
letters.

APPENDIX G-1
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EXPLORATORY

STUDIES
FACILITY

]

SYSTEM DEFINITION 1260
Suriace and underground facilities F 1-2
(including accesses and connecling | PC 1a- 21
drifts) and supportling systems Ic 1-2
required 10 support site characleri- c A-M
zation testing at depth A None
[ ] $ | ]
ESF SURFACE SURFACE SHAFT
SITE(S) UTILITIES FACILITIES ACCESS
126.1 1262 1263 1.264
[ 1 ] ]
RAMP UNDERGROUND UNDERGROUND UNDERGROUND
ACCESS EXCAVATIONS SUPPORT SYSTEMS TEST SUPPORT
1.265 1.266 1.26.7 1268
NOTES: ‘ ‘ ESF DECOMMISSION-
F Functional Requirements ING AND CLOSURE
PC  Perormance Criteria 1.269
IC Interface Control Requirements
C Constraints
A Assumptions

ESFDR1057- 1 /59 91
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MAIN SITE(S)

A

SYSTEM DEFINITION 12611
Located on the surlace, accom- F 1
modales structures, systems, PC ta-1b
and components for direct con Ic None
struction of shafi(s) and/or ramps c A-B
to provide access to the under- A 1
ground site characterization
areas but does not include initial
construction and test support
facilities.

AUXILIARY SITE(S)

SYSTEM DEFINITION 12612
The Auxiliary Site(s) consist of :;c :a b
the areas prepared 10 support IC None
the ESF construction and C A-D
operation A 1.2

ESFOR1057/3 26 91
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ACCESS ROADS

SYSTEM DEFINITION 12613
All lealures needed to provide EC 1
vehicular access to all surface i la-1d
areas designaled as required 10 c :“f“g
support the ESF. A None

SYSTEM DEFINITION 12614
Defined as those #ems and F 1
measures utilized to control PC 1
drainage and runolf water to IC None
preclude damage by erosion of C A
flooding. A None

ESFDR1057/3 26 91
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SURFACE UTILITIES

SYSTEM DEFINITION 1262

Those systems, subsysiems, F 1 ‘

structures, and components PC 1a- le

necessary to meet the needs ol IC 1-2

panicipant organizations in carry- C A-F

ing out ESF activities. A 1la-1b

[ | ' | |
POWER WATER SANITARY COMMUNICATIONS
SYSTEM SYSTEM SYSTEM SYSTEM
12621 12622 12623 12624
A
| |
SURFACE COMPRESSED SOLID WASTE
WASTEWATER SYSTEM AIR SYSTEM DISPOSAL SYSTEM
12625 12626 12627

ZEN

72N

/e

ESFDR1057/3 26 91
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POWER SYSTEM

SYSTEM DEFINITION 12621
Those systems, subsystems, IF’C : "
components, and structures thal i Ni -
supply electrical power 10 the P A "g
ESF Site. A None

SYSTEM DEFINITION 12622

Those systems, subsysiems, '; C :a 3
and components that supply and c

distribute the polable and C 'A"°_' G‘°
process water for ESF facilities, A A

sile preparation, and testing.

ESFDR1057/3 26 91
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SANITARY SYSTEM

5
( ’)
<)
(I)
SYSTEM DEFINITION 12623 b
Those systems, subsysiems, F 1 @
and components that provide PC fa- 1c )
for the collection, treatment, iIc None
and disposal of sanitary sewage C A-C v
for the support of ESF opera- A None w
tions and during in situ sile '
characlerizalion.
COMMUNICATIONS SYSTEM
SYSTEM DEFINITION 12624 5
Those sysiems, subsystems, and F 1 o
components that provide equip- PC 1a- 1g a
ment and services for kinking the ic None &
surface areas, the underground c A-J N
areas, and the facililies with each A 1 ™
other and with all outside com- w
mercial communications systems. <

ESFDR1 05773 26 91
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SURFACE WASTEWATER SYSTEM

SYSTEM DEFINITION 12625
Those systems, subsyslems, and F 1
componenis that provide equip- PC 1
ment for collection, transier, Ic None
treatinent, and disposal of liqud c A-C
non-sanitary wasles generated A None
underground in the ESF during
construction and operations.

COMPRESSED AIR SYSTEM

SYSTEM DEFINITION 12626
Those sysiems, subsysiems, F 1
and components that provide PC la-1d
the production and distribution of IC None
compressed ai throughout the C A
ESF. A None

ESFDR1057/3 26 91
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SOLID WASTE DISPOSAL SYSTEM

SYSTEM DEFINITION

(T8D)

12627
- .
PC

IC (TBD)
c

A

ESFDR1057/3 26 91
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SURFACE FACILITIES

SYSTEM DEFINITION 1.263
All the temporary and permaneni F 1-3
facilties, systems, and services for PC 1a-3
the surface buildings and lempo- Ic 1
rary structures that are required c A-E
for the suppont of ESF operations A 1a-1b
and in silu site characlerizalion.
| | | |
VENTILATION TEST SUPPORT SITE PREPARATION FOR PARKING
SYSTEM FACILITIES SURFACE STRUCTURES AREAS
12631 12632 12633 12634
| 1 | ]
STORAGE OTHER TEMPORARY
FACILITIES v WAREHOUSE STRUCTURES
12635 D T 12638
COMMUNICATION/
DATA BUILDING(S)
12639

/e\

ESFDR1057/3 26 91
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VENTILATION SYSTEM

SYSTEM DEFINITION

Those surface systems, subsys-
tems, and components that
supply fresh air, conditioned if
required, to the ventilation
distribution system.

12631

>Oagm

1a- le
None
A-D

TEST SUPPORT FACILITIES

SYSTEM DEFINITION

Those surface facilties that
accommodate the Principal
Investigators’ testing apparatus
for equipment assembly, check
out, and repair.

1.263.2
F 1
PC 1
IC None
C None
A None

ESFDR1057 11/59 91
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SITE PREPARATION FOR SURFACE STRUCTURES

N

SYSTEM DEFINITION 12633
All of the facilities, systems, and F !
services required by the struc- PC la-1b,
tures during construction and Ic None
operalion of the ESF. C None

A None

SYSTEM DEFINITION 1.2634
All space and allowances for :c : a-te
vehicle parking required to Ic None
support gon§tmclbn. operation, c A-B

ESFDR1057/3 26 91
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STORAGE FACILITIES

SYSTEM DEFINITION

Al areas, structures, and suppont-

ing services to store equipment,
supplies, and vehicles in a yard
type environment.

SYSTEM DEFINITION

Al of the facilties, systems, and

services for the routine mainte-
nance and repair of the construc-
tion and testing equipment and of
the equipment for maintenance of
the grounds designated for the
ESF.

SHOP

12635
F 1
PC 1a-ic
ic None
C A-B
A None
12636
F 1
PC ta-1e
iC None
C A-E
A 1

ESFDR1 057 13/5 9 91
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WAREHOUSE

N

SYSTEM DEFINITION

All the lacilities, sysltems, and
services for the safe storage and
dispensing ol ESF materials that

require indoor storage and are
not slored in the open areas
provided under 1.2.6.3.5, Storage
Facilities.

OTHER TEMPORARY STRUCTURES

SYSTEM DEFINITION

The systems and services thal
will be utilized for the offices,
change rooms, first aid and
underground rescue apparatus
center, security offices, and
space required to support ESF
construction, scientific, opera-
tions, and mainlenance person-
nel for the Site Characterization
Program including site prepara-
fion.

12637
F 1
PC 1a-1b
IcC None
C A-E
A None

12638
F 1
PC la-le
IC None
C A-B
A 1-2

ESFDRA1 05773 26 91
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COMMUNICATIONS/DATA BUILDING(S)

SYSTEM DEFINITION

Provides for all the facilities,
systems, and services for the
communications, data collection,
and transmissions that are
required 1o support construction
and testing.

12639
F 1
PC fa-1d
IC None
C A
A None

ESFDR1 057/3 "4 91
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SHAFT ACCESS
/o\

SYSTEM DEFINITION 1264

1-2
1a-2k -

Those syslems, subsystems, F
slructures, and components PC
which are comprised of the

ventical engineered openings
within a circular zone, whose

A - Bii
None

>08

radius is defined as the sum ol
the radius of the shali, the lining
thickness, and a nominal 5 feel
beyond the lining, thal connect
the surface with the targeted
horizons.

L l il |

91~

COLL AR LINING STATIONS FURNISHINGS
12641 12642 12643 12644

o\

L 1

HOIST SYSTEM SUMP
12645 12646

/65\ /o8\

ESFDR1057/3 26 91
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SYSTEM DEFINITION

The foundation at the uppermost
portion of the shaft used to
support the headframe and shaft
construction activities.

SYSTEM DEFINITION

COLLAR

Those components (e.g.,
concrete) which are provided
to maintain the integrity of the
intended opening.

1264.1
F 1
PC la-1b
IC None
C A-B
A None

LINING

12642
F 1
PC la-1id
Ic None
C A-C
A None

ESFDR1057-17/59 9y
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STATIONS

SYSTEM DEFINITION 1.2643
. F 1
The initial underground opening PC 1a- th
at predetermined honzons IC None
adjacent fo the shaft. c None
A None
SYSTEM DEFINITION 12644
Those slructural steel sets F 1
consisting of buntons altached to PC fa-
fabricated brackets, which are ic None
fixed to the shatt wall or lo other C A-C
structural members. A None

ESFDR1 057/3 26 91
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HOIST SYSTEM

SYSTEM DEFINITION

Those systems and components

for the transportation of person-
nel and equipment between the
surface and subsurface to meet
the needs of shaft construction
and underground site characteri-
zation testing.

SYSTEM DEFINITION

The area at the bottom of the

shaft, below the adjacent hori-
zontal excavation, that contains
collection and transfer equipment
for the underground wastewater
sysiem.

SUMP

12645
F 1
PC 1a-1j
iC None
C A-l
A None
12646
F 1
PC la-1c
iC None
C A-B
A None

ESFDR1057 19/59 91
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RAMP ACCESS

/2N

SYSTEM DEFINITION 1265
Those systems, subsystems, F 1-2
stuctures, and components PC la-2x
which are comgrised of the ic !
enginesred opsnings within a ¢ A B
nominal 5 feet beyond the A None
excavaled surtace that connects
the ground surface with the
tageted honzons.
| 1 ] 1 1 1
RAMP THIS NUMBER
PORTAL 1 INING STATION F URNISHINGS NOT USED SUMP?
12651 12652 12653 12654 12655 12656
E4

ESFDR2 05743 26 91
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PORTAL

A\

SYSTEM DEFINITION

Ramp Ponal is the rock face and

12651

retaining structure al the upper-
most portion ol the ramp.

LINING

SYSTEM DEFINITION

Lining is those components

>053™

None
A-B
None

12652

which are provided to maintain
integrity of the intended opening
(e 9.. concrete).

>052™

1a-1e
None
A-C
None

ESFDR2 057/3 26 91
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&
5
)
STATION v
®
SYSTEM DEFINITION 12653 o
F 1 v
Station is the initial underground PC 1a- e | o
opening at the predetermined ic None -
horizon adjacent to the ramp. c None
A None
RAMP FURNISHINGS
O
SYSTEM DEFINITION 12654 ‘,’
Furnishings include fabricated Fe \a- 1 v
brackets which are fixed to the Ic None o
ramp wall or other support C A-C (3
members. A None .

()

ESFDR2057-22/59 9
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SYSTEM DEFINITION

Sump is the area(s) within the
ramp that conlains the under-
ground waslewater system col-
lection and transfer equipment.

SUMP

12656
F 1
PC ta-1b
IC None
C None
A None

ESFDR2 057/3 26 91
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UNDERGROUND EXCAVATIONS

SYSTEM DEFINITION

Underground Excavations are

those underground openings
that extend more than five feet
beyond the accesses.

1266
F 1-2
PC 1a-2l
iIC 1
Cc A-B
A

l ] |
OPERATIONS TEST
SUPPORT AREAS AREAS
12661 12662

N

ESFDR2057/3 26 91
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OPERATIONS SUPPORT AREAS

SYSTEM DEFINITION

Operations Support Areas are
underground openings: diifi(s),
rekuge roomys), operations

admin. area, underground
shop(s). lunchwoomys), storage
lacilty{ies), maintenance
shop(s), power dist. areas, luel
slorage, and equipment storage.

1266.1

1a-1c

None
A-B
None

>0 3™

TEST AREAS*

SYSTEM DEFINITION

Test Areas are openings exca-
vated off the ESF access sla-
tions at the upper demonsiration
breakout room, the main test
level, and other required levels.

12662

A-B

F

Pc

IC None
C

A None

* The tests that will be performed in these areas
are defined in Appendices B & C of the ESFDR.

ESFDR2057/3 26 91
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UNDERGROUND SUPPORT SYSTEMS

SYSTEM DEFINITION 1267
Thesa sysiems include utiies, il 13
POWer. COmMUNICatons, kights, PC la- 3o
ventilation, water, wastewaler IC ;‘
removal, compressed air, fre C K
protecion, muck handling, sani- A None
talion, and salety monitonig.
| ] 1 | 1 ]
POWER DISTRIBUTION LIGHTING WATER DISTRIBUTION COMPRESSED AIR MUCK AND MATERIAL MONITORING AND
SYSTEM SYSTEM SYSTEM DISTRBUTION SYSTEM HANDLING SYSTEMS WARNING SYSTEMS
12671 12673 126758 12677 12679 1267 11
(THIS NUMBER VENTILATION “ﬁfmgme FIRE PROTECTION SANITARY
NOT USED) DISTRIBUTION SYSTEM SYSTEM SYSTEM FACHLHTES
12672 12874 12678 1267.10
A 2N

TN

PN

A

£

ESFDR2 057/3 26 9
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POWER DISTRIBUTION SYSTEM

SYSTEM DEFINITION

Systems, subsystems, and
components that distribule
electric power o the under-
ground sysiem.

12671

>058T

1a-1id
None
A-F
None

ESFDR2 057/3 26 91
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LIGHTING SYSTEM

SYSTEM DEFINITION

Systems, subsystems, and
components that provide for the
ilumination of the ESF under-
ground areas.

VENTILATION DISTRIBUTION SYSTEM

SYSTEM DEFINITION

1.26.73

>O053T

fa-1d
None
A-C
None

Systems, subsystems, and
components that allow iresh air
10 be supplied and exhaust air
1o be removed from the under-
ground working areas.

1.26.7.4

>0853 ™

la-1g

A-l

ESFDR2057-28/5.9 91
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WATER DISTRIBUTION SYSTEM

SYSTEM DEFINITION

12675

Systems, subsysiems, and
components that distribute waler
within the underground facility.

UNDERGROUND WASTEWATER COLLECTION SYSTEM

SYSTEM DEFINITION

>0858™

12676

Sysiems, subsystems, and
components that collect, control,
and transfer to the surface
waslewater system (1.2.6.2.5).

>o053™

la- i

ESFDR2 057/3 26 91
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COMPRESSED AIR DISTRIBUTION SYSTEM

SYSTEM DEFINITION 12677
Systems, subsystems, and :C :
components that distribute com- To} None
pressed air throughout the c None
underground ESF facility. A None

SYSTEM DEFINITION 12678

Systems, subsystems, and gc :

. a-1c
components that provide
> ‘ iC None

de'ectlon oquectwe response 10 c A-C

extinguish fires. A None

ESFDR2057 30/59 91
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MUCK AND MATERIAL HANDLING SYSTEMS

SYSTEM DEFINITION 1.26.79
Systems, subsystems, struc- F 1
tures, equipment, and compo- PC 1a-1c
nents that transpon excavated IC None
rock (muck), materials, and C A-E
equipment between surface and A None
subsurface.
SANITARY FACILITIES
SYSTEM DEFINITION 126.7.10
System that provides for human F 1
waste collection. PC la-1c
iC None
Cc None
A None

ESFDR2057/3 26 91
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MONITORING AND WARNING SYSTEMS

SYSTEM DEFINITION

1.26.7.11

System required 10 monitor
underground conditions and to
alert onsite personnel of possible
dangerous siluations.

F 1

PC tla- 1l
ic None
C A-B
A None

ESFDR2 05773 26 91
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UNDERGROUND TEST SUPPORT*

SYSTEM DEFINITION

Activities associated with
equipment installation, test
execution, data records, and
analysis.

1268

b b

a-

>o053T

1 1
INTEGRATED
DATA SYSTEM (IDS) TEST SUPPORT
SUPPORT 12682
12681

/A

/2

* Tests are defined in Appendices B & C of the ESFDR.
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INTEGRATED DATA SYSTEM (IDS) SUPPORT

SYSTEM DEFINITION 12681
Providing lacilities as :;C :
described in ESFOR Ic 1.2
Appendix B C None
A None
TEST SUPPORT
SYSTEM DEFINITION 12682
Four types of tests: F 1
« Geologic PC 1
« Geomechanic ic None
. Nearm and thermally g A

« Hydrologic and transport
phenomena
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ESF DECOMMISSIONING AND CLOSURE

SYSTEM DEFINITION

Activities enacted lo place ESF

1.269

facilties inlo permanent non-
operable and sale condilion.
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SURFACE ACCESSES AND
UNDERGROUND
FACILITIES
12691 FACILITIES
e 12692

/N /2\

ESFDR2.057/3 26 91

fmwe AR~ _~m i gree
£T00-22 22

" 1.38

~
-

-

Te/~cy

_~ * .-
* W7,

-
VRV SR et

s dm~pn
[N

2
LW



9¢-9 XIAN34dav

SURFACE FACILITIES

SYSTEM DEFINITION

Al facilities, systems, and
subsystems as defined in
previous sections (ESF site,
surface utilities, facilities,
eic.).

SYSTEM DEFINITION

1.269.1

>058T

1a-1b

A-B

Al facilities, systems, and sub-
sysiems described in previous
seclions (accesses, under-
ground excavations, utiity
systems, etc.).

>0853T
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RESPONSIBILITY MATRIX
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APPENDIX H

The terms and format of the Responsibility Matrix are explained as follows:

Column (1), ESFDR Section, lists the requirements by ESFDR section number.
Please refer to the ESFDR for the actual requirements.

Column (2), DAA Recommendations, provides information that identifies the
ESFDR requirements that correspond to DAA recommendations (see ESF Title I
Design Acceptability Analysis and Comparative Evaluations of Alternative ESF
Locaticns, Volume 1, Page 2-54 through 2-58). Typical references used to
identify recommendations are C2-5 and C2-5,7. The C2 identifies this as a
recommendation related to NRC Concern #2. The 5 and 7 identify specific
Recommendations Numbers 5 and 7 related to NRC Concern #2.

Column (3), Category, provides information regarding the verification of the
ESF requirements to a source of authority. The status codes used in this
category column are identified on the bottom of each page. TBV indicates
this requirement is "TO BE VERIFIED." A second term in this column may
appear as a TBD which indicated this requirement needs a quantified value or
range and is "TO BE DETERMINED."

Column (4), Responsible Organization, shows the organization(s) that have
accepted responsibility to design and implement per that requirement. If two
or more organizations appear in this column, responsibility may be shared or
responsibility may be assigned to one organization. Resolution of disputes
will be referred to higher authority as needed. The same is true for support
organizations.

Column (5), Support Organization, identifies the organizations that might
prcvide analysis support for quantifying the requirement (i.e., value or
range) and may or may not be the same as the Responsible Organization. This
task wiil include verification of analysis, such as independent technical
review. Other examples of support might be acquisition of permits or tests.
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IME L 2Z-0013, Rev. Sril, 3] ME.2C-0013, Rewv. I.Zl.3L

(1) (2) (3) (4) (3)
DAA Resp
ESFDR Section Recommendations  Category Org Sup 0Orqg
1.2.6.0 EXPLORATORY STUDIES FACILITY
1.2.6.0 DEF NV RSN
1.2.€.0 BI NV RSN
1.2.6.0 ARCS NV RSN
i.2.6.0 ARCS (2] NV RSN
1.2.6.0 ARCS [3] NV RSN
1.2.6.0 FR 1. OK PO RSN/LANL/SNL/REECO
1.2.6.0 FR 2. 0K SNL RSN
1.2.6.0 PC la. OK SNL
1.2.9.0 PC 1b. 10).4 SNL RSN
1.2.¢6.0 PC lc. OK SNL
1.2.6.0 PC 1d. OK TBD LANL
1.2.6.0 PC 1d.1 NV RSN
1.2.6.0 2C 1d.ii NV RSN
1.2.6.0 PC 1d.1iii NV TBD RSN
1.2.6.0 PC le. 0K RSN
1.2.€.0 PC 1f. OK RSN
1.2.6.0 2C 1q. oK RSN
1.2.€.0 PC ih. 0K RSN
1.2.¢.0 PC 1ii. OK RSN SNL
1.2.6.0 PC 17. OK RSN
1.2.6.0 pC 13.i NV RSN
1.2.6.0 PC 1j.11 NV RSN PO/REEC
1.2.6.0 PC lik. OK RSN
2.2.¢.0 PC 2a. OK SNL/RSN
1.2.9.0 PC 2b. OK SNL/RSN
1.2.6.0 PC 2b.1 NV SNL/RSN
1.2.6.9 2C 2b.1ii NV SNL/RSN
1.2.8.0 PC 2b.iii NV SNL/RSN
:.2.6.0 PC 2b.iv NV SNL/RSN
1.2.£.0 PC 2b. (end) NV RSN
1.2.6.0 PC 2c. OK RSN SNL
1.2.6.0 PC 2¢.1 NV RSN SNL/REECO
1.2.6.0 PC 2c.ii NV RSN SNL/REECC
1.2.6.0 PC 2c¢.iii NV RSN SNL/REECO

(3) Category:
oK = Verified source of authority; NV = Not verified to source of authority;
(Blank) = Test not available for source check
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YME/ZZ-0013, Rev. 5,21,3: IMP/CCZ-0013, Rev. I Il %l

(1) (2) (3) (4) (5)

DaA Resp
ESFDR Section Recommendations  Category Crg Sup Org
1.2.6.0 PC 2¢.1iv NV RSN SNL/REECO
1.2.6.0 PC 2¢c.v Cl-12, -20 NV RSN SNL/REECO
1.2.6.0 PC 2c.vi NV RSN SNL
1.2.5.0 pC 24. OK SNL
:.2.06.0 PC 2e. OK RSN SNL
1.2.6.0 PC 2f. OK RSN
1.2.6.0 pC 2f.1 NV RSN/LANL
1.2.6.0 PC 2f.1.a NV RSN/LANL
1.2.6.0 ICR 1. CK TBD PO T&MSS
1.2.6.0 ICR 2. NV RSN
1.2.6.0 C A, OK PO
2.2.6.0 C B. QK REECO PO
t.2.¢e.0CcC. OK LANL
1.2.6.0CC. (1) OK LANL
1.2.6.0 C C.(2) COK RSN LANL/SNL
1.2.6.0 C C.(3) 0K RSN LANL/SNL
1.2.6.0 C C.(4) CK LANL RSN/SNL
1.2.6.0CC.1i NV LANL/REECO
.2.6.0 CC.ii NV LANL
2.2.6.0 € C.iii OK SNL/LANL
1.2.6.0 C C.1iv NV TBD RSN/SNL/LANL SNL/LANL
l.2.6.0 CC.v NV LANL REECQ
1.2.6.0 C C.v[2] NV RSN
1.2.6.0 C C.v[3] NV RSN
2.2.6.0 C C.vi NV LANL
1.2.6.0 C C.vii NV REECO
1.2.2.0 C C.viil NV SNL
1.2.6.0 C 2. OK PO LANL
1.2.9.0 T 0.{Z2] CK LANL/SNL
1.2.6.0 CE. OK RSN
.2.6.0 CE.L NV SNL RSN
1.2.6.0 CE.L1 NV RSN
.2.0.6 CF, OK RSN LANL
1.2.6.0 C G. OK RSN REECO
1.2.6.0 C G.1 NV RSN
1.2.6.0 C H. OK RSN
1.2.6.0C I. OK RSN
.2.£.0C 0. OK REECO RSN
1.2.5.0 C K. OK RSN
1.2.6.0 C L. OK TBD RSN
1.2.6.0 C M. QK RSN
1.2.6.1. ESF SITE(S)
1.2.0.1 DEF NV RSN
(3) Category:
OK = Verified source of authority; NV = Not verified to source of authority;

(Blank)

= Test not available for source check
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“ME.2C-0013, Rev. 3/31/3: ME/CC-00.3, Rev. I-:

(1) (2) (3) (4) (5)
DAA Resp

ESFDR Section Recommendations  Category Org Sup Org

1.2.6.1 BI NV RSN

1.2.6.1 ARCS 1 NV RSN

1.2.6.1 ARCS 2 NV RSN

1.2.6.1 ARCS 3. NV

1.2.6.1 ARCS 4. NV RSN

1.2.6.1 ARCS 5 NV RSN

1.2.6.1 ARCS 6. NV RSN

1.2.6.1 ARCS (end) NV RSN

1.2.6.1 FR 1. OK

1.2.6.1 PC la. OK RSN

1.2.6.1 PC 1b. OK RSN

1.2.6.1 PC lc. OK RSN

1.2.6.1 PC 1d. OK RSN

1.2.6.1 PC le. OK RSN

1.2.6.1 PC 1E£. NV RSN

1.2.6.1 BC 1lg. OK RSN

1.2.6.1 PC 1h. OK RSN

1.2.6.1 ICR 1. NV RSN

1.2.6.1 ICR (end) NV RSN

1.2.6.1 CA. ci-1,2,4,6,7,8,9, OK TBD SNL
10,11,12,14,15,17,
18,19,20

1.2.6.1 C B. OK RSN

1.2.6.1 CC. OK

1.2.6.1 CC.1 NV TBD SNL SNL

1.2.6.1 CC.ii Cl-1, C2-6 NV RSN SNL

1.2.6.1 C C.1iii C1-1,2,3,4,5,6,7, NV RSN
8,10,11,12,13,14,
15,16,18,19,20

1.2.6.1 CD. C2-4 CK RSN LANL

1.2.6.1 CE. 0K LANL/RSN

1.2.6.1 CF. OK

1.2.6.1 CF.1 NV RSN LANL

1.2.6.1 C F.ii NV RSN SNL/LANL

1.2.6.1 C F.iii NV RSN

1.2.6.1 C F.iv NV TBD RSN LANL

1.2.6.1 CF.v NV RSN LANL

1.2.6.1 C G. OK RSN

1.2.6.1 C H. OK RSN

1.2.0.1 C I. OK RSN

1.2.6.1 C J. OK RSN

1.2.6.1 C K. OK RSN

1.2.6.1 C L. OK RSN

1.2.6.1 C M. OK RSN

(3) Category:
OK = Verified source of authority: NV = Not verified to source of authority;
(Blank) = Test not available for source check
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YME.ZZ2-0013, Rev. 5,3/ IME. C Tev. I Il il
(1) (2) (3) (4) (5)
CAA Resp
ESFDCR Section Recommendations  Category Org Sup Org ~
1.2.6.1L CN. 0K RSN REECO/LANL
1.2.6.1 CGC. OK RSN LANL
1.2.6.1 A L. NV RSN
1.2.6.1 A 2. NV RSN
1.2.6.2 A 3. NV RSN LANL
1.2.6.1.1 DEF NV RSN
1.2.6...1 BI NV RSN
1.2.6.1.1 FR 1. Q0K RSN
1.2.6.1.1 PC 1la. CK
1.2.6...1 PC la.i OK RSN
1.2.6.1.1 PC la.ii OK RSN
1.2.6.1.1 PC la.iii OK RSN
1.2.6.1.1 BC la.iv OK RSN
1.2.6.1.1 PC la.v OK RSN
1.2.6.1.1 PC la.vi OK RSN
1.2.6.1.1 PC la.vii OK RSN
1.2.6.1.1 PC ia.viii OK RSN
1.2.€...1 PC la.ix OK RSN
1.2.6.1.1 PC la.x OK RSN
1.2.6.1.1 PC la.xi OK RSN
1.2.6.2.1 BC la.xii OK RSN
1.2.6.1.1 2C ib. CK RSN
1.2.6.1.1 C A. 0K RSN -
i.2.8.1.1 C B. OK RSN
S.z.€.1.2 4 1. NV RSN
1.2.0...2 DEF NV RSN
1.2.6.1.2 8I NV RSN
1.2.6...2 FR 1, OK RSN
1.2.6.1.2 PC 1la. NV RSN
2.2.6.1.2 PC la.i NV RSN
1.2.6.1.2 PC ia.i.a NV RSN
1.2.6.1.2 PC la.i.b NV RSN
1.2.8.1.2 PC la.i.c NV RSN
1.2.6.1.2 PC la.i.d NV RSN
1.2.6.1.2 PC la.i.e NV RSN
1.2.6.1.2 PC la.i.f NV RSN
1.2.6.1.2 PC la.ii NV RSN LANL
1.2.6.1.2 PC la.ii.a NV RSN
1.2.6.1.2 PC la.ii.b NV RSN
1.2.6.1.2 PC la.ii.c NV RSN
(3) Category:
OK = Verified source of authority; NV = Not verified to source of authority;
(Blank) = Test not available for source check
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7ME - 22-0013, Rev. 5/31/31 tMp;TC-0012, Fev

{1) (2) (3) (4) (5)
DAA Resp

ESFDR Section Recommendations  Category Org Sup Org
1.2.6.1.2 PC la.ii.d NV RSN
1.2.6.1.2 PC la.ii.e NV RSN
1.2.6.1.2 8C la.ii.f NV RSN
1.2.6.1.2 PC la.ii.g NV RSN
1.2.6.1.2 pC la.ii.h NV RSN
1.2.6.1.2 PC la.ii.1 NV RSN
1.2.6.1.2 PC la.ii.j NV RSN
1.2.6.1.2 PC la.iii NV RSN
1.2.6.1.2 PC la.iii.a NV RSN
1.2.6.1.2 PC la.iii.b NV RSN
1.2.6.1.2 PC la.iii.c NV RSN
1.2.€.1.2 PC la.iii.d NV RSN
1.2.6.1.2 PC la.iii.e NV RSN
1.2.6.1.2 PC la.iii.f NV RSN
1.2.6.1.2 PC la.iv NV RSN
1.2.6.1.2 PC la.iv.a NV RSN
1.2.6.1.2 PC la.v NV RSN LANL
1.2.6.1.2 PC la.v.a NV RSN LANL
1.2.6.1.2 PC la.v.b NV RSN LANL
1.2.6.1.2 PC la.v.c NV RSN LANL
1.2.6.1.2 PC ia.v.d NV RSN LANL
1.2.6.1.2 PC la.v.e NV RSN LANL
1.2.¢.1.2 PC la.v.f NV RSN LANL
1.2.6.1.2 PC la.v.g NV RSN
1.2.6.1.2 PC la.vi NV RSN LANL
1.2.6.1.2 PC la.vi.a NV RSN LANL
1.2.6.1.2 2C la.vi.b NV RSN LANL
1.2.6.1.2 PC la.vi.c NV RSN LANL
1.2.6.1.,2 PC la.vi.d NV RSN LANL
1.2.6.1.2 PC la.vi.e NV RSN LANL
1.2.6.1.2 PC 1 OK RSN
1.2.6.1.2 PC 1b.1 OK RSN
1.2.6.1.2 PC 1b.ii OK RSN
1.2.6.1.2 PC 1b.iii OK RSN
1.2.6.1.2 PC 1b.iv OK RSN
1.2.6.1.2 PC 1b.v OK RSN
1.2.6.1.2 C A. OK RSN
1.2.6.1.2 C B. OK RSN
i.2.6.1.2 CC. OK RSN
1.2.6.1.2 CD. 0K RSN
1.2.6.1.2 A 1. NV RSN
1.2.6.1.2 A 2. NV RSN
(3) Category:

OK = Verified source of authority; NV = Not verified to source of authority;
(Blank) = Test not available for source check
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(1) (2) (3) (4) (5)
DAA Resp
ESFDR Section Recommendations  Category Org Sup Org ~/
1.2.6.1.3 DEF NV RSN
1.2.6.1.3 BI NV RSN
1.2.6.1.3 FR 1. OK RSN
1.2.6.1.3 °2C la. OK RSN
1.2.6.1.3 PC ib. OK RSN
1.2.6.1.3 2C lc. OK RSN
1.2.6.1.3 PC 1d OK RSN
1.2.6.1.3 C A. OK TBD RSN
1.2.6.1.3 C B. QK TBD RSN
1.2.6.1.3 CC. OK RSN
1.2.6.1.3 C D. OK RSN
1.2.6.1.3 C E. OK RSN
1.2.6.1.3 CF. QK RSN
1.2.6.1.3 CG. COK RSN
1.2.6.1.4 DEF NV RSN
1.2.¢.1.4 BI NV RSN
1.2.6.1.4 FR 1 OK RSN
1.2.6.1.4 PC 1 OK RSN
1.2.6.1.4CaA OK RSN
1.2.6.2 SURFACE UTILITIES
1.2.€.2 DEF NV RSN
1.2.6.2 BI NV RSN
1.2.6.2 ARCS NV RSN
1.2.6.2 ARCS EP NV RSN
1.2.6.2 ARCS 1. NV RSN
1.2.€.2 ARCS 2. NV RSN
1.2.6.2 ARCS 3. NV RSN
1.2.6.2 ARCS L NV RSN
1.2.6.2 ARCS 1. NV RSN
1.2.6.2 ARCS SP NV RSN
1.2.6.2 ARCS 1. NV RSN
1.2.6.2 ARCS 2. NV RSN
1.2.6.2 ARCS UP NV RSN
1.2.6.2 ARCS 1. NV RSN
1.2.6.2 ARCS 2. NV RSN
1.2.6.2 ARCS 3. NV RSN
1.2.6.2 ARCS WS NV RSN
1.2.6.2 ARCS 1. NV RSN
1.2.6.2 ARCS 2. NV RSN
1.2.6.2 ARCS 3. NV RSN
(3) Category:
QK = Verified source of authority; NV = Not verified to source of authority;
(Blank) = Test not available for source check
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(1) (2) (3) (4) (9)
DAA Resp

ESFDR Section Recommendations  Category Crg Sup Org

1.2.6.2 ARCS SS NV RSN

1.2.6.2 ARCS 1. NV RSN

1.2.6.2 ARCS 2. NV RSN

1.2.6.2 ARCS CS NV RSN

1.2.6.2 ARCS :. NV RSN

1.2.5.2 ARCS SWW NV RSN

1.2.6.2 ARCS 1 NV RSN

1.2.6.2 ARCS 2. NV RSN

1.2.6.2 ARCS CA NV RSN

1.2.6.2 ARCS 1. NV RSN

1.2.6.2 ARCS (end) NV RSN

1.2.6.2 FR 1. OK RSN LANL

1.2.6.2 PC la. OK RSN LANL

1.2.6.2 PC 1b. OK RSN

1.2.6.2 PC lc. OK RSN

1.2.6.2 PC 1d. CK RSN LANL

1.2.6.2 PC le. OK RSN

1.2.6.2 ICR 1. NV SNL

1.2.6.2 ICR 2. NV RSN

1.2.6.2 ICR (end) NV RSN

1.2.6.2 C A OK SNL

1.2.6.2 C B. OK RSN

1.2.6.2 CC. CK RSN

1.2.6.2 C D. OK RSN LANL

1.2.6.2 C E. Cl-4 0K RSN

1.2.6.2 CF. OK RSN

1.2.6.2 A 1. NV RSN

1.2.6.2 A 1l.a NV RSN

1.2.6.2 A i.b NV RSN

1.2.6.2.1 DEF NV RSN

1.2.6.2.1 DEF [2] NV RSN

1.2.6.2.1 BI NV RSN

1.2.6.2.1 FR 1 OK RSN

1.2.6.2.1 PC la. OK RSN LANL

1.2.6.2.1 PC 1b. OK RSN LANL

1.2.6.2.1 PC lc. OK RSN

1.2.6.2.1 PC 1d. OK RSN

1.2.9.2.1 PC le. OK RSN

1.2.6.2.1 PC 1f. 0K RSN

1.2.6.2.1 PC 1q. OK TBV RSN

1.2.6.2.1 PC 1g.i NV TBV RSN

1.2.6.2.1 PC 1q.ii NV TBV RSN

1.2.6.2.1 PC lg.iii NV TBV RSN

(3) Category:

0K = Verified source of authority; NV = Not verified to source of authority;
{Blank) = Test not available for source check
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(1) {2) (3) (4) (5)
CAA Resp

ESFDR Section Recommendations  Category Org Sup Org

1.2.6.2.1 PC 1g.1iv NV TBV RSN

1.2.6.2.1 PC 1q.v NV TBV RSN

1.2.6.2.1 PC 1g.vi NV TBV RSN

1.2.6.2.1 PC ig.vii NV TBV RSN

1.2.6.2.1 PC lg.viii NV TBV RSN

1.2.6.2.1 PC 1g.ix NV TBV RSN

1.2.6.2.1 PC 1g.x NV TBV RSN

1.2.6.2.1 PC lg.xi NV TBV RSN

1.2.6.2.1 PC 1h. OK RSN

1.2.6.2.1 PC 1li. OK RSN

1.2.6.2.1 PC 1i.1i NV RSN

1.2.6.2.1 PC 1i.ii - NV RSN REECO

1.2.6.2.1 PC 17. OK RSN LANL

1.2.6.2.1 PC 135.1 NV RSN LANL

1.2.6.2.1 C a. OK RSN

1.2.6.2.1 C B OK RSN

1.2.6.2.1 CC OK RSN

1.2.6.2.1CD OK RSN

1.2.6.2.1 CE CK RSN

1.2.6.2.2 CF OK RSN

1.2.6.2.1 C G OK RSN

1.2.6.2.2 CEF NV RSN

1.2.6.2.2 BI NV RSN

1.2.6.2.2 FR 1 OK RSN LANL

1.2.6.2.2 EC la. OK RSN LANL

1.2.6.2.2 BC 1b. OK RSN

1.2.6.2.2 PC lc. OK RSN

1.2.6.2.2 PC 1d. OK RSN

1.2.6.2.2 BC 1 OK RSN

1.2.6.2.2 2C 1f OK RSN

1.2.6.2.2 PC 1g OK RSN

1.2.6.2.2 EC 1 OK RSN LANL

1.2.6.2.2 2C i1 CK RSN

1.2.6.2.2 C A. CK RSN

1.2.6.2.2 C B. OK RSN

l1.2.6.2.2 CC. 0K RSN

1.2.6.2.2 C D. OK RSN

1.2.6.2.2 CE. OK RSN LANL

1.2.6.2.2 C F. OK RSN

1.2.6.2.2 CF.1 NV RSN

1.2.6.2.2 C G. OK RSN LANL

1.2.6.2.2 A 1. NV RSN

(3) Category:
OK = Verified source of authority; NV = Not verified to source of authority;
(Blank) = Test not available for source check
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TME;2C0-0013, Rev. /31,9 “MpCZ-0012, Rev., I3l 2l

(1) (2) (3) (4) {5)
DAA Resp

ESFDR Section Recommendations  Category Org Sup Org

1.2.6.2.3 DEF NV RSN

1.2.6.2.3 BI NV RSN

1.2.6.2.3 FR 1. OK RSN

1.2.6.2.3 PC 1a. OK RSN

1.2.6.2.3 2C ip. OK RSN

1.2.6.2.3 PC lc. OK TBD RSN

1.2.6.2.3 C A. 0K RSN

1.2.6.2.3 C B. OK TBD RSN SNL

1.2.6.2.3C¢C OK RSN

i.2.6.2.4 DEF NV RSN

1.2.6.2.4 BI . NV RSN

1.2.6.2.4 FR 1. OK RSN LANL

1.2.6.2.4 PC la. CK RSN

1.2.6.2.4 PC ib. OK RSN

1.2.6.2.4 PC ic. OK RSN

1.2.6.2.4 pPC 1d. OK RSN

1.2.6.2.4 PC le. OK RSN LANL

1.2.6.2.4 PC 1f. OK RSN

1.2.6.2.4 PC 1g. OK RSN

1.2.6.2.4 C A, OK RSN

1.2.6.2.4 C B. OK RSN

t.2.6.2.4 CC. OK RSN

1.2.6.2.4 CD. OK RSN

1.2.6.2.4 C E. OK RSN

1.2.86.2.4 C F, CK RSN

1.2.6.2.4 C G. OK RSN LANL

1.2.6.2.4 C H. OK RSN

1.2.6.2.4C 1I. OK RSN

1.2.6.2.4C J. OK RSN

1,2.6.2.4 A 1. NV RSN

1.2.6.2.5 DEF NV RSN

1.2.6.2.5 BI NV RSN

1.2.6.2.5 FR 1. OK RSN

1.2.6.2.5C 1 OK TBD RSN

1.2.6.2.5 C A. OK TBD RSN SNL/LANL

1.2.6.2.5 C B. OK TBD SNL SNL/LANL

1.2.6.2.5C¢C CK RSN

1.2.6.2.6 DEF NV RSN

1.2.6.2.6 BI NV RSN

1.2.6.2.6 FR 1. 0K RSN

1.2.6.2.6 PC la. OK RSN LANL

1.2.6.2.6 PC 1b. OK RSN LANL

(3) Category:
OK = Verified source of authority; NV = Not verified to source of authority;
(Blank) = Test not available for source check

APPENDIX H-10
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SURFACE FACILITIES
DEF

BI

ARCS

ARCS 1.

ARCS 2.

ARCS (end)

FR 1.

FR 2.

FR 3.

PC la.

PC la.i

PC la.ii

PC la.iii

PC la.iv

PC ila.v

PC la.vi

PC la.vii

PC la.viii

PC la.ix

PC la.x

PC la.xi

PC la.xii

PC la.xiii

PC la.xiv

PC la.xv

PC la.xvi

PC la.xvii

PC la.xviii

PC la.xix

PC la.xx

PC la.
PC 1b.
PC lc.
PC 1d.
PC le.
PC 1f.
PC 1g.
PC 1lh.

Category:
CK = Verified source of authority; NV = Not verified to source of authority;

= Test not available for source check
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YMP,CC-00LI, Rev. IOIl al
(3) (4) (5)

Resp
Category Crg Sup Org N
CK RSN LANL
OK RSN
0K RSN
NV PO RSN/LANL
NV RSN
NV RSN
NV RSN
NV RSN
NV RSN
QK RSN
OK RSN
OK RSN
OK RSN
OK RSN
OK RSN LANL
OK RSN
OK RSN
OK RSN LANL
OK RSN LANL
OK RSN LANL
OK RSN LANL
OK RSN ~
OK RSN
OK RSN
OK RSN
OK RSN
OK RSN
OK RSN
0K RSN
OK RSN
OK RSN
OK RSN
OK RSN
OK RSN
OK RSN LANL
OK RSN
OK RSN PO/LANL
0K RSN
OK RSN
QK RSN LANL
OK RSN

N



M ZCZ-0013, Rew. /31021 IMEZC-00Lc, Rev.
(1) (2) (3) (4) (5)
Daa Resp
ESFDR Section Recommendations  Category Org Sup Org
1.2.6.3 pPC 1i. OK RSN
1.2.6.2 PC 2a. OK RSN
1.2.6.3 PC 2b. CK RSN
1.2.6.2 pPC 3. OK RSN
1.2.6.3 ICR 1. NV RSN
1.2.6.3 ICR (end) NV RSN
1.2.6.3 C A. OK RSN
1.2.6.3 C B. OK RSN
1.2.6.3CC. 0K RSN
1.2.6.3 C D. CK RSN
1.2.6.3 C E. CK RSN
1.2.6.3 A 1. NV RSN
1.2.6.3 2 1l.a NV RSN
1.2.6.3 A 1l.b NV RSN
1.2.6.3.1 DEF NV RSN
1.2.6.3.1 BI NV RSN
1.2.6.3.1 FR 1, OK RSN
1.2.6.3.1 BC la. OK RSN
1.2.6.2.1 PC 1b. OK RSN
1.2.6.3.1 PC lc. OK RSN
1.2.6.3.1 2C 1d. OK RSN
1.2.6.3.1 PC le. OK RSN
1.2.6.3.1 C A. CK RSN LANL
1.2.5.2.1 C B. OK RSN LANL
1.2.6.3..CC. OK RSN
1.2.2.3.. C°C. OK RSN
1.2.6.3.1 A 1. NV RSN
1.2.6.3.2 DEF NV RSN
1.2.6.3.2 81 NV RSN LANL
1.2.6.2.2 FR 1 OK TBD RSN LANL
1.2.6.3.2 PC 1 OK RSN LANL
1.2.6.3.3 DEF NV RSN
1.2.6.3.3 BI NV RSN
1.2.6.3.3 FR 1. OK RSN
1.2.6.3.3 PC la. 0K RSN LANL
1.2.9.3.3 PC 1b. OK RSN
1.2.¢.3.4 DEF NV RSN
1.2.6.3.4 BI NV RSN
1.2.6.3.4 FR 1. OK RSN
1.2.6.3.4 PC 1la. 0K RSN
1.2.5.2.4 PC la.i OK RSN

(3) Category:

OK = Verified source of authority; NV = Not verified to source of authority;

(Blank) = Test not available for source check
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YMP/CZ-0013, Rev. S/310m YMECC-000E, Fewv. DIl Al

(1) (2) (3) (4) (5)
DAA Resp

ESFDR Section Recommendations  Category Org Sup Org

1.2.6.3.4 PC la.ii OK RSN

1.2.6.3.4 PC la.iii OK RSN

1.2.9.3.4 PC la.iv OK RSN

1.2.6.3.4 BC la.v CK RSN

1.2.6.3.4 PC ia.vi OK RSN

1.2.6.3.4 PC 1b. OK RSN

1.2.6.3.4 PC 1c. 0K RSN

1.2.6.3.4 PC 1d. OK RSN

1.2.6.3.4 PC 1le. 0K RSN

1.2.6.3.4C A CK RSN

1.2.6.3.4C B OK RSN

1.2.6.3.5 DEF NV RSN

1.2.6.3.5 BI NV RSN

1.2.6.3.5 FR 1. OK RSN LANL

1.2.6.3.5 PC la OK RSN

1.2.6.3.5 PC la.i OK RSN

1.2.6.3.5 PC la.ii 0K RSN

1.2.6.3.5 PC la.iii QK RSN

1.2.6.3.5 PC la.iv OK RSN

1.2.6.3.85 PC la.v OK RSN

1.2.6.3.5 PC la.vi OK RSN

1.2.6.3.5 2C la.vii OK RSN

1.2.6.3.5 PC la.viii OK RSN

1.2.6.3.5 PC la.ix OK RSN

1.2.6.3.5 PC ia.x OK RSN

1.2.6.3.5 PC la.xi OK RSN

1.2.6.3.5 PC 1b OK RSN

1.2.9.3.2 PC ic OK RSN

1.2.6.3.:Ca OK RSN

1.2.6.3.5C B CK RSN

1.2.6.3.6 DEF NV RSN

1.2.6.3.2 81 NV RSN

1.2.6.3.6 FR 1. OK RSN LANL

1.2.6.3.6 PC 1la. OK RSN LANL

1.2.6.3.6 PC 1b. OK RSN LANL

1.2.€.2.6 PC lc. OK RSN REECO

1.2.6.3.6 PC 1d. OK RSN

1.2.6.3.6 PC le. OK RSN

1.2.6.3.6 C A. OK RSN

1.2.6.3.6 C B. OK RSN

1.2.6.3.6 CC OK RSN

(3) Category:
CK = Verified source of authority; NV = Not verified to source of authority;
(Blank) = Test not available for source check
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YMP/CC-0012, Rev. I 21 2l

(1) (2) (3) (4) (5)
Daa Resp

ESFDR Secticn Recommendations Category 0rg Sup Org

1.2.6.3.6 C D. OK RSN

1.2.6.3.6 C E. CK RSN

1.2.6.3.6 A1 NV RSN

1.2.6.3.7 DEF NV RSN

1.2.6.3.7 BI NV RSN

1.2.6.3.7 FR 1. 0K RSN LANL

1.2.6.3.7 PC la. OK RSN LANL

1.2.6.3.7 PC 1b. OK RSN LANL

1.2.6.3.7CA 0K RSN

1.2.6.3.7 C B. OK RSN

1.2.6.3.7 CC. 0K RSN

1.2.6.3.7 C D 0K RSN

1.2.€.3.7TCE OK RSN

1.2.6.3.8 DEF NV RSN

1.2.6.3.8 BI NV RSN

1.2.6.3.8 FR 1. OK RSN

1.2.6.3.8 PC 1la. 0K RSN

1.2.6.3.8 PC 1a.1 OK RSN

1.2.€.3.8 BC la.ii OK RSN

1.2.6.3.8 PC la.iii 0K RSN

1.2.6.3.8 PC la.iv OK RSN LANL

1.2.6.3.8 °C la.v OK LANL

1.2.6.3.8 PC ia.vi QK RSN

1.2.0.3.8 2C 1b. OK RSN

1.2.6.2.8 PC lc. OK RSN

1.,2.6.3.8 pC 14. CK RSN

1.2.6.3.8 PC le. 0K RSN LANL

1.2.6.3.8 C A. OK RSN

1.2.6.3.8 C B. OK RSN

1.2.6.3.8 A1 OK RSN

1.2.¢.3.8 A2 0K RSN

1.2.6.3.9 CEF NV RSN

1.2.6.3.%9 BI NV RSN

1.2.6.3.9 FR 1. OK RSN LANL

1.2.6.3.9 PC 1la. 0K RSN

1.2.6.3.9 PC 1b. OK RSN LANL

1.2.6.3.9 PC 1c. OK RSN/LANL

1.2.6.3.9 PC 1lc.i OK RSN LANL

1.2.6.3.9 PC 1lc.ii OK RSN LANL

1.2.6.3.9 PC lc.iii OK RSN LANL

1.2.6.3.9 PC lc.iv OK RSN LANL

1.2.6.3.9 PC lc.v OK RSN LANL

(3) Category:
OK = Verified source of authority; NV = Not verified to source of authority;
(Blank) = Test not available for source check
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YME, CC-0013, Rev. 5/31/31 IME,CC2-0013, Rev. 3,213

(L) {2) (3) (4) (5)

DAA Resp
ESFDR Section Recommendations  Category Org Sup Org ~r"
1.2.6.3.9 PC lc.vi Q0K RSN LANL
1.2.6.3.9 PC lc.vii 0K RSN LANL
1.2.56.3.9 2C 1d. CK LANL
1.2.6.2.%9 C A. 0K RSN
1.2.6.4 SHAFT ACCESS
1.2.6.4 DEF NV TBV RSN
1.2.6.4 BI NV RSN LANL
1.2.6.4 ARCS NV RSN
1.2.6.4 FR 1. OK RSN
1.2.6.4 FR 2. OK RSN
1.2.¢6.4 PC la. OK LANL/PO LANL
1.2.6.4 PC la.i NV RSN LANL
1.2.6.4 PC la.ii NV TBD RSN LANL
1.2.6.4 PC la.iii C3-1 NV RSN LANL
1.2.6.4 PC la.iv C2-10 NV TBD RSN LANL
1.2.5.4 PC 1b. OK RSN LANL
1.2.6.4 PC lc. OK RSN
1.2.6.4 2C lc.i C3-3 NV RSN LANL
2.2.6.4 PC lc.ii NV RSN LANL
1.2.6.4 PC lc.iii NV TBD RSN LANL
1.2.6.4 PC lc.iv NV TBD RSN LANL/SNL
1.2.6.4 PC 4. OK RSN
1.2.6.4 PC 1d.1 NV TBD RSN LANL/SNL
1.2.¢.4 PC 1d.1i1 NV RSN
1.2.5.4 PC 1d.1iii C2-2 NV TBD SNL LANL
1.2.6.4 PC id.iv NV RSN
1.2.0.4 PC id.v NV RSN
1.2.6.4 PC id.vi NV LANL SNL
1.2.6.4 PC ld.vii NV TBD LANL
1.2.6.4 BPC ld.viii NV RSN SNL/LANL
1.2.0.4 PC 1d.ix NV TBD SNL LANL
1.2.6.4 2C 1d.x NV RSN LANL
1.2.6.4 PC 1d.xi NV RSN LANL
1.2.6.4 PC 1d.xii NV TBD SNL SNL/LANL
1.2.6.4 PC le. OK RSN
~.2.6.4 PC 1f. OK RSN
1.2.6.4 PC 1f.1 NV RSN
1.2.6.4 PC 1f.ii NV RSN LANL
1.2.6.4 PC 1qg. OK RSN
1.2.6.4 PC 1h. OK RSN
1.2.6.4 PC 1h.i NV RSN
1.2.6.4 PC 1lh.ii NV RSN
(3) Category:
OK = Verified source of authority; NV = Not verified to source of authority;
(Blank) = Test not available for source check
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YME:C2-0013, Rev.

wn

AL
[

(1) (2) (3) (4) (5)

DAA Resp
ESFDR Section Recommendations  Category Org Sup Org
1.2.6.4 PC li. OK RSN
1.2.6.4 PC 1i.1 NV RSN LANL
1.2.6.4 PC 1i.ii NV TBD RSN
1.2.6.4 PC 1i.iid NV RSN LANL
1.2.6.4 PC 13. 0K RSN
1.2.6.4 PC 13.1 NV RSN LANL
1.2.6.4 PC 1j.11 NV RSN LANL
1.2.6.4 PC 2a. OK RSN LANL
1.2.6.4 PC 2a.i NV RSN
1.2.6.4 PC 2a.ii NV TBD RSN
1.2.6.4 PC 2a.ii.a NV RSN
1.2.6.4 PC 2a.ii.b NV RSN
1.2.6.4 PC 2a.ii.c Cl-6 NV RSN
1.2.6.4 PC 2a.ii.d NV RSN
1.2.6.4 PC 2a.ii.e NV RSN
1.2.6.4 PC 2a.ii.f Y RSN
1.2.6.4 PC 2a.iii NV TBD LANL SNL/LLNL
1.2.6.4 PC 2a.iv Ci-6 NV TBD SNL LANL
1.2.6.4 PC 2a.v NV TBD SNL
1.2.6.4 PC 2b. OK RSN LANL/SNL
1.2.6.4 PC 2b.1 NV RSN LANL/SNL
1.2.6.4 PC 2b.1ii NV TBD RSN LANL
1.2.6.4 PC 2b.1iii NV TBD SNL
1.2.6.4 PC 2b.iv. NV TBD RSN SNL
1.2.6.4 PC Z2c. OK RSN
1.2.6.4 PC 28. CK RSN LANL
1.2.6.4 PC 2d.1 NV TBD SNL
1.2.6.4 PC 2d.1ii NV TBD SNL
1.2.6.4 PC 2d.1iii NV TBD SNL LANL
1.2.6.4 PC 2d.1iv NV RSN
1.2.6.4 PC 2d.v NV TBD RSN
1.2.6.4 PC Z2e. OK RSN
1.2.6.4 BPC 2e.1i NV RSN
1.2.6.4 PC 2e.il NV TBD RSN SNL
1.2.6.4 PC 2f. OK RSN LANL
1.2.6.4 PC 2q. OK RSN SNL
1.2.6.4 PC 2g.1 NV RSN SNL
1.2.%.4 PC 2g.ii NV TBD RSN
1.2.6.4 PC 2g.iii NV TBD RSN
1.2.6.4 PC 29.iv NV TBD RSN
1.2.6.4 PC 2h. NV RSN LANL
1.2.6.4 PC 2h.i NV RSN
1.2.6.4 PC 2h.1ii NV TBD SNL SNL/LANL
1.2.6.4 PC 2h.iii NV RSN
1.2.6.4 PC 21. 0K RSN LANL
(3) Category:

OK = Verified source of authority; NV = Not verified to source of authority:

(Blank) = Test not available for source check
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YME, ZZ-0013, Rev. TrIli31 “MP;2C2-0013, Rev. Il 2L

(1) (2) (3) (4) (3)

DAA Resp
ESFDR Section Recommendations  Category Org Sup Org "~
1.2.6.4 PC 2i.1 NV RSN
1.2.6.4 PC 2i.ii NV RSN
1.2.6.4 PC 2i.1iii NV RSN
1.2.6.4 PC 2i.iii.a NV TBD RSN
1.2.6.4 PC 2i.1iii.b NV TBD RSN
1.2.6.4 PC 2i.iii.c NV TBD RSN
1.2.6.4 PC 2i.iii.d NV TBD RSN
1.2.6.4 PC 2i.iv NV RSN
1.2.6.4 PC 2i.iv.a NV RSN
1.2.6.4 PC 2i.iv.b NV RSN
1.2.6.4 PC 2i.iv.c NV RSN
1.2.6.4 PC 2i.iv.d NV RSM
1.2.6.4 PC 2i.v NV RSN
1.2.6.4 PC 2i.v (end) NV RSN
1.2.6.4 PC 2i.v.a NV TBD SNL SNL
1.2.6.4 PC 2i.v.b NV RSN
1.2.6.4 PC 2i.vi NV TBD RSN LANL/SNL
1.2.6.4 PC 2i.vii NV TBD RSN SNL/LANL
1.2.6.4 PC 2i.viii NV RSN
1.2.6.4 PC 23. NV RSN
1.2.6.4 PC 2j.1 NV RSN LANL
1.2.6.4 PC 25.ii NV RSN
1.2.6.4 PC 2j3.1ii Cl-18 NV T8D RSN
1.2.6.4 PC 2k. OK RSN SNL/LANL
1.2.6.4 PC 2k. (2] OK RSN SNL/LANL
1.2.6.4 PC 2k.1 NV RSN SNL/LANL
1.2.6.4 PC 2k.ii Cl-17 NV RSN
2.2.0.4 PC 2k.1iii NV RSN SNL/LANL
1.2.6.4 PC 2k.1ii.a NV RSN SNL/LANL
1.2.6.4 PC 2k.iii.b NV RSN SNL/LANL
1.2.6.4 PC 2k.1ii.c NV RSN SNL/LANL
1.2.6.4 PC 2k.iii NOTE NV RSN SNL/LANL
1.2.6.4 PC 2k.iv NV RSN
1.2.6.4 PC 2k.v NV RSN SNL/LANL
1.2.6.4 ICR 1. NV RSN
1.2.6.4 ICR (end) NV RSN
1.2.6.4 C A, OK PO LANL
1.2.¢.4 CA. (2] OK LANL SNL
1.2.6.4 CA.i NV TBD RSN LANL
i.2.6.4 C B. OK RSN
1.2.6.4 CB.1 NV RSN LANL
1.2.6.4 C B.ii NV TBD RSN LANL
1.2.6.4 C B.iii NV RSN LANL

(3) Category:
OK = Verified source of authority; NV = Not verified to source of authority;
(Blank) = Test not available for source check
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YMp/Co-0013, Rev. S/31/31 IMP,/CC-0012, Revw.

(1) (2) (3) (4) (5)
DAA Resp

ESFDR Section Recommendations  Category Org Sup Org
1.2.6.4.1 DEF NV RSN
1.2.6.4.1 BI NV RSN
1.2.6.4.1 FR 1 OK RSN
1.2.6.4.1 PC la OK RSN
1.2.6.4.1 PC 1 OK RSN
1.2.6.4.1 C A. OK TBD RSN
1.2.6.4.1 C B. OK RSN
1.2.6.4.2 DEF NV RSN
1.2.6.4.2 BI NV RSN
1.2.6.4.2 FR 1. QK RSN LANL
1.2.6.4.2 PC la. OK RSN
1.2.6.4.2 PC 1b. OK TBD RSN LANL
1.2.6.4.2 PC lc. OK RSN
1.2.6.4.2 PC 1id. OK RSN
1.2.6.4.2 C A. OK RSN
1.2.6.4.2 C B8, OK RSN LANL
l1.2.0.4.2 C C. OK RSN
1.2.6.4.3 DEF NV RSN
1.2.6.4.2 BI NV RSN
1.2.6.4.3 FR 1 OK RSN LANL
1.2.6.4.3 PC 1 OK RSN LANL
1.2.5.4.3 PC ib OK RSN
1.2.6.4.3 PC ic OK RSN
1.2.6.4.3 PC id CK RSN
1.2.6.4.3 PC le OK RSN
1.2.6.4.3 2C 1£ OK RSN
1.2.6.4.3 PC 1gq. OK RSN
1,2.6.4.3 »C 1h. OK RSN LANL
1.2.6.4.4 DEF NV RSN
1.2.6.4.4 BI NV RSN
1.2.6.4.4 TR 1. OK RSN
1.2.6.4.4 pC la. OK RSN
1.2.6.4.4 PC 1b. OK RSN
1.2.6.4.4 PC lc. 0K RSN
1.2.5.4.4 PC 1d OK RSN
1.2.6.4.4 PC le. OK RSN LANL
1.2.6.4.4 PC 1f. OK RSN LANL
1.2.6.4.4 PC 1f.1 OK RSN LANL
1.2.6.4.4 PC 1f.ii OK RSN LANL
1.2.6.4.4 PC 1f.iii OK RSN LANL
1.2.6.4.4 PC 1f.iv OK RSN LANL

(3) Category:

OK = Verified source of authority; NV = Not verified to source of authority:
(Blank) = Test not available for source check
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(3)
ESFDR Section Recommendations  Category
.2.6.4.4 PC 1f.v OK
.2.6.4.4 PC 1f.vi CK
.2.6.4.4 PC 1f.vii OK
2.6.4.4 PC if.viii OK
.2.6.4.4 C A, CK
.2.6.4.4 C B. 0K
.2.6.4.4CC OK
.2.6.4.5 DEF NV
.2.6.4.5 DEF (2] NV
.2.6.4.5 BI NV
.2.6.4.5 FR 1, CK
.2.6.4.5 PC 1a. OK
.2.6.4.5 PC 1b. OK
.2.6.4.5 PC lc. OK
.2.6.4.5 PC 1d. OK
.2.6.4.5 PC le. 0K
.2.6.4.5 PC 1f. OK
.2.6.4.5 PC 1g. OK
2.6.4.5 PC 1h. OK
2.6.4.5 PC 1li. OK
.2.6.4.5 PC 17. CK
.2.6.4.5 C A, OK
.2.6.4.5C 38 OK
.2.6.4.5C¢C OK
.2.6.4.5CD CK
2.6.4.5CE OK
2.6.4.5CF 0K
.2.8.4.5CG OK
.2.6.4.5CH OK
.2.6.4.5C I CK
.2.6.4.6 DEF NV
.2.6.4.6 BI NV
.2.6.4.6 FR 1, OK
.2.6.4.6 PC la. OK
.2.6.4.6 PC 1b. 0K
.2.%5.4.6 PC lc. CK
.2.6.4.6 C A. OK TBV
.2.9.4.6 C B. CK
.2.6.5 RAMP ACCESS
.2.6.5 DEF NV TBV
2.6.5 BI NV
(3) Category:

- -

M CZ-50LI, Rev.

(4)
Resp
Crg

RSN
RSN
RSN
RSN
RSN
RSN
RSN

RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN

RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN

RSN
RSN

LANL

LANL

LANL

SNL

OK = Verified source of authority; NV = Not verified to source of authority:;
(Blank) = Test not available for source check
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~ AAT

YMP CZ-5013, Rev. S,31/91 YMT, 20-001%, Rev., IOl Al

(1) (2) (3) (4) (5)
DAA Resp

ESFDR Section Recommendations  Category Org Sup Org

1.2.6.5 ARCS NV RSN

1.2.6.5 FR 1. OK RSN

1.2.6.5 FR 2. 0K RSN

1.2.6.5 2C la. 0K RSN LANL

1.2.6.5 PC la.i NV RSN LANL

1.2.6.5 PC la.ii NV TBD RSN LANL

1.2.6.5 PC la.iii C3-1 NV RSN LANL

1.2.6.5 PC 1b. OK RSN LANL

1.2.6.5 BC lc. CK RSN

1.2.6.5 BC lc.i C3-3 NV RSN LANL

1.2.6.5 PC lc.ii NV RSN LANL

1.2.6.5 PC 1lc.iii NV RSN LANL

1.2.6.5 2C lic.iv NV RSN

1.2.6.3 PC 1lc.v NV RSN

1.2.6.5 PC 1d. 0K RSN

1.2.6.5 PC 1d.i NV TBD RSN LANL

1.2.6.5 PC 1d.1ii NV RSN LANL

1.2.6.5 BC 1d4.iii C2=2 NV TBD RSN LANL

1.2.6.5 BC 1d.iv NV RSN LANL

1.2.6.5 PC 1d.v NV RSN LANL/SNL

1.2.6.5 PC 1d.vi NV LANL SNL

1.2.6.5 PC 1d.vii NV TBD LANL

1.2.6.5 PC 1d.viii NV RSN LANL

1.2.6.5 PC 1d.ix NV TBD RSN LANL

1.2.6.5 PC id.x NV RSN LANL

1.2.6.5 PC 1d.xi NV RSN LANL

1.2.¢6.5 PC 1d.xii NV TBD RSN SNL/LANL

1.2.6.5 PC le. OK RSN

1.2.6.5 PC Lf. OK RSN

1.2.6.5 PC 1£f.1 NV RSN

1.2.6.5 PC 1f.ii NV RSN

1.2.6.5 PC 1£.1ii NV RSN

1.2.6.5 PC 1f.1iv NV RSN

1.2.6.5 PC 1f.v NV RSN

1.2.6.5 PC 1g. OK RSN

1.2.6.5 PC ih. CK RSN

1.2.6.5 PC 1h.1i NV RSN

1.2.6.5 PC 1lh.ii NV RSN

1.2.6.5 PC 11i. OK RSN

1.2.6.5 PC 1i.1i NV RSN

1.2.6.5 PC 1li.ii NV RSN

1.2.6.5 PC 1i.iii NV RSN

1.2.6.5 PC li.iv NV TBD RSN

(3) Category:
OK = Verified source of authority; NV = Not verified to source of authority;
(Blank) = Test not available for source check
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PC 2a.iii
PC 2a.iv
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EC 2b.iii
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PC 2h.1ii
PC 2h.iii
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(@]

(48]

Q.

(3) Category:

(2)
DAA
Recommendations

(3)

Category

D s
YME/ZC-00L2, :

(4)
Resp
Org

Cl-6

Cl-6

NV

SEREZ23R3Z3

TBD

TBD
TBD
TBD

T8D
78D
TBD

TBD
TBD
TBD

TBD

TBD

TBD

TBD

TBD
TBD

TBD

RSN
RSN
RSN
RSN
SNL
SNL
RSN
RSN
RSN
RSN
RSN
RSN
RSN
SNL
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
SNL
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
RSN
TBD
RSN
RSN
RSN
RSN
LANL
RSN
RSN
RSN
RSN

OK = Verified source of authority; NV = Not verified to source of
(Blank) = Test not available for source check
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ESFDR Section
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(9]

(Vo)

(2)
DAA

Recommendat ions

PC 2i.iii
pC 2i.iii.
PC 2i.1iii.
PC 2i.iii.
pC 2i.1iii.
PC 2i.iv
PC 2i.1iv.
PC 21i.1iv.
PC 2i.iv.
PC 2i.1iv.

0 0 0w

Q0o o w

PC 21 [end)
BC 21.v.a
PC 2i.v.b
BC 2i.vi
PC 2i.vii
PC 2i.viii
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(3) Category:

Ci1-17

0 - N
P P R

(3) (4) (5)
Resp

Category Org Sup Org

NV RSN

NV TBD RSN

NV TBD RSN

NV TBD RSN

NV TBD RSN

NV RSN

NV RSN

NV RSN

NV RSN

NV RSN

NV RSN

NV RSN

NV TBV SNL SNL

NV RSN

NV TBD RSN LANL/SNL

NV TBD RSN LANL/SNL

NV RSN

OK RSN

NV RSN

NV RSN

NV TBD RSN

OK RSN

K RSN

NV RSN

NV RSN

NV RSN

NV RSN

NV RSN

NV RSN

NV RSN

NV RSN

NV RSN

NV RSN

OK RSN LANL

OK RSN

NV TBD RSN LANL

OK RSN LANL

NV RSN

NV TED RSN LANL

NV RSN LANL

NV RSN

NV RSN

OK = Verified source of authority; NV = Not verified to source of authority:;
(Blank) = Test not available for source check
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A.
C B.
C C.

(3) Category:

BC la.

pC lc.
PC 1d.
PC le.

PC la.
PC 1b.
PC lc.
PC lc.
PC ic.
Jdii
PC 1lc¢.
PC lc.
PC 1lc.
.vii
.viii

i
ii
iv
v

(3) (4) ()
Resp

Category Org Sup Org

CK RSN

OK RSN

OK TBD RSN

OK RSN

NV RSN

NV RSN

CK RSN

OK RSN

OK RSN

OK RSN

OK RSN

OK RSN

OK RSN

OK RSN LANL

NV RSN

NV RSN

NV RSN

0K RSN LANL

OK RSN LANL

OK RSN LANL

CK RSN

OK RSN

OK RSN

NV RSN

NV RSN

OK RSN

0K RSN

OK RSN

OK RSN LANL

OK RSN LANL

OK RSN LANL

OK RSN LANL

OK RSN LANL

OK RSN LANL

COK RSN LANL

OK RSN

OK RSN

OK RSN

OK RSN

OK RSN

OK = Verified source of authority; NV = Not verified to source of authority:;
(Blank) = Test not available for source check
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¢ME. 2C-0013, Rev. 3/21:31 IME,C2-0013, Fev. I.0
(2) (3) (4) (3)
DAA Resp
ESFDR Section Recommendations  Category Org Sup Org
6.5.5 This number not used
6.5.6 DEF NV RSN
6.5.6 BI NV RSN
.6.5.6 FR 1. OK RSN LANL
.6.5.6 PC la. OK RSN
6.5.6 PC lb. OK RSN
6.6 UNDERGROUND EXCAVATIONS
6.6 DEF NV TBV RSN
6.6 BI NV RSN
6.6 ARCS NV RSN
£.6 FR 1. CK RSN LANL
6.6 FR 2. OK RSN
6.6 PC la. CK RSN LANL
6.6 PC la.i NV RSN LANL
6.6 PC la.ii NV RSN LANL
6.6 PC la.iii NV RSN LANL
6.6 PC la.iv NV TBD RSN
6.6 PC lb. OK RSN LANL
6.6 PC 1lb.1 NV RSN
6.6 PC 1lb.ii NV RSN LANL
.6.6 PC lc. OK RSN
.6.6 PC lc.i NV RSN LANL
.6.6 PC lc.ii C3-3 NV RSN LANL
6.6 PC lc.iii NV RSN LANL
6.6 PC ic.iv NV RSN LANL
6.6 PC ic.v NV RSN LANL
6.6 PC ic.vi NV RSN LANL
.6 PC lc.vii NV TBD RSN LANL
6.6 PC lc.viii NV TBD RSN
6.6 PC lc.ix NV TBD RSN
6.6 PC lc.x NV RSN
6.6 PC 1d. OK RSN
6.6 PC 1d.i NV RSN LANL
€.6 PC 1d.ii NV TBD SNL LANL
5.6 PC 1ld.iii NV TBD SNL LANL
.6.6 PC 1ld.iv NV TBD RSN LANL
5.6 PC 1d.v NV RSN
6.6 PC 1d.vi C2-2 NV TBD SNL LANL
6.6 FC 1d.vii c2-1 NV RSN LANL
6.6 PC 1d.viii C2-2 NV RSN LANL
Category:

(3)

R el
PN N

OK = Verified source of authority; NV = Not verified to source of authority;
(Blank) = Test not available for source check
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™2, CC-0013, Rev. I,31/3: IMP/CC-0013, Rew. I Il Al

(1) (2) (3) (4) (5)
DAA Resp

ESFDR Section Recommendations  Category Org Sup Org N

1.2.6.6 PC 1d.ix NV LANL

1.2.6.6 PC 1d.x C2-3 NV TBD RSN LANL/SNL

1.2.6.6 PC 1d.xi NV RSN

1.2.6.6 PC ld.xii NV SNL LANL/REECQ

1.2.6.6 PC ld.xiii NV TBD SNL

1.2.6.6 PC 1ld.xiv C2=-5 NV RSN LANL

1.2.6.6 PC 1d.xv NV RSN LANL

1.2.6.6 PC ld.xvi NV RSN LANL

1.2.6.6 PC 1ld.xvii NV TBD SNL LANL

1.2.6.6 PC le. CK RSN

1.2.6.6 PC le.i NV TBD SNL

1.2.6.6 PC 1f. 0K RSN

1.2.6.6 PC 1f.1 NV RSN LANL

1.2.6.6 PC 1£.ii NV RSN

1.2.6.6 PC 1f.1iii NV RSN LANL

1.2.6.6 PC 1g. 0K RSN

1.2.6.6 PC 1h. NV RSN

1.2.6.6 PC 1lh.i NV RSN

1.2.6.6 PC lh.ii NV RSN

1.2.6.6 PC lh.iii NV RSN LANL

1.2.6.6 BC lh.iv NV RSN

1.2.6.6 PC 1i. OK RSN

1.2.6.6 PC 1i.i NV RSN LANL

1.2.6.0 PC 1i.ii NV RSN

1.2.6.6 PC 1i.1iii NV RSN

1.2.6.6 PC 2a. OK RSN LANL

1.2.6.6 PC 2a.i NV TBD SNL LANL

1.2.6.6 PC 2a.ii NV TBD RSN

1.2.6.6 PC 2a.ii.a NV RSN

1.2.6.6 PC 2a.ii.b NV RSN

1.2.6.6 PC 2a.ii.c Cl-6 NV RSN

1.2.¢.6 PC 2a.ii.d NV RSN

i.2.6.6 PC 2a.ii.e NV RSN

1.2.6.6 PC 2a.ii.f NV RSN

1.2.6.6 PC 2a.iii Cl-6 NV TBD RSN LANL

1.2.6.6 PC 2a.iv NV TBD RSN

1.2.6.6 PC 2b. 0K RSN LANL

1.2.6.6 PC 2b.1 Cl-14 NV RSN LANL

1.2.6.6 PC 2b.1i Cl-15 NV TBV SNL LANL

1.2.9.6 PC 2b.1iii NV RSN LANL

1.2.6.6 PC 2b.iii.a NV RSN LANL

1.2.6.6 PC 2b.iii.b NV RSN

1.2.6.6 PC 2b.iii.c Cl-13 NV RSN LANL

1.2.6.6 PC 2c. OK RSN LANL

1.2.6.6 PC 2¢.i NV RSN

(3) Category:

OK = Verified source of authority; NV = Not verified to source of authority;
(Blank) = Test not available for source check
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YMP/CZ-0013, Rev. 5/31/3: YMp/CC-0013, Fev. .21 21

(1) (2) (3) (4) (%)
DAA Resp

ESFDR Section Recommendations  Category Crg Sup Org

1.2.6.6 PC 2c.ii NV TBV RSN LANL

1.2.6.6 PC 2¢c.iii NV TBD RSN

1.2.6.6 PC 2c.iv NV TBD RSN

1.2.6.6 PC 2c.v NV TBD RSN

1.2.6.6 PC 2¢c.vi NV RSN LANL

1.2.6.6 PC 2c.vii NV TBD RSN

1.2.6.6 PC 2c.viii NV RSN LANL

1.2.6.6 PC 2c.ix NV TBV RSN

1.2.6.6 PC 2c.x NV TBD RSN

1.2.6.6 PC 2d. OK RSN LANL

1.2.6.6 PC 2e. OK RSN LANL

1.2.6.6 PC 2e.i NV SNL LANL

1.2.6.6 PC 2e.ii Cl-16,C2-5,-9 NV TBV SNL LANL

1.2.6.6 PC 2e.iii NV RSN

1.2.6.6 PC 2e.iv NV TBD SNL

1.2.6.6 PC 2e.v NV RSN

1.2.6.6 PC 2f. 0K RSN

1.2.6.6 PC 2f£.1 NV RSN

1.2.6.6 PC 2f.1i1 Cl-9 NV TBD SNL

1.2.6.6 PC 2f.1ii NV RSN

1.2.6.6 PC 2f.1iv NV RSN

1.2.6.6 PC 2g. OK RSN LANL

1.2.6.6 PC 2g.1 NV TBD SNL LANL

1.2.6.6 PC 2g.ii1 Cl-12 NV RSN

1.2.6.6 PC 2g.iii NV RSN LANL

1.2.6.6 PC 2h. oK RSN LANL

1.2.6.6 PC 2h.i NV RSN

1.2.6.6 PC 2h.ii NV RSN

1.2.6.6 PC 2h.1iii NV TBD RSN LANL

1.2.6.6 PC 2h.iv NV RSN LANL

1.2.6.6 PC 2h.v NV TBD SNL

1.2.6.6 PC 2h.vi NV TBD RSN LANL

1.2.6.6 PC 2h.vii Cl-2 NV TBD RSN

1.2.6.6 PC 2i. OK RSN LANL

1.2.6.6 PC 2i.1 NV RSN

1.2.6.6 PC 2i.ii NV RSN

1.2.6.6 PC 2i.iii NV RSN

1.2.€.6 PC 2i.iv NV RSN LANL

1.2.6.6 PC 2i.v NV RSN LANL

1,2.6.6 PC 23. OK RSN LANL

1.2.6.6 PC 25.i1 NV RSN LANL

1.2.6.6 PC 2j.ii NV RSN

1.2.6.6 PC 25.iii NV RSN

1.2.6.6 PC 23.iii.a NV TBD RSN

1.2.6.6 PC 2j.1iii.b NV TBD RSN

(3) Category:

OK = Verified source of authority; NV = Not verified to source of authority:

(Blank) = Test not available for source check
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YMP,C2-0013, Rev. $/321/3; YME/CC-00l3, Rev. I il

{1) (2) (3) (4) (5)
DAA Resp

ESFDR Section Recommendations  Category Org Sup Org

1.2.6.6 PC 2j.iii.c NV TBD RSN

1.2.6.6 PC 2j.iii.d NV TBD RSN

1.2.6.9 PC 2j.1iv NV RSN

1.2.6.6 PC 23.1v[2] NV RSN

1.2.6.6 PC 2j.v NV RSN

1.2.6.6 PC 2j.v.a NV RSN

1.2.6.6 PC 2j.v.b NV RSN

1.2.6.6 PC 2j.v.c NV RSN

1.2.6.6 PC 2j.v.d NV RSN

1.2.6.6 PC 2j.vi NV RSM

1.2.6.6 PC 23.vi{2) NV RSN

1.2.6.6 PC 2j.vi.a NV TBV SNL SNL/LANL

1.2.6.6 PC 2j.vi.b NV RSN

1.2.6.6 PC 2j.vii NV RSN

1.2.6.6 PC 2j.viii NV RSN

1.2.6.6 PC 27.ix NV TBD RSN LANL

1.2.6.6 PC 2j.x Cc2-1 NV TBD RSN LANL

1.2.6.6 PC 2k. OK RSN

1.2.6.6 PC 2k.i Cil-19 NV RSN

1.2.6.6 PC 2k.ii NV RSN

1.2.6.6 PC 2k.iii NV TBD RSN LANL

1.2.6.6 PC 2k.iv NV RSN

1.2.6.6 PC 2k.v NV RSN LANL

1.2.6.6 PC 21. 0K RSN

1.2.6.6 PC 21. [2] OK RSN

1.2.6.6 PC 21.1 NV RSN

1.2.6.6 PC 21.ii NV RSN

1.2.6.6 PC 21.1ii NV TBD RSN

1.2.6.6 PC 2l.iv NV RSN

1.2.6.6 PC 21.v NV RSN

1.2.6.6 PC 21l.vi NV RSN

1.2.6.6 PC 2i.vi.a NV RSN

1.2.6.6 PC 21l.vi.b NV TBD RSN

1.2.6.6 PC 21l.vi.c NV TBD RSN

1.2.6.6 PC 21.vi.d NV TBD RSN

1.2.6.6 ICR NV RSN

1.2.6.6 ICR (end) NV RSN

1.2.6.6 C A. OK RSN LANL

1.2.6.6 CA. [2) OK RSN

1.2.0.6 CA.L NV TBD SNL LANL

1.2.6.6 C A.ii NV RSN

1.2.6.6 C B. OK RSN LANL

1.2.6.6 CB.1 NV RSN LANL

1.2.6.6 C B.ii NV TBD RSN LANL

(3) Category:

OK = Verified source of authority; NV

(Blank) = Test not available for source check
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= Not verified to source of authority:



YME, 22-0013, Rev. S/31/91 YME/Co=0013, Rev., 3ol Al

(1) (2) (3) (4) (%)
DAA Resp

ESFDR Section Recommendations Category Org Sup Org

1.2.6.6 C B.iii NV RSN LANL

1.2.6.6 A1 NV RSN

1.2.6.6.1 DEF NV RSN

1.2.6.6.1 BI NV RSN

1.2.6.6.1 FR 1. OK RSN LANL

1.2.6.6.1 PC 1la. OK RSN LANL

1.2.6.6.1 PC 1b. OK RSN

1.2.6.6.1 PC lc. OK RSN LANL

1.2.6.6.1 C A. 0K RSN LANL

i.2.6.6.1 C B. OK RSN

1.2.6.6.2 DEF NV RSN

1.2.6.6.2 BI NV RSN

1.2.6.6.2 FR 1. OK RSN LANL

1.2.6.6.2 PC 1. CK RSN LANL

1.2.6.6.2 C A. OK RSN LANL

1.2.6.6.2 C B. OK RSN LANL

2.6.7 UNDERGROUND SUPPORT SYSTEMS

1.2.6.7 DEF NV RSN

1.2.6.7 BI NV RSN

1.2.6.7 ARCS G 1. NV RSN

1.2.6.7 ARCS G 2. NV RSN

1.2.6.7 ARCS E 1. NV RSN

1.2.6.7 ARCS E 2. NV RSN

1.2.6.7 ARCS E 3. NV RSN

1.2.6.7 ARCS L 1. NV RSN

1.2.6.7 ARCS UP 1. NV RSN

1.2.6.7 ARCS UP 2. NV RSN

1.2.6.7 ARCS UP 3. NV RSN

1.2.6.7 ARCS WS 1. NV RSN

1.2.6.7 ARCS WS 2. NV RSN

1.2.6.7 ARCS WS 3. NV RSN

1.2.6.7 ARCS UWCS 1. NV RSN

1.2.6.7 ARCS UWCS 2. NV RSN

1.2.6.7 ARCS VSDC 1. NV RSN

1.2.€.7 ARCS VSDC 2. NV RSN

1.2.6.7 ARCS VSDC (end) NV RSN

1.2.6.7 FR 1. OK RSN LANL

1.2.6.7 FR 2. 0K RSN

1.2.6.7 FR 3. 0K RSN

1.2.6.7 PC la. OK RSN

(3) Category:
OK = Verified source of authority; NV = Not verified to source of authority;
(Biank) = Test not available for source check
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(1) (2) (3) (4) (5)
DAA Resp

ESFDR Section Recommendations  Category: Qrg Sup Org

1.2.6.7 PC 1b. OK RSN LANL

1.2.6.7 PC lc. OK RSN

1.2.6.7 PC 1ld. OK RSN LANL

1.2.6.7 PC le. OK RSN LANL

1.2.6.7 BC 1f. OK RSN

1.2.6.7 BPC 2a. OK RSN LANL

1.2.6.7 PC 2b. OK RSN

1.2.6.7 PC 3a. OK RSN LANL

1.2.6.7 PC 3b. OK RSN

1.2.6.7 ICR 1. NV RSN

1.2.6.7 ICR (end) NV RSN

1.2.6.7 C A, OK RSN

1.2.6.7 C B. OK RSN

1.2.€.7 C B.i NV RSN

l.2.6.7CC. OK RSN LANL

1.2.6.7CC.i NV RSN LANL

1.2.6.7 CD. OK RSN

1.2.6.7 CD.1 NV RSN

2.2.6.7 C D.ii NV RSN

1.2.6.7T CE. OK RSN LANL

1.2.6.7 CE.1L NV TBD RSN LANL

1.2.6.7 C E.i} NV RSN LANL

1.2.6.7 C E.iii C3-3 NV TBD RSN LANL

1.2.6.7 CF. OK RSN

1.2.6.7 CF.1 NV RSN

1.2.6.7 C F.i1 NV RSN

1.2.6.7 C F.iii NV RSN LANL

1.2.6.7 C G. OK RSN

1.2.6.7 C G.1 NV RSN LANL

1.2.6.7 C H. 0K RSN LANL

1.2.6.7C 1. OK RSN

1.2.6.7 C J. OK RSN

1.2.6.7 C K. OK RSN

1.2.6.7.1 DEF NV RSN

1.2.6.7.1 BI NV RSN

1.2.6.7.. FR 1 OK RSN

2.2.6.7.1 PC la OK RSN

2.2.£.7.1 PC 1b. OK RSN

1.2.6.7.1 pPC 1lc. OK RSN

2.2.8.7.1 PC 1d. OK RSN LANL

1.2.6.7.1 C A. OK RSN

1.2.6.7.. C B. 0K RSN

1.2.6.7.1 CC. OK RSN

(3) Category:

OK = Verified source of authority; NV = Not verified to source of authority;

(Blank) = Test not availarle for source check
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(1) (2) (3) (4) (5)
DaA Resp

ESFDR Section Recommendations  Category Org Sup Org

1.2.6.7.1 CD OK RSN

1.2.6.7.1 CE OK RSN

1.2.6.7.1 CF OK RSN

1.2.6.7.2 This number not used

1.2.6.7.3 DEF NV RSN

1.2.6.7.3 BI NV RSN

1.2.6.7.3 FR 1. OK RSN LANL

1.2.6.7.3 PC la. CK RSN LANL

1.2.6.7.3 PC 1b. 0K RSN LANL

1.2.6.7.3 PC lc. OK RSN

1.2.6.7.3 PC 1d. CK RSN LANL

1.2.6.7.3 C A. CK RSN LANL

1.2.6.7.3 C B. OK RSN

1.2.6.7.3CC OK RSN

1.2.6.7.4 DEF NV RSN

1.2.6.7.4 BI NV RSN

1.2.6.7.4 FR 1. CK RSN

1.2.6.7.4 PC la. 0K RSN

1.2.6.7.4 PC 1b. OK RSN

1.2.6.7.4 PC lc. QK RSN

1.2.6.7.4 PC 1d. OK RSN LANL

1.2.6.7.4 PC le. OK RSN

1.2.6.7.4 PC 1f. OK RSN

1.2.6.7.4 PC 1lq. oK RSN

1.2.6.7.4 C A. OK RSN

1.2.6.7.4 C B. OK RSN

1.2.6.7.4 C C. OK RSN

1.2.6.7.4 C D. OK RSN

1.2.6.7.4 C E. OK RSN

1.2.6.7.4 CF. OK RSN

1.2.6.7.4 C G. CK RSN

1.2.6.7.4 C H. OK RSN

1.2.6.7.4 C I. OK RSN

1.2.6.7.4 A 1. NV RSN

1.2.6.7.5 DEF NV RSN

1.2.6.7.5 BI "NV RSN

1.2.6.7.5 FR 1. OK RSN

1.2.6.7.5 PC 1. oK RSN LANL

1.2.6.7.5 C A. OK LANL

1.2.6.7.5 A 1. NV RSN

(3) Category:
OK = Verified source of authority; NV = Not verified to source of authority;
(Blank) = Test not available for source check
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(1) (2) (3) (4) (9)

DAA Resp
ESFDR Section Recommendations  Category Org Sup Org N’
1.2.6.7.6 DEF NV RSN
1.2.6.7.6 BI NV RSN
1.2.6.7.6 FR 1. OK RSN
1.2.6.7.6 PC 1la. OK RSN
1.2.6.7.6 PC 1b. OK RSN LANL
1.2.6.7.6 PC 1b.1i NV RSN
1.2.6.7.6 PC 1b.ii NV RSN
1.2.6.7.6 PC 1b.iii NV RSN
1.2.6.7.6 PC 1lb.iv NV RSN LANL
1.2.6.7.6 PC lb.v NV RSN
1.2.6.7.6 PC lc. OK RSN LANL
1.2.6.7.6 PC lc.i NV RSN
1.2.6.7.6 PC 1d. OK RSN
1.2.6.7.6 PC ie. CK RSN
1.2.6.7.6 PC 1f. OK RSN
1.2.6.7.6 C A. OK RSN
1.2.6.7.7 DEF NV RSN
1.2.6.7.7 BI NV RSN
1.2.6.7.7 FR 1. OK RSN LANL
1.2.6.7.7 PC 1. OK RSN LANL
1.2.6.7.8 DEF NV RSN —
1.2.6.7.8 BI NV RSN
1.2.6.7.8 FR 1. OK RSN
1.2.6.7.8 PC 1la. OK RSN
1.2.6.7.8 PC 1lb. OK RSN
1.2.6.7.8 PC lc. OK REECO
1.2.6.7.8 C A. OK RSN LANL
1.2.6.7.8 C B, CK RSN
1.2.6.7.8 C C. OK RSN LANL
1.2.6.7.9 DEF NV RSN
1.2.6.7.9 BI NV RSN
1.2.6.7.9 FR 1. 0K RSN
1.2.6.7.9 PC la. 0K RSN LANL
1.2.6.7.9 PC 1b. OK RSN
1.2.6.7.9 PC lc. OK RSN
1.2.6.7.9C A OK RSN
1.2.6.7.9 C B OK RSN
1.2.6.7.9CC 0K RSN
1.2.6.7.9CD OK RSN
1.2.6.7.9 CE OK RSN
(3) Category:
OK = Verified source of authority: NV = Not verified to source of authority;
(Blank) = Test not available for source check

w
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(1) (2) (3) (4) (5)
DAA Resp

ESFDR Section Recommendations Category Org Sup Org

1.2.6.7.10 DEF NV REECO

1.2.6.7.10 BI NV REECO

1.2.6.7.10 FR 1. 0K REECO

1.2.6.7.10 PC 1la. 0K REECO

1.2.6.7.10 PC 1b. CK REECO

1.2.6.7.10 PC 1lc. OK REECO

1.2.6.7.11 DEF v NV RSN

1.2.6.7.11 BI NV RSN

1.2.6.7.11 FR 1. OK RSN

1.2.6.7.11 PC la. OK RSN LANL

1.2.6.7.11 PC 1b. OK RSN LANL

1.2.6.7.11 PC 1ic. OK RSN LANL

1.2.6.7.11 PC 1d. OK RSN

1.2.6.7.11 PC le. QK RSN LANL

1.2.6.7.11 PC le.i NV RSN LANL

1.2.6.7.11 PC 1f. OK RSN

1.2.6.7.11 C A. 0K RSN LANL

1.2.6.7.11 C B. 0K RSN

1.2.6.8 UNDERGROUND TEST SUPPORT

1.2.6.8 DEF NV RSN

1.2.6.8 BI NV RSN

1.2.6.8 ARCS NV RSN

1.2.6.8 FR 1. OK RSN LANL

1.2.6.8 PC la. OK RSN LANL

1.2.6.8 PC 1b. OK RSN LANL

1.2.6.8 PC lc. OK LANL LANL

1.2.6.8 PC 1d. OK RSN LANL

1.2.6.8 PC le. OK RSN LANL

1.2.6.8 PC 1f. OK RSN

1.2.6.8 ICR 1. NV RSN LANL

1.2.6.8 C A. OK LANL SNL

1.2.6.8 C B. OK LANL LANL

1.2.6.8 C B.i NV TBD RSN

1.2.6.8 CC. 0K RSN LANL

1.2.6.8 CC.1i NV TBD LANL LANL

1.2.6.8 CD. OK RSN LANL

1.2.6.8 CD.i Cl-11 NV RSN LANL

1.2.6.8 C D.ii NV TBD RSN LANL

1.2.6.8 C D.iii Cl-14 NV TBD LANL SNL

1.2.6.8 CE. 0K RSN LANL

1.2.6.8 CE.1i Cl-6,C2-2 NV LANL

(3) Category:
OK = Verified source of authority; NV = Not verified to source of authority;
(Blank) = Test not available for source check
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(1) (2) (3) (4) (5)
DAA Resp
ESFDR Section : Recommendations  Category Org Sup Org
1.2.6.8 C E.ii C1-5 NV TBD SNL LANL
1.2.6.8 C E.iii NV TBD SNL LANL
1.2.6.8 CE.1iv NV RSN LANL
1.2.6.8 C E.v NV RSN LANL
1.2.6.8 CE.vi NV RSN LANL
1.2.6.8 C E.vii NV RSN LANL
1.2.6.8 C E.viii Cl-5, Cc2-8 NV TBD RSN LANL
1.2.6.8 C E.ix NV RSN LANL/SNL
1.2.6.8 8 1. NV LANL RSN
1.2.6.8.1 DEF NV RSN LANL
1.2.6.8.1 BI : NV RSN LANL
1.2.6.8.1 FR 1. OK RSN LANL
1.2.6.8.1 PC 1. NV RSN LANL
1.2.6.8.1 ICR 1. NV RSN LANL
1.2.6.8.1 ICR 1. (end) NV RSN LANL
1.2.6.8.1 ICR 2. NV LANL LANL
1.2.6.8.1 ICR 2.1 NV LANL LANL
1.2.6.8.1 ICR 2.ii NV LANL LANL
1.2.6.8.2 DEF NV RSN LANL
1.2.6.8.2 DEF. {2} NV RSN LANL
1.2.6.8.2 DEF (3] NV RSN LANL
1.2.6.8.2 DEF (4) NV RSN LANL
1.2.6.8.2 BI NV RSN LANL
1.2.6.8.2 FR 1. OK RSN LANL
1.2.6.8.2 PC . CK RSN LANL
1.2.5.8.2 C A. OK RSN
1.2.6.9 ESF DECOMMISSIONING AND CLOSURE
1.2.6.9 DEF NV RSN
1.2.6.9 BI NV RSN
1.2.6.9 ARCS NV RSN
1.2.6.9 FR 1. NV RSN LANL
1.2.6.9 PC 1la. OK RSN
1.2.6.9 PC 1b. CK RSN LANL
1.2.6.9 PC lec. NV RSN
1.2.6.9 2 1. NV RSN LANL
1,2.6.9 A 2. NV RSN LANL

(3) Category:
OK = Verified source of authority; NV = Not verified to source of authority:;
(Blank) = Test not available for source check
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(1) (2) (3) (4) (5)
DAA Resp

ESFDR Section Recommendations  Category Org Sup Org

1.2.6.9.1 DEF NV RSN

1.2.6.9.1 BI NV RSN

1.2.6.9.1 FR 1. OK RSN

1.2.6.9.1 PC la. QK RSN

1.2.6.9.1 PC 1b. OK RSN

1.2.6.9.1 CA NV RSN

1.2.6.9.1 CA.1 NV RSN

1.2.6.9.1 C A.ii NV RSN

1.2.6.9.1 C A.iii NV RSN

1.2.6.9.1C B OK TBD RSN

1.2.6.9.2 DEF NV RSN

1.2.6.9.2 BI NV RSN

1.2.6.9.2 FR 1. OK RSN LANL

1.2.6.9.2 PC 1. QK RSN LANL

1.2.6.9.2 C A. NV RSN LANL

1.2.6.9.2 CA.L NV RSN

1.2.6.9.2 CA.id NV RSN

1.2.6.9.2 C A.1iii NV RSN

1.2.6.9.2 C A.iv NV RSN

(2) Category: .
OK = Verified source of authority; NV = Not verified to source of authority;
(Blank) = Test not available for source check
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APPENDIX I: PERFORMANCE ASSESSMENT ANALYSES

I.1 Introduction

This appendix presents the relationship between the NRC regulations governing
the design, construction, and operation of the Exploratory Shaft Facility
(ESF) and the ESF design requirements (ESF DR) for which analysis support is
necessary. Summaries of the analyses defined to address a subset of these
requirements and their application to the ESF DR are also included.

The relationships among ESF DR requirements, the NRC 10 CFR 60 requirements,
and support analyses are discussed in Section I.l. Summaries of support
analyses defined to date and recommendations derived from the results of the
analyses are presented in Section I.2. The ESF DR sections requiring support
analyses and the ccrresponding 10 CFR 60 requirements are included in Section
I.3.

Table I.1 contains a list of the analyses defined to date. These analyses
were defined to quantify criteria in Chapters 0 through 5 of the ESF SDRD
benchmark 5 and were grouped by disciplines: hydraulics, rock mechanics,
thermal, chemical, and safety. Since their definition, the SDRD has evolved
into the ESF DR of which these analyses are applicable but not exhaustive.
Analyses 1--9 have been completed while analyses 10 and 1l are integral parts
of the design and construction process and are ongoing. These anaiyses are
based on available data and on the present conceptual understanding of the
processes and mechanisms perceived active at Yucca Mountain and may be refined
as better understanding evolves throuya site characterization and through
additional analyses, which will address uncertainties and the sensitivity of
rhe results to alternate conceptual models. Recommendations based on the
results of these analyses are intended to provide guidance for applying
engineering judgment during the design, construction, and operation of the
ESF. Additional analyses will be defined as appropriate, through interactions
among analysts, architectural engineers, and investigators responsible for
site characterization activities.

Table I.2 presents the ESF DR sections requiring analyses support: their
relationship with the 10 CFR 60 regulations for the design, construction, and
operation of the ESF; and the current status of support analyses. Table I.2
is the reference baseline for analysis support for the ESF DR. Support
analyses are identified by analysis number (from Table I.1) in the final
column of Table I.2. This and other descriptive notes are included at the end
of Table I-2.

I.2 Analyses Summary

The analyses summarized in this appendix are based on widely used conceptual
and mathematical models that incorporate our present understanding of
processes and mechanisms ongoing at Yucca Mountain. It should be emphasized
that the results of these analyses may not agree with results of similar
analyses based on alternate conceptual models. As our knowledge of the site
increases these uncertainties may be reduced or removed by future analyses.
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TABLE I.1 Analyses Supporting ESF Design

Analysis
Number Title
1 Surface Construction Water Movement
2 Shaft Construction Water Movement
3 Sewage and Settling Pond Water Movement
4 Water Entry into Shafts Through Rock Mass
Surrounding Shaft Collar & Liner
5 Shaft and Main Pad Blasting Effects
6 Shaft and Collar Creep
7 Shaft and Collar Thermal Stress
8 Far Field Thermal Effects
a Systems and Components Important to Safety
10 Hydrologic and Geochemical Effects of Tracers
2l Hydrologic and Geochemical Effects of Chemicals
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Table 1.2 Analysis Support for the ESF

10 CFR ESF DR Status

Requirement Requirement ESF DR Description Subsystem | ESF DR| SA
60.15(b)
60.15(c)(1) 1281CA. Limit potential for adverse impacts on repasitory performance Main site TBD ¢
60.15(c)(1) 1.26.4PC2ai  Limit potential for adverse impacts on repository performance Shaft ™D
60.15(c)(1) 1.2.6.8 PC 2a.i Limit potential for adverse impacts on repository performance Ramp 11 I
60.15(c)(1) 1,288 PC 2ali Limit potertial for adverse impacts on repository performance MTL TRD *
60.15(c)(1)  1.267CBI Limit potential for adverse impacts on reposttory performance uy .
60.15(c)(1)  1284PC2all Al materials or substances shall be reviewed before used Shatt ™O 1
60.15(c)(1)  1.285PC2ali - All materials or substances shall be reviewed before used Ramp 8D 11
60.15(c)(1) _1266PC2ad - Al materals or substances shall be reviewed befora used UE TBOD 11
60.15(c)(1)  128A4PC2alv . Materials comrol program Shaft TBD 11
60.15(c)(1)  1.285PC 2aiv . Materials control program Ramp ™y 11
60.15(c)(1)  1.26.6PC2aW = Materials control program UE O 11
60.15(c)(1) 1284 PC 1dix  Evaluate chemical content of blasting agents & explosives Shaft 8D  *
60.15(c)(1)  1.26.5PC 1dix - Evaluaie chemical conent of blasting agents & explosives Ramp TBD  *
60.15(c)(1) 1.2.6.6 PC 1dxiil  Evaluate chemical corten of biasting agents & explosives UE TBD .
60.15(c)(1) 1.2.6.4 PC 2g Limit water use in underground construction to 16 galton of rock execav.  Shaft *
60. 15(c)(1) 1.2.6.6 PC 2g.ii Limit water uss in underground construction to 15 galton of rock execav.  Ramp *
60.15(c)(1)  1.288PC2hN umn water use in nndefg:omd construction ta 15 galton of rock execav.  UE .
60.15(c)(2) :
60.15(c)(3)  1.2.6.8C Dii Boreholee shall not penetrate TSW2 base without evaluation uT O *
60 15(c)(4) 1.28.0C Gl Control all substances & tracers 10,11
60. 15(c)(4) mdmoubons&sowmsomnpiywnh pedommakodareqmm T™BO 1
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Table 1.2 Analysis Support for the ESF (cont.)

- 10 CFR ESF DR 7 Status
Requirement |  Requirement ESF DR Description ] Subsystem | ESF DR] SA

60.21(c)(1)(i) (D)
60.21(c)(11)
60111 o
60.112
60.113(a)(1)(i) B
60.130
60.131(b)(2) B
60.131(b)(4) () , o ' L
60.133(a)(1) 1264 PC 1dxil - Accesses shall be located so as to nat interfere with each other Shatft 2
60. 133(a)(1) 1.28.5PC 1dodi: - Acossses shall be located 80 as to not interfere with each other Ramp 2
60.133(a)(1)  1.268PC 204  Spacing between drfts >= two drift Giameters UE BV
60.133(a)(2) 1264 PC 208 - Design collar to pravent significant water inflow during floods Shaft * 4
60.133(a)(2) 1.265PC 204 Dumpmmopmmsimﬁcmwmar inflow during floods Ramp TBD f
60.133(b) a SR
60.133(d) 1281 CFi Wae; maa consistent wkh performance objectives Surface 1
60.133(d) 1.284 PC idvi  Flids & materials shall be evaluated before used Shaft 1
60.133(d) 1265 PC 1dvi  Fluids & materials shall be evaluated befare used Ramp 11
60.133(d)  1.286PC1dix  Fiukis & materials shall be evaluated before used UF -1
60.133(d) 1.264PC2gH  Water use in const foper, to limR increase in avg. satwrationto Shaft ™m0 2
60.133(d)  1.268PC2gi  Water use in const/oper. to imit increase in avg. saturation to - Ramp ™D 2f
60.133(d) 1286 PC2hv  Water use in const/oper. to limit increase in avg. satwrationto UF 8D 2
60.133(d)  1.28BCEH = Wateruse in testing. to imit increase in avg. saturationto uT - TBD  2f
60.133(d)  1.287.6PC1e  Proper disposal of fluids recoverad during construction Shatt 3,11
60.133(d) 1.268CEyv Proper disposal of fluids recovered during construction 1) 3,11
60.133(d)  1.26.7.8 PC 1bi__ Groundwater collection system, etc. ta include water inflow from rock Shaft 4t
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Table 1.2 Analysis Support for the ESF (cont.)

10 CFR

i ESF DR ) Status

Requirement Requirement ESF DR Description Subsystem | ESF DR| SA
60.133(d) 12.6.4 PC 1d.iil  Water use in const./oper. shall not cause interference of tests Shatft » 2
60.133(d) 1285 PC 1dii  Water use in const/oper. shall not cause interference of tests Ramp 2
60.133(d)  1.268PC 1dvi  Water use in const/oper. shall not cause interference of tests UF ™D f
60.133(d) 1268CE.i Limit water use o limit effects on waste containment & isolation Ut me ¢
60.133(d) 1284 PC1d.vil . Tag fiuids, gases, and other materials Shaft ™|b 10
60.133(d)  1.26.5PC 1dW = Tag fluids, gases, and ather materials Ramp TBD 10
60.133(d)  1.2.6.6PC 1dx - Tag fids, gases, and other materials UE TBD 10
60.133(e)(2) 1264 PG 2hi . Locate accesses to limit potential mech. & hydrological imterference Shaft TBD 2t
60.133(e)(2)  1.2.6.6 PC 2hii - Looate accesses 10 imit poterntial mech. & hydrological interference Ramp ™BD 2t
60.133() 1284 CCJ - Shall not significantly increase pathwaya/reduce performance Main site TBD 5
60.133() 1281 CCH - Control blasting to imkt damage (0 prevent creating perf. pathways Main site 45
60.133(f) 12.6.4 PC 2iva - Blast induced change in penmeability < .5 opening dimension < 1 Q.M. Shaft TBD 5
60133(1) 1.2.6.5 PC 2i.va - Blast induced change in permeability < .S opening dimension < 1 OM. Ramp ot
60.133() 1266 PC Zvia  Blast induced change in permeability < .5 opening dimension < 1 O.M. UE ™Y 5
60.133() 1264 PC2lia  Areas w/o thermal load, daimetrical closure rate gecreasing after const. Shatt f
60.133(f)  1.265PC 2ija ~ Areas w/o thenmal load, daimetrical closure rate decreasing after const. Ramp »
60.133()  1266PC2jlia Areas w/othermal load, closure rate decreasing after const. Drifts TBD f
60.133(f) 1284 PC2iiiib  Areas with thermal load, closure rate <= 3 times thermoelastic Shatt t
60.133()  1.265PC2iib  Areas with thenmal load, closure rate <= 3 times thermoelastic Ramp .
60.133() 1266 PC2jiib  Areas with thermal load, closure rate <= 3 times themmoelastic Drifts TBD
60.133(f) 1264 PC2ivi - Use controfied biasting to imit excavation induced damage Shaft TBD 5
60.133(f) T1285PC vl Use tunnel boring machine to fimit excavation induced damage Ramp O 5
60.133(f) 1.2:6.6 PC 2j.xil UE" 1

60.133(h)

Controked driling and blasting methods shall provide for site char.

M
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Table 1.2 Analysis Support for the ESF (conc.)

1 CFR | ESFDR o ) Status
Requirement Requirement ESFDRDescripion ~  ~ | Subsystem |ESF DR] SA
60.133() = 1.264PC2i Consider thermomechanical response of host rock & ground water Shaft 6t
60.133(j) - 1265PC2i  Consider thermomechanical response of host rock & ground water Ramp _6f
60.133() =~ 1.266PC2ki  Consider thermomechanical response of host rock & ground water UE 6t
60.133() ~  1.264PC2jili  The liner shall withstand pressures exerted along its length... Shatt T™BO 7
60.133() = 1.265PC2ii  The liner shall withstand pressures exerted along its length... Ramp ™D
60.133() = 1.268PC 2kl  The liner shall withstand pressures exerted along its length... UE TBD
60.133() _  1266PC2kv  Thermal effects shall not increase temp. in TSw3 or CHn above 115 C ut 8
60.134 B .
60137 o
60.140(c) L
60.140(d)(1) .
. 12se23CB Location of sewage ponds to be determined by PA ss b 3
. 12825CA Dispose of liquid wastes in an environmentally safe way MWS 8D 11
o __ 12626CB. ‘Location of wastewater ponds 10 be determined by PA MWS * 3
Column Definition Column Definition
Subsystem Status ESF DR

MTL Main test level TBD To be determined

MWS Mine wastewater system 8v To be verified

SSs Sewage system . Removal of TBD or TBV

TA Test areas Status SA

UE Underground excavation Number Analysis number from Table I.1

UF Underground facilities (indicates that results from that analysis apply)

uss Underground support system * Results from the 11 analysis apply;

ut Underground testing more analysis may be required

uu Underground utilities t Future analyses are required
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Recommendations based on these analyses are provided only as guidance and .
w4ill be evaluated and revised through continual interactions among the
architectural engineers, analysts, and investigators responsible for site
characterization. Thus, refinement of the results is an ongoing and
iterative process, which must complement site characterization.

I.2.1 Analysis 1. Surface Construction Water Movement Above the Repository

Purgose

To provide numerical criteria for limiting the amount of water that can be
placed on the surface above the repository and for determining the lateral
extent of water as it flows within the mountain due to the application of
water at the surface.

The calculations were performed in accordance with SNL internal documents
Problem Definition Memos PDM 72-28 (one-dimensional) and PDM 72-29 (two-
dimensional).

A series of one-dimensional calculations were made using TOSPAC to estimate
changes in saturation at depth and to provide input to the two-dimensional
caiculations. The two-dimensional calculations were performed using NORIA-SP
to substantiate the one-dimensional results and to determine the lateral
movement of the water within the mountain due to application of water at the
surface.

The physics associated with water transport at the surface are complicated
and include unpredictable unknowns such as the weather and surface topology.
Thus, the amount of water that will enter the mountain can only be inferred
cr~m measurements of rainfall, surface evaporation, run-off, the amount of
water appiied on the surface and through a surface water balance. Because
only the water that enters the mountain can effect repository performance and
underground tests, these calculations were posed in termms of the amount of
water penetrating the surface rather than the amount of water applied to the
surface. This minimizes complications and uncertainties associated with
surface water balances and scenarios for water application in the
calculations.

The result of this analysis shows that 16 cubic meters of water per square
meter of surface area can enter the mountain without increasing the
saturation at the repository horizon within 10,000 years. Additionally, the
‘areral extent of the water is confined to within four times the assumed pad
surface area. Using the Title I design area for the ESF pad and roads this
corresponds to 6.256 million cubic meters of water.

These values apply to ESF DR requirement 1.2.6.1 C F.i.

Recommendation: The results of Analysis 1 indicate that a goal for the amount
of water used by operations on the shafts/ramps surface sites which limits
the total water budget to 2 gallons/yard?/day over a five-year period will
not impact the performance of the repository in 10,000 years (1.2.6.1 C F.1).
Following discussions with constructors, a similar value consistent with
standard practices may be considered as a more practical limit.
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The problem definition memos (which include citations for the data used,
lists of assumptions, and results) from which these conclusions and
recommendations were drawn can be found in SNL's YMP record center under file
codes 72/12147/PDM 72-28/1.0/QA and 72/12147/PDM 72-29/1.0/QA.

1.2.2 Analysis 2. Analyses of Shaft Construction Water Movement
Purpose

To estimate the potential for water used in the construction of shafts and
ramps to interfere with experiments conducted in the surrounding host rock.

The calculations were performed in accordance with the SNL internal document
Problem Definition Memo PDM 72-30.

One-dimensional calculations using NORIA-SP were performed to determine
construction water movement from shafts and drifts. The results and
conclusions for drifts may also be applied to ramps. These calculations are
extensions of the analyses performed by Eaton and Peterson [1988)] but at
higher construction water requirements and higher retention factors (i.e.,
for more water entering the surrounding host rock). The calculations were
performed as summarized below:

Shafts
Geometry
One-dimensional axisymmetric
Shaft radius: 2.21m
Modified Permeability Zone (MPZ): one diameter
Parameters
Yucca Mountain Stratigraphic Units: Tiva Canyon, Paintbrush,
Topopah Springs, Calico Hills
Construction water used: 2.856 cubic meters per meter of shaft
Retention factor
Without ventilation: 15 percent
With ventilation: 10, 15, 20 percent
Drifts
Geometry
One-dimensional cartesian
Wall dimensions: height 1lm, length 25 m
Modified Permeability 2one (MPZ): 2.76 m
Parameters
Yucca Mountain Stratigraphic Units: Topopah Springs, Calico Hills
Construction water used: 2.918 cubic meters per meter of drift
Retention factor ’
Without ventilation: 15 percent
With ventilation: 10, 15, 20 percent

The results of these calculations show that ventilation removes the retained
construction water and dries out the surrounding rock.
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The penetration of water into the rock at constant values of saturation
change is illustrated as a function of time. These curves provide bounds-for
evaluating the interference of construction water with experiments conducted
in the surrounding host rock and remove the TBD's associated with ESF DR
requirements 1.2.6.4 PC 1d.xii, 1.2.6.5 PC l.d.xii, 1.2.6.4 PC 1d.iii, and
1.2.6.5 PC 1d.iii. These curves also provide the hydrological information to
remove TBD's in requirements 1.2.6.4 PC 2h.ii and 1.2.6.5 PC 2h.ii.

Recommendation: The results of Analysis 2 indicate that a goal for the amount
of water used in the constructicn of the Title I shaft design shall be
limited to 230 gallons/foot of advance (1.2.6.4 PC 1d.iii and 1.2.6.5 PC
1d.iii). Following discussions with constructors, a similar value consistent
with standard practices may be considered as a more practical limit.

rRecommendation: The results of Analysis 2 indicate that a goal for the
distance between accesses (shafts and ramps) that limits potential
hydrological interference between the accesses is 15 m (1.2.6.4 PC 1d.xii,
1.2.6.5 PC 1d.xii, 1.2.6.4 PC 1d.iii and 1.2.6.5 PC 1d.iii). Following
discussions with constructors, a similar value consistent with standard
practices may be considered as a more practical limit.

The problem definition memo (which includes citations for the data used,
lists of assumptions, and results) from which these conclusions and
recommendations were drawn can be found in SNL’s YMP record center under file
code 72/12147/PDM 72-30/1.0/QA.

I.2.3 Analysis 3. Analyses of Sewage and Settling Pond Water Movement
Purpose

To estimate the potential for water leakage from settling ponds in the muck
storage area and discharged from the sewage pond system to interfere with
experiments conducted in the ESF.

The calcu.ations were performed in accordance with Problem Definition Memo
PDM 72-31.

Calculations were'performed to evaluate both sewage ponds and settling ponds
using the conditions summarized below.

Sewage ponds

The potential effects of the sewage pond locations were investigated by
performing calculations at two locations; one near the edge of the repository
block and the other approximately two miles east of the repository boundary.
These calculations predicted water movement from the sewage ponds at the two
locations. These locations were selected to correspond to the Title I design
for the locations for muck settling ponds and sewage ponds.

The Title I design was used for sewage pond size and the pond was assumed to
be unlined and to contain a constant 1.83 meters of sewage for five years.
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Settling ponds

Water movement from settling ponds and the effects of leaks in pond liners
were predicted by calculations for leakages which correspond to 100, 10, and
1 percent of the Title I design settling pond surface area. Leaks were
assumed to be discrete with negligible impedance to flow and the depth of the
pond was assumed to be a constant 3.05 m.

These calculations show that water leakage from settling pond in the muck
storage area and in the location of the sewage ponds have no effect on the
saturation at the repository horizon and will not interfere with experiments
conducted in the ESF. These results remove the TBD’s associated with ESF DR
requirements 1.2.6.2.3 C B. and 1.2.6.2.5 C B. and apply to requirements
1.2.6.7.6 PC le and 1.2.6.8 C E.v. for fluids with transport properties
similar to water.

Reccmmendation: The results of Analysis 3 indicate that the proposed location
of the sewage pond beyond the perimeter of the repository subsurface facility
referenced in Title I will not interfere with site characterization
activities (1.2.6.2.3 C B.).

Recommendation: The results of Analysis 3 indicate that the proposed location
of the wastewater system referenced in Title I will not interfere with site
characterization activities (1.2.6.2.5 C B.).

Reccmmendation: The results of Analysis 3 indicate that fluids with transport
properties similar to water recovered during construction and testing can be
disposed of in settling ponds to avoid potential impacts on performance
(1.2.6.7.6 PC le, and 1.2.6.8 C E.v).

The problem defirition memo (which includes citations for the data used,
iists of assumptions, and results) from which these conclusions and
recommendations were drawn can be found in SNL’s YMP record center under file
code “2/12147/PDM 72-31/1.0/QA.

I.2.4 Analysis 4. Water Entry Into Shafts Through Rock Mass Surrounding
Shaft Collar and Liner

Purpose

To determine the amount of water entering the shaft through the near-surface
fracture network.

These calculations were performed in accordance with the SNL internal
document Problem Definition Memo PDM 76-08.

Three scenarios considered in this study are as described below (Fernandez
et al., 1989):
(1) The rainfall rate scenario in which the flow of water into the
fractures is controlled by the rate of rainfall. Rain falling in
excess of the fracture network’s ability to absorb water is
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assumed to drain off of the ES pad. This implies that no
restoration of the ES occurs and that the engineered drainage
features around the ES pad will functicn to maintain drainage.

(2) The sheet flow scenario in which sheet flow is assumed to occur over the
pad. This scenario assumes that no restoration of the ES pad occurs and
that the amount of water entering the fracture network is limited only
be the network’s ability to absorb water.

(3) The channel flow scenario in which channel flow is assumed to occur to
Coyote Wash. This channel is 82 m away from the Exploratory Shaft at
its closest point. This calculation showed that the ES is outside of
the zone of influence of floodwaters in Coyote Wash and did not
contribute to water inflow to the ES.

These analyses were performed under the assumption that no remedial measures
were performed in the vicinity of the shaft to limit water inflow into the
rock matrix. In fact the retarding effect of an alluvial cover was
conservatively neglected.

The primary conclusion of this analysis is that the water entry into the
exploratory shaft by way of the rock mass behind the shaft collar is less
than the storage and drainage capacity of the shaft sump under the host rock
conditions. Performance implications associated with this water flow are not
expected. For this reason no design constraints are imposed on the shaft
collar tc limit the permeability of rock behind the collar. This conclusion
removes the TBD associated with ESF DR requirement 1.2.6.4 PC 2e.ii and
applies to requirements 1.2.6.7.6 PC lb.i and 1.2.6.1 C C.ii.

It is necessary to emphasize that should significant water entry occur behind
the snaft collar as a result of shaft excavation, remedial measures may be
applied. These remedial measures include grouting the fractures near the
collar and restoring the pad area at closure using the strategies to control
infiltraticn given in Section 8.3.2 of Fernandez et al. (1989).

Recommendation: The results of Analysis 4 indicate that significant water
inflow from a flooding event during site characterization and repository
cperation will not adversely impact testing in the underground portion of the
repository if standard engineering practices are employed during construction
for the shaft collar (1.2.6.4 PC 2e.ii).

The problem definition memo (which includes citations for the data used,
lists of assumptions, and results) from which these conclusions and
recommendations were drawn can be found in SNL’s YMP record center under file
code 70/12471/PDM 76-8/1.0/QA. :
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I1.2.5 Analysis 5. Shaft and Main Pad Blasting Effects
Purpose

To provide quantitative estimates of the extent of fracturing which may
result from blasting used to excavate the shaft and bring the pad area to
grade. The blast design will be assessed to determine the length of
fractures predicted to extend from blast holes.

This evaluation was performed in accordance with the SNL internal document
Design Investigation Memo DIM 257.

As assessment of the extent of fracturing in preparation of the pad, collar,
and shaft for the Exploratory Shaft Facility has been completed. The
investigation provides background and guidance for determining if controlled
blasting can be used to limit excavation-induced damage to the rock. For
this analysis a preliminary conceptual design for the pad was used because no
reference design for the pad existed. For the collar and shaft the extent of
fracturing was based on a report entitled "NNWSI Exploratory Shaft Facility -
ESF Controlled Blasting Report (Study No. 4 of 11) Revision 1" by Fenix &
Scisson, Inc. (1987).

For the pad, the assessment indicates that if the Tiva Canyon unit is locally
high in lithophysal content, then su-face preparations (which must include a
cut and f£ill operation) could be cor:ieted by ripping. If the Tiva Canyon
unit is low in lithophysal content, a bench blast design is conceived to
mirimize damage. This information applies zo ESF DR requirements

1.2.6.2C C.i and 1.2.6.1 C C.ii.

For the shaft, a review of the blast design prepared by Fenix and Scisson
indicates that damage caused by blasting could extend 3 to 4 feet (0.9 to
1.2 m) beyond the excavation wall. The comments on this design provide a
means to understand and possibly decrease the expected blast-induced damage.
This information applies to ESF DR requirements 1.2.6.4 PC 2i.va and
1.2.6.6 PC 23.via.

The empirical methods used in this analysis specifically were not developed
for tuff and may not be directly applicable. Computer analysis methods
employing a more quantitative approach will be conducted as the required data
(e.g., dynamic rock properties) become available.

Recommendation: The results of Analysis 5 indicate that a goal for the
extensicn of blast-induced fracturing into intact rock should be limited to
less than 1 m using controlled blasting (1.2.6.4 PC 2i.va and

1.2.6.6 PC 2j.via). Following discussions with constructors, a similar value
consistent with standard practices may be considered as a more practical
limit.

Recommendation: The results of Analysis 5 indicate that excavation methods
incerporating ripping in high lithophysae material and a bench blast design
for low lithophysae material should be considered to limit damage to the
underlying rock mass (1.2.6.1 C C.i and 1.2.6.1.C Cii). Following
discussions with constructors, other excavation methods consistent with
standard practices may be considered.
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The design information memo (which includes citations for the data used,
lists of assumptions, and results) from which these conclusions and
recommendations were drawn can be found in SNL’s YMP record center under file
code 60/12147/DIM 257/1.0/0QA.

1.2.6 Analysis 6. Shaft and Collar Creep
Purocse

The purpose of this analysis is to estimate the potential for rock creep and
its effect on the shaft and collar.

This analysis was performed in accordance with the SNL internal document
Design Investigation Memo DIM 256.

This investigation provides background and guidance to assess if total
closure of the rock around the shaft is expected to be less than 76 mm (3
inches) in 100 years and if the diametrical closure will average less than 1
mm per year.

The thermal and mechanical environment in the vicinity of the shafts
(unlined) for the 100-year operational period is reviewed in light of
potential time- dependent deformation mechanisms. Magnitudes of creep
strains will be on the same order as the magnitudes of the instantaneous
elastic and plastic strains resulting from excavation of the shaft (~10-3).
Data from existing tunnels in rocks having mineralogies, structures (joints,
fractures, and deformation), and overburden similar to those at the Yucca
Mountain site suggest that creep deformation is not likely to lead to
deformations that produce instability. Calculations of the creep strain in
granitic rocks at temperatures and stresses more severe than those expected
at the ESF result in creep strain magnitudes that are on the same order as
the elastic and plastic strain magnitudes expected in tuff. The most
significant unknown in this study is the potential magnitude of creep along
fractures. It is concluded that creep strains on favorably oriented
fractures may exceed the estimated matrix strains. The strain magnitudes
postulated based on the review of available information can be accommodated
in an appropriate liner design for the ESF.

Data available for predicting the creep strains at the ESF are sparse. The
potential creep phenomena should be further studied through an integrated
laboratory and field experimentation program and monitoring program coupled
with analyses.

This analysis applies to the thermomechanical response of the rocks in ESF DR
requirements 1.2.6.4 PC 2j.i, 1.2.6.5 PC 2j.1i, and 1.2.6.6 2k.1i.

Recommendation: The results of Analysis 6 indicate that the thermomechanical
response of the host rock matrix and surrounding strata to time-dependent
deformation mechanisms will be comparable to the instantaneous elastic and
plastic strains (~ 10-3) resulting from excavation of the shaft

(1.2.6.4 PC 2.1, 1.2.6.5 PC 2j.i and 1.2.6.6 2k.i). Following discussions
with constructors, a similar value consister~ with standard practices may be
considered as a more practical limit.
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The design information memo (which includes the citations for the data used,

lists of assumptions, and results) from which these conclusions and '
recommendations were drawn may be found in SNL’s YMP record center under file ‘<
code 60/12147/DIM 256/1.0/Q4.

I1.2.7 Analysis 7. Shaft and Collar Thermal Stress
Purpose

The purpose of this analysis is to provide quantitative estimates of the
thermal stresses expected on the shaft liner and collar, through the shaft
breakout zones, the main test level, and along the main access drifts in the
potential repository.

The analysis was performed in accordance with the SNL internal document
Problem Definition Memo PDM 75-13 Rev C.

The computer code STRES3D was used to predict the temperature, stress and
strain resulting from the emplacement of heat generating high-level waste.
This model simplifies the geometry of the potential repository as a semi-
infinite elastic half space. The panels containing waste are modeled as four
exponentially decaying source terms for the first 1,000 years after waste
emplacement and six source terms for times of 1,000 to 10,000 years. Waste
is assumed to be emplaced within 25 years. A total of 130 plate elements
were used to model the waste panels.

The thermally-induced axial stress (vertical) change at the location of ES1
and ES2 indicate a stress decrease at all times. The thermally-induced
horizontal normal stresses are compressive at elevations below 3450 ft
elevation (in and below the TSw2) at both shaft locations with negative
stress changes generated near the surface.

At the ES1 location, changes in the north-south and east-west horizontal
stresses peak at approximately the same value at 2000 years. The maximum
north-south horizontal stress change is approximately 1.8 MPa and the maximum
east-west horizontal stress change is approximately 1.7 MPa. The maximum
vertical stress change at the ES1 location occurs 300 years after the start
of waste emplacement and is approximately 2.2 MPa (negative) .

At the location of ES2, the maximum temperature is slightly less than that
for ES1. The maximum vertical stress change is 1.6 MPa {negative) and occurs
at 300 years. The maximum north-south horizontal stress change occurs at
2000 years at a value of approximately 1.7 MPa (compressive). The maximum
east- west horizontal stress change of approximately 2.1 MPa {compressive)
occurs at 500 years.

The temperature changes at the upper and lower breakout rooms are
significantly lower than at the MTL. The temperatures and stress changes at
the MTL are strongly dependent on the location relative to the closest

waste emplacement panels.
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Stress and temperature changes along the centerline of the mains and the
exploratory drifts are presented. The temperature at the centerline of the
main drifts will reach approximately 572 C (a change of 322 .C). For the
exploratory drifts, which later function as panel access drifts, temperature
changes of approximately 702 C are predicted and the horizontal compressive
szress at the drift location is predicted to increase by 11 MPa.

The numerical values presented are based on thermal and thermomechanical
properties which are cited in PDM 75-13 Rev. C., and are sensitive to the
repository layout, waste emplacement loading density, and the in situ site
conditions.

The analysis applies to ESF DR requirement 1.2.6.4 PC 2j.iii.

Recommendation: The results of Analysis 7 indicate that the thermal and
thermomechanical response of the host rock at the location of ES1 and ES2
indicates a decrease in vertical stress of less than 2 MPa due to waste
emplacement at 100 years (1.2.6.4 PC 2j.iii).

Recommendation: The results of Analysis 7 indicate that horizontal stresses
‘ncrease at the ES locations on the order of 0.3 MPa (maximum north-south
horizontal stress change for first 100 years) and on the order of 1.3 MPa
(maximum east-west horizontal stress change due to thermal loading of the
repository). The maximum vertical stress is expected to decrease on the
crder of 1.7 MPa for the same time frame (1.2.6.4 PC 2j.iii).

The problem z2finition memo (which includes citations for the data used,
lists of assumptions, and results) from which these conclusions and
recommendations were drawn can be found in SNL’s YMP record center under file
code 70/124232/PDM 75-13 Rev. C/1.0/QA.

I1.2.8 Analysis 8. Far Field Themmal Effects
purcose

To provide three-dimensional far-field predictions for the temperatures
surrounding a potential repository.

The analysis was performed in accordance with the SNL internal document
Problem Definition Memo PDM 75-13.

The thermal calculations were conducted as part of the thermal-mechanical
calzulations using STRES3D and are discussed in analysis 7. The results of
this analysis applies to ESF DR requirements 1.2.6.4 PC 2j.i and

1.2.6.6 PC 2k.v.

Recommendation: The results of Analysis 8 indicate that the thermal and
thermomechanical response of the host rock at the location of ES1 and ES2
indicates a net decrease in the vertical stress of approximately 1.7 MPa at
100 years after waste emplacement (1.2.6.4 PC 2j.iii).
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Recommendation: The results of Analysis 8 indicate that the maximum )
temperature from waste emplacement at the TSw3-CHn boundary will be less than
452C (1.2.6.6 PC 2k.v),

The problem definition memo (which includes citations for the data used,
lists of assumptions, and results) from which these conclusions and
recommendaticns were drawn can be found in SNL's YMP record center under file
codes

70/124232/PDM 75-13 Rev. C/1.0/QA.

I.2.9 Analysis 9. Systems and Components Important to Safety
Purpose

To perform a technical review of the documentation identifying Items
Important to Safety, Items Important to Waste Isolation and the Quality
Activities List.

The documents describing the Q-List, the Quality Activities List and the
Project Requirements List have been reviewed and published by the Quality
Review Board as YMP/90-55, YMP/90-56, and YMP/90-57 respectively. The
results of this analysis apply to 10 CFR 60.151, which is excluded from the
ESF DR. (See the introduction of the ESF DR for the explanation.)

Recommendation: Items and activities to be included as Items Important to
Safety, Items Important to Waste Isolation and the Quality Activities List
are identified in the results of Analysis 9.

I.2.10 Analysis 10. Analyses of the Hydrologic and Geochemical Effects of
Tracers

P.roose

To identify, characterize and control tracer tagging compounds and to
evaluate their potential effects on experiments and waste isolation.

Analysis 10 and 11 have been combined into a Memo of Understanding (MQOU
330011) among YMP participants which creates a control committee for tracers
and materials including water which will be used at Yucca Mountain. This
document formalizes the relationships required to perform the work described
in Analyses 10 and 1l1.

Recommendation: Analysis 10 is ongoing as part of memorandum of understanding
330011. The region of influence related to hydrological and geochemical
effects of tracers is assumed to be similiar to the area influenced by water
(1.2.6.0 C C.iii). After the tracers have been identified and their
transport properties characterized, analyses may show that the transport of
certain tracers may significantly differ from the transport of water.

The analysis applies to ESF DR requirements 1.2.6.0 C C.iii,
1.2.6.4 PC 1d.vii, 1.2.6.5 PC 1d.vii and 1.2.6.6 PC 1d.x.
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I.2.11 Analysis 11. Analyses of the Hydrologic and Geochemical Effects of
Chemicals ' :

Purpose

To identify, characterize, and control materials and chemicals and to
evaluate their potential effects on experiments and waste isolation.

Analysis 10 and 11 have been combined into a Memo of Understanding (MOU
330011) among YMP participants which creates a control committee for tracers
and materials including water which will be used at Yucca mountain. This
document formalizes the relationships required to perform the work described
in Analyses 10 and 11.

This analysis applies to ESF DR requirements 1.2.6.4 PC 2a.ii, 1.2.6.5

PC 2a.ii, 1.2.6.6 PC 2a.ii, 1.2.6.4 PC 2a.iv, 1.2.6.5 PC 2a.iv, 1.2.6.6 PC
2a.iii, 1.2.6.0 C C.iii, 1.2.6.0 C C.iv, 1.2.6.4 PC 1d.vi, 1.2.6.5 PC 1d.vi,
1.2.6.6 PC 1d.ix, 1.2.6.7.6 PC le, 1.2.6.8 CE.v, 1.2.6.2.5 C A..

Recommendation: Analysis 11 is ongoing as part of memorandum of understanding
330011. The region of influence related to hydrological and geochemical
effects of hydrocarbons and solvents is assumed to be similiar to the area
influenced by water (1.2.6.0 C C.iv). After the materials and chemicals have
been identified and their transport properties characterized, analyses may
show that the transport of certain materials and chemicals may significantly
differ from the transport of water.

References
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Radicactive Waste Management Conference, April 1990.

2. Fernandez, J. A., T. E. Hinkebein and J. B. Case, 1989, Selected
Analyses to Evaluate the Effect of the Exploratory Shafts on Repository
Performance at Yucca Mountain. SAND 85-0598, Sandia National
Laboratories.

I.3 NRC Requirements and BSF DR Sections Requiring Analysis Support

Pl

10 CFR 60.15(b)

Unless the Commission detemmines with respect to the site described in the
application that it is not necessary, site characterization shall include a
program of in situ exploration and testing at the depths that waste would be
emplaced.
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ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

None

10 CFR 60.15(c) (1)

Investigations to obtain the required information shall be conducted in such
a manner as to limit adverse effects on the long-tem performance of the
geologic repository to the extent practical.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

In accordance with 10 CFR 60.15(c) (1), the location,
design, construction, and operation of the *

shall incorporate aspects specifically directed at
limiting the potential for adverse effects on the long
term performance of the repository.

1.2.6.1 C A. * main site and auxilliary sites
1.2.6.4 PC 2a.1 * shaft
1.2.6.5 PC 2a.i * ra

1.2.6.6 PC 2a.i * main test level
1.2.6.7 C 81 * underground utilities

All materials or substances to be used underground
shall first be reviewed for potential effects on
engineered barriers and waste isolation. They may be
used only following review and approval, and only in

10 CFR 60.15(c) (1)
thcse areas where use has been approved, and subject to whatever controls are
established. Such materials or substances include, but are limited to, the

following:

a. Concrete and other cementitious materials, such as
shotcrete and grout.

b. Ground support materials, including chemical/resin
anchorages.

€. Water (pH and organic content) and any additives
to water for identification (tracers) or
construction,  operation, or testing.

d. Hydrocarbons and solvents.

e. Organic materials.

f. Explosives and blasting ancillaries, including the
introduction of pressurized drilling water into
the rock, and the chemical residues that are the
products of blasting.
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1.2.6.4 PC
1.2.6.5 PC
1.2.6.6 PC
1.2.6.4 °C
1.2.6.5 PC
1.2.6.6 PC
1.2.6.4 PC
1.2.6.5 PC
1.2.6.6 PC

2a.

2a

2a.

2a.
2a.i

Zev.

ii
i
ii

iv
iv

2a. il

1d.
1d.

1d

ix
ix
.xiii

<
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-~ refers to shafts

-- refers tc ramps
-- refers to underground excavations

A materials control program shall be implemented to
enable establishment of limits on the inventory of
materials left after decommissioning.

-~ refers to shafts

-- refers to ramps

-- refers to underground excavations

The chemical content of the blasting agents and
explosives shall be evaluated during their selection
process and the chemical content of the blasts
sampled, recorded, and the data used as necessary to
preclude adverse effects on in situ site
characterization,

-- refers to shafts

-- refers to ramps

-- refers to underground excavations

10 CFR 60.15(c) (1)

The amount of water used in construction and
operations shall be limited to that required for dust
control and proper equipment operation so as to limit
the effects on the containment and isolation
capability of the site. The maximum quantity of
water (based on use during construction) shall not
exceed 15 gallons per ton of rock excavated.

-- refers to ramps

-- refers to shafts

-- refers to underground excavations

10 CFR 60.15(c) (2) _
The number of exploratory boreholes and shafts shall be limited to the extent
practical consistent with obtaining the information needed for site

characterization.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

None

10 CFR 60.15(c) (3)
To the extent practical, exploratory boreholes and shafts in the geologic
repository operations area shall be located where shafts are planned for
underground facility construction and operation or where large unexcavated
pillars are planned.
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ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

1.2.6.8 C D.1ii Boreholes drilled from the main test level shall not
penetrate significantly below the base of the TWw?2
host rock, unless the impacts of doing so, on the
waste isolation performance of the site, have been
evaluated and found to be acceptable.

10 CFR 60.15(c) (4)

Subsurface exploratory drilling, excavation, and in situ testing before and
during construction shall be planned and coordinated with geologic repository
operations area design and construction.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

1.2.6.0 C C.iii - All substances and tracers intended to be added to
water to be piped underground for such purposes as
drilling and dust control shall first be reviewed for
potential to affect site characterization testing,
repository testing or monitoring, and waste isolation.
They may be added only following review and approval.

10 CFR 60.15(c) (4)

1.2.6.0 C C.iv Use of hydrocarbons and solvents underground shall
comply with criteria to be determined by performance
assessment.

-~ AN Sar = PR %
5~

10 CFR 60.16

Before proceeding to sink shafts at any area which has been approved by the
President for site characterization, DOE shall submit to the Director, for
review and comment, a site characterization plan for such area. DOE shall
defer the sinking of such shafts until such time as there has been an
opportunity for Commission comments thereon to have been solicited and
considered by DOE.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

None

10 CFR 60.21(c) (1) (ii) (D)

The assessment shall contain the effectiveness of engineered and natural
barriers, including barriers that may not be themselves a part of the
geologic repository operations area, against the release of radioactive
material to the environment. The analysis shall also include a comparative
evaluation of alternatives to the major design features that are important

to waste isolation, with particular attention to the altermatives that would

provide longer radionuclide containment and isolation.
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ESF DR SECTION(S) REQUIRING ANALYSIS SUPPCRT:

None

10 CFR 60.21{(c) (11)

The safety analysis report shall include a description of design
considerations that are intended to facilitate permanent closure and
decontamination or dismantlement of surface facilities.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

None

10 CFR 60.111

(a) Protection against radiation exposures and releases of radioactive
material. The geologic repository operations area shall be designed so that
until permanent closure has been completed, radiation exposures and radiation
levels, and releases of radioactive materials to unrestricted areas, will at
all times be maintained within the limits specified in Part 20 of this
chapter and such generally applicable environmental standards for
radioactivity as may have been established by the Environmental Protection

Agency.

(b) (1) The geologic repository operations area shall be designed to preserve
the option of waste retrieval throughout the period during which wastes are
being emplaced and, thereafter, until the completion of a performance
confirmation program and Commission review of the information obtained from
such a program. To satisfy this objective, the geologic repository
operations area 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 waste emplacement operations are initiated, unless a different
time period is approved or specified by the Commission. This different time
period may be established on a case-by-case basis consistent with the
emplacement schedule and the planned performance confimmation program.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

None

10 CFR 60.112

The geologic setting shall be selected and the engineered barrier system and
the shafts, boreholes and their seals shall be designed to assure that
releases of radioactive materials to the accessible environment following
permanent closure conform to such generally applicable environmental
standards for radioactivity as may have been established by the
Environmental Protection Agency with respect to both anticipated processes
and events and unanticipated processes and events.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:
None
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10 CFR 60.113(a) (1) (i)

The engineered barrier system shall be designed so that assuming anticipated
processes and events: (A) Containment of HLW will be substantially complete
during the period when radiation and thermal conditions in the engineered
barrier system are dominated by fission product decay: and (B) any release
of radionuclides from the engineered barrier system shall be a gradual
process which results in small fractional releases to the geologic setting
over long times. For disposal in the saturated zone, both the partial and
complete filling with groundwater of available void spaces in the
underground facility shall be appropriately considered and analyzed among
the anticipated processes and events in designing the engineered barrier
system.

(ii) In satisfying the preceding requirement, the engineered barrier system
shall be designed, assuming anticipated process and events, so that: (A)
Containment of HLW within the waste packages will be substantially complete
for a period to be determined by the Commission taking into account the
factors specified in ?(b) provided, that such period shall be not less than
300 years nor more than 1,000 years after permanent closure of the geologic
repository: and

(B) The release rate of any radionuclide from the engineered barrier system
following the containment period shall not exceed one part in 100,000 per
year of the inventory of that radionuclide calculated to be present at 1,000
years following permanent closure, or such other fraction of the inventory
as may be approved or specified by the Commission; provided, that this
requirement does not apply to any radionuclide which is released at a rate
less than 0.1% of the calculated total release rate limit. The calculated
total release rate limit shall be taken to be one part in 100,000 per year
of the inventory of radioactive waste, originally emplaced in the
underground facility, that remains after 1,000 years of radioactive decay.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

None

10 CFR 60.130

Sections 60.131 through 60.134 specify minimum criteria for the design of the
geologic repository operations area. These design criteria are not intended
to be exhaustive, however. Omissions in ?? 60.131 through 60.134 do not
relieve DOE from any obligation to provide such safety features in a specific
facility needed to achieve the performance objectives. All design bases must
be consistent with the results of site characterization activities.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

None
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10 CFR 60.131(b) (2)

The structures, Systems, and components important to safety shall be designed
to withstand dynamic effects such as missile impacts, that could result from

equipment failure, and similar events and conditions that could lead to loss

of their safety functions.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

None

10 CFR 60.131(b) (4) (i)

The structures, systems, and components important to safety shall be designed
to maintain control of radioactive waste and radioactive effluents, and
permit prompt termination of operations and evacuation of personnel during
an emergency.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

None

10 CFR 60.133(a) (1)

The orientation, geometry, layout, and depth of the underground facility, and
the design of any engineered barriers that are part of the underground
facility shall contribute to the containment and isolation of radionuclides.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:
Location of a shaft relative to any other access shall

be such that testing in either access will not be
adversely affected by activities in the other.

1.2.6.4 PC 1d.xii -- refers to shafts
1.2.6.5 PC 1d.xii -- refers to ramps
1.2.6.6 PC 2e.ii The spacing between adjacent ESF drifts shall be a

minimum of two drift diameters (using the maximum
diameter of either opening and considering the closest
proximity of any part of each opening) consistent with
obtaining reliable and adequate information from site
characterization, except where required otherwise by
specific test requirements.

10 CFR 60.133(a) (2)

The underground facility shall be designed so that the effects of credible
disruptive events during the period of operations, such as flooding, fires
and explosions, will not spread through the facility.
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ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

The * shall be designed to prevent significant
water infiow from a flooding event during site
characterization and the planned period of repository
operation, such that testing in the underground
portion of the ESF and waste emplacement are not
adversely affected.
*x

1.2.6.4 PC 2e.ii shaft collar
1.2.6.5 PC 2e.iil * ramp portal
10 CFR 60.133(b)

The underground facility shall be designed with sufficient flexibility to
allow adjustments where necessary to accommodate specific site conditions
identified through in situ monitoring, testing, or excavation.

ESF bR SECTION(S) REQUIRING ANALYSIS SUPPORT:

None

10 CFR 60

-133(d)

The design of the underground facility shall provide for control of water or
gas intrusion.

1.2.6.1¢C

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

F.i

The amount of water used in site preparation and
operations should be limited to that required for
sanitation, dust control, compaction of engineered
fill material, and proper equipment operation so as to
limit the effects on the containmen: and isolation
capability of the site.

Fluids and materials planned for use in the *
shall be evaluated with respect to intended use and
possible effects on site characterization or other
testing, and appropriate controls implemented.

* shaft
* ra
* ESF underground facility

10 CFR 60.133(d)

Water use in * shall be generally consistent with
repository design goals to limit the increase in
average percent saturation of the repository horizon
to [TBD] percent, and limit the increase in the local
percent saturation to [TBD] percent in waste
emplacement areas.
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shaft construction

ramp construction
the underground facility

testing

Fluids recovered during * operations shall
be disposed of in such a way to avoid potential for
performance impacts.

* * » =

* construction =-- refers to shafts
* testing

Water handling and control underground shall be
designed for all credible inflows, including inflow
from penetration of fault structures or from perched
water horizons, use of fire protection sprinklers, and
from water line breakage.

The amount of water used in the construction *
shall be limited to preclude interference with tests.

* and operation of the shaft
* of the ramp
* . of the underground facility

The amount of water used in testing and operations
shall be limited so as to limit the effects on the
containment and isolation capability of the site.

Fluids, gases, and other materials used in ESF
construction and operations, and/or injected into the
rock mass, shall be appropriately tagged. Selection
of tracers shall consider, but not be limited to: (1)
the possible future need to account for the mobility
and disposition of all such materials as part of site
characterization, and (2) the effects of tracers on
site characterization.

-- refers to shafts

-- refers to ramps

-- refers to underground excavation

10 CFR 60.133(e) (2)

Openings in the underground facility shall be designed to reduce the
potential for deleterious rock movement or fracturing of overlying or
surrounding rock.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

An adequate distance between accesses shall be
provided to limit potential mechanical and
hydrological interference between the accesses and to
reduce the potential for deleterious rock movement so
they do not impact the capability to reliably and
adequately characterize the site.
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C 2h.@@ -- refers to shafts
C 2h.11 -- refers -0 ramps

10 CFR 60.133(f)

The design of the underground facility shall incorporate excavation methods
that will limit the potential for creating a preferential pathway for
groundwater to contact the waste packages or radionuclide migration to the
accessible environment.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

1.2.6.1 CC.1i The design and construction of the site (civil
improvements) for the permanent and non-permanent ESF
structures, systems, and components shall not
significantly increase the preferential pathways for
groundwater or radioactive waste migration to the
accessible environment or otherwise significantly
reduce the ability of the site to meet the performance
objective as stated in the approved SCP.

1.2.6.1 C C.ii Foundations for equipment, buildings, and structures
shall be constructed using excavation methods such as
controlled blasting to limit damage to the underlying
rock mass, to the extent that it could affect the
adequacy or reliability of information fr-m site
characterization. Methods shall be desigred by the
responsible organization to facilitate investigation
and monitoring of such effects during and after
construction.

Blast-induced changes to the average in situ
permeability of the rock beyond a dimension (into the
rock) equal to one half of the maximum opening
dimension shall be less than one order of magnitude.

1.2.6.4 PC 2i.va -- refers to shafts
1.2.6.5 PC 2i.va -- refers to ramps
1.2.6.6 BC 2j.via -- refers to underground excavations
10 CFR 60.133(f)
In areas not affected by thermal load, * rate
decreasing at all times after construction.
1.2.6.4 PC 2i.iiia * diametrical closure-- refers to shafts
1.2.6.5 PC 2i.iiia * diametrical closure-- refers to ramps
1.2.6.6 PC 2j.iia * closure-- refers to underground excavations

In areas affected by thermal load, closure rate no
greater than three times that predicted by
thermoelastic models.
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1.2.6.4 PC 2i.i§§b -- refers to shafts

1.2.6.5 PC 2i.il}b -~ refers to ramps

1.2.6.6 PC 2j.1iiib -- refers to underground excavations

1.2.6.4 PC 2i.vii Where required or preferred, the shaft and shaft

stations shall be constructed using controlled
blasting methods, to limit overbreak and damage to
the surrounding rock mass, which could affect the
adequacy or reliability of information from site
characterization. The methods shall be designed to
provide for the requirements of specific site
characterization tests, such as limitations on the
extent of excavation-induced damage, or the type of
ground support that may be installed. The methods
shall be designed to facilitate investigation and
monitoring of excavation effects during and after
construction.

1.2.6.5 PC 2i.vii The typical cross section of the ESF ramp shall be
constructed using a tunnel boring machine, to limit
the damage to the surrounding rock mass, which could
affect the adequacy or reliability of information from
site characterization. Ramp stations and other
secondary excavation may be developed by controlled
drilling and blasting methods. The excavation methods
shall be designed to provide for the requirements of
specific site characterization tests, such as
limitations on the extent of excavation-induced
damage, or the type of ground support that may be
installed. The methods shall be designed to
facilitate investigation and monitoring of such
effects during and after construction.

10 CFR 60.133(f)

1.2.6.6 PC 2j.xii If the shaft or ramp breakouts and main test level of
the ESF are constructed using controlled drilling and
blasting methods to limit overbreak and damage to the
surrounding rock mass; the methods shall be designed
to provide for the requirements of specific site
characterization tests, such as limitations on the
extent of excavation-induced damage, or the type of
ground support that may be installed. The methods
shall be designed to facilitate investigation and
monitoring of excavation effects during and after
construction.
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10 CFR 60.133(h)

Engineered barriers shall be designed to assist the geologic setting in
meeting the performance objectives for the period following permanent
closure.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

None

10 CFR 60.133(i)

The underground facility shall be designed so that the perfommance objectives
will be met taking into account the predicted thermal and thermomechanical
response of the host rock, and surrounding strata, groundwater system.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:
The predicted thermal and thermomechanical response of

the host rock and surrounding strata and the
groundwater system shall be considered in the ESF

design.

1.2.6.4 PC 23.1 -- refers to shafts

1.2.6.5 PC 2j.1 -- refers to ramps

1.2.6.6 PC 2k.1i ~-- refers to underground facilities
The * liner shall withstand pressures exerted
along its length and around the entire perimeter under
anticipated conditions, including reaction to
thermally-induced stresses resulting from thermal
loads.

1.2.6.4 PC 23.1i1 * shaft

1.2.6.5 PC 23.1i1 * ramp

1.2.6.6 PC 2k.1iii * underqround excavation support system

10 CFR 60.133. (i)
1.2.6.6 PC 2k.v The ESF shall be designed so that the thermal effects

of ESF testing do not result in temperatures in excess
of 115 degrees C in either the TSw3 or CHn units,
compatible with the performance measure for the
repository listed in Table 8.3.2.2-4 in Volume VI,
Part B, of the Site Characterization Plan for the
Yucca Mountain Site.
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10 CFR 60.134

(a) Seals for shafts [and ramps] and boreholes shall be designed so that
following permanent closure they do not become pathways that compromise the
geologic repository’s ability to meet the performance objective for the
period following permanent closure. (b) Materials and placement methods for
seals shall be selected to reduce, to the extent practical: (1) The
potential for creating a preferential pathway for groundwater to contact the
vaste packages or (2) for radionuclide migration through existing pathways.

(b) Materials and placement methods for seals shall be selected to reduce,
to the extent practical: (1) The potential for creating a preferential
pathway for groundwater to contact the waste packages or (2) For
radionuclide migration through existing pathways.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

None

10 CFR 60.137

The geologic repository operations area shall be designed so as to permit
implementation of a performance confirmation program that meets the
requirements of Subpart F of this part.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

None

10 CFR 60.140(c)

The program shall include in situ monitoring, laboratory and field testing,
and in situ experiments, as may be appropriate to accomplish the objective as
stated above.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

None

10 CFR 60.140(d) (1)

The program shall be implemented so that:

(1) It does not adversely affect the ability of the natural and engineered
elements of the geologic repository to meet the performance objectives.

ESF DR SECTION(S) REQUIRING ANALYSIS SUPPORT:

None
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The following ESF DR requirements are not direct descendants of 10 CFR 60
requirements:

1.2.6.2.3 C B.

[y

[

.2.6.2.5 C A.

.2.6.2.5 C B.

Sanitary wastes shall be disposed of by means of
collection piping from all buildings and trailers and
discharged to a sanitary waste disposal system located
beyond the perimeter of the proposed repository
subsurface facility a distance to be determined by
performance assessment. The sewage system shall be
designed to prevent interference with site
characterization activities.

Liquid wastes that cannot be disposed of on the ESF
site in an environmentally acceptable manner shall be
removed from the site for disposal in an appropriate
facility.

The surface mine wastewater collection system shall
discharge to a wastewater pond consistent with
location constraints to be determined by performance
assessment. The surface mine wastewater system shall
be designed, operated, and maintained in such a way as
to prevent interference with the site characterization
activities.
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RPEINTIX

ZXPLORATCRY SHA AJILITY TNVIRONMENTAL REQUIRZMENTS

The purpsse ¢f this appendin t: the Explcratcry Shaft Facilicy (ESF)
zaquizements Document is =2 provide a brief, fut comprehensive, rresentatic
n2 envircnmental reguirements (Federal, State, and iccal) that app.y 2
2.0 I3T activities. These reguirsments aifect all phases ¢ the ESF process,
from permitting befsre werk is allcwed to ccmmence, through comstruciion,

cperaticn, and cizsure. Inclusicn o these requirements in the design cf

sive zharacterizatisn astivities is essential to ensuring that the activities
ara 2onduczad in a manner that will pretect, maintain, and restore environ-
menzal guali-y; minimize potential threats to the environment, and <omply

2.2 CVERVIEW CF THE ENVIRONMENTAL ZROGRAM

The TU.S. CTepartment of Energy (DOE) is committed to performing it
ac=ivizies in an envircnmentally safe and scund manner, and will comply with
all applicable envircnmental statutes and requlations. To £ulfill this
~-mmizment at the Yucca Mountain site, the DOE has established an environ-
menta. grogram that assures that site characterization studies will be
scnducted in such a way that applicable environmental regulatory and
crogrammatic requirements are met. The Yucca Mountain Site Characterizaticn
Troiect (YMP) environmental program is structured to satisfy the statutory
ragquirements of the Nuclear Waste Policy Act (NWPRA), as amended; the National

Iavironmental Policy Act (NEPA); the Atomic Energy Act (AER); and other
applicable statutes, regulaticns and DOE Orders.

The YMP environmental program has been delineated in documents
crevizusly issued by the DOE. The Environmental Management Plan describes
hcw the program is managed and integrated with other parts of the YMP.
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rzdera. 202 S-3TE€ sSlatutas, ragulzticns, Ie3UlIzments, angd ZCI CZroZs2rs tnas

aoply toothe MP, and a rief dszscripiiin ol sazi, zre cresencted T tl2
Invircnmental Regulatcry and Cimpliance Flan (IRCE: IQE, 588a). Tha IROD
1zscriZes noW the TMP wcould satisdy ths snvirsnmental Tegulatory IsgulIsments
Sir site charasteriiation, and dentiiiss the Inftrmaticn necessarv o
Trazars 3z sgeciili: germit aprlizatisn. Iavirsomental monitsring and

TATIZaTiIn program rsguirsments zeing imp.emented by the YMP, as racuizad tv

nee 5 = ians ame & - s E - . N . X
Zw the NWPA 3s amendes, are sst forenr In the Envir-cnmental Monizsring and

;

“itlgaticn Foan (IMMP: DOE, 138%b). Feclamation raguirements app.izabls i

18 YMP are ZescriZed In tha Reclamsticn Implementatiza Flan (RIP; CIE,

- - ¥ - o - - . & b . * -
1€ IsgulIsments TI 2 satl.isci2d Ior the Envircnmenta. ~Jpact

tement (ZIS) will Z2 defined Iin the EZIS Implementaticn Plan, -z 22

.= - ; : p p nal ~ 1 - .
treparsd altar LIS soozing meetings nave Deen held. Cata ssllectian reguired
= s 2 = 2 -

Sy thes2 plans s t.annad and perisrmed as described in the Eavizsnmencal

- - - a4 see moy Al -
TIsld AzTivL Plans {ZFAPs).
2.3 SICPET CIF APEENTIX T

The dccuments menticned In che previous section represent varisus
s.smenis I the YMP envircnmental program. Tcogether, they (and cerza:n

Sthers oot sssantial T this document) rreovide a network of plans designed ¢

ot
Hp
O
fL

snsurs that the Yusca Mountain environment s protected throughout o

2 peri

©I sits cnaracterizaticon study. Not all sortions of the plans ars relsvant

TI Z3F sctivitles, however. The remainder cf this document uses indsrmation
crovided in appropriate sectiins cf these varisus plans tc define the

Tagquiraments that must be satisfied tc comply with Federal, State, and .ozal
snvircnmental regulations during the performance of ESF activities.
Resgulrements are given for each of the major environmental areas :f :cncern
'¢.g., a.r, water, ciclogical resources, hazardous waste managemenz, 22.)

-ikely =: ke affected by ESF activitiss,
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The Zlzan Air act (CAA, 1277) sstablishes Federal pelicy for praserving
and znhanczing the gquaiizy c¢f che Naticn’s alr cesources to pretect the gurlis
nzalth anc welfare. The Act =nsures, thrcugh a State-issued permit trogrzam,
zhat adeguate steps are taken =t ctnticl the release ¢f air contaminants from
iadustrial crocesses and land-disturZing activities. Sectisn 118 cf che

T3 reguirss Federal zgencies o comply with all Federal, 3tate, lnterstate,

and scal aquirements regarding the zontrzsl and abatement of aiz pollutisn

in <h2 same manner, and =S the same extant, as any aon~-governmental entity

In 1230, the EFA approved Nevada’s plan to implement and enfcria the
TAA 'NevazZa’s State Implementation Plan {SIP]). On May 3C, 1988, the EBA
grantad Nsvada the autherzity to implement the "Prevention of Significzant
Cezericrazizn® (PSD) Eragram. Authority to ragulate radisactive air
gmissicns 1as peen retained by the EPA, however. Responsibility foz
imclzmenting and snfcrzcing the CAA in Nevada resides with the Nevada Zivision

=Z Snvoroomental Frotecticn (NDEPR).

Apg.izabilzzv %2 The ESF

Site characterization activities such as construction and operatizn ¢f
~ne sxploratory shaft, cperation of concrete-batch slants, and -and
iisturzancss from Zield testing and site preparation will generate
zarziczulatz and gaseous emissicns of air pollutants. The origin cf most
particulazss will be non-point sources, e.g., drilling, blasting, rock
ramoval ani storage, surface grading and leveling, wind ercsion, vehicle
~-ravel, ani diesel and gasoline engines. Permits will be required f:cr the
cericrmanc: of many cf these activities.

N
]
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an Alr Quality Zurfaze Cisturzance Fe

it 1s raquired befcre any

-and=disturking activizia

n

mi
are initlatsd (CAA and Nevada kevised
Stazutes [NRS 445.4Ci-45C17). = Stratagy Icr dust minimizatiosn, :ia
sarticular, must fe sncluZed inoany c.an Iz surfaze-disturoin

~
- - - o

acliviTies.

211 staticnary scurcas (Soint sources) sf air amissicns shall zcmply

w1l the applizable grovisizns of the CAA, as amended (42 USC 401y,

wnizh may include Prevenzizn <f Signifisant Deterisrazicn (FS2)
sermitting, or cffset Polisy Zaview, or both. Federal requiations

serzaining to scmpliance with the CAA include: 40 CTR 50 (Naticnal
Primary and Secondary Ambisnt Alr {uality Standards) and 40 CTR 60
{Standards c¢I Performance far New Stationary Sources). The YMP shall
scmply with the State or l:czal standards included under the
stipulations of NRS Chapter 4435.401-601 for Rir Qualizy - (1) Fermit
<3 Construct, (2) Preventicn of Significant Detericration, and (3)

-~
< S Operate.
- : : ~ -x
Registraticn Csrtificates

ertificates are required £o5r all new sources
‘Preperty and/or equipment) that may emit air contaminancs,
~acluding concrete batch plant, shaker plant, and ESF Exhaust
Shals

- od

L

A separate Registraticon Certificate is required for each new single
source of contaminants pricr =z the commencement cf -he activity
generating the contaminants.

The Registration Certifizate Z5r a point source will be denied if
the point sourze (1) will pravent the maintenance of State and
National ambient air-guality standards; (2) is contrary t< the

State’s alr-poiluticn conircl strategy: (3) will cause a vislation
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2% 40 TR 80-21 (Hew Sacurce ferisrmance 3tancards anc Natoonao
Emissicn Standards oz Hazaricus ALr Pollutants); or (4) I the
best available technolcgy s nct deiined and adcpted as an emossion
iimization Z2r che scurse.

Txempzocns =2 these raguirements that are perzinent td sitie

sharacterizaticn at Yuzza Msuntain include air-conditicring
equipment or fuel-purning eguipment that has a heat-ingut rating cf
_ess than 4,380,000 3tu per hour; motor vehicles and internal
scmbustiin sngines; incinerators witl rated burning capacity <f
iess then 2% pcunds per hour: storage ccntainers for gasoline,
petroleum distillates, or cther vclatile organic compounds having a
zapacity 2£ lass then 40,000 galicas; equipment used solely for the
processing =2 Zzcd for human scnsumptisn; disturbing less than 20

a

sres per vear cf£ tspscil; and process weight rates cf less than 50

A valii Registraticn Certificzats for the source must be in-hand

tefcre an Operating Permit 1s issued.

An Cperazing Permit is required within 180 days after start-up Iz
each new source that emits or may emit air contaminants. It Is a
document issued and signed by the Air Quality Officer (AQQO) that
approves the operation of a new or existing single sourse cf air
contaminants. The Operating Permit may or may not inciude
stipulaticns.

After cbtaining an Operating Permit, the operator (in this case,
the DOE) is responsible for maintaining emissions of air pollutants

wizhin zhe limits specified in the permit.
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$-340: 234.2290-13))

3.2 NEVAZZ WATER AW, (Nevaza adminiszrative Zode 3

termit Ior the apprepriaticn sf State

s cpriaticn Permit Is to prevent possible
interisrance wWitl DIlcr water rights and/oSr improper use ¢f waters nst
Zegally svailablie Izr use. The Nevada State Zngineer’s Office administers
Nevada wazsr law.

Irplicanilicy ts the EZ8F

v ——— ¥ e -

Site characterization acttivities will regquire water. These reguirements

ars currently based on the use <f water fzom Well J-13, but apply to water

ircm any well at the site.

s - —— =
fegurraments Izr <he ESF

- Wwatsr withdirawal cannct start until a permit is chtained.

- CZcostructicn of new facilities, including pumps and the water
tizaline t> the ESF, cannot begin until a permit is obtained.

- Water use must not exceed quantities allowed by the permit.

- Fump tests are generally excluded f£rom a permit but the excliusion
must be requested for each pump test.

- Any 2dam that will be 10 feet =r more in height or, if less than 10
£22t in haight, will impound mcore than 10 acre fest of water, must te

agcroved by the State Engineer at least 30 days before construction

(¥ ]
]
(99
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4, SAFE CRINKING WATER ACZT 2F 1874, as amended (P.l, &3-323; 42z TSC
3308=-33CG3-23; 40 TR 124, 141, 143; EO 1Z0BE: NRS 443.361 et seg; Nevada

1
Administrataive CTcde 445.244-443.420)

The Safe Zrinking Water Azt (SDWA, 1374) grants the EPA authorizy =t
ragulate public drinking watsr supplies by establishing drinking water
rzgulaticns, delegating autherizy £cr enforzement oI drinking water standards

c
=z =he States, and prstacting aquifers f£rom such things as injection o

In 187§, the EPA apprcved Nevada’s program f£sr enforcing the drinking
watzr standards astatlished by the EPA. The Nevada Division £ Health within
t1e Nevada Zsrartment I Human Resourses is the agency responsible £5r this

gnitIzemenc.

nstrzuctisn characteristiscs of water-supply wells are addressed in NAC

(%]
O

§23.333 thrcugh 445.400. Storage and distribution specifications reguired
sr a gubliz drinking water supply are discussed in NAC 445.410-445.418.

A drinking water system is planned for the ESF. By definition, the
watar sucp.y is considered a “"public water supply" since it will orobably

sarvize 1% or more connections or 25 people for more than 60 days per vear.

zecuirements for the ESF

- 1A permit is needed to construct a drinking water system (NAC
145.37C-445.420) .

- Crinking watar must meet the standards set f£orth in 40 CFR 141 and
NAC 44%5.244 =0 443.262.

4-1
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- The water Juality monitsring system shall have zhe zapability =3
sample, measure, and anz_.yze pnysical, chemical, and biclcgizal
conditicns cconsistent with -he requirements of the Clean Water Act
(CWA, 1972) (33 USC 1251) and the SOWA (42 USC 300f). Such
capabillity must alsc te ccmpatible with the type and range cf

concentrat.cins/occurrences tf zonditicns specified in the governing
<

+ 4%, 142, 143, and Stat= and

- Feriodic testing of the system’s water quality (at the discretion of
the State Health Officer, out grcbably monthly for bactericlogical

content) will be requirad

F

~)

d

[Ye] 4

CERGRCUND INJECTION CCONTRCL SROGRAM OF THE SAFE DRINKING WATER ACT OF
4 2397; ».l. 33-323; 42 USC 300h (Part C); 40 CFR Part 124,
$7; Chapter 445 of the Nevada Administrative Code, Secticns 1
shrough 9€.1; NRS 445.131-445.354.

w
[
(7]
«r
[+ 1]
1

Tedera. agenciss engaged in any activity resulting in an underground
injecticn that may jeopardize a drinking water supply must comply with all
ederal, State, and local requirements concerning underground injecticns.

ranted tle State of Nevada’s Divisicn of Environmental Protection

v
Iy
1]
m
L18)
e
lﬂ

the authority tc implement and enforce an underground injection control (UIC)
3gzam. Nevada's UIC program seeks to prohibit the pollution of existing
and pstential sources of underground drinking water in Nevada. Exemptions to
cttaining a permit would be granted only if the affected groundwater is not
ncw, and will not be, a source of drinking water, or if the total dissolved
sc.ids cf the affacted groundwater exceeds 10,000 milligrams per liter but
the water 1s not reasonably expected to become a supply of drinking water
(Chapter 445 cf the Nevada Administrative Code, Section 30).

4-2
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Seudies propeosed for the ISF t: cnaracterize the hydrsiogic envirinment
-~

Mountain may require zhe use =Z tracers. The State ¢f Nevada nhas

-~& L

istermined that tihe use oI tracers must ! qulated u

Cmny =g
el ]

(Y]

SF

- A permlt must be ottained fzr any activity that includes underground

- mracers added =5 the water system must ke ¢f a compesiticn and

sancentratisn compatiile with the sanitary waste disposal system.

- Infil-raziocn studies using tracers may reguire a permic.
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3.0 WATER SOLLUTIIN CONTRCL
- TTpEIXAL WATER PCLLUTION CINTROL ATT, as amended Ty the Clsan Watar Act
-¢ 2377, and the WATER QUALITY aCT OF 1387, as amended (33 USC
76; 33 CFR 209, 320, 223-33C0; 40 CFR 1lg, 1l2, 115, 1iT, l2%,

©2z-.2%, 12§, 133, 136, 23C, 401, and 403; EC 11735; EO 12088; Nevada

administrative Code 443.70- 443,231

~he Tzderal Azts cized in this section are rsferred to coliectively

~nrsughous the remainder cf this discussion as "the Clean Water Act." Th
~ zan Watar Act (CWA, .372) establishes Federal policy for zastcring and
maintaining che chemical, physical, and biclogical integrity of the Nation’s
waters. among cther things, the Act provides f£or the EPA or Federaily-
authcrizes States to implement permi: programs for regulating the discharge
cf pclilutants to navigable waters Zrcm any point scurce, as follows:
@ Ti=le IV cf the Act (i.s., Permits and Licenses, Secticn 402, the

National Pollutant Discharge Elimination System [NPDES]) is

aiministered by the State cf Nevada:

e Tederal effluent limitations fcr direct discharges, and pre-treatment
s-andards f£or discharges into publiczly-owned treatment works (Title
ZIZ of zhe Act) are enforced by the EPA;

e A crogram -5 regulate the discharge of cil and hazardous substances

iSezzion 311 of the Act) is enforced by the EPA; and

-

e A permit system for the use of dredge and £i1l1 material (Section 404
cf =he Act) is administered by the U.S. Army Ccrps of Engineers.

n
i~y
s

.1.1 NPCES Permit Program

Backgraund

———————

Sectizn 313 of the CWA directs Federal agencies to comply with all

Federal, State, interstate, and local requirements regarding the control and

tn
]
-
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zcatement =i water pcllut:isn i ToE same Tanner, and t©Z the same , as

1]
e
R
n
]
)

in September 9, 1873, :=ne ZPA approved Nevada’s NPDES permit program and
sutncrized Nevada to implement znd enfcrze the program.  The Nevada Cepart-
Tent oI Inwircimental Proteciiin (NDEP) is the agency Tesponsible fzr issuing

cr Zenving NPDES permiss,

(O]

33
o<

2pplizakbiliev =0 the

Nater-relatad activitias whicth may raquire an NPDES permi:t include all
Scint scurce discharges. Zxamplass of these are sewage treatment facilities,
1ne waste-water pends, rIck st::age piles, pump tests, drinking-water
SuUppIlss, mMOnitoring and indecticn wells, and infiltration s-udies.

-

1
w
"~y

segu.raments I:Ir zths

- AN NPDES permit must be obtained £:r effluent discharges.

- All waste waters shall be treated and disposed of in accordance with
NPSES permit zondistions.

- NEZES permits may contain written effluent limitations based on a
variety <I criteria, including the effects cof the discharge ¢n the
recel 1g waters and the use of these receiving waters (Nevada
administrative Code 445.1%53).

- The permit may also require, at the discretion of the Water Quality
Cfficer (WQQ), the installaticn, use, and maintenance of equipment %o
monitor specified pollutants, and that monitoring records be

retained, generally for three years.
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- If monizcring is required, the results of the monitlring will Ze
repcrtad ts the WQO 2n a schedule specified in the permit, but ncT

_ess frequent.iy than cnce a vear.

- The WQO has <he authcrizy o enter any premises where a permitted

i.scharge 1s l:z:za

ct
o
(o)
th
(8]
[} ]
‘3
[
3]
'y
O
173
o
n
[}
th

accessing and copying reccrds,

inspecting mcaitori

o

g ecuipment, and sampling discharges. The costs
cZ any test associated with these visits are the responsibility cf
the DOE.

- 2ny modificzatizns of the Zfacility or increases in the rate cr type of
cermucted discharge must de rsported to the WQO. If the modifica-
=ions exceed permit condizions, a new NPDES permit must be cttained.
in NPJES permit zan be modified, suspended, cr revoked by the WQO iZ,

amcng cther things, the tarms of the permit are viclated.

- i permit is vaiid fcr no more than § years. Renewal must be made to
the WQO within 180 days of expiration.

2...2 Z:crms of Ingineers Section 404 Permit

3acksround
L T

ary Tsderal agency, State or individual that plans to dredge, f£ill,
mcdify, cr discharge into navigable waters or waters of the United States, as
defined in the CWA, must first receive a Section 404 permit from the U.S.
Army Corzs cf Engineers (Corps) (Section 404 of the CWA {33 CFR 320.2(9)]).
Sectisn 404 establishes Federal pclicy for restoring and maintaining the

~nemizal, chysical, and biological characteristics of the Nation’s waterways.

Applizakbilisv te the ESF

On april 28, 1988, the DOE submitted an informal opinion to the Corps
soncerning the applicability of Section 404 of the CWA to site character-

izatizn at Yucca Mountain, and requested a formal determination by the Corps

5-3
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cegarding Secticn 404 fermitt:ng agplicability. Sits characterizatiasn will
re-routing small segments =I severai irv washes alcng the east side
cf Yusca Mountain. The Corps canducted an cn-site inspectizn at Yucza
Mountain on October 13, 1989. In November 13, 1389, the Ccrrs made a formal
lztsrminaticn that re-routing of washes £or site zharacterizatisn weuld
vire Secticn 404 permitting, to be authcrized under a Natisnwide Zeneral
fermit. This type cof Section 404 permit allows the discharge of dredged or
I221 material into isolated, neatidal waters of the United States, including
wetlands that are not par: of a surface tributary svstem t: interstats waters
tZ the United States. The Corps iacluded the YMP in a natisnwide permiz on
august 17, 1930. Any significant changes in ESF design may require a raview

= A Section 404 permit must e cbtaired (or modified) before Yucca

Mcuntain washes zan Ze al-arsd.

£.2 NEVADA WATER POLLUTION CONTROL LAW, (NRS 445.121- -354)

Zazkzrcund

The Nevada Water Pollution Contr:l Law was enacted tc main-ain -he
Fua.ity oI the waters of the State of Nevada %cr public health and enjocyment,
icn of animal life, operation of existing industries, the pursuit of
agriculture, and the economic development cf the State. This law s
aiministered by the NDEP which requires that discharges of pollutants :iato
ihe subsurface be controlled if the potential far contaminaticn of
groundwater supplies exists. If the NDEP determines -hat “here is a
sctential feor contamination, the agency will generally require, through
-ssuance of zero-discharge permits, that impcundments be lined suffiziently
<2 prevent seepage of pollutants into the grzund.
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Zita characterizaticn actiwvitias such as the construstizn and use 2

sswage -23ccns and mud and cutting TiTs, MuST fe evaluated to detarmine their

Xeguirements for <he EST

- 1 discharge permit will e cbtained cr zero-discharge demenstrated

f£zr all ponds and water mpcundments.

- auncff from disturbed areas will be controlled t

O
o]
:
~N
(i1}
[{1}
"
(5}
n
[ B
[0]
o ]

{see Reclamation Sectizn).

- Runcff from potentially contaminataed areas (e.g., parking -:tis) will

on
(%)

SANITARY AND SEWAGE-COLLECTICN SYSTEM REGULATIONS (NAC 445..7¢8-1%22;
445.750-840)

o

vem A
3TKJITIUNZ
o

The zurpose :c£ this permit authority is to regulate the design,
scnstrusiisn, and operation of sanitary and sewage collection systems and to
grant cperating permits for such facilities in an effort to prevent cr limit
i charges cf pollutants into waters ¢f the State. NDEP administers this

regulatich.

Aoolizakilicy te the EST

The ZSF will require a sanitary and sewage collection system.

w
[
w
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A permit will be required

-

I-satment svstems.

The design I the systam must

: An+T oz T3
IMP/CC=-G0.2, REV. I . .

sanitary and sewage ccllecticn <or

comply with NAC 445.140-174.

Cinstructicn plans must be prepared by a licensed engineer.

- .

The faciiity must be locatad outside of the floodplain.

The uitimats disposal ¢of siudge

@ the wastewater -reatment

facilities shall be perfizrmed in accerdance with the requirements of

Seczion 405 £ <he CWA, in add:i

sznditizcos.

wn

]
[+

RN
jopRe;

to any applicable permit:
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£, SESCURCT CONSERVATION ANT FEICTCVESY AT T 127¢, 2s amended (2.1. 24-330;
32 T3C £301-2387; 40 CTR 1I4, z40-i47, I00-254, 3¢, Z°C, 27, and 250;
WR3 222.400 =2t s2g. Nevada adminiscrative Tode 422,370 through 344,738,
and 2=1.342 thrzocugh 444032333

Samp e arim
ZQACTKIICUna
Pruchaddbl ool

Maragsmen: arnd disposal <Z sclid and hazardcous wastes (excluding
r3dizacstive wastss) shall te conducted In asccrdance with the reguirsments ol

zorze Conssrvaticn and Reccvery Act (RCRA), as amended, whicsh Zacludes

th

27FS cermotiing fcor hazardous wastas. The EPA has authorized the State ¢
Navaza T asminister Subtitla T of RCRA, ragulating the management and

Zisposal I nazaraous wastses.,

I37 activitiss may requirze the use of hazardous materials and the
zeneratzicn oI ootk sclid and hazardous wastes. The proper handling and

iispcsal zZ sclif and hazardous materials will cequire compliance with

warizus Zzderal zand state reguliations. Repcrting requirements in the event
2% 3pills are included. Activitles covered in this sectisn include hazardous
materizls, landfills, use cf insecticijes and pesticides, toxic substances,

-

and -ranspcrtatizn of hazardous materials.

Secyiraments £5r the ESF

- Tsa cf hazardous materials cnsits must receive pricr approval fzom
<n2 Yucca Mountain Site Charactesrization Prciect Cfficze (YMPC), as
per AP-€.13.

- The use ¢f hazardous materials onsite must conform to the guidelines
crovided in the Hazardous Materials Management and Handling Program

(MMHE) |

(o))
]
-
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A

- The raquirements f:r management and dispesal :I razarzcus wastss muss

. ae— : R e m Do s e .
22 satisiiad in aczcrdance with Subt-otlis

- Ts2 I underground stsrags tanks must te 1n acccordancs wizh Subtisls
I, RZRA
- Use I racyclsd and rsscvered materials shall be gven nigh tricrity,

as rzJuired ty Subtitle F.

b

- XNcn-hazardeus sclid waste will be reccllectad and hauled t2 an
apcroved Landfill, as zsguirad by NRS 444.440-620.

= Scil ccntaminated with spilled oil or fuel must be disposed c£ in an

2.2 CZCMPRIHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION AND LIABILITY ACT
(SERCZA)_cf 2380, as amended by the Superfund Amendments and
agautnorizaticn Act of 1986 (SARA) (42 USC 9601 er seq; 40 CFR 300, 302,
32, 3I7C, and 372; Executive Orders 12286, 12288, and 12580)

Sazkzzound

SIRCLA (as amended by SARA), also known as "Superfund, " was created in

1#80. The acz:t provides for the ciean-up cf, and emergency response tz,

n3zaricus sucstances released into the enviromment, and for the ol ean-up ¢=
nazardcus waste sitas that present a substantial danger to putlic health and

w#e.fars. The emergency response and clean-up cf hazardous substances

X}
(D
l[)
(U]
n
@®
.
]
3]
ot

the environment shall be conducted according to CERCLA

ioT.lzakillisv =2 the ESF

The use cf hazardous materials at the ESF will require that materials be
transpcriad, handled, stored, and dispcsed of properly, and may result

sgills raguirzing corractive action.

[$3}
U
[p¥]



Any spills cf hazardjzus suzstances Tu

S
] i ~&£&: i = i ocewm < - i e j
agencies anc cifilzials, 2nd te c_osaned UP 1o Iomp.olanse Wit tne

-
‘L“E' and ACT.

- ” « " * -~ - « = n - «a 3 holl g ol - opa .

A "Spill Zsatingency Blan” is rsguirad for ISF astivitiss,

211 fizld cersonnel must Z2 tratned in the proper handling of

18}
1
1)
[}
{3
<
®
o]
o

nazardous substances and i1n rI2SDORSe aTTiIIns TO be taken o

£ a spill..

T7se ¢f hazardsus materials must comply with Community-Right-T:I-Know

M . X Mo -ae QNTR
wasrts) Am s Am cvem - < Q
r2CLlAaTICNS Undel JlT.8 ... ST ann.

Transpcrzatisn of all nazardous materials to the Yucta Mountain site
nust meet :the reguirements cZ the Hazardous Material Transpertation
Act {49 USC 1801; 49 CFR 171-178).

The nandling, use, and disposal of any toxic substances shall comply
with =he reguirements cf che Tcxi:t Substances Control ACt (TSCa), as

mended (13 TSC 2601).

The usa ¢f pesticides shall comply with the requirements cf the

Tederal Insecticide, Fungicide, and Rodenticide Act (FIFRA, 2.1.2-140

O
]
(V¥)
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=, CENDANGERED SPECIZS ACT £ 1373 p.l, 2:-2(%, as amended:; 16 USC
1331-1343; 20 CFR Seczicns 17T.11, 17,11, and 17.84-8%; =0 CFR Parts L3,
222, 228, 227, 402, 424, znd 339-432).

iAny Federal activity or Tesderally-supportad activity must fe perisrmed

1n comp.iance with the Indangered Species act (ISA, 1873). Accordiagly, any

~

(13

Tedjeral acstivity that cculd dirsctly affeczt protected fish, wildllife, cr

3 v
~agezazicn, or dastroy or altsr tne speciiic habitat cf protectad species,

must o2 designed to avoid sz mitizate 3all gotsntially adverse impacts.

The desert torizise, 2xisting at -he Yucca Mountain site, has feen

(2}
)
«t
w
O
t
(14

_isted as a Federally-tv 4, threatened species. ESF activities will

ragquire the performance <£ surface-disturting work having the potential <2

3Sfz2t <ne desert tortcise. Acticns taken during site characterizaticn must

nsT “scpardize the centinued existente ¢ this species.

The f:llowing constraints are derived from raquirements set forzth In the

tw

islzgizal Cpinion (80) rendered by the U.S. Fish and Wildlife Service
(MzNaz=, 1990) and are consistent with accepted revisicns =2 the BO.

- Threatened or endangered species must be protected, in compliance
with the ESA, as stipulated :in tha B20.

- >2risr to any land disturbance, a preactivity survey must be conducted
oy gualified Project Cffice-designated participants to determine if

the proposed activity will impact any iImpcrtant bioslzgical rescurces.

*
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nll perscnnel working at ths SITe TUST IImDlets -he

(3]

any harassment c<f the deserz tortoise is ts ke aveided. Neirther the
znimal 1tself nor its Zurrsw is T be tiuched sr sisturded v cther
Tnan & gualiiled ticlczist. 3tay at lsast ten fszet away f:com any

Z.rrcw six inches oo larger 1o height or width,

ZI a desert :t:orictise is ssen in the cocnstructicn area, werk shall
tsase and the Yucca Mountain Preject Office (YMPO) and the Froject

3ite Manager shall :

[1}]
16 ]
Q
¢t

ifiad. It may ke necessary fcr a qualifiad

Siclogist oo reliczcate the tortcise before work mav rasume.

Ing any animais wnich may be cressing rcads crotrails.

Ilnding an injured cr Zead toruzise.

ltvered trash containers will be provided so that fsod and cther

sarrage i1s ciscarded in a manner that will not attract ravers.
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2.0 ARCHAECLCIGIZAL EEZSCURCEI PRCTECTIO

.2 NATICZNAL HISTORIZ SRESERVATZON ACT CZF 1366, as amended (1§ USC 170 et

[(E 9]

sag; I¢ CFR Parts 6C, €1, €3, <3, 67, 63, and 80C; Execuzive Order
1232y, HISTORIC SITES, SUILIINGS, AND ANTIQUITIZS ACT, as amended (15

ST I<l-4¢7), ARCHAEQLOSGICZAL AND HEISTORIC FRESERVATION ACT (16 USC

AMEERTICAN INTIAN RELIGICUS TREEDOM ACT 2F 1978, (P2.L., 95-341; 42 Usc
2%5%¢; 38 CFR Pazz 296; 43 ZITR Part 7)

ANTIZUITIES ACT (16 USC 4231, 432, and

STR 3 and T)

-]
(W8]
(98]

<3 CFR 261; 36 CEFR 286; 43

«)
t

LCCGICAL RESCURCES PRCTECTICON ACT c©£ 1973, (16 USC, Secticns
27Caa=-4"011; 36 CFR 296; 43 CFR 7)

Al
2ackgrIuns

Lol b

The zzal cf all of the laws listed above, in tarms of Federal
activities, is to ensure consideration of the values of historic properties
in czarzying cut Federal activities, and to make every effort t: identify and
mitizate Impacsts to significant historic properties. The Naticnal Bistorics
fressrvaticn Act (NHPA) is the principal authority to which the DOE will
raspcnd with regazd to the protection of historic properties. The NHPA
reguiras a’l rederal agencies to take into account the effects c¢f their
undartakings (e.g., site characterization) on historic properties, and o

dvisory Council on Historic Preservation (ATHP) to comment cn the

w
'

]

t
*.
it
)
w
2

adequacy =£ the agency’s plans. Historic properties are defined as any
procerties iacluded in, or eligible for inclusion in, the National Register

of Histcric Places.
Apcliczability =2 the ESF

The YMP area contains many historic sites and artifacts which require
grotacticn under the NHPA, Antiquities Act (AA), the American Indian

§-1
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Religious Freedom XAct YAIRFA), and -he krcohaecltgizal Rescurces Frotectiap

ACT (ARPA). The implementatisn =< -he "Programmatiz acreement” tetween the
DOE and the ACHP will satisfy the YMP's cocmmitments and responsibilitiss

under these varicus agzcs.

The Icllowing ceonstraincs sstablished to SIotect archaeological
Téscurces are consistent with applizable Federal, State, and local

environmental requlatizns.

- A preactivity survey must be conducted by qualified YMPO =ontractsr
*0 determine if the propcsed activity will affect archaeclogical

Tasources.

= IZf archaeclogizal resourzes are identified within the area prcposed
Zcr the activity, is may be necessary =5 relocate -he activity, to
reccver data from the site prior to trenching, or o designate an
"Inzlusion Area® far the activity. An Inclusion Area should clearly
delineate an area within which surface-disturbing activities are
Testrizted. Any area beyond the Inclusion Area boundary is
cif-limits to equipment and personnel to prevent inadvertent
iisturtance ¢f an archaeological resource.

- A& site-specifi: Data Recovery Plan shall be prepared by a designated
archaeologist and approved by the ACHP prior to recovering data frem
the site.

- I archaeclogical resources are discovered within the area approved

for activity, work shall zease and the YMPO Operations Control Branch
ancd Project Site Manager will be notified.

g8-2
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2.0 RECLAMATIC

t

ackgrzund

In compliance with the NWPA, as amended, the DOE has deveicped a program
Itr zhe rec.amaticn cof areas Zisturbed by site characterizazicn. i
Trogram requires that disturfed land be returned o a stable ecclogical state

W.th a fomm and procductivity similar ¢35 its predisturbed state.

. [ [ RS - y
A0T.L1Z3ELllty T2 The ESF

31M Right=-of-Way-Reservatisns and the NWPA Section 113 (b) (1) (&) require
tnat areas altsred by site characterizatisn activities be reclaimed. Any

surface-disturbing activities T2 be undertaken at Yucca Mountain under the

'

urview oI the YMP must be plannéd iz accordance with the Reclamatic

Zmplementation Plan (RIP; DCE, 1931).

- Surface-disturbing activity reclamation specificatiosns shall include

ccnsiderations to minimize dust and other environmental impacts.
- Guidelines in the RIP should be Z:llowed, including requirements for:
Site inventory

Site clearing
Topsoil stcrage and management
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A -ty warm
SEmeArAamemsr TR ol )
2.3 RELICLISIZAL HEALTE - g

The WWPX, 25 amendsd, ani tha NEIPA zaguire tha IZE oo zoniuzst
rasizlzgical studies and radislzgizal mMEniTIIIng at the Yusca Mcuntaln site.
The I2E, t2a EF}, 2and the MNRC sach have establiished rules, rasgulaticns, and
srdars perzaining T35 radicisgical health and safety. In the svent oI
ssnflists or Juplizatizns ameng the radiclogical regquirements listed
2223 Mountain Regquliatsry Comeliance Plan (MP/90-32, September, 1290), tie
cszguirement nclding the highest sutasrity will prevail. In general, Sublis
—aws 3re the most autherizative, fclilowed by the Code of Teder

*rz-wect 22sizicns and NRC guidance. Department Crders ars ths lsast

zuTRsrisative.  on tha apsencs ¢f more autheritative regquirements, aowever,
g2 sharactarization activities will be carried out in compiiance with DOE

g =2 radigzlsgical hsalsh, safety and envircomental prcotection,

7ne Ragizlogical Menitcsring Plan (DOE, 1980).

w
n
2
1
(7]
0
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[
ty
o
2
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It .s antizipated that four potential sources of radicactive materials

wi_l =xist at the Yucca Mountain site during site characterizaticon.

. Relsase c¢f naturally-occurring radionuclides from mining

agttiv.ties;

[ ]

Discharge of groundwater, expected to contain only natural
background radicactivity, to the surface;

3. Resuspension of radiocactive materials previously depcsited during
nuclear testing at the NTS; and

Reiease of shcort-lived radiocactive tracers as part cf

o
.

gechydrological modeling, and the small potential fcr celease <2

radicastive material during well-logging activities.

[
(o]
]
-

[y
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Zecause Ino¥ 2 smail wvolume oI IIok will 22 mines and a small zmouns of
sroundwates released T the surfazs during si-z sharacsterizaticn, Lt iz N’
szstimated tRat racdlcacstive relsases will amsuns oo ooy a small fraectizn <f
trne natural fackground radiatisn zlwavs oresens, and will nas ccnstizTuzs a

- - i~ DN 1 .
FLSnIIIZAnT raclit.cglcal lmpacs.

-he rasuspensicn o previcuslv-dspesitad radizactive materials ducing

ZT2 charalierizatisn is also sxpected T e insignifisant scmpared cs

maturac fackground fecause < the 1ow conzentratisn oF radicactive materials
Tresent I The exisSTing environment. However, astimates Fresented in the
Iovircnmental Assessment (DOE, 1386) mayv include inherent uncercainties
Secause tast radislogizal momitcring 2t and arzund the Yucsa Meumtain site
nas zesen limited. To verify that therz will b2 no significant :impac:, as
Tandated oy the EInvircnmental Monitsring and Miclzaticn Plan (EMMP; CCE,
-288r), radizlogizal monizcsring will e zondusted in the areas of (%)

Tadlzactiive material concentraticns in air, scils, bista, and groundwater;

- 3 - = e Al 1 . 5 Y -
ant (¢) =xternal radiation backcround fisld.
- -

faguiraments fir <he IST

- The iSF srhall comply with the raguirements of the Yucca Mountain
ot Radiclogical Monizcring Plan (RMP; DOE, 1390).

= <Cinsistent Wwith the requirements of DCE Order 5480..1, 2quipment is
ccmsidered to be potentially ccntaminated if it has been used cr

wm

red in a controlled area that has contained unconiined radizactive

(8]

la

.
(1

srial. ©Prior to its use, such equipment must be surveved t2
determine whether both removable and t2tal surface contaminazion :is
greater than the levels specified in IIF Crder 5400.5.

= The TsMSS Radiological Field Programs Department should be n:c:ified
at .sast three weeks pricr to initiatizn of an activity.
NctiZlcatien shall include date, duration, and description cf all
Zleld activities being initiated so that potential changes 2> the

radiclogical data can be reccnciled consistent with the EMMP.

=J=2
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t.> LaND actczss
©: .- TEDTRAL LAND SCLICY AND MANAZEMENT 3T oI 13275 (2., 84-378; 43 USC

1Tl1-1784; 13 CrR 28070)

S3

The Taderal Land Policy and Managsment flan (FLPMA) establishes U.S.
3overnment $OLily with zagard to govarnment-owned .ands administered ky the
Sursau ¢f _and Managsment (21LM). T1PMA mandates that such lands e managed
in a manner that will (1) protact the quality ol scientifi:, scerni:,

- s--—-’ A=7
P R L% 4

sslsgizal, snviroamental, and archaecliogizal values: (2)
sreserve and grotecst certain public lands in their natural condition; (2)

crovide £:o4 and napizat for Zish and domestic animass; and (4) provide for

suzdagr racreatizn and human occuzancy and use.

(9}

poliisapslity T2 the EZEF

Tederal activities requiring access ¢S, and activity on, public lands
require compliance with the FLPMA. Because the Yucca Mountain site :s
carzially cn BlM-administered public land and BlM-administered Air force
_znd, 2ns because agctivities will cccur on BLM lands, as well, TO

with BIM racuirements f£cr access and use of this land is mandatory.

~he ZCE obtained access t2 the BLM and Air Force lands for site
sharasterizatisn thrsugh Rights-ci-Way granted in January 1988 and October

JgQ

-

Reasuizzments £or the EST

In issuing these Rights-of-Way, ths BLM has stipulated specific

envircamenzal requirsments which Include:

- hzcess approval for the activity must be cenfirmed by the Prcject

~NEEs ~e
.
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A cepy I the 3M Righz-cf-Way Feservatiizin {RCWR) Agraement (Z1M, -

1288, 3L, 1289) must s availabls 3T the fzh-sizs whan WworK L3 basn

ccnducstad Inothe fials,

Stipu.aticns listad in the ROWR Acreement (2LM, 123§ 3LM, 13289) nmust
T2 Izllcwed.

Cff-rcad dziving or parking is grshibiced unlass speciiizally
permittad In writing by the YMPO. Any access route or arsa =<
disturbance will be specifizally approved through the envirsnmental
Teview £Iocess. Ixisting trails may be used if Sricr environmental
approvas 1s cttained,

Sand and gravel must b2 cbtained from a source authorized ty a2 BLM

I
T
w
o
[}
I
»
(1]
‘Y
[
H
i
0t
O
"
13
ry
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uly permitted ccmmerzial sours

<cre hclss and wells containing potentially usable water should be
<2t 10 2 manner which facilitates their development as water
sources. Pricr <o termination of the agreement or abandenment

¢Z the holes/wells, the DOE will consult BIM to determine if the
hcles will be sealed and capped, plugged, cr turned over to the BLM
as is.

The CCI Is required to fulfill all requirements appliczable z2 the

=
ra

EPA, as well as all requirements f:r mitigation, stabilizatizn, and
Tehabllitation, as described in the Plan cf Develcpment and listed in
Secticns 4.1.1.4 and 4.1.2.6 of the Yucca Mountain Environmental
Assessment (DOE, 1986). This responsibility will zontinue until zhe
requirements are met, regardless of expiration of the Right-cf=-wWay
reservatisn.

- 8 2
-
- -
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2.0 TLCCTZLAIN PRCTEITICN
Sackzround
BT et
Zxecuzive Zrder (E0) 11388 reguiras that sach Federal agency take actisn

T2 zsduze Tne zisk of f£l:zd Zamage, minimize the impact £ Ilcsds <o human
safazy, nzalth, and wellare, and zestcre and greserve the natural and

s
izizl values served by £flcodplains.

(Y]
'y

temmT i majpi T iees ma ew e
=oTolZ3A0L T T2 Tag Lo

nzziviziss planned within the 1)0-year £lccdplain at the Yucca ¥ountain
wire cerzain compliance actisns (EXECUTIVE CRDER 11988, FLOCCPLAIN

23
VINAZIMENT: as implemented oy 1T CFR Part 1022).

- Any activity conductad in a floodplain must be preceded by a

f.zcdplain/wetlands assessment, in compliance with 10 CFR Part 1022.

- Alternatives 2 building in the defined 100-year £lcodplain must e

ifantifizd and ccnsiderad.

- Szructures/facilities built in the flscdplain should be desizned <o
zoth minimize effects on the flcodplain and protect the
tructure/facilities in the floodplain.
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AIRFA (American Indian Religicus F:e dcm ACD),
L] <

(Anciguities ACI), 1379, nMiantiguizies Act oI 1906," as amended, U.S
Zade, Title 16, Sectizn 432

Religisus Freedem Act 2% 1978,

ARPA (Archaec.ogical Resources Prctecticn Act), 1979, "Archaeologizal

L)

©

(4]

Resources Protestizn Azz," U.S. Code, Title 15, Sec. 47Caa=-il.

(Atomiz Tnergy act), 1954. MAtomic Energy Act," as amended, U.S. lode,

.
1
Tivsla 4Z, Sec. Z521l(n).

(U.S. Bureau ¢f Land Managemen:), 2.388. Right-cf-Way Reservatizn
N-47748, CJanuary 6, 1388. :

{U.S. Sureau c¢f Land Managemen:z), .989. Right-of-Way Reservation
N-48602, Cctsber 10, 1988.

(Cle an Aiz AZt), 1377, "Clean Air Aczt," as amended, U.S5. Zcde, Title 42,
Sec. T4CL.

LA (Tomprehensive Envircnmental Response, Compensaticn, and Liability
Act), 1980. “"Zsmprehensive EZnvironmental Response, Compensation, and

Liabilisy Ace,”" as amended by "The Superfund Amendments and Reauthori-
zatwcn Act cI 1386," U.S. Tode, Title 42, Sec. 9601.

Clean Water Azz), 1972, "Federal Water Pollution Contrcl Act of 1972,
as amenied by the Clean Water Act c¢f 1977 and the Water Quality Act of

“S3a" -~

387," 7.5, Code, Title 33, Sec. 1251.

{C.S. Deparzment cf Energy), 1986. "Envircnmental Assessment Yucca Moun-
zain Site, Nevada Research and Development Area, Nevada," DOE/RW-0101,

- -~

Wasningewen, 2.C2.

(U.S. Department of Energy), 1988a. ™Environmental Regulatory Compliance
Plan f£or Sitze Characterization,® DOE/RW-0209, NNWSI Project, lLas Vegas,
Nevada.

(G.S. Department of Energy), 1988b. "Environmental Monitoring and
Mitigation Plan," DOE/RW-0208, Nevada Operations Office, las Vegas,
Nevada.

(U.S. Department of Energy), 1290. "Radioclogical Monitoring Plan,”
YMP/88-14, YMSCP, Las Vegas, Nevada.

(U.S. Department of Energy), 1991. "Reclamation Implementation Plan for
the Yucca Mountain Project," YMP, las Vegas, Nevada.

{Endangered Spec Aut), 1973. "tndangered Species Act cf 1973," U.S.
16,

Code, Tit.e
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TITRA (Federal Insecticide, Fungicide, and Rodentizide act), -378. also
Tederal Pesticide Act of 1978 (P.L.2-140 and P.L.35-29¢).

TLOMA (Federal land Policy and Management Act), 1976. "Federal Land Policy
and Management Act of 1976," U.S. Ccde, Title 43, Sec. 1701.

EMTA (The Hazardcus Materials Transportatisn Act), 1975. "The Hazardous
Materizls Transportaticn Act 2f 1975, " U.s. Code, Title 49, Sec. 1801.

Histcric Site, Buildings, and Antiquities Act, 1935. ™The Historic Sites,
Buildings, and Antiquities Act of 1935," U.S. Code, Title 16, Sec. 461.

Materials Act, 13947. “"Materials Act of 1947," U.S. Code, Title 30, Sec. 601.

McNats, R. M., 1990. Letter from R. M. McNatt to C. P. Gertz regarding the
U.S. Fish and Wildlife Service consultation and Biological Opinicn on the
potential for adverse impacts on the desert tortoise from Site
Characterizaticn Plan Activities. February 9, 1990.

4ZPA (Naticnal Environmental Policy Act), 1969. "National Environmental
Pclicy Act of 136%," U.S. Code, Title 42, Sec. 4321.

NHPA (Naticnal Historic Preservation Act), 1966. "™National Historic

Preservation Act of 1966," U.S. Code, Title 16, Sec. 470.

Neise Control Act, 1972. "Noise Control Act of 1972," U.S. Code, Title 42,
Sec. 4901.

NWPA (Nuclear Waste Policy Act), 1982. "Nuclear Waste Policy Act of 1982, as
amended Dy the Nuclear Waste Policy Amendments Act (NWPAA) of 1987,"
Puplic Law 97-425, U.S. Code, Title 42, Sec. 10101. '

CZfize of the President, 1970. "Protection and Enhancement of Environmentai
Cuality," Executive Order 11514, 35 Federal Register 46, Washington, D.C.

Cffice cf the President, 1971. "Protection and Enhancement of the Cultural
Znvironment, * Executive Order 11593, 36 Federal Register 8921,
Washingzzon, D.C.

Cflice of the President, 1977a. "Floodplain Management," Executive Order
=388, 42 Federal Register 101, Washington, D.C.

C2Zize of the President, 1977b. "Protection of Floodplains,® Executive Order
=-990, 42 Federal Register 101, Washington, D.C.

Cllice of the President, 1978. "Federal Compliance with Pollution Control
Standards," Executive Order 12088, 43 Federal Register 201, Washington,
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?A (Programmatic Agreement), 1388. "(Draft) Programmatic Agreement Among’ the
Unitad States Department cf Energy (DCE), the Advisory Council on
Historic Preservaticn (Ccuncil), and the Nevada State Historic Preserva-
«ion Cfficer (SHPO), for the First Nuclear Waste Deep Geology
Repository, " draft, yet :tc be issued.

), 1976. T"Resource Lonservation
tle 42, Sec. 4901.

~

RCRA (Resource Conservation and Recovery AcCt
and Reccvery Act of 1976," U.S. Ccde, T4

SOWA (Safe Drinking Water Acz), 1374. "Safe Drinking Water Act of 1974,"
U.S. Code, Title 42, Sec. 300(f).

State ¢f Nevada, 1984a. "Nevada Administrative Codes," Chapter 445, "Air
Pollution Controls," Carscn City, Nevada.

State cf Nevada, 1984b. "Nevada Admiristrative Codes, " Chapter 445, "Water

Pollution Control," Carson City, Nevada.

State of Nevada, 1985. "Nevada Administrative Codes," Chapter 444,
"Hazardcus Waste Disposal," Carson City, Nevada.

State of Nevada, 1987a. "Nevada Revised Statutes," Chapter 533, Sec. 325,
"Apprepriation of Public Waters," Carson City, Nevada.

State of Nevada, .987b. "Nevada Revised Statutes,® Chapter 445, Sec. 131.
"Nevada Water Pollution Contrcl lLaw," Carson City, Nevada.

State of Nevada, 1987¢c. "Nevada Revised Statutes," Title 45, "Wildlife,"
Carson City, Nevada.

State of Nevada, 1987d. "Nevada Revised Statutes,” Chapter 527, "Protection
and Preservation of Timbered lLands, Trees and Flora," Carson City,
Nevada.

TSCA (Tcxic Substances Contrcl Act), as amended (15 U.S.C. 2601).

10 CFR 1022, 1986. Title 10, "Energy,® Part 1022, "Compliance with
Floodplain/Wetlands Environmental Review Requirements," U.S. Government
Printing QOffice, Washington, D.C.

25 CFR 261, 1987. Title 25, "Indians,™ Part 261, "Preservation of
Antiquities,” U.S. Government Printing Office, Washington, D.C.

33 ZFR 209, 1987. Title 33, "Navigation and Navigable Waters," Part 209,
"Administrative Procedure," U.S. Government Printing Office, Washington,
D.C.

23 CFR Part 320, 1987. Title 33, "Navigation and Navigable Waters," Part
320, "General Regulatory Policies,"™ U.S. Government Printing Office,
Washington, D.C.

33 CFR Part 323, 1987. Title 33, "Navigation and Navigable Waters," Part
323, "Permits for Discharges of Dredged or Fill Material into Waters of
the United States," U.S. Government Printing Office, Washington, D.C.
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CFR Part 324, 1987. Title 33, "Navigation and Navigable Waters," Part’
324, "Permits for Ocean Dumping of Dredged Mater:ial," U.S. Government
Printing Office, Washington, C.C.

CTFR Part 325, 1987. Title 33, "Wavicat'on and Navigakble Waters," Part
328, "Processing cof Department of Army Permuts,™ U.3. Government Printing
:ffl:e, Washington, D.Z.

CFR Part 326, 1987, Title 33, "Navigation and Navigable Waters," Part
326, "Enforcement, Supervision and Inspection,® U.S. Government Printin

, , p : g
Cffice, Washington, D.C.

CFR Part 327, 1987. Title 23, "Navigaticn and Navigable Waters,® Part
327, "Public Hearings," U.S. Government Printing Office, Washington, D.C.

CFR 329, 1987. Title 23, "Navigation and Navigable Waters," Part 329,
"Definiticn of Navigable Waters ¢f the United States,” U.S. Government
Printing Office, Washington, LD.C.

CFR 330, 1387. Title 33, "Navigation and Navigable Waters,® Par:t 330,
"Naticnwide Permits,"” U.S. Government Printing Office, Washington, D.C.

CFR Part 296, 1986. Title 36, "Protection of Archaeclogical Resources:
Uniform Regulations," U.S. Government Printing Office, Washingtorn, D.C.

CFR 2art 800, 1987. Title 36, "Parks, Forests, and Public Lands,"™ Part
80C, "Protection cf Historic Properties,® U.S. Government Printing
Of£ice, Washington, D.C.

R Part SO, 1987. Title 40, "Protection of Environment,® Part 50,
"National Primary and Secondary Ambient Air Quality Standards,®™ U.S.
Government Printing Office, Washington, D.C.

CFR Part S5iI, 1987. Title 40, "Protection of Environment," Part 51,
"Requirements for Preparation, Adoption, and Submittal of Implementation
Plans," U.S. Government Printing Office, Washington, D.C.

CFR Part 52, 1987. Title 40, "Protection of Environment," Part 52,
"Approval and Promulgation of Implementation Plans," U.S. Government
Printing Office, Washington, D.C.

CFR Part S3, 1987. Title 40, "Protection of Environment,® Part 53,
"Ambient Air Monitoring Reference and Equivalent Methods," U.S.
Government Printing Office, Washington, D.C.

CFR Part 58, 1987. Title 40, "Protection of Environment,® Part 58,
"Ambient Air Quality Surveillance," U.S. Government Printing Office,
Washington, D.C.

CFR Part 60, 1987. Title 40, "Protection of Environment,®™ Part 60,

"Standaris of Perfcrmance for New Stationary Standards," U. S. Government
Printing Office, Washington, L.C.
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CFR Part 61, 1987. Title 40, "Prctection of Environment," Part 61,
"National Emission Standards for Eazardous Air Pollutants," U.S.
Government Printing Office, Washington, J.C.

CFR Part 81, 1987. mTitle 40, "Prctection of Environment,™ Part 81,
"Designation of Areas for Air Quality Planning Purposes,” U.S. Government
printing Office, Washingten, D.C.

CFR Parc 110, 19387. Title 40, "Protectiosn of Environment,"™ Part 110,
"Discharge of 0il," U.S. Government Printing Of£f: : 2, Washington, D.C.

CFR Part 112, 1987, Title 40, "Protection ¢f Environment, " Part 112, "0il
Pollution Prevention," U.S. Government Printing Cffice, Washington, D.C.

CFR Part 116, 1987. Title 40, "Protection of Environment," Part 1ll€,
"Designation of Hazardous Substances," U.S. Government Printing Office,
Washington, D.C.

CFR Part 117, 1987. Title 40, "Proctection of Environment," Part 117,
"Determination of Reportable Quantities for Hazardous Substances,® U.S.
Government Printing Office, Washington, D.C.

CFR Part 121, 1987. Title 40, "Prstection of Environment," Part 121,
"State Certification of Activities Requiring a Federal License oz
Permit," U.S. Government Pzinting Office, Washington, D.C.

CFR Part 122, 1987. Title 40, "Protection of Environment," Part 122, "EPA
Administered Permit Programs: The National Pollution Discharge Elimi=-
nation System," U.S. Government Printing Office, Washington, D.C.

CFR Part 123, 1987. Title 40, "Protection of Environment,™ Part 123,
"State Program Requirements,® U.S. Government Printing Office,
Washington, D.C.

CFR Parc .24, 1987. Title 40, "Protection of Environment," Part 124,
rprocedures for Decisiommaking,” U.S. Government Printing Office,
Washingrton, D.C.

CFR Part 125, 1987. Title 40, "Protection of Environment," Part 125,
"Criteria and Standards for the National Pollution Discharge Elimination
System," U.S. Government Printing Office, Washington, D.C.

CFR Part 129, 1987. Title 40, “Protection of Environment, " Part 129,
"Toxic Pollutant Effluent Standards,"™ U.S. Government Printing Office,
Washingten, D.C.

CFR Part 133, 1987. Title 40, "Protection of Environment," Part 133,
"Secondary Treatment Regulation," U.S. Government Printing Office,
Washington, D.C.

CTR Part 136, 1987. Title 40, "Protection of Environment,™ Part 136,

"Guidelines Establishing Test Procedures for the Analysis of Pollutants,"”
U.S. Government Printing Office, Washington, D.C.
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CFR Part 141, 1387. mitle 40, "Prot o)
"Naticnal Primary Orinking Water Regulatisns,
QOffice, Washingten, D.C.

nvircnment,® Part 141,
U.S. Government Printing
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CFR Part 142, 1987. Title 40, "Prctection cf Eavironment,” Part 142,
"National Primary Drinking Water Regulations Implementation,” U.S.
Government Printing Offize, Washingtsn, C.Z2.

CFR Part 143, 1987. <7Title 40, "Protectisn of Environment, " Part 143,
"National Secondary Drinking Water Regulations," U.S. Government Printing
Cffice, Washington, D.C.

CFR Part 144, 1987. Title 40, "Protection of Environment, " Part 144,

"Undergrcund Injection Cantrol Program, ™ U.S. Government Printing Office,
Washington, D.C.

CFR Part 145, 1987. Title 40, "Protection of Environment," Part 145,
"State Underground Injection Contrel Programs,® U.S. Government Printing
ffice, Washington, D.C.

CFR Part 146, 1987. Title 40, "Protection of Environment," Part 146,
"Underground Injection Centrol Program: <Criteria and Standards," U.S.
Government Printing Office, Washington, D.C.

CFR Part 147, 1987. Title 40, "Protection of Environment,® Part 147,
"State Underground Injecticn Control Programs," U.S. Government Printing
Cffice, Washingten, D.C.

C'R Part 149, 1987. Title 40, "Protection of Environment," Part 149,
"Sole Source Aquifers,” U.S. Government Printing Office, Washington, D.C.

CFR Part 191, 1984. Title 40, "Protection of Environment,® Part 191,
"Standards for Radioactive Releases to the Accessible Environment (Draft
4)," U.S. Government Printing Office, Washington, D.C. [A decision on
July 17, 1987, by the U.S. Court of Appeals for the First Cireuit has
vacated and remanded to the EPA for further proceedings the post-closure
standards (Subpart B) in 40 CFR 191).

CFR Part 230, 19687. Title 40, “Protection of Envircnment,® Part 230,
"Secticn 404(b) (1) Guidelines for Specification of Disposal Sites for
Dredged or Fill Material,® U.S. Government Printing Office, Washington,
D.C.

CFR Part 240, 1987. Title 40, "Protection of Environment, ®* Part 240,
"Guidelines for the Thermal Processing of Solid Wastes," U.S. Government
Printing Office, Washington, D.C.

CFR Part 241, 1987. Title 40, "Protection of Environment,* Part 241,

"Guidelines for the Land Disposal of Solid Wastes," U.S. Government
Printing Office, Washington, D.C.
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C?R Part 243, 1987. nmisle 40, “°—oteﬂ:i:n cf Zavirommens, " Part 233,
"Guidelines £or the Storage and Cslliectisn o Residential, Commercia
and Institutional Solid Waste," U.S. Government Printing Cffice,
Washington, D.C.

~TR DPart 244, 1987. Title 40, "Protection of Environment, " Part 244,
"Soiid Waste Management Guidelines for Beverage Containers," 7.S.
Sovernment Printing Cffice, Washington, o.C.

CFR Part 245, 1987. Title 40, "Protection c¢f Environment," Part 245,
"premulgation Resource Recovery Facility Guidelines,® U.S. Government

Prinzing Office, Washington, L.C.

U

~TR Part 246, 1987. Title 40, "Protection of Environment," Part 246,
"Source Separation for Mater:ials Recover Guidelines,” U.S. Government
crinting Office, Washington, D.C.

CFR Part 247, 1987. Title 40, "Protecticn of Environment,® Part 247,
"Guidelines for Procurement of Products that Contain Recycled Material,"
U.S. Goveranment Printing Cf£ice, Washingtenm, D.C.

CTR Part 260, 1987. Title 40, "Protection of Environment,® Part 260,
"Hazardous Waste Management System: General," U.S. Govermnment Printing
s£%.ze, Washingten, L.C.

orR Part 261, -987. Title 40, "Protection of Environment," Part 261,
n-dentificatisn and lListing of Hazardous Waste,® U.S. Government Printing
Z£%:ze, Washingtcn, D.C.

CTR Part 262, 1987. Title 40, "Protection of Environment,® Part 262,
"Standards Applicable to Generators of Hazardous Waste," U.S. Government
Prianting Offize, Washington, D.C.

CTR Part 263, 1987. Title 40, "Protection of Environment,® Part 263,
"srandards Applicable to Transporters of Hazardous Waste," U.S.
Government Printing Office, Washington, D.C.

CFR Part 264, 1987. Title 40, "Protection of Environment,® Part 264,
"Standards for Owners and Operators of Hazardous Waste Treatment,
Srcrage, and Disposal Facilities," U.S. Government Printing Office,
Wasnington, D.C.

TR Part 266, 1987. Title 40, “Protection of Environment," Part 266,
"Standards of the Management of Specific Hazardous Wastes and Specific
Types of Hazardous Waste Management Facilities," U.S. Government Printing
Offize, Washington, D.C.

CFR Part 270, 1987. Title 40, "Protection of Environment,® Part 270, "EPA
Administered Permit Programs: The Hazardous Waste Permit Program,® U.S.
Government Printing Office, Washington, D.C.

TR Part 271, 1987. Title 40, "Protection of Environment," Part 271,
"Requirements for Authorization of State Hazardous Waste Programs,” U.S.
Government Printing Office, Washington, 2.C.
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40 CFR Part 280, 1388. Title 40, "Praotectisn of Environment," Parz 250,
"Underground Storage Tanks," U.S. Government Printing Office, Washington,
D.C .

40 CFR Part 300, 1987. Title 40, "Prsotectisn cf Environment," Par: 300,
"Naticnal Cil and Kazardecus Substances 2ollution Contingency, ™ U.S.
Government Printing Office, Washington, D.C.

tectisn of Environment,® Part 202,

40 CFR Part 302, 1987. 7Title 40, "Pro
iss, and Notificaticn,"™ U.S. Government

"Designation, Reportable Quantit

Printing Officze, Washington, D.C.

40 CFR Part 335, 1987. Title 40, "Protection of Envircnment,™ Dart 285,
"Emergency Planning and Notification," U.S. Government Printing Office,
Washington, D.C.

40 ZFR Part 401, -987. Title 40, "Protectisn of Environment," Part 401,
"tffluent Guidelines and Standards, General Provisions," U.S. Government
Printing Office, Washington, D.C.

40 CFR Par: 403, 1987. Title 40, "Prctection of Environment," Part 403,
"Effluent Guidelines and Standards, General Pretreatment Regulations for
Existing and New Sources of Pollution,® U.S. Government Printing Office,
Washington, D.C.

4) CFR Chapter 5 (Parts 1500-1S508), 1987. Title 40, "Protection of
Environment,® Parts 1500-1508, "Council on Envirommental Quality,” (CEQ)
U.S. Government 2rinting Office, Washington, D.C.

i3 CFR Part 3, 1988. Title 43, "Public lands: Interior,” Part 3,
"Preservation ¢f American Antiquities,® U.S. Government Printing Office,
Washington, D.C.

43 CFR Part 6220, 1988. Title 43, "Public Lands: Interior,"™ Part 6220,
"Protection and Preservation of Natural Values," U.S. Government Printing
Qffice, Washington, D.C.

43 CFR Part 2600, 1988. Title 43, "Public Lands: Interior," Part 3600,
"Mineral Materials Disposal; General," U.S. Govermment Printing Office,
Washington, D.C.

49 CrR part 171, 1988. Title 49, "Transportation," Subchapter C: Hazardous
Materials Regulations, Part 171, "General Information, Requlations, and
Definitions," U.S. Government Printing Office, Washington, D.C.

49 CFR Part 172, 1988. Title 49, "Transportation,® Subchapter C: Hazardous
Materials Regulations, Part 172, "Hazardous Materials Tables and
Hazardous Materials Communications Requlations,® U.S. Government Printing
Office, Washington, D.C.

49 CFR Part 172, 1988. Title 49, "Transportation," Subchapter C: Hazardous
Materials Regulations, Part 173, "Shippers - General Requirements for
Shipments and Packagings," U.S. Government Printing Office, Washington,
D.C.

14-8



4

- - -~ mem o AA D <

YME ~ma00Lc, Few, 3,313 YMESCZZ-0012, Revw.

49 CFR Parz 174, 1388. Title 49, "Transportatiocn,” Subchapter C: Hazardous
Materials Regulations, Part 174, "Carrlage by Rail,"™ U.S. Government
Printing Cffice, Washington, D.C.

49 CFR Parz 175, 1988. Title 49, "Transportaticn," Subchapter C: Hazardous
Materials Regquiatisns, Part 175, "Carriage oy Aircrafe," U.S. Government
printing Cffice, Washington, D.C.

49 CZFR Parz 176, -383. Title 49, "Transpcrtation,”™ Subchapter C: Hazardous

Mater:als Regulatisns," Part 176, "Carriage by Vessel," U.S. Government
Printing Cffice, Washington, D.C.

49 CFR Part .77, 1983. Title 49, "Transportation," Subchapter C: Hazardous
Mater:als Regulations, Part 177, "Carriage by Public Highways," U.S.
Government Printing Office, Washington, D.C.

49 CTR Par:t 178, 1983, Title 49, "Transportation,® Subchapter C: Hazardous
Mater:als Requlations, Part 178, "Shipping Container Specifications,"®
U.S. Government Printing Office, Washington, D.C.

€0 CFR Part 17, .986. Title 50, "Wildlife and Fisheries," Part 17,
"tndangered anc Threatened Wildlife and Plants," U.S. Government Printing
Cffize, Washington, D.C.

50 CFR Par: 402, 1386. Title 50, "Wildlife and Fisheries," Part 402,
"Interagency Cocperation - Endangered Species Act of 1973, as amended,"®
U.S. Government Printing Office, Washington, D.C.

20 CFR Par- 424, 1986, Title 50, "Wildlife and Fisheries," Part 424,
"Listiag Endangered and Threatened Species," U.S. Government Printing
Cf£fize, Washingten, D.C.

50 CFR Pars 450, 1986. Title 50, "Wildlife and Fisheries," Part 450,
"General Provisions: Endangered Species Exemption Process," U.S.
Government Printing Office, Washington, D.C.

50 CFR Par: 451, 1986. Title 50, "Wildlife and Fisheries," Part 451,
"Applicaticn Procedures: Endangered Species Exemption Process,” U.S.
Government Printing Office, Washington, D.C.

50 CTR Part 452, 1986. Title 50, "Wildlife and Fisheries,® Part 452,
"Consideration of Application by the Secretary: Endangered Species
Exemption Process," U.S. Government Printing Office, Washington, D.C.

S0 CFR Part 453, 1986. Title 50, "Wildlife and Fisheries," Part 453,

"Endangered Species Committee: Endangered Species Exemption Process,”
U.S. Government Printing Office, Washington, D.C.
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APPENDIX K

The ESF Title I Design Acceptability Analysis and Ccmparative Evaluation of
Alternative ESF Locations (DAA) was, in part, a review of the adequacy of ESF
Title I design for three concerns expressed by the NRC. The three concerns
are listed on page INTRO-2 of this document. This appendix contains the text
of the criteria used in the review to evaluate ESF design. Appendix I-3 of
the DAA contains a detailed discussion of the development process for the
criteria.

This appendix enables the user to correlate DAA criteria with corresponding
ESFDR criteria, and to understand how the criteria implement higher-level 10
CFR 60 requirements. The references shown in parentheses indicate the
iocation of a ccrresponding statement in the ESFDR.

Some cf the 10 CFR 60’s (and corresponding DAA criteria) do not directiy
influence the ESF design and consequently do not appear in the ESFDR text.
These have been listed in the ESFDR Introduction under the section titled 10
CFR 60 Requirements. They have been separated into the following five
separate categories.

. The 1{ CFR 60 requirements that regulate the handling and control of
radioactive material do not appear in the ESFDR because it is
anticipated that radioactive waste will not be used during the ESF
testing. These are identified as (I-1) under the DAA number.

[

2. Similarly, the 10 CFR 60 requirements for structures systems and
components that protect the public’s radiological health and safety do
not appear in the ESFDR because such structures would not be needed
where there is no radioactive material. These are identified as (I-2)
under the DAA number.

3. The administrative requirements of 10 CFR 60 do not appear in the
ESFDR because they are covered elsewhere and are irrelevant to the ESF
design. These are identified as (I-3) under the DAA number.

4. There are 10 CFR 60 requirements that do not appear in the ESFDR
simply because they cannot be evaluated or implemented at this time.
These are identified as (I-4) under the DAA number.

5. Finally, the ESFDR has been revised to eliminate all requirements
applicable to actual performance confirmation program because these
belong in the SCPB. These are identified as (I-5) in the DAA number.

Additionally, there are some DAA requirements pertaining to underground
testing that do not appear in the ESFDR Volume 1 but will be incorporated in
the test plan reference Appendix B in ESFDR Volume 2. These are identified
as (TP) under the DAA number.

APPENDIX K-l
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The criteria list is arranged in a structured fashion that is based upon a
four element reference code, that contains information about the specific NRC
concern (first element), 10 CFR 60 requirement (second element), ESF physical
system (third element), and criterion (fourth element).

The specific requirements of 10 CFR 60 that are addressed by the criteria
list are different for each NRC concern. The requirements that are relevant
tCc each concern are indicated on the attached correlation matrix. Within the
reference code, the specific requirements of 10 CFR 60 relevant to each of
the NRC concerns are assigned a sequential number for each of the NRC
concerns.

The third element of the code is based on the nine fourth-level elements of
the ESF Physical System TDescription. These elements are:

UNDERGROUND EXCAVATIONS
UNDERGROUND SUPPORT SYSTEMS

. UNDERGROUND TEST SUPPORT

. ESF DECOMMISSIONING AND CLOSURE

. ESF SITE

. SURFACE UTILITIES
. SURFACE FACILITIES
. SHAFT ACCESS

. RAMP ACCESS

(6 ) I PR U I N B S
O O ~J o

The fourth element of the code is a sequential numbering of the criteria for
each specific entry number under an ESF Physical System Element.
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NRC CONCERN NO: 1

The ESF design, construction, and operations should not comprcmise the ability
of the site to 1solate waste.
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1.1 Requirement 60.15(d)(1): Investigatisns to cbtain the required information
shall pe conducted in such a manner as to limit adverse effects on the long
term performance of the geologic repository to the extent practicable. *

1.1.1 Site

1.1.1.1 The design of the main pad shall incorporate aspects
{1.2.6.1CA) specifically directed at limiting the potential for
adverse impacts on the long term performance of the
repository, and construction and operation of the main
pad shall pe performed in a manner that limits the
potential fcr adverse impacts on the long term
performance cf the repository.

1.1.2 Surface Utilities

1.1.2.1 The design of the surface utilities, including the waste

(1.2.6.2Ch) water peonds and water handiing system, shall incorporate
aspects specifically directed at limiting the potential
for adverse impacts on the long term performance of the
repository, and construction and operation of the surface
utilities shall be performed in a manner that limits the
potential for adverse impacts on the long term
performance of the repository.

]
b
b

First shaft

.1i.4.1 The design of the first shaft shall incorporate aspects
(1.2.6.4PC2a.%) specifically directed at limiting the potential for
adverse impacts on the long term performance of the
repository, and construction and operation of the first
shaft shall be performed in a manner that limits the
potential for adverse impacts on the long term
performance of the repository.

1.1.5 Second shaft

1.1.5.1 The design of the second shaft shall incorporate aspects
specifically directed at limiting the potential for
(1.2.6.5PC2a.1) adverse impacts on the long term performance of the
repository, and construction and operation of the second
shaft shall be performed in a manner that limits the
potential for adverse impacts on the long term
performance of the repository.

1.1.6 Underground excavation

1.1.6.1 The design of the underground excavation shall incor-
(1.2.6.6PC2a.1) porate aspects specifically directed at limiting the
potential for adverse impacts on the long term
performance of the repository, and construction and
operation of the underground excavation shall be
performed in a manner that limits the potential for
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adverse impacts of the long term performance of the
repository.

1.1.7 Underground utilities

1.1.7.1 The design cf the underground utilities shall incorporate
(1.2.6.7CB.1) aspects specifically directed at limiting the potential
for adverse impacts on the long term performance of the
repository, and construction and operation of the
underground utilities shall be performed in a manner that
limits the potential for adverse impacts on the long term
performance of the repository.

1.1.8 Underground testing

1.1.8.1 The design of the underground testing program shall
{TP) incorporate aspects specifically directed at limiting the

potential for adverse impacts on the long term
performance of the repository, and implementation and
operation of the underground testing program shall be
performed in a manner that limits the potential for
adverse impacts on the long term performance of the
repository.

1.1.8.2 Prior to implementing the underground testing program, or
(TP) prior to implementing additional tests, an evaluation of
the potential impacts of such testing on the waste
isolation capability of the site shall be performed.

1.1.3 Decommissioning

1.1.9.1 The first shaft, second shaft, all underground
(I-2) excavations, and all boreholes shall be constructed to
allow backfilling and sealing as necessary to limit the
release of radioactive material to the environment.

* The approach adopted for evaluation of the adequacy of this 10 CFR Part 60
Requirement involves consideration of criteria developed under other 10 CFR
Part 60 Requirements. Rather than listing each of those criteria here, a
matrix indicating those criteria that were considered in the evaluation of
this 10 CFR Part 60 Requirement is presented in the Figure Appended to this
Document.
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1.2 Requirement: 60.15(d)(3) To the extent practical, exploratory bcreholes
and shafts in the geologic repositcry operations area shall be located where
shafts are planned for underground facility construction and operation or
where large unexcavated pillars are planned.

1.2.4 First shaft

1.2.4.1 The shaft pillar is the buffer zone surrounding the shaft
(1.2.6.0PC2c.v) beyond which any irstability of other underground

openings has a negligible effect on shaft stability.
Within the shaft pillar area, all facilities and openings
shall be designed to be stable for a 100 year life and to
limit any adverse effects on the stability of the shafts
that could impact the ability of the site to isolate
waste.

1.2.4.2 The exploratory shafts shall be located, to the extent
(1.2.€.4PC2b.1) practicable, where shafts are planned for the repository
facility.

.2.5 Second shaft

[y

1.2.5.1 The shaft pillar is the buffer zone surrounding the shaft
(1.2.6.0PC2¢c.v) beyond which any instability of other underground

openings has a negligible effect on shaft stability.
Within the shaft pillar area, all facilities and openings
shall be designed to be stable for a 100 year life and to
limit any adverse effects on the stability of the shafts
that could impact the ability of the site to isolate
waste.

1.2.5.2 The exploratory shafts shall be located, to the extent
(1.2.6.5PC2b.1) practicable, where shafts are planned for the repository
facility.
1.2.6 Underground excavation

1.2.6.1 Exploratory boreholes shall be located so that they do

(1.2.6.6PC2b.1) not intersect any underground openings.
1.2.6.2 For sealing purposes, exploratory boreholes shall be
(1.2.6.6PC2b.1i1i) located a minimum distance of 15 m from any underground
opening.

1.2.6.3 Borehole alignments and location shall be monitored,
(1.2.6.5PC2b.1iii.c) surveyed, and the results included on all underground
working maps.
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1.2.8 Underground testing

1.2.8.1 MPBH boreholes shall be located in pillars to the extent
(1.2.6.8CD.1) practicable.

1.2.8.2 Boreholes drilled from the underground portion of the ESF
(1.2.6.8C2.1i1) shall not penetrate significantly below the base of the
TsW2 host rock, unless the impacts of doing s¢, cn the
waste isclation performance of the site, have been
evaiuated and fcund to be acceptable.
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1.3 Requirement: 60.21(c) (1) (ii) (D). The assessment shall contain - The
effectiveness of engineered and natural barriers, including barriers that -may
not be themselves a part of the geologic repository operations area, against
the release of radioactive material to the environment. The analysis shall
also include a comparative evaluation of alternatives to the major design
features that are important to waste isolation, with particular attention to
the alternatives that would provide longer radionuclide containment and
isolation.

1.3.4 Firs+c shaft

[u—y

.3.4.1 The explcratcry shaft lccations should be selected,
(I-2) consistent with other goals ¢f site characterization, to
limit impacts on isolation.

H
Lo
=
NS

. The exploratory shaft ground support system should be
(I=-2) selected, consistent with other goals of site
characterization, to limit impacts on isolation. If the
support system is determined to be important to waste
isolation a comparative evaluation of alternatives shall
be performed.

1.3.4.3 The exploratory shaft diameter should be selected,

(I=-2) consistent with cther goals of site characterization, to
limit impacts on isolation. If the diameter is determined
to be important to waste isolation a comparative
evaluation of alternatives shall be performed.

,,
(O8]
%
-

. The exploratory shaft lirner should be designed,

(I-2) consistent with other goals of site characterization, to
limit impacts on isolation. If the liner is determined to
be important to waste isolation a comparative evaluaticn
of alternatives shall be performed.

1.2.4.5 The exploratory shaft operational seals should be
(I=2) designed, consistent with other goals of site
characterization, to limit impacts on isolation. If the
seals are determined to be important to waste isolation a
comparative evaluation of alternatives shall be
performed.

..3.5 Second shaft

1.3.5.1 The exploratory shaft locations should be selected,
(I-2) consistent with other goals of site characterization, to
limit impacts on isolation.

1.3.5.2 The exploratory shaft ground support system should be
(I=2) selected, consistent with other goals of site
characterization, to limit impacts on isolation. If the
support system is determined to be important to waste
isolation a comparative evaluation of alternatives shall
be performed.
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1.3.5.3 The exploratory shaft diameter should be selected,

(I-2) consistent with other goals of site characterization, tc
limit impacts on isolation. If the diameter is determined
to be important to waste isolation a comparative
evaluation of alternatives shall be performed.

Ln
N =S

1.3. The exploratory shaft liner should be designed, consis-
(I-2) tent with other goals of site characterization, to limit
impacts on isolation. If the liner is determined to be
important to waste isolation a comparative evaluation of
alternatives shall be performed.

1.3.5.5 The exploratory shaft operational seals should be
(I=2) designed, consistent with other goals of site character-
ization, to limit impacts on isolation. If the seals are
determined to be important to waste isolation a
comparative evaluation of alternatives shall be
performed.

1.3.6 Underground excavation

1.3.6.1 The Exploratory Shaft Underground Facility layout,

(I-2) including drift size, should be designed, consistent with
other goals of site characterization, to limit impacts on
isolation. If the layout is determined to be important to
waste isolation a comparative evaluation of alternatives
shall be performed.

a
.
(P9 )

.6.2 The Exploratory Shaft Underground Facility support system
(I=2) should be designed, consistent with the other goals of
site characterization, to limit the impacts on isolation.
If the support system is determined to be important to
waste isolation a comparative evaluation of alternatives
shall be performed.

-3
(98]

1.3.6.3 The Exploratory Shaft Underground Facility operational
(I-2) seals should be designed, consistent with other goals of
site characterization, to limit impacts on isolation. If
the seals are determined to be important to waste
isolation a comparative evaluation of alternatives shall
be performed.
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60.21(¢) (11). The Safety Analysis Report shall include: a

description of design consideration that are intended to facilitate permanent
closure and decontamination or dismantlement of surface facilities.

1.4.1

{1.2.6.3:CB)

[

Site

1.4.1.1

1.4.4.1

(1.2.6.4.2CD)

The pad shall be designed to permit the ground to be
restored to a contour compatible with its initial
conditions.

.4.4 First shaft

The shaft liner shall be designed to be removable prior
to permanent closure.

1.4.4.2 To prevent complications of seal evaluations and

.4PC2k . 11)

emplacement and limit chemical alteration in future seal
environments, no pressure grouting shall take place
during the construction period of the shaft at locations
of potential seal testing or emplacement. Specifically,
no pressure grouting shall be performed within 50 feet of
the original ground surface and within 50 feet (above and
below) the contact of the Pah Canyon and Topopah Spring
tuffs.

1.4.4.3 Furnishings in the shafts shall be designed to te
)

removable, if necessary, prior to permanent closure.

+.4.5 Second shaft

(1.2.¢
(1.2.6.4.4CC
{1.2.6.5.2CC

(1.2.5.5.4CC

[N

(1.2.6.6PC2h

(1.2.6.7CH)

1.4.5.3
)

Shaft liners shall be designed to be removable prior to
permanent closure.

To prevent complications of seal evaluations and
emplacement and limit chemical alteration in future seal
environments, no pressure grouting shall take place
during the construction period of the shaft at locations
of potential seal testing or emplacement. Specifically,
no pressure grouting shall be performed within 50 feet of
the original ground surface and within 50 feet (above and
below) the contact of the Pah Canyon and Topopah Spring
tuffs.

Furnishings in the shafts shall be designed to be
removable, if necessary, prior to permanent closure.

.4.6 Underground excavation

1.4.6.1 The drainage plan for the ESF and long exploratory drifts

.i1)

1.4.6.2

should be consistent with postclosure sealing concerns.
Nonpermanent components in the underground openings shall
be designed to be removable, if necessary, prior to
permanent closure.
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1.4.9 Decommissioning

1.4.9.1

The first shaft, second shaft, all underground
excavations, and all boreholes shall be constructed to
allow backfilling and sealing as necessary to limit the
release of radiocactive material to the environment.

APPENDIX K-11



1.5 Requirement: 60.74 (a) DOE shall perform, or permit the Commission to
perform, such tests as the Commission deems appropriate or necessary for the
administration of the requlations in this part. These may include tests cf:
(1) Radioactive waste, (2) the geologic repository including its structures,
systems, and components, (3) radiation detection and monitoring instruments,
and (4) other equipment and devices used in connection with the receipt,
handiing, or storage of radioactive waste. (b) The tests required under this
section shall irnclude a performance confirmation program carried cut in
accordance with Subpart F of this part.

1.5.8 Underground testing

1.5.8.1 The testing program and undergrcund layout shall be
(T2) designed with sufficient flexibility that tests that are
deemed appropriate by the NRC can be performed. Prior to
incorporating such tests, an evaluation of potential
- impacts cn waste isolation shall be performed.

1.5.8.2 Performance confirmation testing shall be carried out to
(TP) meet the requirements of 10 CFR 60, Subpart F. Prior to
incorporating such tests, an evaluation of potential
impacts on waste isolation shall be performed.
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1.6 Requirement: 60.112 The geologic setting shall be selected and the
engineered barrier system and the shafts, boreholes and their seals shall ke
designed to assure that releases of radioactive materials to the accessikle
environment following permanent closure conform to such generally applicable
environmental standards for radioactivity as may have been established by the
Environmental Protection Agency with respect to both anticipated processes and
events and unanticipated processes and events. *

1.6.1 Site
1.6.1.1 The Exploratory Shaft Facility pad shall be designed and
(1.2.6.1CC.111) constructed so that it does not lead to creation of
pathways that compromise the repository’s capability to
meet the performance objective of 10 CFR Part 60.112.

1.6.2 Surface Utilities

1.6.2.1 The surface utilities shall be designed and constructed

(1.2.6.2CF) so that -hev do not affect the capability of the
repository to meet the Performance Objective of 10 CER
60.112.
1.6.4 First shaf:

1.6.4.1 The shaf: opening shall be designed and constructed so
(ZI-4) tnat, following permanent closure, it does nct become a
pathway that compromises the repository’s ability to meet
the performance objectives of 10 CFR Part 60.112.

Seccnd shaft

[
.

o
(%3]

1.6.5.1 The shaft opening shall be designed and constructed so
(I-4) that, following permanent closure, it does not become a
pathway that compromises the repository’s ability to meet
the performance objectives of 10 CFR Part 60.112.

=
[o )
N

Underground excavation

1.6.6.1 The Exploratory Shaft Facility underground excavation
(I-4) shall be designed and constructed so that, following
permanent closure, it does not become a pathway that
compromises the repository’s ability to meet the
performance objective of 10 CFR Part 60.112.

-

[4 3]
.
~J

Underground Utilities

1.6.7.1 The underground utilities shall be designed and
(I-4) constructed so that they do not affect the capability of
the repository to meet the Performance Objective of
10 CFR 60.112.
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1.6.8 Underground testing

1.6.8.1 The testing program shall not affect the capability of
(TP) the underground repository to meet the performance
objective of 10 CFR 60.112.

1.6.8.2 Borehole cpenings shall be designed so that, following
(TP) permanent ciosure, they do not become pathways that
compromise the repository’s ability to meet the
performance cbjectives of 10 CFR Part 60.112.

1.6.9 Decommissioning

1.6.9.1 The first shaft, second shaft, all underground
(I-4) excavations, and all boreholes shall be constructed to
allow backfilling and sealing as necessary to limit the
release of radicactive material to the environment.

* The approach adopted for evaluation of the adequacy of this 10 CFR Part 60
Requirement involves consideration of criteria developed under other i0 CFR
Part 60 Requirements. Rather than listing each of those criteria here, a
matrix indicating those criteria that were considered in the evaluation of
this 10 CFR Part 60 Requirement is presented in the Figure Appended to this

Document .
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1.7 Requirement 60.113(a) (1) (i): The engineered barrier system shall be
designed so that, assuming anticipated processes and events: (A) Containment
of HLW will be substantially complete during the period when radiation and
thermal ccnditions in the engineered barrier system are dominated by fission
procduct decay; and (B) any release of radionuclides from the engineered
barrier system shall be a gradual proccess which results in small fractional
reieases -0 the geologic setting over long times.

1.7.6 Underground excavation

The underground excavation shall be designed to assist or
not detract from the capability of the repository to
ensure substantially complete containment and a release
of radionuclides that is a gradual process after the
containment period, and construction and operation of the
underground excavation shall be performed in a manner
designed to assist or not detract from the capability of
the repository to ensure substantially complete
containment and a release of radionuclides that is a
gradual process after the containment period.

1.7.7 Underground utilities

The underground utilities shall be designed to assist or
not detract from the capability of the repository to
ensure substantially complete containment and a release
of radionuclides that is a gradual process after the
containment period, and construction of the underground
utilities shall be performed in a manner designed to
assist or not detract from the capability of the
repository to ensure substantially complete containment
and a release of radionuclides that is a gradual process
after the containment periocd.

1.7.8 Underground testing

1.7.6.1
(I-4)

1.7.7.1
(I-4)

1.7.8.1
(TP)

The underground testing program shall be designed to
assist or not detract from the capability of the
repository to ensure substantially complete containment
and a release of radionuclides that is a gradual process
after the containment period, and construction and
operation of the underground testing program shall be
performed in a manner designed to assist or not detract
from the capability of the repository to ensure
substantially complete containment and a release of
radionuclides that is a gradual process after the
containment period.
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1.8 Requirement 60.113(a) (1) (ii) (A): Containment of HLW within the waste
packages will be substantially complete for a period determined by the
commission taking into account the factors specified in 60.113 (b) provided
that such period shalil not be less than 300 years nor more than 1000 years
after the permanent closure of the repository. *

(I-4)

(I-4)

(TP)

1.8.6 Underground excavation

1.8.8.1

The undergrcund excavation shall be designed to assist or
not detract from the capability of the repository to
ensure substantially complete containment for a period
not less than 300 years nor more than 1000 years after
the permanent closure of the repository, and constructicn
and operation of the underground excavation shall be
performed in a manner designed to assist or not detract
from the capability of the repository to ensure

" substantially complete containment for a period not less

than 300 years nor more than 1000 years after the
permanent closure of the repository.

1.8.7 Underground utilities

1.8.7.1

The underground utilities shall be designed to assist or
not detract from the capability of the repository to
ensure substantially complete containment for a period
not less than 300 years nor more than 1000 years after
the permanent closure of the repository, and construction
of the underground utilities shall be performed in a
manner intended to assist or not detract from the
capability of the repository to ensure substantially
complete containment for a period not less than 300 years
nor more than 1000 years after the permanent closure of
the repository.

1.8.8 Uncerground testing

1.8.8.1

The underground testing program shall be designed to
assist or not detract from the capability of the
repository to ensure substantially complete containment
for a period not less than 300 years nor more than

1000 years after the permanent closure of the repositcry,
and implementation and operation of the underground
testing program shall be performed in a manner designed
to assist or not detract from the capability of the
repository to ensure substantially complete containment
for a period not less than 300 years nor more than

1000 years after the permanent closure of the repository.

* The approach adopted for evaluation of the adequacy of this 10 CFR Part 60
Requirement involves consideration of criteria developed under other 10 CFR
Part 60 Requirements. Rather than listing each of those criteria here, a
matrix indicating those criteria that were considered in the evaluation of
this 10 CFR Part 60 Requirement is presented in the Figure Appended to this
Document.
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1.9 Requirement 60.113(a) (1) (ii) (B): The release rate of any radionuclide frcm
-he engineered barrier system following the containment period shall not
exceed one part in 100,000 per year of the inventory of that radionuclide
calculated to be present at 1000 years fcllowing permanent closure. *

Ps

1.9.6 Underground excavation

1.9.6.1 The underground excavation shall be designed to assist or

(I-4) nct detract from the capability of the repository to

ensure that the release of radionuclides does not exceed

a rate of one part in 100,000 per year of the inventory

of radionuclides calculated to be present at 1000 years

following permanent closure, and construction and

operation of the underground excavation shall be

performed in a manner designed to assist or nct detract
from the capability of the repository to ensure that the
release of radionuclides does not exceed a rate of one
part in 100,000 per year of the inventory of
radionuclides calculated to be present at 1000 years
following permanent closure.

1.9.7 Underground utilities

©.9.7.1 The underground utilities shall be designed to assist or

{I-4) not detract from the capability of the repository to
ensure that the release of radionuclides does not exceed
a rate of one part in 100,000 per year of the inventory
of radionuclides calculated to be present at 1000 years
following permanent closure, and construction of the
underground utilities shall be performed in a manner
designed to assist or not detract from the capability of
the repository to ensure that the release of
radionuclides does not exceed a rate of one part in
100,000 per year of the inventory of radionuclides
calculated to be present at 1000 years following
permanent closure.

1.9.8 <Underground testing

1.9.8.1 The underground testing program shall be designed to
(TP) assist or not detract from the capability of the
repository to ensure that the release of radionuclides
does not exceed a rate of one part in 100,000 per year of
the inventory of radionuclides calculated to be present
at 1000 years following permanent closure, and
construction and operation of the underground excavation

* The approach adopted for evaluation of the adequacy of this 10 CFR Part 60
Requirement involves consideration of criteria developed under other 10 CFR
Part 60 Requirements. Rather than listing each of those criteria here, a
matrix indicating those criteria that were considered in the evaluation of
this 10 CFR Part 60 Requirement is presented in the Figure Appended to this
Document.
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shall be performed in a manner designed to assist cr mot
detract from the capability of the repository to ensure
that the release of radionuclides does not exceed a rate
of one part in 100,000 per year of the inventory of
radionuclides calculated to be present at 1000 years
following permanent closure.
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1.10 Requirement: 60.130: Sections 60.131 through 60.134 specify minimum
criteria for the design of the geologic repository operations area. These
design criteria are not intended to be exhaustive, however. Omissions in §§
60.131 through 60.134 do not relieve DCE from any obligation to provide such
safety features in a specific facility needed to achieve the performance
objectives. All design bases must be consistent with the results of site
characterizaticn activities.

1.10.1 Site
1.10.1.1 Pad operation and construction should limit adverse
(1.2.6.1CE) chemical changes by controlling the use of
hydrocarbons, solvents, and chemicals.

1.10.4 First shaft

1.10.4.1 Shaft operation and construction should limit adverse

1.2.6.4PC2a.11) chemical changes (type, quantity and location)

1.2.6.4PC2a.111) particularly to pH and organic content of ground water,
by controlling the use of hydrocarbons, solvents, and
chemicals.

1.10.4.2 The usage of cement, shotcrete, and grout for bolt

(1.2.6.4PC2a.ii.a) anchors or other rock mass support for shaft

1.2.6.4PC2a.1ii.b) construction and operations should not exceed
requirements for proper construction or safety
considerations.

1.10.4.3 The chemistry of any water used in shaft construction,
{1.2.6.4PC2a.1i1) or operation should be compatible with postclosure
requirements to isolate and contain waste.

1.10.4.4 Fluids and materials planned for use in the shaft shall
(1.2.6.4PC2a.ii.¢) be evaluated with respect to intended use for possible
effects on the capability of the site to isolate waste,

and appropriate controls instituted.

1.10.4.5 A materials control program should be implemented to
(1.2.6.4PCZa.iv) enable establishment of limits on the inventory of
materials left after decommissioning.

1.10.4.6 The capability to enhance postclosure performance by
(1.2.5.4.2CD) removing shaft liners shall be retained.

1.10.4.7 The shaft shall be designed with construction controls
(1.2.6.4PC2a.v) that enable flexibility in closure, such as the
location of seals, so that a seismic event is unlikely
to compromise the ability of the facility to isolate
wastes.

APPENDIX K-19



TME - ZC-C01I, Rev.

wn
ta
[4

1.10.4.8 Construction and operations should be executed in a.

(1.2.6.4PC2a.11) manner that contributes to or does not detract from
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.cpPC2a.

isolation capability of the site; for example by
limiting organics in drilling fluids, construction
materials, and explosive residues from blasting.

13.5 Second shaft

1.10.5.1 Shaft operation and construction should limit adverse

.5PC2a.1ii) chemical changes (type, quantity and location)
.5PC2a.iii) particularly to pH and organic content of ground water,

by controlling the use of hydrocarbons, solvents, and
chemicals.

1.10.5.2 The usage of cement, shotcrete, and grout for bolt

.5PC2a.ii.a) anchors or other rock mass support shaft construction
.3PCzZa.ii.b) and operaticns should not exceed requirements for

proper construction or safety considerations.

1.10.5.3 The chemistry of any water used in shaft construction,

.2PC2a.1iz1) or operation should be compatible with postclosure

requirements to isolate and contain waste.

1.10.5.4 Fluids and materials planned for use in the shaft shall

.3PC2a.ii.c) be evaluated with respect to intended use for possible

effects on the capability of the site to isolate waste,
and appropriate controls instituted.

A materials control program should be implemented to
enable establishment of limits on the inventory of
materials left after decommissioning.

—
(o)
n
(W]

1.10.5.6 The capability to enhance postclosure performance by
.2CC) removing shaft liners shall be retained.

on

1.10.5.7 The shaft shall be designed with construction controls

.5pC2a.v) . that enable flexibility in closure, such as the

location of seals, so that a seismic event is unlikely
to compromise the ability of the facility to isolate
wastes.

1.10.5.8 Construction and operations should be executed in a

.5pC2a.11) manner that contributes to or does not detract from

isolation capability of the site; for example by
limiting organics in drilling fluids, construction
materials, and explosive residues from blasting.

.10.6 Underground excavation

1.10.6.1 The ESF shall be designed with a minimum distance of

.6PC2¢.1) 75 feet between tne centerlines of the adjacent ESF and

waste emplacement drifts.

APPENDIX K-20



- mm~ AN

. s
Mr Cl-ulll, T

n

=

W

1.10.6.2

(1.2.6.6PC2a.11)

(1.
(1.

(1.

(1.

{l.

NN
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1.
.6PC2a.1i.

.6PC2a.ii.a)
.6PC2a.1i.b)

.6PC2a.1i1)

.6PC2a.11i)

.6pC2a.iv)

1.10.6.8

.0PC2a.1i)

1.10.7.1

.7C2.1)

~e o~
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Underground facility operation and construction shouid
limit adverse chemical changes (type, quantity and
location) particularly to pH and organic content of
ground water, by controlling the use of hydrocarbons,
solvents, and chemicals.

Underground facility construction and operation should
limit cement, shotcrete, and grout for bolt anchors or
other rock mass support to that required for proper
construccion.

The chemistry of any water used in underground
excavation construction or operation should be
compatibie with postclosure requirements to isolate and
contain waste.

Fluids and materials planned for use in the underground
excavation shall be evaluated with respect to intended
use fcr pos#ible effects on the capability of the site
to isolate waste, and appropriate controls instituted.

A materials centrol program should be implemented to
enable establishment of limits on the inventory of
materials left after decommissioning.

The underground excavation shall be designed with
construction controls that permit flexibility in
closure, such as the location of seals, so that a
seismic event is unlikely to compromise the ability of
the facility to isolate wastes.

Construction and operations should be executed in a
manner that contributes to or does not detract from
isolation capability of the site; for example by
limiting organics in drilling fluids, construction
materials, and explosive residues from blasting.

.10.7 Underground utilities

Utility systems, including the water distribution and
mine wastewater collection systems, shall be designed
so that, in the event of seismic activity, the ability
of the facility to isolate waste will not be
compromised.

.10.8 Underground testing

1.10.8.1 Fluids and materials planned for use in the shaft shall

.8CE.1)

be evaluated with respect to intended use for possible
effects on the capability of the site to isolate waste,
and appropriate controls instituted.
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The testing program should limit adverse chemical
changes (type, quantity and locatior) particularly to
pH and organic content of ground water, by controlling
the use of hydrocarbons, solvents, and chemicals.

The testing program should be executed in a manner that
contributes to or does not detract from the isolation
capability of the site: for example, by limiting
organics in drilling fluids and explosive residues from
blasting.

The chemistry of any water used in the testing program
should be compatible with isolation and containment
objectives.
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1.i1 Requirement: 60.133(a) (1) The orientation, geometry, layout, and deptn
of the underground facility, and the design of any engineered barriers that
are part of the underground facility shall contribute to the containment and
isolation of radionuclides.
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.6.€PC2b.

.6.6PClb.

First shaft

1.21.4.1 The shaft configuration (shaft location, shaft

il diamerer, shaft separation, and shaft depth) shouid

contriktute to or not detract from the isolation
capability cf the site.

Second shaft

.5.1 The shaft configuration (shaft location, shaft
.—.ameter, shaft separation, and shaft depth) should
contribute to or not detract from the isolatic
capability of the site.

P

iii

— s

Underground excavation

1.11.6.1 The underground facility configuration (drift location,

V) orientation, geometry, and drift sizes) should

contribute to or not detract from the capability of the
site to isolate and contain waste.

1.11.6.2 Overburden above the potential repository horizon must
1) te > 200m.

1..1.6.3 If possible, confine Main Test Level facility to TsWZ,

Li) although TsWl can be considered.

1.11.6.4 Location of underground facility should stay within the

i) conceptual perimeter drift boundary, except as needed
to characterize areas outside that boundary, taking
into account any potential impacts on the waste
isolation capabilities of the site.

1.11.6.5 The distance of underground facility openings from
1i) exploratory boreholes drilled from the surface should
be at least 15m.

1.11.6.6 The spacing between adjacent ESF drifts shall be a

.11) minimum of two drift diameters (using the maximum

diameter of either opening, and considering the closest
proximity of any part of each opening).

1.11.6.7 The number of interconnections between the dedicated

i) test area and the repository should be limited to as
few as possible, consistent with access and ventilation
needs.
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The drainage plan for the ESF and long exploratory
drifts should be consistent with repository operations
and postclosure sealing concerns. Specifically,
drainage in the dedicated test area should be toward
ES-1 and drainage in long drifts should be compatible
with reposizory grades.
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1.12 Requirement: 60.133(a)(2) The underground facility shall be designed so
that the effects of credible disruptive events during the period of
operations, such as flooding, fires and explosions, will not spread threugh
the facility.

1.12.1 Site
1.12.1.1 The areas around the shaft collar shall be designed and
(1.2.6.1PCib) constructed to prevent water inflow from the probable

maximum flood.

.12.2 Surface Utilities

[y

1.12.2.1 Water storage tanks should be located, or protection
(1.2.6.2CQ) provided to preclude water inflow to ESF following a
possible tank failure.

1.12.2.2 Piping shall be designed to preclude or limit possible
{1.2.€.2CD) water inflow to the ESF following a pipe rupture.

[y
[
[ ]
NEN

First shaft

1.12.4.1 The exploratory shaft shall be designed so that the
{1.2.6.4PCZe.1) effects of credible disruptive events (e.g., flooding,
fires, and explosions) shall be limited from spreading
through the facility.

1.12.5 Second shaft

1.12.5.1 The exploratory shaft shall be designed so that the
(1.2.6.32C2e.1) effects of credible disruptive events (e.g., flooding,
fires, and explosions) shall be limited from spreading
through the facility.

1.12.6 Underground excavation
1.12.6.1 The Exploratory Shaft Underground Facility shall be
(1.2.6.6PC2f.1) designed so that the effects of credible disruptive
events (e.g., flooding, fires, and explosions) shall be
limited from spreading through the facility.

1.12.6.2 The drainage plan for the ESF and long exploratory

(1.2.5.6PC2f.1v) drifts should be designed to ensure that the effects of
flooding shall be limited from spreading through the
facility. :

1.12.6.3 Materials should be selected such that effects of fire
(1.2.6.6PC2£.11) do not produce geochemical effects that impact waste
isolation capabilities of the site.

1.12.6.4 The underground facility should be designed to limit

(1.2.6.6PC2f.111) any spread of fire, which could produce geochemical
effects that impact waste isolation capabilities of the
site.
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1.12.6.5 OQperational seals shall be provided where necessary. to
(1.2.6.6PC2h.vii) control the spread of water through the facility.

[

.12.7 Underground utilities

1.12.7.1 Water lines in ESF should be outfitted to limit water
{1.2.6.7CJ) inflow to ESF following a possible line rupture,

1.12.7.2 Effective redundant minewater discharge systems should
(1.2.6.7.6PClb.v) be provided to limit possible impacts on the isolation
capability of the site.

1.12.7.3 Fire suppression agents shall be selected such that

{1.2.6.7.8CA) they do not produce geochemical effects that adversely
impact waste isolation capabilities of the site.
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1.13 Requirement: 60.133(b) The underground facility shall be designed with
sufficient flexibility to allow adjustments where necessary to accommodate
specific site conditions identified through in situ monitoring, testing, °r
excavation.

1.13.6 Underground excavation
}.13.6.1 The ESF should be designed so as not t¢o interfere with
1

i) the flexibility of the repository to accommodate
specific site conditions.

—
N
(2%
[}
gl
)
~No
({9

1.13.6.2 The number of interconnections between the dedicated
{1.2.6.6PClb.1) test area and the repository should be limited to as
few as practicable.

1.13.6.3 The area of the ESF underground excavations shall be
{1.2.6.6PCib.ii) : limited to that necessary for conducting the needed
site characterization and performance confirmation
tests.
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14 Requirement: 60.133(d) The design of the underground facility shail
ovide for control of water or gas intrusion.
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The amount c¢f water used in construction, and
cperations, o¢f the main pad should be limited so as to
limit the effects on the containment and isolation
capability of the site.

Water use in pad construction shall not adversely
impact goals to limit the average saturation of the
repository horizon to <75% and limit the local
saturation to 90%.

Construction of the main pad shall be performed in a
manner to avoid blockage of natural surface water
rainageways and avoid creation of surface water
impoundments that could impact post-closure
performance.

MPBHs or other surface drilled exploratory boreholes
associated with the ESF shall be drilled dry.

MPBHs shall incorporate a standpipe or other measures
appropriate and adequate for protection against the
effects of maximum credible floods during the period
when MPBHs are accessible prior to borehole plugging
and sealing.

Construction water shall be limited to that required
for dust control and proper equipment operation
consistent with performance objectives.

Construction procedures shall enable removal of excess
water.

Operating procedures shall be developed to ensure water
entering the ESF is managed appropriately, including
quantity, location, and water balance.

Surface Utilities

1.14.2.1

Fluids recovered from sanitary uses or during construc-
tion operations should be disposed of in such a way as
to avoid potential for performance impacts, for example
in lined ponds.
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.4PCld

.14.4

.4PC2g.

.4PC2q.1

.6PC2h.

.4PCl1i.

.4PCld.

.4PC2qg.1

.4PC2g.

.4PC2g.

.14.5

.5PC2g.

n
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First Shaft

1.14.4.1
1)

1.14.4.3
ii)

1.14.4.4
iiid)

1.14.4.5

w:)
-

1.14.4.7
i)

1.14.4.8

.1)

1.14.4.9
iv)

The amount of water used in construction and
operations, should be limited so as to limit the
effects on the containment and isolation capability cf
the site.

Water use in shaft construction should be generaily
consistent with repository design goals to limit the
average saturation of the repository horizon to <75%
and limit the local saturation to <90% in waste
emplacement areas.

The drainage plan for the ESF and long exploratory
drifts should be consistent with repository operations
and postclosure sealing concerns. Specifically,
drainage in the dedicated test area should be toward
ES-i, and drainage in long drifts should be compatible
with repository grades.

The shafts should be separated to maintain reasonable
distances for power and instrument cabling and water
piping as well as to provide for redundancy in mine
water discharge.

Appropriate gravity drainage and/or pumping systems

shall be incorporated into the shaft and underground
facilities for draining water away from testing and

other working areas to suitable collections point(s)
for further treatment and/or disposal.

Operating procedures shall be developed to ensure water
entering the ESF is managed appropriately, including
quantity, location, and water balance.

Construction water shall be limited to that required
for dust control and proper equipment operation.

Construction procedures shall enable removal of excess
water.

Operational seals shall be provided where necessary to
control the intrusion of water into the facility.

Second shaft

1.14.5.1
ii)

The amount of water used in construction and
operations, should be limited so as to limit the
effects on the containment and isolation capability of
the site.
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1.14.5.2

(1.2.6.5PC29.1i1)

(1.

.5PC2g.1

.5PCld. i

.5PC2g.

.5PC2g.

.6PC2h.

.6PC2h.

1.14.5.5
iv)

1.14.5.6

1)
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Water use in shaft construction should be generally
consistent with repository design goals to limit the
average saturation of the repository horizon to <7%%
and limit the local saturation to <90% in waste
emplacement areas.

The drainage plan for the ESF and long exploratory
drifts should be consistent with repository operations
and postclosure sealing concerns. Specifically,
drainage in the dedicated test area should be toward
ES-1 and drainage in long drifts should be compatible
with repository grades.

Appropriate gravity drainage and/or pumping systems

shall be incorporated into the shaft and underground
facilities for draining water away from testing and

other working areas to suitable collections point(s)
for furcther treatment and/or disposal.

Operating procedures shall be developed to ensure water
entering the ESF is managed appropriately, including
quantity, location, and water balance.

Construction water shall be limited to that required
for dust control and proper equipment operation
consistent with performance goals.

Construction procedures shall enable removal of excess
water.

Operational seals shall be provided where necessary to
control the intrusion of water into the facility.

’nderground excavation

1.14.6.1
iv)

1.14.6.2
v)

1.14.6.3
ii)

The amount of water used in construction and
operations, should be limited so as to limit the
effects on the containment and isolation capability of
the site.

Water used in construction and operations should not
adversely impact the repository design goals to limit
the average saturation of the repository horizon to
<75% and limit local saturation to <90% in areas of
waste emplacement.

The drainage plan for the ESF and long exploratory
drifts should be consistent with repository operations
and postclosure sealing concerns. Specifically,
drainage in the dedicated test area should be toward
ES-1 and drainage in long drifts should be compatible
with repository grades.
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Construction and cperating water shall be limized C0
that required for dust control and proper equipment’
operation consistent with performance goals.

Construction procedure shall enable removal of excess
water.

Appropriate gravity drainage and/or pumping systems

shall be inccrporated into the shaft and underground
facilities for draining water away from testing and

other werking areas to suitable collections point(s)
for further treatment and/or disposal.

Operating prcocedures shall be developed to ensure water
entering the ESF is managed appropriately, including
quantity, location and water balance.

Operaticnal seals shall be provided where necessary to
control the intrusion ¢f water into the facility.

.14.7 Underground utilities

1.24.7.1

.14.7.2

.7.9PClb. 1)

1.14.7.3
.7.6PClb.11)

Appropriate gravity drainage and/or pumping systems
shall be incorporated into the shaft and underground
facilities for draining water away from testing and
other working areas to suitable collections point(s)
for further treatment and/or disposal.

The groundwater collection and control system shall te
designed to include possible inflow from penetrations
of fault structures during geologic drifting or frem
perched water horizons during shaft sinking and
facility development,in addition to expected inflows.

The storage and pumping system shall be designed to
provide the capacity to handle emergency situations
such as unexpected inflow of water or water line
breakage at a peak rate of 250 GPM, or a steady flow of
20 GPM.

.14.8 Underground testing

1.14.8.1
.8CE.11)

1.14.8.2
.8CE.1ii1)

The amount of water used in testing and operations,
should be limited so as to limit the effects on the
containment and isolation capability of the site.

Water use in testing should be generally consistent
with repository design goals to limit the average
saturation of the repository horizon to <75% and limit
the local saturation to <90% in waste emplacement
areas.
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1.14.8.3 MPBHs or other surface drilled exploratory borenhcles
(1.2.6.8CE.1iv) associated with the ESF shall be drilled dry.

1.14.8.4 Testing water should be limited to that required for
L)

(1.2.6.8CE.i1 dust control and proper test operation consistent with
performance goais.
1.14.8.% Testing procedures shall require removal of excess
(1,2.6.8CE.vi) water.

1.14.8.6 Any cleaning of ESF walls to facilitate photogrammetry,
(1.2.6.8CE.vii) mapping, or other testing shall be done using
compressed air/mist using control procedures.

1.14.8.7 Test procedures must be developed to ensure water
{1.2.6.8CE.viil) entering the ESF is managed appropriately, including
’ quantity, location, and water balance.

1.14.8.8 Gaseous products used in characterization should not

(1.2.6.8CE.ix) produce gecchemical effects that impact waste isolation
capabilizies of site.
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60.133(e) (2) Openings in the underground facility shal’ be

designed to reduce the potential for deleterious rock movement or fracturing
of overlying or surrounding rock.

1.15.4

(1.2.6.49C21.

(1.2.6.42C2h.

=
-
n
o

(1.2.6.62C21
(1.2.6.6PC23

(1.2.6.6PC2e.

(1.2.6.6PC2c

First shaft

1.15.4.1
ii)

1.15.4.2
ii)

The shaf: shall be designed to provide stability and tc
reduce the potential for deleterious rock movement cr
fracturing that may create a pathway for radionuclide
migration.

An adequate distance between shafts should be provided
to reduce potential mechanical interference between the
two shafts.

Second shaft

1.15.5.1
Li1)

1.15.5.2

Lii)

The shaft should be designed to provide stability and
to reduce the potential for deleterious rock movement
or fracturing that may create a pathway for
radionuciide migration.

An adequate distance between shafts should be provided
to reduce potential mechanical interference between the
two shafts.

Underground excavation

1.15.6.1

i.11)

1.15.6.2
.V)
.11)

1.15.6.3
ii)

1.15.6.4
.ix)

The underground excavation be designed to provide
stability and to minimize the potential for deleterious
rock movement or fracturing that may create a pathway
for radionuclide migration.

The design of underground openings and their supports
shall utilize pillar and opening geometries that limit
stress concentration to acceptable levels, so as to
minimize the potential for deleterious rock movement or
fracturing that may create a pathway for radicnuclide
migration.

The spacing between adjacent ESF drifts shall be a
minimum of two drift diameters (using the maximum
diameter of either opening, and considering the closest
proximity of any part of each opening).

The ESF shall be designed to be consistent with the

repository design goal to limit the extraction ratio to
less than 30%.
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1.16 Requirement: 60.133(f) The design of the underground facility shall
incorporate excavation methods that will limit the potential for creating a
preferential pathway for groundwater to contact the waste packages or
radionuclide migration to the accessible environment.

(l.

(1.

(1.

Ny

N

[o2Y

[+ )]

.le.l

.iCCL L1

.16.4

.4PC21.

.4PC2%.

.4PC21.

.4PC21.

.SPC21.

.SPC2i.

.5PC21.

Site

1.16.1.
)

4

Excavation techniques used for pad construction shall
control overbreak of rock and limit disturbance to the
integrity of the adjoining rock mass.

First shaft

1.16.4.
viii)

1.16.4.

i)

1.16.4.
vi)

1.16.4.

Second
1.16.5.

viii)

1.16.5.
i)

1.16.5.
vi)

1.16.5.
v.a)

1

The exploratory shaft construction method should be
selected, consistent with other goals of site
characterization, to limit impacts on isolation.

Excavation techrniques used for shaft and station
construction shall control overbreak of rock and limit
disturbance to the integrity of the adjoining rock
mass.

Drill and blast specifications should include controls
related to types and amounts of explosives, shot
patterns, and hcle depth in order to limit the
magnitude and extent of blast-induced permeability.

The excavation methods should be compatible with
repository design goals to limit permeability changes
beyond 3 m from the walls of the excavation to less
than one order of magnitude.

shaft

1

The exploratory shaft construction method should be
selected, consistent with other goals of site
characterization, to limit impacts on isolation.

Excavation techniques used for shaft and station
construction shall control overbreak of rock and limit
disturbance to the integrity of the adjoining rock
mass.

Drill and blast specificaticns should include controls
related to types and amounts of explosives, shot
patterns, and hole depth in order to limit the
magnitude and extent of blast-induced permeability.

The excavation methods should be compatible with
repository design goals to limit permeability changes
beyond 3 m from the walls of the excavation to less
than one order of magnitude.
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1.16.6 Underground excavation

1.1
(1.2.6.6PC2j.1)

1
PRPEPS

(1.2.6.6PC2].x)

6.6.1

6.6.2

Excavation techniques used for ESF construction shall
control overbreak of rock and limit disturbance to the
integrity of the adjoining rock mass.

Drill and olast specifications shall include controls
related to types and amounts of explosives, shot
patterns, and hole depth in order to limit the
magnizude and extent of blast-induced permeability.
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1.17 Requirement: 60

be designed to assist the geologic setting in meeting the performance
objectives for the period foliowing permanent closure.

1.17.4
(I-2)
1.17.5
(I-2)
1.17.6
(I-2)
(I-2)
.27
(I-2)

142
iy

.133(h) Engineered tarriers. Engineered barriers shaii

First shaft

1.17.4.1

Engineered barriers in the shafts shall assist the
geologic setting in limiting the release of
radionuclides to the accessible environment.

Second shaft

1.17.5.1

Engineered barriers in the shafts shall assist the
geologic setting in limiting the release of
radionuclides to the accessible environment.

Underground excavation

1.17.6.1

The engineered parriers in the undergrcund excavation
must be designed such that other systems, structures,
and components of the ESF and the candidate repository
do not eventually become ground-water flow paths and do
not promote the release of radionuclides to the
accessible environment.

The engineered barriers in the underground excavation
shall not preclude the repository from creating a waste
package environment that favorably controls chemical
reactions affecting waste package performance.

TCecommissioning

1.17.9.1

The first shaft, second shaft, all underground
excavations, and all boreholes shall be constructed to
allow backfilling and sealing as necessary to limit the
release of radiocactive material to the environment.
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1.18 Requirement: 60.133(i) The underground facility shall be designed so
that the performance objectives will be met taking into account the predicted
thermal and thermomechanical response of the host rock, and surrounding
strata, groundwater system.

1.1%.4 First shaft

1.18.4.1 The shaft liner shall withstand pressures exerted along
(1.2.6.4PC275.11i1) its length and around the entire perimeter under
anticipated conditions, including reaction to thermally
induced stresses resulting from thermal loads.

1.18.5 Second shaft

1.18.5.1 The shaf: liner shall withstand pressures exerted along
(1.2.6.5PC23.111) its length and around the entire perimeter under
anticipated conditions, including reaction to thermal.y
induced stresses resulting from thermal loads.

1.18.6 Underground excavation

1.18.6.1 The ESF shall be designed, taking into account the
(1.2.6.6PC2k.1) predicted thermal and thermomechanical response of the
host reck and surrounding strata so that the
performance cbjectives of the repository can te met.

1.18.6.2 The ESF shall be designed such that the thermal and
(1.2.6.6PC2k.111) thermomechanical effects of ESF operations and testing
do not produce failure of intact rock, nor gross rock
mass failure, along potential pathways from the
repository to the accessible environment.

1.18.6.3 The ESF shall be designed so that the thermal and
(1.2.6.6PC2k.11) thermomechanical effects of ESF operations and testing
on the groundwater system, do not significantly
increase the saturation of the host rock in the waste
emplacement area.

1.18.6.4 The underground excavation support system shall be
(1.2.6.€PC2k.1v) designed to withstand pressures under anticipated
conditions, including reaction to thermally induced
stresses resulting from thermal loads.

=

.18.8 Underground testing

1.18.8.1 The ESF shall be designed such that the thermal and
(1.2.6.6PC2k.1ii) thermomechanical effects of ESF testing does not
produce failure of intact rock, nor gross rock mass
failure, along potential pathways from the repository.
to the accessible environment.
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(1.2.6.6PC2k.11i1)

1.

(1.2.6.6PC2k.v)

18.

8.

N

The ESF shall be designed so that the thermal and
thermomechanical effects of ESF testing on the
groundwater system, do nct significantly increase the
saturation of the host rock in the waste empliacement
area.

The ESF shall be designed so that the thermal effects

of ESF testing do not result in temperatures in excess
of 115°C in either the TsW3 or CHn units.
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1.19 Requirement: 60.137 The geologic repository operations area shall be
designed so as to permit implementation of a performance confirmation program
that meets the requirements of Subpart F of this part.

1.19.6 Underground excavation

1.19.6.1 The underground excavations shall be designed to
(1.2.6.6CB.1) accommodate the performance confirmation tests required
by 60.141 and 60.142, and taking into account any
potentially adverse impacts these excavations could
have on the waste isolation capabilities of the site.

1.:19.8 Underground testing

1.19.8.1 The testing program shall accommodate the performance
(TP) confirmation tests required by 60.141 and 60.142, and
: taking into account any potentially adverse impacts
these tests could have on the waste isolation
capabilities of the site.
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1.20 Requirement 60.140(d): The program shall be implemented so that: (1) it
does not adversely affect the ability of the natural and engineered elements
of the geologicC repository to meet the performance objectives. *

1.20.8 Underground testing

1.20.8.1 The design of the performance confirmation testing

(T?) program shail incorporate aspects specifically directed
at limiting the potential for adverse impacts on the
leng term performance of the repository, and implemen-
tation of the performance confirmation testing program
and operation of the facility shall be performed in a
manner that limits the potential for adverse impacts on
the long term performance of the repository.

* The approach adopted for evaluation of the adequacy of this 10 CFR Part 60
Requirement involves consideration of criteria developed under other 10 CFR
Part 60 Requirements. Rather than listing each of those criteria here, a
matrix indicating those criteria that were considered in the evaluation of
this 10 CFR Part 60 Requirement is presented in the Figure Appended to this
Decumen:.
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NRC CONCERN NO: 2

The ESF design, construction, and operations should not compromise the ability
to characterize the site.
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2.1 Requirement: 60.74 (a) DOE shall perform, or permit the Commission to.
perform such tests as the Commission deems appropriate or necessary for the
administration of the regulations in this part. These may include tests of: ~
(1) Radicactive waste, (2) the geclogic repository including its structures,
systems, and components, (3) radiation detection and monitoring instruments,
and (4) cther equipment and devices used in connection with the receipt,
handling, or stcrage of radiocactive waste. (b) The tests required under this
secticn shail include a performance confirmation program carried out in
accordance with Subpart F of this part.

2.1.4 First shaft

2.1.4.1 The structures, systems, components and operation of the
(i.2.6.4CA.1) exploratory shafts shall be designed to accommodate
additional tests that may be required by the NRC for site
characterization and performance confirmation.

2...5 Second shaf:

2.1.5.1 The structures, systems, components and operaticn of the

(1.2.6.5CA.1) exploratory shafts shall be designed to accommodate
additional tests that may be required by the NRC for site
characterization and performance confirmation.

2...6 Underground excavation

2.1.6.1 The dedicated test area should include adequate allowance
(1.2.6.6CA.1) for additional testing that may be required by the NRC.

2...6.2 The dedicated test area shall be designed to support such
{1.2.€.9CA.1) additional testing as may be required by the NRC without
disruption of or interference with testing in progress or
planned testing.

2.2.7 Underground Utilities

2.1.7.1 The structures, systems, components, and operation of the
(1.2.6.7CC.2) shaft breakouts and main test level of the ESF shall be
designed to accommodate additional tests that may be
required by the NRC for site characterization and
performance confirmation.

2.1.8 Underground testing

2.1.8.1 The underground test program shall be designed to
(TP) accommodate the requirements of 10 CFR Part 60.74.

2.1.8.2 The testing program shall be designed to be able to

(TP) accommodate additional testing that may be deemed
appropriate by the Commission.
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2.1.8.3 Prior to initiation of additional tests requested by che
(TP) Commission, an analysis of the potential for the tests
to affect the abilizy of the site to be characterized
shall be performed.
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2.2 Requirement 60.130: Sections 60.131 through 60.134 specify minimum design
criteria for the design of the geologic repository operations area. These -
design criteria are not intended to be exhaustive, however. Omissions in

9 60.131 through 134 do not relieve the DOE from any obligation to provide
such safety features in a specific facility needed to acheive the performance
objectives. All design bases must be consistent with the results of site
characterization.

2.2.4 First Sha‘t

2.2.4.1 Fluids and materials planned for use in the shaft shall
{1.2.6.4PCld.vi) be evaluated with respect to intended use and possitcle
effects on site characterization or other testing, and

appropriate controls will be implemented.

.2.5 Second Shaft

(39

2.2.5.1 Fluids and materials planned for use in the shaft shall
LSPCLd.vi) be evaluated with respect to intended use and possible
effects on site characterization or other testing, and

appropriate controls will be implemented.

—
[
~

(o))

2.2.6 Underground Excavation

2.2.6.2 Fluids and materials planned for use in the ESF
{(1.2.6.02Cld.1X) underground facility shall be evaluated with respect to
intended use and possible effects on site
characterization or other testing, and appropriate
controls will be implemented.

2.2.%9 TUnderground Tests
2.2.8.1 Fluids and materials planned for use in testing in the
{..2.¢.8Cg.1 ESF shall be evaluated with respect to intended use and

possible effects on site characterization or other
testing, and appropriate controls will be implemented.
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60.133(a) (2) The underground facility shall be designed so

that the effects of credible disruptive events during the period of operations
such as flooding, fires and explosions, will not spread through the facility.

(1.

(1.
(<.
(.
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[y ]
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.3.1 Site
2.3.1.1
.:PCl)

The areas around the shaft collar shall be designed and
constructed to prevent water inflow from the probable
maximum flood such that testing in the underground
portion of the ESF is not adversely affected.

The exploratory shaft collar shall be designed to prevent

.3.4 First Shaft
2.3.4.1
.4pC2e.11)

significant water inflow from a maximum credible flooding
event during site characterization and the planned period
of repositcry operation, such that testing in the

underground portion of the ESF is not adversely affected.

The exploratory shaft collar shall be designed to prevent

.3.% Second shaft
2.3.5.1
IoCZe.ll)

significant water inflow from a maximum credible flooding
event during site characterization and the planned period
of repository operation, such that testing in the

underground portion of the ESF is not adversely affected.

.3.6 TUnderground Excavation

2.3.6.1
1d.1:1)

]

Liv)
1)

OO
(2 e NEOH

[

OGN Oy Gy

2

2.3.6.3
.oPCld.x1i)

-

The Exploratory Shaft Underground Facility shall be
designed so that the effects of credible disruptive
events shall be limited from spreading through the
facility and affecting characterization.

The drainage plan for the ESF and long exploratory drifts
should be designed to ensure that the effects of flooding
shall be limited from spreading through the facility and
affecting characterization.

The presence of combustible materials in the underground
facility shall be controlled and limited such that
testing in the ESF is not adversely affected.

.2.7 Underground utilities

2.3.7.1
.7.6PClb.v)

2.3.7.2
.7.8pCla)

The ESF shall have redundant mine water discharge systems
to control and limit the impact of water intrusion on
testing in the ESF.

The underground portion of the ESF shall incorporate a
fire protection system to control and limit the impact cf
a credible fire on testing in the ESF.
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2.3.7.3 The underground utility system shall be designed to
(1.2.6.7CD.11) control and iimit the impact,of utility system failures
caused by credibie disruptive events such as fire,
explosion, or seismic events, on site characterization
and other testing.

2.3.7.4 The mine water collection, control, and removal system
(1.2.6.7.6PClb.1) shall be designed with capacity for emergency situations
such as unexpected inflow or water line breakage, inflow
from penetrations of fault structures during drifting, or
from perched water encountered during shaft sinking and
ESF development, such that the capability to adequately
characterize the site is maintained.
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2.4 Requirement: 60.133(t) The underground facility shall be designed with
sufficient flexibility to allow acjustments where necessary to accommodate
specific site conditions identified through in situ monitoring, testing, or
excavation.

2.4.4 First shaft

2.4.4.1 The configuration of the shaft shall be adequate to
Jic.ii) support site characterization testing, and future testing
that may be reasonably expected for site
characterizaticon. This shall include an allowance to
accommodate site specific conditions encountered in the
shaft without adversely affecting testing that is planned
or ongoing.

(1.2.6.4

u

2.4.4.2  The design of ES-1 shall include flexibility to deepen
(1.2.6.4PCla.iv) the shaft to at least 1,500 feet, or approximately 100’
deeper than the Topopah Spring/Caiico Hills unit contact,
without adversely affecting other testing that may be

ongoing. Such flexibility shall consider aspects of
hoisting capacity, underground utilities, ground support,
and muck handling.

.4.5 Second shaft

N

2.4.5.1 The configuration of the shaft shall be adequate to
support site characterization testing, and future testing
that may be reasonably expected for site
characterization. This shall include an allowance to
accommodate site specific conditions encountered in the

(1.2.

(o)
[§)]
)
(@]
)-3
(9]
[
I

shaft without adversely affecting testing that is planned

or ongoing.
2.4.6 Underground excavation

2.4.6.1 The ESF shall be designed so that testing areas are
(1.2.6.6PCld.xiv) separated from possible repository shop, training,
operations, or waste emplacement areas, to limit adverse
effects from activities in these areas on future testing,
including performance confirmation, in the dedicated test
area.

2.4.6.2 The design of the shaft breakouts and main test level of
{(1.2.6.9PClc.1iv) the ESF shall: (1) limit the extent of interference
between tests and (2) limit interference between ESF
construction and operation activities and testing
activities.

2.4.6.3 The design of the shaft breakouts and main test level
(1.2.6.6PClc.iv) shall have sufficient flexibility to: (1) relocate
experiments as necessary to limit interference between
tests and aid in ensuring that test location acceptance
criteria are met, (2) incorporate additional tests, as
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Needed, in the dedicated test area, (3) allow development
and testing in other areas as needed ( e.g. southern
portion of repositcry block or Calico Hills Tuff), and
(4) accommodate schedule changes as needed.

.6.4 A contingercy plan shall be established for underground
L) excavation to accommodate unexpected or site specific
conditions that may be encountered, such as highly
fractured zcnes, lithcphysae-rich zones, perched water,
or pathways for significant water movement.

2.4.6.5 The ESF underground excavation shall be of adequate size
Lo support site characterization testing and future
testing that may be reasonably expected for site
Characterization. This shall include an allowance to
accommodate site specific conditions encountered in the

- dedicated test area, and capacity to extend an
exploratory drift from the main test level, if necessary,
up to approximately 10,000 feet to other parts of the
repository block.

o
G,
v
)
—
(@]
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(1.2.

2.4.7 Underground utilities

2.4.7.1 The design of underground utilities for the ESF shall be
(1.2.6.7CE. %) capable of supporting expansion of the main test level
for additional testing and an exploratory drift from the
main test level, if necessary, up to approximately
10,000 feet to other parts of the repository block.

2.4.7.2 The underground utilities for the ESF shall not preclude
(1.2.6.7CE.L1) monitoring and investigation of in situ conditions, and
shall be designed to accommodate site specific
conditions, construction, and operation of the ESF.
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60.133(d) The design of the underground facility sha.l

provide for control of water or gas intrusion.

2

—
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.5.4 First shaft

2.5.4.1
.4pCid.1id)

2.5.4.2

.4pCld. 1)

2.5.4.3
.4PCli.iii)

The amount of water used in the construction and
operation of the shaft should be limited to preclude
interference with tests.

Shaft construction and operating procedures shall require
the removal of excess water to preclude interference with
tests.

The shafts should be separated to maintain reasonabcle
distances for power and instrument cabling and water
piping as well as to provide for redundancy in mine water
discharge to preclude interference with tests.

.5.5 Second shaft

2.5.6.3

.6PCld.v)
.6PC2h.11)

2.5.6.4

.6PCld.viii)

2.5.6.5
.6PCld.vii)

The amount of water used in the construction and
operation of the shaft should be limited to preclude
interference with tests.

Shaft construction and operating procedures shall require
the removal of excess water to preclude interference with
tests.

.%.6 Underground excavation

The amount of water used in construction and operations
of the underground facility should be limited to preclude
interference with tests.

Underground facility construction and operating
procedures shall require the removal of excess water to
preclude interference with tests.

The drainage plan for the ESF and long exploratory
drifts should be consistent with repository operations
and not impact the capability to characterize the site.
Specifically, drainage in the dedicated test area should
pbe toward ES-1 and that in long drifts should be
compatible with repository grades.

Construction methods shall be designed and implemented so
that the effects of fluids, gases, or other materials
used do not adversely affect the adequacy or reliability
of information from site characterization.

Methods for dust control and cleaning of walls in the
underground portion of the ESF shall be designed to limit
adverse effects on the adequacy and reliability of
information from site characterization.
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Fluids,gases, and other materials used in ESF
construction and operations, and/or injected into the -
rock mass, shail be appropriately tagged. Selection of
tracers shall consider, but not be limited to: (1) the
possible future need to account for the mobility and
disposition of all such materials as part of site
characterization, and (2) the effects of tracers on site
characterization.

Underground utilities

The mine water collection, control, and removal system
shall be designed to accommodate inflow from penetrations
of fault structures during drifting, or from perched
water encountered during shaft sinking and ESF
development such that the capability to adequately
characterize the site is maintained. The mine water
control system shall be designed with capacity for
emergency situations such as unexpected inflow or water
line breakage.

The design of the ESF underground utility system,
including ventilation, shall facilitate monitoring of
moisture influx to the ESF from the rock mass and from
ventilation, and moisture efflux from mine water removal
and ventilation exhaust to limit possible impacts on the
capability to adequately characterize the site.

Underground Testing

2.5.7
2.5.7.1
(1.2.6.7.6PClb.1)
2.5.7.2
{1.2.6.7CF.1iil)
2.2.8
2.5.8.1
(L.2.£.8CE. Q)
2.5.8.2
(1.2.£.8CE.vi)
2.5.8.3
{1.2.¢.8CE.viii)

The amount of water used in testing in the shaft should
Pe limited to preclude interference with tests.

Test procedures shall require the removal of excess
water.

Test procedures shall be developed to ensure that water

entering the ESF is managed appropriately, including
quantity, location, and water balance.
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60.133(e) (2) Openings in the underground facility shall pe

designed to reduce the potential for deleterious rock movement or fracturing
of overlying or surrcunding rock.

(1.

(1.

2

.6.4 First Shaft

2.6.4.1
.4PC21i.11)

2.6.4.2

.4PC2h.11)

The shaft shall be designed tc provide stability and to
reduce the potential for deleterious rock movement or
fracturing that could impact the capability to reliably
and adequately characterize the site.

An adequate distance between shafts shall be provided to
limit potential mechanical and hydrological interference
between the two shafts to the extent that it could impact
the capability to reliably and adequately characterize
the site.

.6.5 Second Shaft

2.6.5.1
.5PC21i.11)

2.6.5.2

.5pC2h. 1)

2.6.6.1

.6PCZ21i.1v)

2.6.6.2

.6PC2i.v)

2.6.6.3
.6PC2e.1i)

The shaft shall be designed to provide stability and to
reduce the potential for deleterious rock movement or
fracturing that cculd impact the capability to reliably
and adequately characterize the site.

An adequate distance between shafts shall be provided to
limit pctential mechanical and hydrological interference
between the two shafts to the extent that it could impact
the capability to reliably and adequately characterize
the site.

.6.6 Underground excavation

The main test level of the ESF shall be designed to limit
overall response to excavation, including rock fall,
considering all planned drifts and future drifting that
may be performed in the dedicated test area, consistent
with obtaining adequate and reliable information from
site characterization.

The design of underground openings and their supports in
the ESF shall utilize pillar and opening geometries that
limit stress concentration, changes in rock mass
permeability, and changes in rock mass deformability to
levels consistent with acquiring adequate and reliable
information from site characterization.

The spacing between adjacent ESF drifts shall be a
minimum of two drift diameters (using the maximum
diameter of either opening and considering the closest
proximity of any part of each opening) consistent with
obtaining reliable and adequate information from site
characterization.
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2.9.8 Underground testing

2.6.8.1 The ESF shall be designed to limit mechanical,
(1.2.6.5.2CA) hydrologic, or gecchemical interference between
underground tests that may be associated with damage to
the rock mass caused by excavation.
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60.132(f) The design cf the underground facility shall

incorporate excavation methods that will limit the potential for creating a
p:eferent;al patnway for groundwater to contact the waste packages or
radionuclide migration to the accessible environment.

N

(1.2.6.

(1.2.6.

N

[N ]

(1.2.6.

7.1 Site
2.7.1.1
1CC.11)

2.7.4.1
4pC2i.vii)

n

2.7.5.1

LSPC21i.vid

2.7.6,1
6PC23.x)

The main pad shall be constructed using excavation
methods that will iimit damage to the underlying rock
mass to the extent that it could affect the adequacy or
reliability of information from site characterization.
Methods shall be designed to facilitate investigaticn and
monitoring of such effects during and after construction.

.7.4 First Shaft

The shaft and shaft stations of the exploratory shaft
shall be constructed using controlled blasting metheds,
to limit overbreak and damage to the surrounding rock
mass, which could affect the adequacy or reliability of
information from site characterization. The methods shall
be designed to facilitate investigation and monitoring of
such effects during and after construction.

Seccnd shaft

The shaft and shaft stations of the exploratory shaft
shall be constructed using controlled blasting methods,
to limit overbreak and damage to the surrounding rock
mass, which could affect the adequacy or reliability of
information from site characterization. The methods
shall be designed to facilitate investigation and
monitoring of such effects during and after construction.

.7.6 Underground excavation

The shaft breakouts and main test level of the ESF shall
be constructed using controlled blasting methods, to
limit overbreak and damage to the surrounding rock mass,
which could affect the adequacy or reliability of site
characterization. The methods shall be designed to
provide for the requirements of specific site
characterization tests, such as limitations on the extent
of excavation-induced damage, or the type of ground
support that may be installed. The methods shall be
designed to facilitate monitoring and investigation of
excavation effects during and after construction.
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2.8 Requirement: 60.137 The gedlogic repository operations area shall be
designed so as tLO permit implementation cf a performance confirmation pregram
that meets the requirements of Subpart F of this part.

2.8.1 Site

2.8.1.1
(1.2.6.1CD)

The ESF site shall be designed to facilitate appropriate
performance confirmation measurement and monitoring to
obtain adequate and reliable information about the site.
The performance confirmation program shall include
measurement and monitoring of the performance of the ESF
site to the extent that aspects of the site are part of
the geologic setting that could contribute to the waste
isolation performance of a repository.

2.8.4 First shaft

2.8.4.1
(1.2.6.4CB.1i1)

2.8.4.2
(1.2.6.4CB.1iii)

2.8.4.3

The configuration of the shaft shall be adequate to
support performance confirmation testing, and future
performance confirmation testing that may te reasonably
expected for site characterization. This shall include an
allowance to accommodate site specific conditions
encountered in the shaft without adversely affecting
testing that is planned or ongoing.

The shafts of the ESF shall be designed to facilitate
performance confirmation testing to obtain adequate and
reliable information about the site, during ari after
construction, as required for the geologic repository by
10 CFR 60, Subpart F.

The shafts of the ESF shall be designed sc that baseline
performance confirmation data can be acquired, pertaining
to parameters and natural processes that may be
significantly altered by site characterization. In
addition, the ESF shall be designed to facilitate
monitoring of changes to the baseline condition of
parameters that could affect performance of a geologic
repository.

2.8.5 Second shaft

2.8.5.1
(1.2.€.5PCB.1ii)

The configuration of the shaft shall be adequate to
support site performance confirmation testing, and future
performance confirmation testing that may be reasonably
expected for site characterization. This shall include an
allowance to accommodate site specific conditions
encountered in the shaft without adversely affecting
testing that is planned or ongoing.

APPENDIX K-54



g naes = .
‘Mp ZZ-C0ll, TEY.

R o T

IME . CCeoLl, Fev. ol

(§ 1}
+
*

2.8.5.2 The shafts of the ESF shall be designed tc facilitate
(1.2.6.5CB.1iii) performance confirmation testing to obtain adequate and
reliable information about the site, during and after
construction, as required for the geologic repository by
10 CFR 60, Subpart F.

2.8.5.3 The shafts of the ESF shall be designed so that baseline

(I-5) performance confirmation data can be acquired, pertaining
to parameters and natural processes that may be
significantly altered by site characterization. In
addition, the ESF shall be designed to facilitate
monitoring of changes to the baseline condition of
parameters that could affect performance of a geologic
repository.

2.8.6 Underground excavation

2.8.6.1 The shaft breakouts and main test level of the ESF shall
(1.2.6.6CB.1i1) be designed to facilitate perfcrmance confirmation
testing, during and after construction, as required for
the geologic repcsitory by 10 CFR 60, Subpart F.

2.8.6.2 The shaft breakouts and main test level of the ESF shall

be designed so that baseline performance confirmation

(Z=3) data can be acquired, pertaining to parameters and
natural processes that may be significantly altered by
site characterization. In addition, the ESF shall be
designed to facilitate monitoring of changes to the
baseline condition ¢f parameters that could affect
performance of a geologic repository.

2.8.6.3 The ESF underground excavation shall be of adequate size
{1.2.6.6CB.1i1) to support performance confirmation testing and future
testing that may be reasonably expected for performance
confirmation. This shall include an allowance to
accommodate site specific conditions encountered in the
dedicated test area.

2.8.6.4 The design of the shaft breakouts and main test level of
{1.2.6.%PClc.iv) the ESF shall: limit the extent of interference between
characterization tests, performance confirmation tests
and ESF construction and operation activities.

2.8.6.5 The design of the shaft breakouts and main test level
{1.2.6.6PClc.iv) shall have sufficient flexibility to: (1) relocate
experiments as necessary to limit interference between
tests, (2) incorporate additional performance
confirmation tests, as needed, in the dedicated test
area, and, (3) accommodate schedule changes as required.
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2.8.7 Underground Utilities

’2.8.7.1 The design of underground utilities for the ESF shalil ke
(1.2.6.7CG.1) capable of supporting the performance confirmation
testing.

2.8.7.2 The underground utilities for the ESF shall not preclude
(1.2.6.7CE.11) monitoring and investigation of in situ conditions, and
shall be designed to accommodate site specific
conditions, construction, and operation of the ESF.

2.8.8 Underground testing
2.8.8.1 Performance confirmation testing shall be conducted in
(TP) the ESF during and after construction, to meet the

requirements which pertain to such testing in the
" geologic repository as stated in 10 CFR 60, Subpart F.
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3.1 Requirement: 60.15(b) Unles e Commission determines with respect to
the site described in the applica..on that it is not necessary, site
characterization shall include a program of in situ exploration and testing at
the depths that wastes would be emplaced.

3.1.4 First shaft

3.2.4.1 Shaft design and construction shall provide access for
{1.2.06.4PCla. 1) site characterization activities to be performed at the
planned waste emplacement horizon.

.4.2 Selection of the horizon for the main test level shall ke
) based on evaluation of stratigraphic information sources
available during construction (e.g., from the MPBH
activity, geologic mapping of the shafts, and a probe
corehole drilled ahead of the shaft face in portions of
the shaft) with respect to explicit horizon criteria.

(V%]
-
n

.2.5 Second shaft

3.1.5.1 Shaft design and construction shall provide access for
1) site characterization activities to be performed at the
planned waste emplacement horizon.

.5.2 Selection of the horizon for the main test level shall be
) based on evaluation of stratigraphic information sources
available during construction (e.g., f:z:m the MPBH
activity, geologic mapping of the shafts, and a probe
corehole drilled ahead of the shaft face in portions of
the shaft) with respect to explicit horizon criteria.

3.1.6 Underground excavation

3.1.6.1 The ESF main test level shall be constructed at the
(1.2.0.6PCla.ii) planned repository horizon.

3.1.8 Underground testing

3.1.8.1 Underground testing shall be conducted in a facility
(7P) constructed at the planned repository horizon.
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3.2 Requirement: 60.15(d) (2) The number of exploratory boreholes and shafts
shall be limited to the extent practical consistent with obtaining the
information needed for site characterization.

3.2.4 First Shaft

3.2.4.1 The number and depth of expioratory shafts shall be
(1.2.6.4PClDb) consistent with obtaining needed information for site
characterization, while contributing to acquisition of
representative data.

3.2.5 Second Shaft

3.2.5.1 The number and depth of exploratory shafts shall be
(1.2.6.5PClb) consistent with obtaining needed information for site
characterization, wnile contributing to acquisition of
. representative data.

3.2.8 Underground testing
3.2.8.1 The number and length of exploratory and monitoring
(TP) boreholes drilled from the underground portion of the ESF

shall be consistent with obtaining the needed information
for site characterization.
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3.3 Requirement: 60.15(d) (3) To the extent practical, exploratory boreholes
and shafts in the geologic repository operations area shall be located where
shafts are planned for underground facility construction and operation or
where large unexcavated pillars are planned.

3.3.8 Underground testing

3.3.8.1 Exploratory, monitoring and testing boreholes shall be
(TP) located where pillars are planned in the repository
underground facility to the extent practicable.
Implementation of this criterion within the designated
test area of the ESF shall be consistent with obtaining
the needed information for site characterization.
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3.4 Requirement 60.74 (a) .DOE shall perform, or permit the Commission tc¢

perform such tests as the commission deems appropriate or necessary for the
administration of the reqgulations in this part. These may include tests of:
(1) Radioactive waste, (2) the geologic repository including its structures,
systems, and components, (3) radiation detection and monitoring instruments,

and (4) other equipment and devices used in connection with the receipt,
handling, or storage of radicactive waste. (b) The tests required under this

section shall include a performance confirmation program carried out in
accordance with Subpart F of this part.

3.4.8 Underground testing

3.4.8.1 The area set aside for future site characterization and
performance confirmation testing, shall be representative
of the overall designated test area with respect to rock
characteristics that control acceptability of test

locations.

(TP)
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3.5 Requirement: 60.133{b) The underground facility shall be designed with
sufficient flexibility to allow adjustments where necessary to accommodate
specific site conditions identified through in situ monitoring, testing, or
excavation.

3.5.4 First shaft
2.5.4.1 The shaft design shall have the flexibility needed to
(1.2.6.4PClz.0) ensure that the location, orientation, geometry, and
configuration of each test can be modified, as necessary
to meet specific test location acceptance criteria for
each test in the shaft, in response to actual site
conditions encountered during construction.

3.5.5 Second shaft

3.5.8.1 The shaft design shall have the flexibility needed to
(1.2.€.5PClc.1) ensure that the location, orientation, geometry, and
configuration of each test can be modified, as necessary
to meet specific test location acceptance criteria for
each test in the shaft, in response to actual site
conditions encountered during construction.

3.5.8 Underground excavation

3.5.6.1 The design of the shaft breakouts, and the layout of the
(1.2.6.6PCic.ii) main test level of the ESF, shall have the flexibility to
ensure that the location, orientation, geometry, and
configuration of each planned test can be modified, as
necessary, to meet specific test location acceptance
criteria, in response to actual site conditions
encountered during construction.

-

3.5.7 Underground utilities

3.2.7.1 The design of the underground utilities shall provide the
(1.2.6.7CE.iii) flexibility needed to support required flexibility in the
design of the shafts, shaft breakouts, and the layout of

the main test level of the ESF.
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